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1 THOMAS F. CLEARY,
 

2 having been first duly sworn, was
 

3 examined and testified as follows:
 

4
 

5 EXAMINATION
 

6 BY MR. BINDER:
 

7 Q. Okay, Mr. Cleary, could you please state your
 

8 name and address.
 

9 A. My name is Thomas F. Cleary. I live at
 

10 45451 South Caspar Drive; Mendocino, California, 95460.
 

11 Q. And you are here pursuant to a Deposition
 

12 Subpoena?
 

13 A. Yes.
 

14 Q. Could you briefly describe, if you would, your
 

15 educational background.
 

16 A. I'm a graduate of the Chemistry School of Rutgers
 

17 University. I was employed at companies such as Merck &
 

18 Company -­

19 MR. O'CONNOR: If Mr. Cleary is talking, I can
 

20 hear nothing.
 

21 THE WITNESS: Boy, that's a surprise.
 

22 MR. BINDER: Let's go off the record.
 

23 (Off the record; record read.)
 

24 THE WITNESS: Merck & Company, E.R. Squibb,
 

25 Bayer. Then I got out of strictly commercial or rather
 



1 technical work and into work that was partly technical and 

2 partly commercial in the interest of making a better 

3 living. 

4 And I was in that kind of activity for about 

5 20 years. I called on virtually every pharmaceutical 

6 company with a recognizable name during that period. I 

7 developed processes for and arranged the manufacturing 

8 facilities for a number of them. 

9 I then left that employer, left New York, started 

10 a consulting firm of my own, continued to do this kind of 

11 work for people abroad. I worked in France, Italy, 

12 Turkey, Israel, Mexico. I still am connected with a 

13 Mexican firm as a general consultant and do process 

14 development work for them. 

15 My main technical ability is the development of 

16 chemical processes, of which I have developed many dozens, 

17 some of which have resulted in profitable commercial 

18 production. I'm still interested in this field, still in 

19 contact with my Mexican attachments. And what else can I 

20 tell you? 

21 MR. BINDER: Q. Okay. Let me go back over a 

22 couple of these things and maybe you can fill in a little 

23 more detail where it comes up. 

24 A. Sure. 

25 Q. When did you graduate from Rutgers? 
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1 A. In 1938.
 

2 Q. And what degree did you obtain?
 

3 A. I beg your pardon?
 

4 Q. What degree did you obtain?


 A. I have a B.S. in chemistry.
 

6 Q. And you mentioned that you did mostly technical
 

7 work for Merck and Squibb and Bayer. Could you explain
 

8 briefly what some of that technical work entailed.
 

9 A. Yes. At Squibb, in particular, I developed


 processes for making sulfa drugs, for isolating the active
 

11 substance of curare, for purifying penicillin. That's
 

12 about the headlines of the work.
 

13 Q. Have you taken any -- did you take any
 

14 postgraduate education?


 A. No.
 

16 Q. Are you an organic chemist?
 

17 A. Yes.
 

18 Q. And just for the record, what is an organic
 

19 chemist?


 A. Well, an organic chemist is one whose work is
 

21 preoccupied with, I would have to say, carbon-based
 

22 molecules.
 

23 Q. Okay. And your period when you were doing mostly
 

24 technical work for Merck, Squibb and Bayer, would that


 have been for approximately 20 years after you graduated
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 from Rutgers?


 A. More like about 14 years, I would say.


 Q. Take us to about 1952?


 A. About that, yes.


 Q. And then when you began your work that was partly


 technical and partly commercial, did you work for a


 particular company?


 A. I worked mainly for a company called now


 Centerchem.


 Q. Could you briefly describe what the business of


 Centerchem was during that period.


 A. Yes. Centerchem was principally a U.S.


 representative, a sales representative, for a very large


 number of mainly European manufacturers of pharmaceutical


 ingredients. They were located in almost every country in


 Europe, also in Indonesia. And from time to time, I


 visited every one of them, except the one in Indonesia.


 And, on occasion, I took some of their representatives


 around the United States to visit some of their customers.


 And that included contacts with virtually every


 pharmaceutical company of note at that time.


 Q. For approximately how long were you working at


 Centerchem?


 A. Twenty years.


 Q. So that would take us from about 1952 to 1972?
 

10 



1 A. No. That would take us from 1960 to 1978, about.
 

2 Q. Okay. And can you fill us in a little bit about
 

3 what you were doing, what your employment was, between
 

4 1952 and 1960?
 

5 A. Let me see. I worked for Merck for four years
 

6 and for Squibb for four years. The Bayer association was
 

7 somewhat distant. It resulted from a visit to Germany
 

8 that I made in around 1949.
 

9 And the result of that visit was that an American
 

10 group of interested people who had somehow sought me out
 

11 as their technical person and representative, was the
 

12 establishment of a Bayer-designed plant in the United
 

13 States, which I was responsible for setting up and getting
 

14 in motion. And then for a while, I was the director of
 

15 research for this company, which I happened to name, as a
 

16 matter of fact. It was called Chemagro Corporation.
 

17 And I did many things for them. I visited
 

18 practically every agricultural chemical school in the
 

19 country promoting Chemagro's products. There came a time
 

20 when we were short of cash and, in an effort to adjust my
 

21 income upward from where -- to where it had been, I did a
 

22 great many odd jobs in the chemistry business.
 

23 I was pretty well known and my -- I had a good
 

24 reputation for developing chemical processes, and I had no
 

25 problem whatsoever finding additional work here and there
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 to fill in my main duties for Chemagro Corporation, for


 which I remained a board --on the board of directors.


 And finally resigned totally in order to go to work for


 Centerchem full time.


 MR. ELAM: I'd just like to raise an objection.


 The response was nonresponsive to the question, and I'd


 like to move to strike. Just for the record.


 THE WITNESS: What is the objection?


 MR. ELAM: Mr. Cleary, it's just for the record


 down the line, should any party want to use this


 deposition transcript at trial in Rhode Island. So it has


 nothing to do with your testimony. It's just for the


 record.

 THE WITNESS: I still don't understand your

 point.

 MR. BINDER: I think what he was trying to say,

 Mr. Cleary -- and correct me if I'm wrong, Mr. Elam --is


 that you provided somewhat more information than what I


 had asked for, and he wanted you to -- he's objecting on


 the grounds that you didn't sort of confine your response


 to what I had asked.


 Is that a fair statement, Mr. Elam?


 MR. ELAM: That's a fair statement. Only to the


 extent that it's just for -- it's a legal issue. It's not


 for the content of what you provided. It's just a legal
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1 issue. 

2 THE WITNESS: Well, you can strike out any part 

3 of it that you want to. 

4 MR. ELAM: Right.

 MR. BINDER: And, ultimately, at trial if this is 

6 raised again, the judge will decide what part to be -­ if 

7 any, to be stricken. 

8 THE WITNESS: That's all right with me. Mold it 

9 any way you want to. I'm telling you -­ I'm overtelling

 you what's going on, what had gone on. 

11 MR. BINDER: Okay. 

12 Q. Now, during the -- when you went to Centerchem in 

13 1960, what was your initial position at Centerchem? 

14 A. I don't think it had a title. The fact is I was

 the only technical person there, and I brought a special 

16 skill to the organization, which was that I knew a lot 

17 more of the chemistry of the products we were selling. 

18 I was also in a position to continue a kind of 

19 work which added substantially to the company's revenue.

 That is to say, that I was very well known throughout the 

21 chemical -­ throughout the pharmaceutical industry. I 

22 could go into them and discover what new products they had 

23 planned. I could have recourse to chemical laboratories 

24 of friends of mine who frequently let me use them for

 whatever purpose I needed. 

13 



1 I could develop chemical processes, I could go
 

2 back to the pharmaceutical companies for -- with whom I
 

3 was acquainted, tell them that I was --if they needed
 

4 production in this particular item, that I was prepared to
 

5 help in supplying such an item. And this happened many
 

6 times.
 

7 Q. Okay. From your beginning as the chief technical
 

8 person, did you also obtain other positions at Centerchem?
 

9 A. Yes. I was CEO of the company when I left.
 

10 Q. Okay. So that would have been in 197- -­

11 A. '78.
 

12 Q. Okay. And for how long were you CEO of the
 

13 company?
 

14 A. About two years.
 

15 Q. About 1976 to 1978?
 

16 A. Something like that.
 

17 Q. And did your duties at Centerchem include calling
 

18 on small chemical companies?
 

19 A. Oh, yes; I still did the same kind of work.
 

20 Q. And did that include working out brokerage
 

21 arrangements where you arranged for a small chemical
 

22 company to make a product to meet the needs of another
 

23 company?
 

24 A. Yes.
 

25 Q. In the course of that employment, did you have
 

14 



1 occasion to come into contact with a company called 

2 Metro-Atlantic, Inc.? 

3 A. Yes, I did. And the story of that is very 

4 simple. As a matter of fact, it happened as far back as 

5 1960 when I was first employed there. 

6 The company had been selling a chemical which is 

7 used in the textile business as what is known as an 

8 antibleeding agent, which means that when a fabric is 

9 dyed, the application of the substance beforehand prevents 

10 the dye from running over into the intended -­ beyond the 

11 intended pattern. 

12 This chemical was made in New Jersey, in 

13 Sayreville, New Jersey, by a small company who went out of 

14 business, and it was then my obligation, more or less, to 

15 find another source for it. Because we had been selling 

16 it for them, particularly to a firm who are still in that 

17 general business of dye stuff and dye stuff related 

18 chemicals, a company called Crompton and Knowles, which 

19 was located in Paterson, New Jersey. And we were a 

20 reseller of this substance, which is called 

21 meta-nitrobenzene sulfonate -- sodium sulfonate. 

22 So I had to look for another source to keep our 

23 customer attached to us, and that is how I came to look up 

24 Metro-Atlantic and become acquainted with Joseph Buonanno. 

25 He was quite happy to supply our resale requirements of 

15 
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 this chemical, so the business continued.


 Q. Okay.


 A. And as the business continued, I became more and


 more acquainted and friendly with Joseph Buonanno, which


 led to our discussion of his being able to do some of this


 custom manufacturing in which I was already heavily


 involved.


 Q. Okay. Could I just ask you a couple more


 detailed questions about this?


 A. Sure.


 Q. Would I be correct in understanding that you -­

 you originally contacted Metro-Atlantic to determine if


 they could manufacture this antibleeding agent for -­

 A. They were already manufacturing it. They were


 already manufacturing it.


 Q. And they became another source of supply -­

 A. That's right.


 Q. -- for your customer?


 A. They were glad to have another customer which at


 that time was unknown to them. In other words, they were


 not selling it directly to this customer, this customer


 was not known to them. They were glad to have us as an


 intermediary to this customer, which was Crompton and


 Knowles.


 Q. And as a broker in that arrangement, your company
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1 received some type of a commission?
 

2 A. Yes, right.
 

3 Q. I guess I forgot to ask this earlier, but are you
 

4 a named inventor on any United States patents?
 

5 A. Oh, many, yes.
 

6 Q. And in the '50s and '60s, were you familiar with
 

7 anti -- products known as antigermicidal soaps?
 

8 A. Oh, yes, yeah.
 

9 Q. Could you explain your familiarity with those
 

10 products.
 

11 A. The fact is that I used them. One was Dial soap,
 

12 which was the largest -- well, there were two principal
 

13 users of such materials. One was Dial, which is still
 

14 using one which is not hexachlorophene. The other was
 

15 pHisoHex, which was manufactured by Winthrop Sterling
 

16 [sic]. Between those two companies, they probably
 

17 consumed over 90 percent of all of the hexachlorophene
 

18 that was manufactured.
 

19 Q. I'm sorry; did both Dial and pHisoHex use
 

20 hexachlorophene?
 

21 A. Yes. Dial contained 2 percent of it on a weight
 

22 basis; and I don't know how much was contained in
 

23 pHisoHex, but it was at least 2 percent.
 

24 Q. Okay. And who was the manufacturer of Dial at
 

25 that period?
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1 A. The same as is organized now. Dial Corporation
 

2 of Phoenix, Arizona.
 

3 Q. And in your knowledge of germicidal soaps, did
 

4 you become aware of the properties that were desirable in


 germicidal soaps?
 

6 A. I certainly did. As a matter of fact, one of the
 

7 subjobs that I had was a competitor of Givaudan in many
 

8 areas and wanted very eagerly to develop a competitive
 

9 compound, and I did a great deal of work in that area.


 None of which was particularly successful.
 

11 Q. When you say "Givaudan," was Givaudan the
 

12 manufacturer of the -­

13 A. Givaudan was the inventor -­

14 Q. Of hexachlorophene?


 A. -- in the early 1940s of hexachlorophene. And
 

16 subsequently, up through the years 1957 -- you see, there
 

17 are several kinds of patents. One of them, primarily, is
 

18 a composition of matter patent, which applies to the
 

19 structure of the chemical itself.


 Secondly, there is a patent which is a use
 

21 patent, which, in this case, would apply to the reduction
 

22 of or removal of bacteria from the skin. And there are
 

23 formulation patents. There are process patents.
 

24 A process patent is different from a composition


 of matter patent because, while the composition of matter
 

18 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

 patent describes the molecular construction of a given


 substance, it doesn't necessarily describe any method of


 making it. A process patent describes the method of


 making it, and there can be many of them as applied to a


 single composition patent. And Givaudan continued to


 issue process patents on hexachlorophene up to at least


 1957.


 Q. And, Mr. Cleary, were you the inventor of a


 patent in 1957 called -- one of the inventors of a patent


 in 1957 called, "Germicidal Soaps Composition"?


 A. I was only a single inventor on any patent that


 had to do with my name.


 Oh, this is something else. This is one of my


 odd jobs. I'd almost forgotten this one. This is the


 only patent in which my name appears with other names, and


 that was kind of a courtesy because this was the company


 that I worked with half time to augment my income. I knew


 them for several years. Actually, it was Wenneis and the


 other guy, Chodroff, who invented this compound, and they


 threw me into here as kind of a courtesy because I had


 done a lot of work on the field that didn't amount to


 anything.


 MR. BINDER: Okay. Let the record reflect that


 I'll ask the reporter to mark as Exhibit 1 a copy of the


 United States Letters Patent 2,814,597.
 

19 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

 Q. And that's what you were talking about when you


 answered my last question. Correct, Mr. Cleary?


 A. Yes, that's it. Yes.


 (Plaintiff's Exhibit No. 1 was
 
marked for identification.)


 MR. BINDER: Q. Exhibit 1, is it okay if I


 refer to this by the last three numbers, as the 597


 patent?


 A. I don't even recognize the numbers any longer.


 Q. Okay. (Provides document to the witness.)


 It's a patent entitled, "Germicidal Soaps


 Composition."


 A. Well, this is the same one you showed me.


 Q. Yes, right. Okay. Exhibit 1 lists in the first


 column several desirable qualities of germicidal soaps.


 A. Uh-huh.


 Q. One of those is that a germicidal soap should be


 nontoxic. Is that a correct statement?


 A. Well, you know, in these days, the properties of


 materials intended for purposes like this were superficial


 compared to what they are today. This compound -- I


 worked part time for this company in order to augment my


 income. I was still principally employed by Centerchem.


 Centerchem had some friends in this company, they


 set me up with some part-time work which I did on
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 Saturdays and Sundays and after school and so on. There


 is only one company that I know of that actually put this


 compound, sight unseen, into one of their products, which


 was Avon Laboratories. And all I can say is that, today,


 this compound would never get anyplace in this field.


 Q. In any event, Exhibit 1 is a copy of a patent -­

 A. Yes.


 Q. -- that was issued to you, among others.


 A. Yes.


 Q. And did you later begin work on developing a


 patent for a process for manufacturing hexachlorophene?


 A. Yes, I did.


 Q. And could you describe, generally, how you went


 about the initial work in developing that patent.


 A. Yes. Before I became employed by Centerchem, I


 was already contemplating the desirability of developing


 processes for items such as hexachlorophene, which were


 monopolies covered by patents which were, to my judgment,


 not extremely good patents. And I started to work on


 hexachlorophene some years, probably, maybe two or three


 years, before I joined Centerchem. And it was always


 my -- the attraction of hexachlorophene was simply that it


 had been a monopoly for almost 20 years.


 Q. A monopoly because Givaudan had a patent?


 A. Yes. It was used by hundreds of customers, not
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 in large quantities. The large quantities being used by


 Dial and by Sterling Winthrop. But many, many dozens of


 smaller companies had small products which contained


 hexachlorophene. It was kind of a signature element of


 many, many things that were used for skin application,


 beauty creams, eczema treatments, stuff like that.


 So I worked on hexachlorophene -- there are very


 tricky chemical aspects to the manufacture of


 hexachlorophene which one can only determine by


 experimental work of trying to make the substance in the


 laboratory. And one of them, the primary one, is that in


 order to get good yields of a good product, you need to


 start with a raw material -- namely,


 2,4,5-trichlorophenol -- which is very high in purity.


 Another important aspect of manufacturing it is


 that the proportions of the reaction -- the reactants that


 you use in this preparation have to be exact with


 relationship to one another. If there is too much of one


 and not enough of another, why the results are not good,


 the yield is not good, the quality is not good; and,


 accordingly, the cost is bad and the customer is not


 interested.


 Q. Okay. And I'm going to show you a copy of United


 States Letters Patent No. 3,456,020, entitled, "Production


 of 2,2'- methylene bis (3,4,6-trichlorophenol)," which -­

22 



1 A. That's the full chemical name for
 

2 hexachlorophene.
 

3 Q. -- lists you as the inventor. Is this a copy -­

4 A. Hexachlorophene is just a trivial name -­

5 Q. Excuse me a second. I'm going to ask the court
 

6 reporter to mark this as the next exhibit.
 

7 (Plaintiff's Exhibit No. 2 was
 
marked for identification.)
 

8
 

9 MR. BINDER: Q. Now, Exhibit 2 is a copy of
 

10 your patent?
 

11 A. Yes, indeed.
 

12 Q. And is there a common name for the substance
 

13 described in the patent?
 

14 A. Yeah; the common, trivial name is
 

15 hexachlorophene, yes.
 

16 Q. And is Exhibit 2 a copy of the patent that was
 

17 issued as a result of some of the work that you've just
 

18 described that you did in hexachlorophene?
 

19 A. Yes. Please note that the issue date of these
 

20 patents is sometimes years and years after the patent was
 

21 applied for, which, in turn, might be years and years
 

22 after the actual work was done. So the difference
 

23 probably in time between the issue date of this patent and
 

24 the date when the laboratory work was initiated might be
 

25 as much as 10 years.
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1 Q. Sure. When you -- and this patent, Exhibit 2, is
 

2 a method of manufacturing hexachlorophene among --is that
 

3 correct?
 

4 A. Yes.


 Q. And the patent involves a two-step method of the
 

6 production of hexachlorophene; one step involves reacting
 

7 trichlorophenol and formaldehyde. Is that correct?
 

8 A. That's right. That was really the key to the
 

9 invention.


 Q. And the second step in the process is that the -­

11 once that reaction product is created, there is then a
 

12 condensing process to purify the hexachlorophene. Is that
 

13 correct?
 

14 A. Well, to conclude the reaction. What we


 discovered -- what I discovered and which nobody at
 

16 Givaudan, amazingly, never discovered was that it's
 

17 possible to run this reaction in two discrete steps.
 

18 The principal result or the important result of
 

19 that is that it enables you to adjust the relative amounts


 of formaldehyde and trichlorophenol that are used in the
 

21 reaction exactly, which is very important to the yield and
 

22 the quality of the product. And you do that by performing
 

23 an initial reaction, which somehow everybody at Givaudan
 

24 overlooked was taking place, to form an intermediate


 compound which I was able to isolate.
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1 And at that time, my knowledge of chemistry was
 

2 so defective, I didn't really know what that compound was.
 

3 I just knew that it was different and had never been
 

4 disclosed before anywhere. And this was done by just
 

5 modifying the addition of some of the reactants and
 

6 pausing at a certain state and then continuing to conduct
 

7 the condensation to make the final product.
 

8 Q. Am I correct that that new reaction product that
 

9 you discovered is claimed in Claim 2 of this patent?
 

10 A. I don't know just where everything is placed in
 

11 these patents.
 

12 Q. If you'd take a look at Claim 2, is that the
 

13 claim that talks about -­

14 A. I think so, yes.
 

15 Q. Column 4.
 

16 A. Here's one in this patent here that says,
 

17 "...anhydrous hydrogen" -- that's a misprint. That should
 

18 read -- I don't know why I didn't catch that. That should
 

19 read, "anhydrous hydrogen chloride." The word "chloride"
 

20 is left out.
 

21 "...and diluted sulfuric acid to form
 

22 quantitatively and exclusively a compound which has a
 

23 melting point of 78 degrees centigrade and a chlorine
 

24 content of 46.5 percent." And so forth and so on.
 

25 Now, that is the new compound that I'm speaking
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1 about.
 

2 Q. Okay. And you were referring -­

3 A. Although it wasn't given a chemical name because
 

4 I didn't really know what it was.
 

5 Q. And as you were answering that question, you were
 

6 reading from the patent?
 

7 A. Yes.
 

8 Q. Now, the -- in addition to a claim on the
 

9 reaction product, you also had two claims in this patent
 

10 concerning the method of producing hexachlorophene. Is
 

11 that correct? . Claims 1 and 3, if we look at Columns 3 and
 

12 4 on the second page?
 

13 A. I don't have the claims here.
 

14 Q. The claims are on the second page, Mr. Cleary.
 

15 A. I'm sorry; I didn't really know I had two sheets
 

16 here. Oh, yeah.
 

17 Q. Am I correct that Claims 1 and 3 are a method of
 

18 producing hexachlorophene?
 

19 A. Yeah.
 

20 Q. Okay. Now, the method of producing
 

21 hexachlorophene included, among other things, the use of
 

22 trichlorophenol. Is that correct?
 

23 A. Well, that was indispensable. That's the
 

24 starting material.
 

25 Q. That's the starting material for hexachlorophene.
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1 A. That's right.
 

2 Q. And when you began the research work that 

3 ultimately led to the patent that's Exhibit 2, did you 

4 obtain the trichlorophenol from a manufacturer? 

5 A. Well, in those days, believe it or not, there 

6 were probably about six places in Manhattan where you 

7 could walk in and buy chemicals over the counter without 

8 any ID, without any record. One of them was City Chemical 

9 Company on 22nd Street, where I could buy trichlorophenol 

10 of reasonable purity and work with that. 

11 Many years later, I did extensive work on making 

12 trichlorophenol itself, which was intended for other 

13 people, including Givaudan. I had a large contract with 

14 Givaudan in later years to supply pure trichlorophenol by 

15 methods that I subsequently developed which were not 

16 patented which were dioxin free. 

17 But unfortunately for me and Givaudan, too, 

18 hexachlorophene production, which had resumed after the 

19 Vietnam War, was suddenly cut off again by the news of a 

20 fatality that had occurred to an infant in France as a 

21 result of application of a hexachlorophene-containing 

22 salve or something of that nature. 

23 Q. Let's go back to the 1950s and 1960s. Is it 

24 correct that in the '50s and '60s, that you -­ were you 

25 even aware of dioxin in the 1950s and '60s? 
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 A. No.


 Q. And you learned of dioxin at some later time, in


 the '70s or later?


 A. Probably -- dioxin was first -- let me give you a


 little history on making trichlorophenol. Everyone that I


 know about, which include all of the big name chemical


 companies, like Monsanto and Dow and Hercules and Diamond


 Alkali and Thompson Chemical, all made trichlorophenol in


 the same way.


 They put all of the reactants, which were


 tetrachlorobenzene, sodium hydroxide and methyl alcohol


 into one container, one vessel, closed it up and then


 heated it and hoped for the best. And sometimes the best


 was far from the best because these reactions developed


 into what are known as runaway reactions, which means that


 the desired reaction, instead of taking place gradually,


 took place suddenly with the result that the pressure and


 temperature inside the vessel increased tremendously.


 Sometimes to the point where the reaction vessel exploded.


 This kind of accident occurred with everyone who ever made


 trichlorophenol on a commercial scale.


 Q. Sure. But going back to the 1950s and 1960s, in


 that time period, you weren't aware of dioxin. Right?


 A. No, I was not. Neither was anyone else.


 Q. And that awareness developed in the 1970s,
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1 possibly, or even later?
 

2 A. I think it developed in the 1970s, because what 

3 happened was that Monsanto, in particular, had an accident 

4 of the kind I have just been describing, and the result of 

5 it was that a number of workers were contacted with or 

6 sprayed with or contaminated with the explosive residues 

7 from this accident. And one of the physical results of 

8 that was that the workers incurred what was described at 

9 the time as chloracne, a skin condition obviously 

10 resembling acne which was ascribed to the chlorine content 

11 of the composition of that particular reactor. 

12 And my understanding is that Monsanto, being more 

13 than usually concerned about things of this nature, 

14 conducted a long-term study of the health consequences of 

15 this accident, including the longevity of the victims, 

16 their general state of health, their other health 

17 problems. And as I recall, their findings after a 

18 significant and consequential period of time was that the 

19 long-term health consequences of this accident were not to 

20 abbreviate longevity or to cause any chronic problems that 

21 showed up many years later. 

22 The dioxin problem probably became exaggerated, 

23 if you will, during the Vietnam War when thousands and 

24 thousands and thousands of pounds of dioxin were dropped 

25 into areas of Vietnam with consequences that are still 
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 being observed there.


 Q. When you say "dioxin," do you mean Agent Orange?


 A. Well, Agent Orange was a mixture of


 2,4,5-trichlorophenoxy acetic acid and 2,4-dichlorophenoxy


 acetic acid, which were made, respectively, from crude


 trichlorophenol, such as the material which came out of


 reactors making this, and dichlorophenol, which was made


 in a slightly less -- less troublesome way.


 But that's what -- Agent Orange was basically


 2,4,5-trichlorophenoxy acid made from impure


 trichlorophenol. All of which, as we now know, contained


 dioxin.


 Q. So it was not until sometime in the '70s or later


 that it was identified as dioxin?


 A. If you will look at a piece of literature which I


 lent to you -- lent to you or gave to you from the Merck


 Index, you will find a chronology of toxicological studies


 that were made on dioxin during the '70s -- mainly from


 '73 onward -- which describes some of the toxicology of


 dioxin.


 Q. Sure. I appreciate that.


 And getting back to your patent, which is


 Exhibit 2, as I look at the first column, it describes


 certain advantages of your method of hexachlorophene over


 the prior -- if we look at Column 1, lines 49 through 69.
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1 Is that correct?
 

2 A. Uh-huh.
 

3 Q. And was one of the objects of your patent to
 

4 produce high purity hexachlorophene?
 

5 A. Yes, indeed.
 

6 Q. And why was that one of the objectives?
 

7 A. Well, to appeal to the customer, certainly, for
 

8 one thing. For another, the specifications outlined at
 

9 that time in the U.S. Pharmacopeia were quite loose, in
 

10 our estimation, and they had been formulated mainly by
 

11 Givaudan, to give themselves a break, I suppose.
 

12 But this substance was purchased by people like
 

13 Sterling Winthrop on the basis of Sterling Winthrop's own
 

14 specs, which were, at that time, as were most chemical
 

15 specs, rather meager because of the absence of the kind of
 

16 sophisticated analytical equipment that's available today.
 

17 They involved mainly melting point, which is a highly
 

18 significant property, color, odor, and not much else.
 

19 Q. Now, at some point in time, did you work with
 

20 Metro-Atlantic to develop hexachlorophene made in
 

21 accordance with your patent that's Exhibit 2?
 

22 A. Well, the history of that is that the first, what
 

23 I call, custom jobs that was done at Metro-Atlantic was
 

24 done for Eli Lilly & Company in connection with the
 

25 project called -- or a product called Treflan, which was a
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 selective pre-emergent weed control substance. More or


 less the first of its kind that had been developed.


 And at that particular time, I had a very close


 relationship with Eli Lilly. I had access to their


 technical people, which was unusual at the time, and I


 recognized that production as a very difficult chemical


 job and one which, let us say, was not easily developed by


 the rank and file of other persons, of whom there were


 many, who were seeking that kind of work. And I developed


 a key reaction in that process before seriously


 approaching Lilly with the prospect of doing that work.


 Q. Let's put aside Lilly for a moment. And after


 you worked with Metro-Atlantic on Lilly, did you then work


 with Metro-Atlantic to develop the kind of hexachlorophene


 as described in your patent that's Exhibit 2?


 A. Yes; I already had that process ready.


 Q. And when you worked with Metro-Atlantic on that


 process, were you acting as a broker to obtain -- with a


 customer to whom the product could be provided?


 A. Yes.


 Q. And who was that customer?


 A. I had, myself, done a commercial study of that


 product before discussing it with Metro-Atlantic. I


 already had some relationships of various kinds with


 Sterling Winthrop in Rensselaer. I knew their purchasing
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1 agent well. I discussed with him the possible
 

2 availability of another source of supply, about which he
 

3 was extremely enthusiastic. He was ready to take every
 

4 pound we made and to -- sort of to say to Givaudan, "Hey!
 

5 You're not the boss anymore." I mean, monopolists always
 

6 make enemies and Givaudan made a few.
 

7 Q. So your process would allow Sterling Winthrop to
 

8 purchase hexachlorophene from Metro-Atlantic rather than
 

9 Givaudan?
 

10 A. Well, along with Givaudan. Metro-Atlantic
 

11 couldn't supply enough to meet Sterling Winthrop's needs.
 

12 They were probably the largest user in the country.
 

13 Q. When you spoke with the purchasing agent at
 

14 Sterling Winthrop about the purchase of hexachlorophene
 

15 from Metro-Atlantic, did you obtain the Sterling Winthrop
 

16 specification that you mentioned earlier?
 

17 A. Oh, yes.
 

18 Q. And did you provide that to Metro-Atlantic?
 

19 A. Oh, yes.
 

20 Q. And at some point, did you have occasion to
 

21 demonstrate the process that Metro-Atlantic was using for
 

22 the hexachlorophene to Sterling Winthrop?
 

23 A. As a matter of fact, I did. Sterling Winthrop
 

24 was exceedingly interested in this plant. As a matter of
 

25 fact, they sent their vice-president of manufacturing down
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1 to examine it. He gave it his blessing.
 

2 Q. And when you say -­

3 A. And I went up to Rensselaer and demonstrated the
 

4 process in their laboratory.


 Q. So you demonstrated your process to Sterling
 

6 Winthrop both at Metro-Atlantic and at Sterling Winthrop's
 

7 own laboratory -­

8 A. Not at the same time.
 

9 Q. I understand, sure.


 A. Metro-Atlantic first. And after I got into
 

11 production, Sterling Winthrop -- Sterling Winthrop
 

12 expressed an interest in purchasing the process and the
 

13 plant at one time. That was the occasion in which their
 

14 vice-president of manufacturing, whose name I don't


 remember --he was an advanced middle-aged man at that
 

16 time -- came down and examined the plant very carefully
 

17 and gave it his imprimatur.
 

18 Q. Okay. That would be the Metro-Atlantic plant?
 

19 A. Yes.


 Q. And he also saw the Metro-Atlantic process for
 

21 manufacturing hexachlorophene -­

22 A. Yes. He saw it from me, or his chemist did, in
 

23 their own laboratory.
 

24 Q. So you demonstrated the Metro-Atlantic process to


 Sterling Winthrop on at least two occasions; once at
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1 Metro-Atlantic and once -­

2 A. No, that's not how it worked. I demonstrated -­

3 before Metro-Atlantic started production, I demonstrated
 

4 the process at Metro-Atlantic's laboratory, to George
 

5 Huse, who was their technical director. And subsequently,
 

6 by some period of time, about which I'm not sure, I
 

7 traveled to Rensselaer specifically at their request and
 

8 for the purpose of demonstrating this process to them.
 

9 Q. So you first demonstrated the process to George
 

10 Huse at Metro-Atlantic.
 

11 A. That's right.
 

12 Q. And then you demonstrated it to Sterling Winthrop
 

13 in Rensselaer.
 

14 A. That's right.
 

15 Q. And you demonstrated at Rensselaer the same
 

16 process that you demonstrated to Mr. Huse.
 

17 A. Exactly.
 

18 Q. And did Sterling Winthrop, after that process was
 
>,
 

19 demonstrated, agree to purchase hexachlorophene from
 

20 Metro-Atlantic made in accordance with your process?
 

21 A. No, I think the timing is not quite that way.
 

22 They were purchasing commercial quantities of
 

23 hexachlorophene before those demonstrations took place and
 

24 before the executive of Sterling Winthrop came down to
 

25 examine the plant.
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1 Q. So those commercial quantities you mentioned,
 

2 those would be -- those were quantities that Sterling
 

3 Winthrop purchased from Metro-Atlantic.
 

4 A. Yes.


 Q. And then, subsequently, Sterling Winthrop
 

6 observed the Metro-Atlantic process and continued to
 

7 purchase.
 

8 A. That's right, yes.
 

9 Q. Okay. And Sterling Winthrop observed the


 Metro-Atlantic process both at Metro-Atlantic and at
 

11 Sterling's own laboratory in Rensselaer.
 

12 A. That's right. That's right.
 

13 Q. Okay. And you mentioned that the process -- you
 

14 showed your patented process for hexachlorophene to George


 Huse of Metro-Atlantic. Is that correct?
 

16 A. That's right.
 

17 Q. And did you then assist Metro-Atlantic at all in
 

18 the development and implementation of that process?
 

19 A. To a very minor extent. George Huse was an


 extremely competent chemical engineer. He had been
 

21 responsible for setting up very sophisticated operations
 

22 for Metro-Atlantic. He had been there for many years. He
 

23 was over my shoulder when I was in the lab with him. We
 

24 discussed the construction and size of the equipment that


 would be needed for various operations, but the
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1 installation of it and the operation of it
 

2 was his responsibility.
 

3 Q. Sure. In essence, you showed Mr.^
 

4 process and then he worked on the commercial equip.
 

5 implement that on a commercial basis?
 

6 A. That's right.
 

7 Q. And when Mr. Huse had succeeded in implementing
 

8 that process, did you see the location where
 

9 Metro-Atlantic manufactured the hexachlorophene?
 

10 A. Oh, yes.
 

11 Q. Did you see that on a number of occasions?
 

12 A. Yes.
 

13 MR. BINDER: I'm going to ask the reporter to
 

14 mark, I guess a series of exhibits. And I'm going to ask
 

15 the reporter to mark as Exhibit 3 a microfilmed copy of an
 

16 article from the Providence Sunday Journal Business Weekly
 

17 dated May 30, 1965, which has production numbers 12000 -­

18 SBSF 12110 through SBSF 12116.
 

19 I'm going to then ask the reporter to mark as the
 

20 next exhibit an enlarged copy of that same article that
 

21 was photographed from the original newspaper.
 

22 And I'm going to ask the reporter to then mark as
 

23 the following exhibit an enlargement of a photograph from
 

24 an article entitled -- which has above -- below the
 

25 photograph, "Upper level of new hexachlorophene plant at
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1 Metro-Atlantic, Inc."
 

2 And as the next exhibit in this sequence, another
 

3 photograph.
 

4 Why don't we just mark these three and take a


 break for a second.
 

6 (Off the record.)
 

7 (Plaintiff's Exhibit Nos. 3-5 were
 
marked for identification.)
 

8
 

9 MR. BINDER: And then as the last exhibit in the


 sequence, an enlargement of another photograph from that
 

11 newspaper article entitled, "Large perforate centrifuge
 

12 located in new plant provides company a means of crystal
 

13 recovery."
 

14 (Plaintiff's Exhibit No. 6 was
 
marked for identification.)
 

16 MR. BINDER: Okay.
 

17 Q. I'm going to ask you -- I guess I want to ask
 

18 you, first of all, to look at Exhibit 5, please.
 

19 A. Yes.


 Q. Can you identify what is depicted in Exhibit 5?
 

21 A. Am I looking at Exhibit 5 here?
 

22 Q. Yes, you are.
 

23 MR. McCLOSKEY: Excuse me, Counsel. I don't
 

24 think we got Exhibit 5 down at this end of the table.


 THE WITNESS: Well, you could call this an
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1 all-purpose organic synthesis plant. Something that 

2 Saddam Hussein could make weapons of mass destruction in. 

3 MR. BINDER: Q. Anyway, putting the levity of a 

4 not-so-funny subject to one side, does Exhibit 5 show a 

5 chemical plant that you've seen before? 

6 A. Well, I guess so. I've seen lots of chemical 

7 plants that look like that. 

8 Q. Okay. And you note that below Exhibit 5, it 

9 reads, "Upper level of new hexachlorophene plant at 

10 Metro-Atlantic, Inc."? 

11 A. Oh, yeah. Yeah. 

12 Q. And is that a -- does that appear to be an 

13 accurate depiction of the chemical plant at 

14 Metro-Atlantic, Inc., as you saw it? 

15 A. Well, that's a long time ago but there's no 

16 reason why it couldn't be. 

17 Q. Okay. And is it your best recollection that it 

18 is an accurate depiction? 

19 MR. PORTER: He said it could be, not that it is. 

20 MR. BINDER: I know. That's why I'm following up 

21 a bit to see whether or not it is. 

22 THE WITNESS: It could be. I can't place the 

23 function of every piece of equipment in there. But as 

24 chemical plants go, that was extremely simple. And, of 

25 course, I recognize what a centrifuge is. 

39 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

 MR. BINDER: Q. Centrifuge, you're referring to


 Exhibit 6.


 A. Yes.


 Q. Now, going back to Exhibit 5. You see that it


 depicts a number of...


 A. Vessels.


 Q. A number of vessels.


 A. Yeah.


 Q. And were vessels of that type used in the


 manufacture of hexachlorophene at Metro-Atlantic?


 A. Well, vessels of that type were used. Vessels of


 this type generally are all-purpose vessels. There are


 glass-lined vessels, mainly, and stainless steel vessels


 which have different purposes and universal purposes. I


 can tell you pretty much what the hexachlorophene process


 was that might have fit into these vessels.


 Q. Could you do so, please.


 A. Well, first of all, the crude trichlorophenol


 that was shipped from Diamond Alkali in Newark was treated


 with chemicals, of which I think I supplied you a list in


 one of those folders, in order to purify it. And it was


 then extracted into perchloroethylene. And then it was


 heated to a certain temperature and formaldehyde was added


 to it and sulfuric acid as a condensing agent was added


 piecemeal through that.
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 And upon completion of the reaction -- this is


 where we had some problems, of which I assisted in


 solving. Inevitably, almost any chemical reaction will


 develop some undesirable color. And in order to remove


 color, you usually do it with special kinds of charcoal


 which absorb the color and which then has to be filtered


 out. And at that point, the reaction product, which, in


 this case, was hexachlorophene, is in solution, hot in the


 perchloroethylene. And in order for the colorizing agent,


 the charcoal, to be effective, it's treated hot, while the


 substance is still in solution.


 And then you filter that out by way of a filter


 press, which is a group of leaves, I guess you could call


 them, which are covered with a filter medium, which might


 be some synthetic substance or it might be ordinary cloth


 or it might be anything capable of retaining the charcoal


 that you're trying to filter out of there.


 But that reaction mixture contained some globules


 of sulfuric acid, and they would make holes in the filter


 cloth and the charcoal would come through. Which, of


 course, was no good. So we would have to put that stuff


 back where it came from, clean up the filter press, put


 some new filter cloth in it, and somehow get rid of the


 acid that was making those little holes.


 So I suggested putting a little calcium carbonate
 

41 



1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

 in there before the filtration was done to neutralize the


 sulfuric acid. And, lo and behold, that worked.


 And then that clear solution, which was almost


 colorless, was put into a crystallizing vessel, which was


 made, I believe, out of stainless steel, and it was cooled


 down slowly in order to get the desired size of crystals.


 And, finally, the product which had crystallized was


 filtered out in that centrifuge. I think the same one


 that was used to separate the purified trichlorophenol.


 After appropriate cleaning up, of course.


 And then the hexachlorophene, which still had a


 little bit of solvent in it after centrifuging, was put in


 the dryer and the so-called mother liquor, which is the


 filtrate you get from crystals, was very easy to recover


 because perchloroethylene and water form what is known as


 a constant boiling mixture. And all you have to do is


 heat it up with water. And in constant boiling mixtures,


 the boiling point of each of the two constituents is lower


 than that of either of the substances alone. And it's


 possible to recover the solvent in full by distilling off


 this constant boiling mixture.


 And, of course, some product remained dissolved


 in it, which is inevitable, which was rather impure, but


 we had a customer for the impure stuff, too. Which was


 Kalo Laboratories of Kansas City, who used it as a seed
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1 disinfectant or as a pesticide against organisms that
 

2 attack seeds.
 

3 Q. Okay.
 

4 A. So we recovered all of the trichlorophenol and
 

5 all of the hexachlorophene.
 

6 Q. So the mechanism of recovering the crystal that
 

7 is shown, say, in Exhibit 6, the crystal that was
 

8 recovered, was that the hexachlorophene that was recovered
 

9 in the centrifuge?
 

10 A. Yes.
 

11 Q. Does Exhibit 6 depict the process of using a
 

12 centrifuge to recover crystal?
 

13 MR. PORTER: Six, I think, is this one.
 

14 THE WITNESS: Whatever it is, it was recovered in
 

15 the centrifuge. That's for sure.
 

16 MR. BINDER: Q. At Metro-Atlantic, the crystal
 

17 was recovered in the centrifuge.
 

18 A. Yes.
 

19 Q. And you mentioned that the pure hexachlorophene
 

20 was developed by your process at Metro-Atlantic, that was
 

21 sold to Sterling Winthrop?
 

22 A. Virtually all of it, yes.
 

23 Q. And it was a less pure by-product that was sold
 

24 to Kalo?
 

25 A. Right. I would call it -- it's known in the
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 trade as the second crop.


 ' Q. What do you mean by "second crop"?


 A. Well, the first crop is the good stuff that you


 take out first, and the second crop is what's left over in


 the mother liquor.


 Q. Okay. So rather than --so you found some


 productive use to be made of the second crop.


 A. We did.


 Q. And it was important that the hexachlorophene


 that was sent to Sterling Winthrop be pure and meet the


 Sterling Winthrop specs?


 A. That's right.


 Q. And Kalo did not have such a rigorous spec?


 A. They had no specs at all. They were glad to get


 anything that contained hexachlorophene.


 Q. Now, at the time that Metro-Atlantic was


 manufacturing hexachlorophene using your process as


 described in your patent that's Exhibit 2, did you believe


 that that was a superior method of manufacturing


 hexachlorophene to any other known method?


 A. Well, I thought it was different. Whether it was


 superior or not would be the judgment of the customer.


 Q. But you viewed your -- the goal of your patent,


 which was Exhibit 2, was to develop a batter way of making


 hexachlorophene.
 

44 



1 A. It was to develop a different way of making
 

2 hexachlorophene.
 

3 Q. And, hopefully, a better one.
 

4 A. It was meeting specs.
 

5 Q. Meeting specs of someone like Sterling Winthrop?
 

6 A. That's right.
 

7 Q. Your patented method that Metro-Atlantic was
 

8 using was better, at least in the sense that there was a
 

9 two-stage reaction and you didn't have to worry about the
 

10 problem of boiling over that you described.
 

11 A. It solved the balance of formaldehyde and
 

12 trichlorophenol, which was vital to the quality of the
 

13 product.
 

14 Q. And if I understand your patent correctly, your
 

15 patent used one mole of trichlorophenol to one mole of -­

16 excuse me. Let me strike that.
 

17 Yes. If I understand your patent correctly, your
 

18 invention involved the use of one mole of formaldehyde and
 

19 one mole of trichlorophenol; while the previous method
 

20 used two moles of trichlorophenol to one mole of
 

21 formaldehyde?
 

22 A. No, that's not quite how it worked.
 

23 Q. Okay. Could you correct me, then.
 

24 A. It used one mole of paraformaldehyde and one mole
 

25 of trichlorophenol -- no. To start with, you had all of
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 the trichlorophenol there, two moles. But the


 formaldehyde reacted with only one mole under the


 influence of a minor amount of acid. It was after the


 major amount of condensing agent, which was sulfuric acid,


 was added, that the second reaction took place. I'll draw


 you a picture of it, if you want.


 Q. Just so the record is clear, what are you drawing


 now, Mr. Cleary?


 A. I'm drawing a reaction between -- okay. Here's


 one mole of -­

 MR. PORTER: What is a mole?


 THE WITNESS: A molecular weight.


 MR. PORTER: Okay.


 THE WITNESS: A molecular weight in terms of


 grams, pounds, or whatever. There's the second mole of -­

 MR. BINDER: Q. You've now drawn two moles of


 what?


 A. Two moles of trichlorophenol.


 Q. Okay. Could we put underneath each one "TCP."


 A. (Witness complies.)


 Q. Now, could you continue drawing the reaction.


 A. Now, the first mole of formaldehyde -- I'm not


 sure I ever understood this reaction, but what happened


 was that. . .


 Anyway, it went something like that.
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 Anyway, the formaldehyde all reacted with one


 mole of trichlorophenol to give that compound whose


 physical characteristics are described in that patent.


 Q.	 That patent is Exhibit 2.


 A. And it was this compound that reacted with the


 second mole of trichlorophenol to make hexachlorophene.


 Q. Okay. You've shown that on this drawing which


 I'm going to ask be marked as Exhibit 7.


 (Plaintiff's Exhibit No. 7 was
 
marked for identification.)


 THE WITNESS: I'm not sure what that was. I


 think I mentioned it somewhere in the patent.


 Oh, this is not it.


 MR. BINDER: Q. The patent you're looking for


 is Exhibit 2.


 A.	 I guess so. Yeah.


 Well, I wasn't sure what it was then. I don't


 know whether I'm sure what it is now. But it might have


 been a reaction product with sulfuric acid. I can't


 balance that.


 Well, that's as far as I can go with that. I


 haven't thought about it for a long time.


 Q.	 Sure. Okay.


 A.	 But I isolated that compound.


 Q.	 You isolated the -­
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1 A. I isolated the compound and characterized it
 

2 physically. I never had it analyzed by carbon content -­

3 you know, by something.
 

4 Q. Okay. Getting -­

5 A. Chlorine content.
 

6 Q. Sure. Now, getting back to the way your process
 

7 was implemented at Metro-Atlantic, am I correct in
 

8 understanding that Metro-Atlantic purchased the
 

9 trichlorophenol that it used?
 

10 A. That's right, yes.
 

11 Q. And they purchased it from Diamond Alkali?
 

12 A. Diamond Alkali. Exclusively.
 

13 Q. You mentioned earlier, in response to one of my
 

14 questions, that you had provided me with a document that
 

15 provides some information about the bill of materials that
 

16 was used in hexachlorophene. Is that correct?
 

17 A. That's something that -- that's the only thing
 

18 that I have that George Huse put together. That's his
 

19 composition. And how I came by it, I don't remember. I
 

20 don't -- I didn't know that I even had it.
 

21 Q. Okay. What you're referring to -- I'm going to
 

22 ask the reporter to mark as Exhibit 8.
 

23 (Plaintiff's Exhibit No. 8 was
 
marked for identification.)
 

24
 

25 MR. BINDER: Q. Mr. Cleary, is Exhibit 8 the
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1 document you were just referring to?
 

2 A. Yes.
 

3 Q. And could you identify it for the record, please.
 

4 Is that a document you received from Mr. Huse?
 

5 A. Sometime, I must have.
 

6 Q. That's a document you produced today -- you
 

7 produced in response to the subpoena?
 

8 A. That I produced?
 

9 Q. That you provided to us as a result of the
 

10 subpoena that we gave you.
 

11 A. As a result of your subpoena, I looked through
 

12 every folder this high (indicating) that I have which
 

13 refers to many, many things, and I found this,
 

14 unexpectedly.
 

15 Q. You found Exhibit 8, unexpectedly.
 

16 Now, Exhibit 8 -­

17 A. It has a date on it, which is nice.
 

18 Q. It has a date of June 8, 1964.
 

19 A. Yes.
 

20 Q. Are you familiar with the term "ZEP," Z-E-P?
 

21 A. Yes.
 

22 Q. What is ZEP?
 

23 A. That was a nickname that we used for the product.
 

24 Q. For hexachlorophene?
 

25 A. Yes.
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1 Q. A nickname you and Mr. Huse used?
 

2 A. Yes.
 

3 Q. Now, Exhibit 8 -­

4 A. He made it up. I don't know how, but he made it
 

5 up.
 

6 Q. Now, Exhibit 8 says -­

7 I'm sorry, Counsel, I only have the one copy
 

8 received from the witness.
 

9 It says, "ZEP Manufacture, Phase No. 1."
 

10 A. Uh-huh.
 

11 Q. Do you know whether there was -- there were
 

12 further phases in the manufacturing process than just that
 

13 phase?
 

14 A. That was the phase of purifying the
 

15 trichlorophenol.
 

16 Q. Now, this is the trichlorophenol that was
 

17 purchased from Diamond Alkali?
 

18 A. That's right.
 

19 Q. And the title "ZEP," once again, refers to
 

20 hexachlorophene.
 

21 A. That's right.
 

22 Q. And do you know whether, before Metro-Atlantic
 

23 obtained trichlorophenol from Diamond Alkali, it provided,
 

24 either directly or through you, any specifications for the
 

25 trichlorophenol?
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1 A. I'm not sure I follow your question.
 

2 Q. Okay. Did either Metro-Atlantic itself or you,
 

3 on behalf of Metro-Atlantic, tell Diamond Alkali, "We want
 

4 a certain grade of trichlorophenol"?
 

5 A. No, no. The grade of trichlorophenol that was
 

6 purchased and was made by Diamond Alkali presumably was
 

7 relatively uniform and consisted of nothing but the
 

8 contents of the reactor after they had performed the
 

9 reaction. It was full of whatever was made in that
 

10 reaction.
 

11 Q. So that was the generic -­

12 A. The spec, if you call it that, for the purified
 

13 material, or the goal that we aimed for in purifying that
 

14 material, was a melting point, which I believe was
 

15 .something like 65 to 66 degrees.
 

16 Q. That's the melting point for the TCP?
 

17 A. But the way -- that's right. But the way we
 

18 received it was in solution, with no solids. It was a
 

19 brownish solution that had a trichlorophenol content
 

20 probably on the order of 20 to 30 percent. The rest being
 

21 liquid; mainly alcohol and water.
 

22 Q. And this trichlorophenol was intended to be used
 

23 by Metro-Atlantic to develop as part of -- a step to
 

24 develop a pure hexachlorophene for -­

25 A. That's right.
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 Q- -- the customer.


 A. Because it was cheap to do it that way, and I


 knew Diamond Alkali well enough myself to engage in


 conversations leading to that. There was only one pure


 trichlorophenol available in the market. It was made by


 Hooker Chemical Company, who became part of some big oil


 company.


 Hooker had an exclusive arrangement with Givaudan


 to sell to Givaudan pure, or alleged pure,


 trichlorophenol.


 Q. So Metro-Atlantic was precluded from obtaining -­

 A. There was no other trichlorophenol on the market


 except small laboratory quantities.


 Q. So Metro-Atlantic was unable, as a result of


 Hooker's contract, to obtain TCP from Hooker.


 A. That's right.


 Q. And in addition to Diamond Alkali, were there a


 number of companies making trichlorophenol in the mid-60s?


 A. Yes. Many.


 Q. And could you identify some of those companies.


 A. Dow, Monsanto, Hercules, Thompson Chemical


 Company, Hooker. They all made, as far as I'm aware,


 trichlorophenoxy acetic acid. Dow itself sold the sodium


 salt of trichlorophenol and trichlorophenol as a trade


 name called Dowicide, and Dowicide was used in various
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1 formulations, the composition of which I have no
 

2 knowledge, as institutional cleansing agents, purifying
 

3 agents, germicides, what have you. And they were made by
 

4 the millions of pounds.


 MR. BINDER: Okay. This might be -- we've been
 

6 here for about an hour and a half. This might be a
 

7 convenient time to take a break, stretch your legs and
 

8 bring you back here in about five minutes or so.
 

9 THE WITNESS: I'm comfortable.


 MR. PORTER: I could use a break.
 

11 (Break taken at 10:34 a.m. until 10:57 a.m.)
 

12 MR. BINDER: Q. Mr. Cleary, you identified
 

13 Sterling Winthrop and Kalo as purchasers of
 

14 hexachlorophene from Metro-Atlantic.


 A. Yeah.
 

16 Q. Do you recall the names of any others -­

17 purchasers?
 

18 A. No, there were no others. Sterling would have
 

19 taken every pound we could make.


 Q. Okay. Now, you also mentioned -- let me withdraw
 

21 the question.
 

22 Do you recall the approximate length of the time
 

23 that Metro-Atlantic was making hexachlorophene at its
 

24 plant?


 A. Only vaguely. Probably -- less than a year.
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 Q. And this was a plant that was in the vicinity of


 Providence, Rhode Island?


 A. Oh, yes. It was in the community called


 Centredale.


 Q. And you visited that site.


 A. Yes, I did.


 Q. Okay. Do you recall where on the plant the


 building was located where the hexachlorophene was


 manufactured?


 A. Fairly precisely, yes.


 Q. Would it be helpful if I were to show you a map


 of the site?


 A. I have those maps. I've looked at them all very


 carefully, yes.


 Q. Okay. I have -- I'm going to put before the


 witness a Sanborn Library Insurance Map, a counterpart of


 which has been used in a number of other depositions in


 this case. This bears production No. SBSF 6816.


 And I'm going to ask the witness if he can mark


 the location of the building where he saw the


 hexachlorophene being manufactured at Metro-Atlantic.


 A. I don't have this map, but I have similar maps


 that were produced by IT of Hopkinton for EPA --or for


 the State of Rhode Island, rather. I'm getting


 my. . .
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 Q- Maybe I could help you a bit with the


 orientation.


 A.	 Yes. It usually throws me a little bit here.


 Q.	 Okay. I think if we see at the top -­

 A.	 Smith Street was Route 44.


 Q. On the top we see a section marked,


 "Metro-Atlantic, Inc., Chemical Manufacturing." And then


 we see to the -- oh, west of that, the -- that building,


 the Woonasquatucket River. And then we see to the


 southwest, a building that's abutting the river.


 A.	 Uh-huh.


 MR. PORTER: This one here, you mean?


 MR. BINDER: Yes.


 THE WITNESS: It was either that or close to it.


 MR. BINDER: Q. When you say "that," are you


 referring to' the building abutting the river?


 A.	 Yes.


 Q.	 Okay.


 A. I can't be sure, but it was very close to that, I


 know. It was right next door to Metro-Atlantic. My


 recollection is that it actually was between


 Metro-Atlantic's buildings and the river.


 Q. So the record is clear, Mr. Cleary, I'm going to


 ask if you could mark in red ink an arrow pointing to the


 building which you said was close to, if not precisely,
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1 where the hexachlorophene was manufactured.
 

2 We talked about a building abutting the river.
 

3 A. I don't think so. It wasn't located that far
 

4 away. If these were Metro-Atlantic buildings -- first,


 let me just review a little bit to orient myself here.
 

6 I came on the property off of Smith Street and
 

7 they had office buildings here (indicating). They had
 

8 formulation buildings in the middle. And back at this end
 

9 (indicating), they had their only really chemical


 operation, which was the manufacture of that
 

11 meta-nitrobenzene sodium sulfonate I spoke about before
 

12 that was located right in there (indicating).
 

13 But the hexachlorophene building was more like
 

14 here (indicating).


 Q. Away from the other three buildings that you've
 

16 just described.
 

17 A. Separate from.
 

18 Q. Separate. Excuse me.
 

19 A. Separate from them.


 Q. And closer to the river?
 

21 A. And closer to the river, yeah. Right about -- I
 

22 can't write anything with that.
 

23 Q. It's a tough pen. Let me just -­

24 A. It was right about there (indicating).


 Q. But it was not in the other buildings.
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 A.	 No, it was not. It was separate.


 MR. PORTER: Not shown on this map, then.


 THE WITNESS: No, I don't think so. It could


 have been anywhere in this space here (indicating), but it


 was not up there (indicating). It was down in here


 (indicating) somewhere.


 MR. BINDER: Okay. Thank you, Mr. Cleary.


 Q. Okay. I guess, in response to my question, you


 mentioned, once again, the somewhat long chemical name


 that I forget of the first product that you helped


 Metro-Atlantic broker.


 A.	 It was Treflan, or trifluralin, for Lilly.


 Q. Wasn't there a product before that that went to


 Winthrop?


 A. Well, we went over that. They were already in


 manufacture of that. And I sought them out, knowing that


 they made it and proposed to them that we sell some of


 their material to a customer we already had.


 Q. Okay. So you worked with Metro-Atlantic with


 three products.


 A.	 Yes.


 Q. That antibleeding agent that we spoke about


 earlier that they were already manufacturing.


 A.	 Yes.


 Q.	 The Treflan you just mentioned.
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1 A. Yes.
 

2 Q. And the -­

3 A. Hexachlorophene.
 

4 Q. Hexachlorophene.


 A. Yes.
 

6 Q. Did you work with Metro-Atlantic in connection
 

7 with its manufacture of any other products?
 

8 A. No.
 

9 Q. Okay. Now, you mentioned -- let me ask you a


 couple more details, if I could, about the hexachlorophene
 

11 process.
 

12 A. Sure.
 

13 Q. Do you happen to recall the particular acid
 

14 catalyst that was used in that process?


 A. Yes. Sulfuric acid.
 

16 Q. And do you recall the specific sulfonic acid that
 

17 was used in the process?
 

18 A. None. That was just window dressing in the
 

19 patent.


 Q. And there was also -- was PCE used in the
 

21 process?
 

22 A. PCE?
 

23 Q. Perc, PCE, perchloroethylene.
 

24 A. Oh, yes. Yeah. Yes, we used that.


 Q. Forgive me for using the shorthand.
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1 A. That's all right. We called it "perc."
 

2 Q. Do you happen to know the suppliers from whom
 

3 Metro-Atlantic obtained the perc or the -­

4 A. No. It was a commonly available chemical from -­

5 usually from distributors in drums from anywhere.
 

6 Q. And do you know whether Metro-Atlantic stored any
 

7 of the chemicals used in the hexachlorophene process in
 

8 tanks?
 

9 A. No, they did not. The crude trichlorophenol was
 

10 supplied in tank trucks, which were not all that large in
 

11 volume, probably 5,000 gallons at the most. Maybe less
 

12 than that. And that perhaps was stored in some
 

13 intermediate place rather than keep it on the premises in
 

14 the truck, but I don't recall.
 

15 Q. You don't know where the TCP was stored.
 

16 A. No.
 

17 Q. Okay. Now, as a result of Metro-Atlantic selling
 

18 the hexachlorophene to Sterling Winthrop, I assume that
 

19 you -- Centerchem obtained a commission for its efforts.
 

20 A. Yes.
 

21 Q. And it also obtained a commission on sales to
 

22 Kalo?
 

23 A. Yes.
 

24 Q. Okay. Would Centerchem still have any records
 

25 left that go back that far that might tell us for how long
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 that -­

 A. I doubt very much because it happened when I


 first became aware of interest in this case, which is


 approximately three years ago, I spoke with someone there


 with that very question. And there is nothing left there.


 Q. Now, you also mentioned that Metro-Atlantic was


 working with Lilly on a product known as Treflan?


 A. That's right.


 Q. And were you familiar with the process by which


 Treflan was manufactured?


 A. I developed it.


 Q. Could you describe that process to us, please.


 A. It started with a chemical called


 trifluoromethylchlorobenzene, which was made, again, by


 Hooker, and it was purchased by Lilly. It was shipped by


 Lilly or arranged to have been shipped by Lilly directly


 to Metro-Atlantic. It was then nitrated in two steps, one


 of which was very easy and one of which was very


 difficult.


 And the dinitrated product was reacted with


 dipropylamine, which was also shipped by Lilly directly to


 Metro-Atlantic and which had many -- not many, but a few


 producers. Who they were, I'm not sure.


 At that time or during that time, a person from


 Lilly came to these premises and supervised the
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1 formulation of the final product, which involved
 

2 confidential solvents and emulsifiers, which we never knew
 

3 about as far as their identity was concerned. So they
 

4 personally participated in the final production of the
 

5 goods that they sold.
 

6 Q. "They" being Lilly.
 

7 A. I beg your pardon?
 

8 Q. "They" being Lilly.
 

9 A. "They" being Lilly, yes. In fact, a person also
 

10 now deceased by the name of Robert Dille, D-i-1-l-e,
 

11 Q. And how frequently did the Eli Lilly people visit
 

12 the site while Metro-Atlantic was making the -­

13 A. When it was appropriate. You got to a point in
 

14 the production when his services and the materials that
 

15 were confidential to him were timely to arrive there in
 

16 terms of what was ready for him, which was not
 

17 continuously, but from batch to batch, you might say. I
 

18 don't think he was present there more than three or four
 

19 times, at most.
 

20 Q. Okay. And what is the product -- could you
 

21 describe the process of denitration?
 

22 A. Of the nitration?
 

23 Q. Was it denitration?
 

24 A. Dinitration.
 

25 Q. Dinitration. Excuse me.
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1 A. Yes. First the raw material from Hooker, which 

2 was trifluoromethylchlorobenzene, was nitrated under what 

3 then would be called extremely mild conditions, where a 

4 mixture of sulfuric and nitric acid -­ the nitric acid 

5 being more or less exactly equivalent to what was needed 

6 to nitrate --of the first nitration of that, leaving some 

7 sulfuric acid as a by-product. 

8 The second nitration was much more difficult. It 

9 involved an excess of nitric acid and a high temperature, 

10 around 120, think. 120 degrees centigrade. And then it 

11 was -- it was a heterogeneous reaction mixture. So that 

12 the product separated from the reaction mixture in a 

13 discrete layer, which was separated as a liquid. And that 

14 liquid was then reacted with the dipropylamine with the 

15 elimination of sodium chloride, actually, because the 

16 reaction was neutralized -- as the hydrochloric acid was 

17 eliminated, it was neutralized with sodium chloride -­

18 sodium hydroxide to form sodium chloride. 

19 Q. Do you have any knowledge of some of the 

20 constituents of the confidential solvents that were used 

21 making the Treflan? 

22 A. No, none. 

23 Q. Not any of the constituency? 

24 A. Not a -- not a trace. 

25 Q. Is that also true for the emulsifiers? 
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1 A. Yes.
 

2 Q. When Metro-Atlantic was manufacturing the Treflan
 

3 for Eli Lilly, were any -- did you see -- were any
 

4 by-products generated?
 

5 A. Essentially not, because both of those
 

6 reactions -- all three of those reactions were virtually
 

7 quantitative. Meaning that there were no by-products or
 

8 leftovers or residues of organic materials.
 

9 Q. Does that mean no wastes were generated, either?
 

10 A. Acid waste.
 

11 Q. Acid waste. And do you know what happened with
 

12 the acid waste?
 

13 A. No.
 

14 Q. Am I correct that both the Treflan and the
 

15 hexachlorophene were made in the same building?
 

16 A. Yes.
 

17 Q. And they were made at different times.
 

18 A. Oh, very different.
 

19 Q. First the Treflan and then the hexachlorophene.
 

20 A. Yeah. With a long interlude in between. Several
 

21 months, at least.
 

22 Q. And do you happen to recall the -- the building,
 

23 was that a two-story building?
 

24 A. Well, buildings like that normally are
 

25 constructed on a mezzanine basis. They have two stories,
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 in effect, but they're open. Equipment is arrayed around


 the mezzanine of the main floor to make use of gravity, in


 some cases, for flowing from one vessel to another, and so
 
•


 that someone on the main floor can visually observe almost


 everything in the plant from one point where he stands on


 the floor. So, in effect, two stories, yeah. Two


 operating levels.


 Q. Do you recall whether there were any -- what the


 floor was made of in those buildings?


 A. The floor?


 Q. The floor, yes.


 A. Cement.


 Q. Do you know whether there were any drains in the


 floor?


 A. I don't remember.


 Q. Did you ever witness the cleaning of any of the


 vessels in which either the Treflan or the hexachlorophene


 was made?


 A. No.


 Q. Now, at Metro-Atlantic, you had dealings with


 Joseph Buonanno?


 A. Yes.


 Q. And George Huse?


 A. Yes.


 Q. Do you recall having dealings with anybody else
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1 at Metro-Atlantic?
 

2 A. No. I knew some of them, but I didn't deal with
 

3 them in any way.
 

4 Q. Who were some of the other people at
 

5 Metro-Atlantic that you knew of by name?
 

6 A. I knew Hug Bonino, who was Buonanno's partner. I
 

7 knew Joe Buonanno's brother, Bernie. I casually knew a
 

8 couple of the operators in the plant. Very casually. I
 

9 don't even remember their names.
 

10 Q. Okay. These operators you casually knew, would
 

11 they include the people who worked in the building where
 

12 the hexachlorophene and Treflan was made?
 

13 A. I suppose so. I mean, I walked past them from
 

14 time to time, but that's about the size of it.
 

15 Q. When the hexachlorophene was being made, did you
 

16 see, for instance, George Huse walking about the plant
 

17 floor supervising the activities?
 

18 A. I must have, yes.
 

19 Q. Okay. At some point, I think you said about
 

20 three years ago, you became aware of -- about an EPA
 

21 proceeding regarding the condition of the Centredale site?
 

22 A. I first became aware of it by way of Vincent
 

23 Buonanno, who asked me to have telephone conversations
 

24 with his attorneys and with his environmental consultant,
 

25 a person in Washington whose name I forget. The man in -­
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 the legal person was one Deming Sherman from the firm. . .


 Q. Does Edwards and Angell ring a bell?


 A. Something and Angell.


 Q. Edwards and Angell?


 A. Edwards and Angell, yeah.


 Q. Okay. What subjects did you discuss with them?


 A. Pretty much what I've been discussing with you, I


 guess.


 Q. Okay. And then after you learned about the -­

 after you had a discussion with the -- Mr. Buonanno and


 his attorney, who did you next have any discussions with


 about the condition of the site?


 A. Well, what happened in my discussion with


 Vincent, he arranged, via Deming Sherman, to send me a


 large number of maps which had been prepared by IT at the


 instigation of the State of Rhode Island listing analyses


 of various substances that had been found on that


 property. And asking me if I could identify the source of


 any of them, which I couldn't and so advised both his


 attorney and Vincent.


 And that pretty much was -- I wrote Vincent a


 couple of little notes, which I have here if you'd like to


 see them, giving my impression of what I saw, what I saw


 in the maps.


 Shall I show them to you?
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1 Q. Sure. I'd be happy to see them. 

2 A. I have the maps here, too. I don't know whether 

3 you've seen these particular maps. 

4 And then, of course, that was followed very 

5 quickly by a contact from Lilly's lawyer, who wanted me to 

6 sign their affidavit. Which I did after having made some 

7 corrections in it, 

8 Q. Okay. If you're able to find the letters to 

9 Mr. Buonanno, that would be great and I will get back to 

10 you about -­

11 A. I know I have them here. They were faxes, 

12 actually. Here's one (indicating). 

13 MR. PORTER: Mr. Binder, I should have asked this 

14 question earlier maybe, but this deposition is just to get 

15 information; you have neither the intent nor even the 

16 remote expectation that Mr. Cleary is going to be a party 

17 to this case. 

18 MR. BINDER: No. This to is to get information 

19 for this lawsuit before us. 

20 MR. PORTER: All right. 

21 THE WITNESS: Those simply indicate that I knew 

22 nothing whatsoever about all of the contaminants found on 

23 that property. 

24 MR. BINDER: Okay. Just so -- Mr. Cleary has 

25 been good enough to give us two letters. 
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1 Q. These are the two letters that you sent to
 

2 Mr. Buonanno?
 

3 A. That's right.
 

4 Q. Could I ask that these be marked as the next


 numbers in sequence, please.
 

6 (Plaintiff's Exhibit Nos. 9 and 10
 
were marked for identification.)
 

7
 

8 MR. BINDER: Q. Just to tie up a loose end,
 

9 Mr. Cleary. I think the next thing you heard after


 speaking with Mr. Buonanno is you ultimately signed an
 

11 affidavit that was submitted by counsel for Lilly.
 

12 A. Yes.
 

13 Q. And that you then made some changes to and then
 

14 signed when it was correct.


 A. Yes.
 

16 Q. Let me show you a document bearing production
 

17 numbers SBSF 12922 through 12924, which I'm going to ask
 

18 the reporter to mark as the next exhibit.
 

19 (Plaintiff's Exhibit No. 11 was
 
marked for identification.)
 

21 MR. BINDER: Q. And my question, Mr. Cleary:
 

22 Is Exhibit 11 the affidavit that you signed?
 

23 A. Well, it has my name on it.
 

24 Q. It has your name and it has your signature?


 A. Yes.
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1 Q. And the information in there is correct to the
 

2 best of your knowledge?
 

3 A. Yes.
 

4 Q. Okay. Now after you had the discussions with
 

5 Mr. Buonanno and his lawyer and Mr. -- the lawyer for
 

6 Lilly, did you have some discussions about this Centredale
 

7 site with anybody from the EPA?
 

8 A. Yes. A Ms. Ann Gardner, who described herself as
 

9 a paralegal.
 

10 Q. And you've brought with you in response to the
 

11 subpoena copies of some correspondence you had with
 

12 Ms. Gardner. Is that correct?
 

13 A. We had a -- the first thing that happened was
 

14 that we had a rather lengthy phone conversation, which she
 

15 made clear to me that she was going to make the basis of a
 

16 statement by myself.
 

17 And subsequent to that, she sent her resume of
 

18 that conversation intended to be -- or to reflect my
 

19 statement. And I sent it back to her with corrections and
 

20 additional comments. And she told me that she would use
 

21 that material to conclude some sort of a statement from
 

22 me.
 

23 And when this notice of the deposition came up, I
 

24 phoned her and asked her if she had a revised copy of such
 

25 a letter that would have reflected my subsequent
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 corrections and comments. And she said she hadn't


 prepared it yet but that she would do so in due course.


 And those notes I sent to you are a composite of her --my


 original conversation with her, my corrections noted where


 they belonged, and additional comments that I wanted to


 put into such a letter.


 Q. Now, let me try to show you some of these


 documents so that we can identify the documents you've


 spoken about.


 I'm going to ask the reporter to mark as the next


 exhibit a three-page memorandum dated November 26, 2002.


 (Plaintiff's Exhibit No. 12 was
 
marked for identification.)


 MR. BINDER: Q. Now, Mr. Cleary, is Exhibit 12


 the memorandum you received from the -- Ms. Gardner of the


 EPA which you've just mentioned?


 A. Yes.

 Q. Okay. Thank you.

 I'm going to ask the reporter to mark as the next

 two exhibits copies of letters from Ms. Gardner to


 Mr. Cleary; the first dated November 26, 2002, the second


 dated January 14, 2003.


 (Plaintiff's Exhibit Nos. 13 and 14
 
were marked for identification.)


 MR. BINDER: Q. Okay. Now, is Exhibit 13 the
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1 letter from Ms. Gardner to you in which she forwarded to
 

2 you her draft memorandum that's been marked as Exhibit 12?
 

3 A. Yes.
 

4 Q. Exhibit 14 is also a letter to you from
 

5 Ms. Gardner. And in this one, she says she's enclosing a
 

6 copy of her draft memo to the file concerning her
 

7 telephone conversation with you. Did she enclose the same
 

8 document, Exhibit 12, with both of those letters?
 

9 A. What happened was that when I sent back to her
 

10 her letter and my corrections, I neglected to keep a copy
 

11 of her letter. And I told her that, and she said she
 

12 would send me back a copy of it.
 

13 Q. Okay. So you would have gotten -- probably
 

14 received a copy of Exhibit 12 twice; once -­

15 A. Yeah.
 

16 Q. -- with Exhibit 13 and once with Exhibit 14.
 

17 A. Right.
 

18 Q. Now, you mentioned your corrections to
 

19 Ms. Gardener's memo. I'm going to show you a handwritten
 

20 letter dated 12/2/02, which I'm going to ask the reporter
 

21 to mark as Exhibit 15.
 

22 (Plaintiff's Exhibit No. 15 was
 
marked for identification.)
 

23
 

24 MR. BINDER: Q. And my question to you is
 

25 whether Exhibit 15 consists of your corrections to
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 Ms. Gardener's memorandum?


 A. Yes, they do.


 Q. So if I understand correctly, Mr. Cleary, in


 order to have an accurate statement of what you discussed


 with Ms. Gardner, we would take Exhibit 12, incorporate


 the instances where you crossed out a word and replaced it


 with another word.


 A. Yes.


 Q. And then we would place the "1" from Exhibit 15


 next to where it says "1" on Exhibit 12.


 A. Yes.


 Q. We would place the "2" on Exhibit 15 where it's


 marked "2" on Exhibit 12.


 A. Yes.


 Q. And we would place the "A" on Exhibit 15 where


 there's an "A" on Exhibit 12.


 A. Right.


 Q. Now, in addition to the exhibits we've spoken


 about today, you also brought some other documents in


 response to the subpoena. Is that correct?


 A. You mean in addition to what you have?


 Q. Yes -- no, in addition to what we've already


 marked as exhibits.


 A. Well, what I have here mainly, besides the


 communication with Ms. Gardner and with Vincent Buonanno,
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1 are the maps that were supplied to me by Vincent
 

2 Buonanno's attorney which depict the locations and nature
 

3 of the so-called contaminants that were found on that
 

4 property.
 

5 Q. Okay. Have you brought those with you today?
 

6 A. Yes, I have them.
 

7 Q. Could we take a look at them.
 

8 A. Sure.
 

9 These -- I've separated out the ones, I think,
 

10 which have some relationship to dioxin. These are
 

11 dioxin-marked maps. And these are maps that are marked
 

12 with many other things, including what are called volatile
 

13 organic compounds, semi-volatile organic compounds, PCBs,
 

14 and heavy metals.
 

15 Q. Okay. And these maps are maps from a -- made by
 

16 a company known as IT Corporation?
 

17 A. Yes.
 

18 MR. BINDER: I'm going to ask the reporter to
 

19 mark as the next exhibit in sequence what the witness
 

20 referred to as the maps from IT Corporation that were
 

21 dioxin related.
 

22 THE WITNESS: They were commissioned by the State
 

23 of Rhode Island, as I understand it.
 

24 (Plaintiff's Exhibit No. 16 was
 
marked for identification.)
 

25
 

26
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 MR. BINDER: And I'm going to ask the reporter to


 mark as Exhibit 17 what the witness described as the maps


 from IT that were not dioxin related.


 (Plaintiff's Exhibit No. 17 was
 
marked for identification.)


 MR. BINDER: Q. Now, I know that in response to


 the subpoena that we arranged to have served on you today,


 you've produced some other documents, including a copy of


 an affidavit and a copy of several patents.


 I'm going to ask the witness to mark -- excuse


 me, the reporter to mark as the next group exhibit an


 affidavit and series of patents and ask whether these are


 documents you brought today -- actually, brought last


 evening in response to the subpoena?


 A. Is that a question to me?


 Q. Yes, it is.


 A. Yes, it is.


 (Plaintiff's Exhibit No. 18 was
 
marked for identification.)


 MR. BINDER: Q. Okay. Now, Mr. Cleary, after


 you learned about the condition of the Centredale site,


 did you gather together information about dioxin and other


 contaminants?


 A. Well, I did not learn about the condition of the


 Centredale site until my initial conversation with Vincent
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1 Buonanno.
 

2 Q. Sure.
 

3 A. After which, I was sent those maps by his
 

4 attorneys, and I was requested by Vincent to use my best
 

5 recollection to try to identify where these various
 

i
 
6 substances might have come from. And my correspondence
 

7 with him, which also included a couple of telephone calls,
 

8 were simply that I did not know where they could have come
 

9 from.
 

10 The dioxin, I could by that time have suspected
 

11 where it came from. All of the other items I had not the
 

12 slightest idea where they might have come from.
 

13 Q. Thank you. I guess let me ask my question I had
 

14 in mind a little bit differently. In response to this
 

15 subpoena, you have brought copies of two pages from the
 

16 Merck's -- Merck Index on which you've written the word
 

17 "dioxin."
 

18 I'm going to show you these as the next exhibit.
 

19 (Plaintiff's Exhibit No. 19 was
 
marked for identification.)
 

20
 

21 MR. BINDER: Q. And is this handwriting on
 

22 Exhibit 19 yours?
 

23 A. Yes.
 

24 Q. Look at both pages; it is a two-page document.
 

25 A. Yes.
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1 Q. Okay. And did you gather this material that's
 

2 Exhibit 19 at some point after you had the conversation
 

3 with Mr. Buonanno's attorney?
 

4 A. No. I've had this information for years. It's


 been in the Merck Index, of which I have had a copy for
 

6 years.
 

7 Q. Okay. I guess my question is: Did you find
 

8 these particular pages that are Exhibit 19 after you spoke
 

9 to Mr. Buonanno's lawyer?


 A. Well, I can't answer that yes or no.
 

11 Q. Okay.
 

12 A. It was simply a matter of trying to instruct the
 

13 related parties, to some extent, as to what the nature of
 

14 these various chemicals is.


 Q. Okay. That was the purpose -­

16 A. And their relationship -­

17 Q. --of Exhibit 19.
 

18 A. And their relationship to each other. And that
 

19 was my intention, also, in sending them to you.


 Q. Okay. That was your intention in creating
 

21 Exhibit 19.
 

22 A. Yes.
 

23 MR. McCLOSKEY: Objection.
 

24 MR. BINDER: Q. Was that also your intention in


 preparing Exhibit 19?
 

76 



1 A. I don't follow you.
 

2 Q. Okay. In response to the previous question, you
 

3 said that you gathered together materials to explain the
 

4 different -­

5 A. My assumption, right or wrong, had been that
 

6 anyone I was going to discuss these matters with had only
 

7 a fragmentary, and perhaps inaccurate, conception of what
 

8 these chemicals look like and what their relationship is
 

9 to one another. And my copying out those pieces from the
 

10 Merck Index, which I had for years, was intended to
 

11 elucidate the connection between trichlorophenol, dioxin,
 

12 2,4,5-T, hexachlorophene, trichlorophenol, 2,4,5-,
 

13 et cetera.
 

14 Q. Sure. And you were doing that in response to
 

15 inquiries about -- that lawyers had made about the
 

16 Centredale site.
 

17 A. Yes.
 

18 Q. I'm going do show you another group of documents
 

19 consisting of -­

20 Off the record for a second.
 

21 (Off the record.)
 

22 (Break taken at 11:44 a.m. until 12:08 p.m.)
 

23 (Plaintiff's Exhibit Nos. 20 and 21
 
were marked for identification.)
 

24
 

25 MR. BINDER: Q. Okay, Mr. Cleary. I'm going to
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 show you what's been marked as Exhibit 20. It's a page


 from the document you produced entitled,


 "U.S. Pharmacopeia, The Standard of Quality."


 Could you identify what that is, please.


 A. Well, yeah. I put this in here so you would know


 that the U.S. Pharmacopeia, which is abbreviated as USP,


 is an actual compendium which is recognized all over the


 industry as a collection of acceptable standards in the -­

 particularly in the drug business.


 Where it -- what sort of elevated niche it


 occupies today, T don't know. But in the absence of any


 other specifications for a purchased drug -- quote, drug


 or chemical material, it was often specified as "USP


 quality." And anytime something new came along that was


 of more than average commercial interest, the USP soon


 enough wrote a page of acceptable specifications for that


 product.


 And in due time, I'm not exactly sure exactly


 when, hexachlorophene appeared in the USP and it became a


 standard of buying and selling the article. It's a fact,


 however, that there were times when, possibly due to the


 pressure of the manufacturer, the Pharmacopeia


 specifications were a little on the loose side in


 practical terms. But. . .


 Q. So if I'm correct, Exhibit 20 is a copy of -­

78 



1 A. This is a copy of a magazine that I got from
 

2 somewhere recently.
 

3 Q. That's a recent copy, not the one that was in
 

4 effect in the 1960s, when the -­

5 A. No. This copy is no more than a month old.
 

6 Q. Okay.
 

7 A. From the press.
 

8 Q. When you testified earlier that Metro-Atlantic
 

9 made the hexachlorophene in accordance with the
 

10 U.S. Pharmacopeia specified by Sterling Winthrop, you were
 

11 referring to an earlier edition. Right?
 

12 A. As a matter of fact, it exceeded the
 

13 specifications contained in the USP at the time. This is
 

14 a page out of a journal which is simply called Pharma.
 

15 It's a journal that represents all kinds of companies who
 

16 have connection with the pharmaceutical business.
 

17 Q. Thank you.
 

18 A. And I just brought this along to show that the
 

19 USP is a real thing, not a mythical organization.
 

20 Q. Okay. That's what I was trying to find out, just
 

21 to be sure. This is current, not what was in effect in
 

22 the '60s.
 

23 A. It's current. The journal was founded in the
 

24 1820s and it still is an annual publication which is used,
 

25 I'm sure, as a basis for specifications for many, many
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 items.


 Q. Okay. Thank you. I've got a set of handwritten


 notes you provided in response to the subpoena which the


 reporter has marked as Exhibit 21.


 Are these a set of notes that you made?


 A. Yes.


 Q. And what was the purpose of your making those


 notes?


 A. The purpose was, again, to elucidate the


 relationship between trichlorophenol, 2,4,5-T, how it's


 possible under excessive conditions to have dioxin result


 from the universal method of making trichlorophenol. And


 it's intended to be educational.


 Q. Okay. Thank you.


 I'm going to ask the reporter to mark as the next


 exhibit, 22, a group of six pages that the witness


 produced in response to the subpoena.


 (Plaintiff's Exhibit No. 22 was
 
marked for identification.)


 MR. BINDER: Q. Mr. Cleary, I'm going to give


 you Exhibit 22 and ask you to take a look at it and to


 confirm that these are documents you produced in response


 to the subpoena and that the handwritten notations on the


 documents in this exhibit are, in fact, yours.


 A. Well, these are copies of pages from some of
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1 the -­ you understand, my -­

2 Q. Sure. 

3 A. -­ my interest in this whole field has declined 

4 pretty much over the last several years and I no longer

 get annual editions of many publications and catalogs that 

6 I used to get routinely. 

7 This one is from the so-called Pesticide 

8 Dictionary, which is an annual publication produced 

9 somewhere in the midwest. And it lists every substance

 that has an agricultural application, every chemical 

11 substance. 

12 And this is just to indicate that hexachlorophene 

13 itself not only had an agricultural use, but that it was 

14 among items which were classified as having USP quality.

 That's why I underlined the expression "USP." It's from a 

16 journal called the Pesticide Dictionary, Farm Chemicals 

17 Handbook. 

18 This is from an annual publication which, for 

19 short, is called "The Green Book." It's published every

 year. It contains a list of every chemical that is sold 

21 in the trade -­ every one that the publishers of the 

22 magazine know about, anyway -- and it lists 

23 hexachlorophene. And this is from 1997, I think. 

24 And it not only lists hexachlorophene, but it

 lists hexachlorophene, dioxin free. See, after dioxin 
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 became a bone of contention with hexachlorophene users,


 certain producers went out of their way to make


 trichlorophenol by a way which I -- which I developed


 myself, actually, eventually, that is totally dioxin free,


 and the chemistry of which is such that it does not allow


 for any production of dioxin during the preparation of the


 hexachlorophene.


 And this -- I might mention that the cost of


 hexachlorophene, which was merely about two dollars and a


 half a kilo when Metro-Atlantic was making it, when last


 checked five years ago, was $80 a kilo. Which shows you


 that somebody is making a handsome profit on it.


 Q. Okay. J. guess my question is a little simpler.


 I just want to confirm that these are documents you


 provided to us and that the writing on them is yours.


 A. Yes. Yes, they are.


 Q. Thank you. Just to clarify one thing. This


 dioxin-free hexachlorophene is something much more recent


 than the '60s, isn't it?


 A. Oh, yes. I would say it's been available for 15


 years or less.


 Q. Thank you.


 I'm going to ask the reporter to mark another


 group of documents that you were good enough to bring to


 us. And can you just also confirm that this Exhibit 23
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1 also consists of pages with your handwriting that you were 

2 good enough to provide after we gave you the subpoena. 

3 (Plaintiff's Exhibit No. 23 was 
marked for identification.) 

4 

5 THE WITNESS: Yeah, they're all mine. They came 

6 from the Merck Index, of which I have a couple of volumes, 

7 including the most recent one from which these are taken. 

8 MR. BINDER: Thank you. Okay. I don't have any 

9 further questions of you, Mr. Cleary. 

10 Before I say, "Thank you for your time," these 

11 other gentleman have a chance, also. 

12 THE WITNESS: Gentlemen, at your convenience. 

13 

14 EXAMINATION 

15 BY MR. ELAM: 

16 Q. Just one simple question, not substantive. 

17 In preparation for your deposition, did you meet 

18 with anybody besides your attorney? 

19 A. No. And I rarely met with him except on a social 

20 basis. 

21 Q. Okay. That's all I have. 

22 MR. McCLOSKEY: Let's go to Kevin on the phone, 

23 and I'll reserve my right to ask some follow-up questions. 

24 Kevin, are you there? 

25 MR. O'CONNOR: Hello? 
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 MR. BINDER: They're passing the baton to you,


 Kevin. Do you have any questions?


 MR. O'CONNOR: Yeah. Hold on a second. I had a


 very, very difficult time hearing much of what Mr. Clearly


 said and I'm going to try to be brief here.


 EXAMINATION


 BY MR. O'CONNOR:


 Q. Mr. Cleary, my name is Kevin O'Connor and I


 represent OneBeacon America Insurance Company.


 A. How do you do? I wish I had an arm long enough


 to reach you.


 Q.	 You were shown a map of the site.


 A.	 Yes.


 Q. And if I heard correctly, that was SBSF 061 -­

 I'm sorry. 06816. Is that correct?


 A. Well, I don't know the number, but I know the map


 you're referring to.


 Q.	 Okay.


 Can anyone tell me if that was the 1965 Sanborn


 map that has been used at other depositions?


 MR. BINDER: I believe it was, Kevin. I think


 that's what the preface of my question said.


 MR. O'CONNOR: All right.


 Q.	 Mr. Cleary, when you identified a location that
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1 you thought was the hexachlorophene manufacturing
 

2 building, did you identify the square building next to the
 

3 river that's -- next to the word "Woonasquatucket River"?
 

4 A. No, I did not.
 

5 Q. What building did you identify, if you could
 

6 reference it to something else on the plan?
 

7 A. I don't remember. I could not place that
 

8 building at all. It may have come after I was acquainted
 

9 with the property. Many years passed when I did not see
 

10 the property at all.
 

11 Q. Okay. It is fair to say, though, that at some
 

12 point in time, you became familiar with a building that
 

13 was constructed and was used for the manufacture of
 

14 hexachlorophene?
 

15 A. Oh, yes.
 

16 Q. Did you have any role in the design of that
 

17 building?
 

18 A. No.
 

19 Q. Do you know who did?
 

20 A. George Huse, mainly.
 

21 Q. Okay. Do you know where Mr. Huse is today?
 

22 A. He's deceased some 10 or 15 years.
 

23 Q. Do you know of anyone else who was involved with
 

24 the design or the construction of that building?
 

25 A. No.
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 Q. Were you consulted in any way regarding the


 building specifications necessary to make products in that


 building?


 MR. BINDER: Objection.


 THE WITNESS: These matters are extremely


 commonplace in the trade. There are certain kinds of


 reactions that you do and certain equipment that is


 constructed a certain way and certain other kinds of


 things you do in equipment that's constructed another kind


 of way.


 Most of these implements are standard-issue


 implements. They are not specially built for any purpose.


 Some of them can serve very many purposes. And there was


 nothing about the building, about the equipment that was


 not totally conventional. It's just a matter of sizing


 properly. That's the main thing.


 MR. O'CONNOR: Q. Are you aware that the


 Woonasquatucket River and related wetlands have been


 identified as being contaminated with dioxin?


 A. So I'm informed, yes.


 Q. Are you aware of any discharge of materials


 containing dioxin into that river or adjacent wetlands


 from the -­

 A. No, I am not. And as a matter of fact, the


 presence of dioxin, although I can speculate where it came
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1 from and where it was almost certainly present, was not
 

2 accompanied by other materials that one would expect to be
 

3 found in the same location. Namely, residual
 

4 hexachlorophene or residual trichlorophenol.
 

5 Q. Are those chemicals that would accumulate in
 

6 wetland centers?
 

7 MR. BINDER: Objection.
 

8 THE WITNESS: I'm sorry; I don't follow that
 

9 question.
 

10 MR. O'CONNOR: Q. Well, you're aware that
 

11 dioxin has been identified as being present in the
 

12 sediment -­

13 A. Yes, I am.
 

14 Q. --of the river.
 

15 A. Yes.
 

IS Q. You mentioned two other chemicals.
 

17 A. Yes.
 

18 Q. What were those chemicals?
 

19 A. Yes.
 

20 Q. What were those chemicals?
 

21 A. They were trichlorophenol, which is the precursor
 

22 of hexachlorophene, and hexachlorophene itself, some of
 

23 which might have escaped the premises in some way about
 

24 which I'm not familiar.
 

25 Q. Are those chemicals that would accumulate in
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 sediments the way dioxin does?


 MR- BINDER: Objection.


 THE WITNESS: I can't answer that question. I


 don't know.


 MR. O'CONNOR: Q. Do you know what their


 solubility in water is?


 A. They vary. Hexachlorophene itself is practically


 insoluble in water. Trichlorophenol is more soluble in


 water. But trichlorophenol itself is a relatively


 harmless chemical.


 Q. Are you aware of what wastewater systems existed


 in the building that we've talked about at the site?


 A. No.


 Q. You don't know what the sewage system was?


 A. No.


 Q. You don't know to where it was piped?


 A. No.


 Q. And you don't know whether there's been any


 processed water or processed waste with the waste system?


 A. No.


 Q. Have you ever seen the construction plans or


 design documents relating to this building?


 A. No.


 MR. O'CONNOR: That's all I have. Thank you very


 much, sir.
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1 THE WITNESS: You're welcome.
 

2 MR. McCLOSKEY: Okay. I guess I'm up. I'll keep
 

3 this brief.
 

4
 

5 EXAMINATION
 

6 BY MR. McCLOSKEY:
 

7 Q. I'm Andrew McCloskey. I believe you testified
 

8 earlier that you were provided with maps that were
 

9 prepared by IT Corporation -­

10 A. Yes.
 

11 Q. -- which described the location of certain
 

12 contaminants that were found at the Metro-Atlantic site.
 

13 Do you recall that?
 

14 A. Yes.
 

15 Q. And then you've also mentioned a few times that
 

16 you can speculate where the dioxin on the site may have
 

17 come from.
 

18 A. Yes.
 

19 Q. What's your speculation in that regard?
 

20 MR. BINDER: Objection.
 

21 THE WITNESS: Well -- what do these objections -­

22 MR. PORTER: They're for the record. Don't worry
 

23 about them. The judge will worry about them.
 

24 THE WITNESS: Well, the speculation is -- it
 

25 became more of a fact than a speculation eventually
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 because it was determined during toxicological studies


 that were carried out starting mainly in the mid-'70s -­

 and, again, very largely as a result of the deleterious


 effects that the application of Agent Orange in Vietnam


 had had.


 Also, you must remember that analytical


 technology 30, 40 years ago was primitive compared to what


 it is today. Today you're talking in terms of parts per


 trillion. In the old days, it was difficult to find


 anything in terms of a parts per million.


 It's known now that the normal production of


 trichlorophenol by the reaction of sodium hydroxide and


 methyl alcohol at a certain temperature and pressure will


 generate dioxin at the rate of about 15 to 25 parts per


 million based upon the amount of trichlorophenol that is


 produced.


 That was unknown in the days when Dow sold


 millions of pounds of Dowicide. That was unknown when


 Dow, Monsanto, Diamond Alkali and others produced and sold


 millions and millions of pounds of 2,4,5-T that was


 probably spread on just about every roadway in the


 United States. And its presence and the chemistry of its


 formation was not really elucidated until the mid-'70s.


 Dioxin itself is a very high-melting organic


 compound. It has practically no vapor pressure. And it's
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 said that most of the dioxin that constitutes any


 suspected hazard is generated by paper bleaching


 operations, by the general incineration of waste. Much of


 which, personally, I doubt. But if you read some of the


 more horrific versions of what dioxin is, does, and where


 it is, you'll begin to believe that it's on every leaf in


 creation, that it's falling out of the sky, and so on, but


 I don't think so.


 MR. McCLOSKEY: Q. Well, I appreciate that, but


 I don't think that you actually answered my initial


 question.


 A. Which is what?


 Q. What do you believe is the source of the dioxin


 on the site?


 MR. BINDER: Objection.


 THE WITNESS: I just said so. I believe it came


 in from Diamond Alkali Company, unknown and unsuspected,


 contained in their crude trichlorophenol solution. And


 the presence was totally unknown.


 MR. McCLOSKEY: Q. I believe you testified that


 your contact with Metro-Atlantic was when you were


 employed by Centerchem?


 A. That's right.


 Q. Okay. Was that the only time that you had


 contact with Metro-Atlantic?
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 A.	 Yes.


 Q. How many times were you at the Metro-Atlantic


 site over the years?


 A. Oh, over a period of perhaps four or five years,


 maybe two or three times a year.


 Q. If I understand your testimony correctly, TCP -­

 or, I'm sorry, dioxin would be included in trace amounts


 in TCP that was supplied to Metro-Atlantic. Is that


 correct?


 A.	 I believe that to be the case, yes.


 Q. Is dioxin produced in any of the chemical


 processes where TCP is processed into hexachlorophene? I


 guess what I'm asking -­

 A.	 No, no.


 Q. Okay. So there are no additional chemical


 reactions that would produce additional dioxin?


 A. There is no way, physically or chemically, that


 any other dioxin could have been produced at that


 location.


 Q. I'm not a chemist, so you'll have to forgive me


 when I ask questions that may seem obvious to you.


 A. I'm trying to answer them in a way that would


 suit a non-chemist.


 Q.	 And you are. I appreciate that.


 Do you have any understanding how dioxin that may
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1 have been brought to the Metro-Atlantic site in
 

2 conjunction with the TCP would have found its way into the
 

3 river?
 

4 MR. BINDER: Objection.
 

5 THE WITNESS: No, I don't. As I say, that
 

6 confuses me because it was --at least according to the
 

7 analytical results shown on those maps, it was not
 

8 accompanied by anything else that could have been
 

9 associated with the hexachlorophene operation.
 

10 MR. McCLOSKEY: Q. You would expect to find
 

11 other components of hex- -­

12 A. I would have, yes.
 

13 MR. BINDER: Objection.
 

14 MR. McCLOSKEY: Q. Now, I believe you also
 

15 testified that, if I understood you correctly, that dioxin
 

16 concentrations at a level that would cause concern -- and
 

17 I'm paraphrasing there -- are usually generated by paper
 

18 bleaching operations and then waste incineration. Did I
 

19 understand that correctly?
 

20 A. That's what one reads in the papers all the time.
 

21 Q. What type of waste incineration?
 

22 A. Any kind. Dioxin is alleged to occur anytime
 

23 that refuse or waste or whatever material at all that
 

24 contains both carbon and chlorine is incinerated.
 

25 Q. When was the last time you saw the Metro-Atlantic
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1 site in Centredale? 

2 A. Well, I believe you asked that. After all of the 

3 hexachlorophene matter was finished, I maintained a 

4 personal friendship with Joe Buonanno for many years. And

 the general history of the property, as I'm acquainted 

6 with, which is only superficially, involved first the 

7 merger of Metro-Atlantic with a company called Crown 

8 Chemical, which was engaged in a very similar business. 

9 That is to say, they sold various agitants, as they were

 . known, to the textile industry. And they merged for the 

11 purpose of being acquired. 

12 And my recollection is that they were first 

13 acquired by United Shoe Machinery, and the operation was 

14 moved to Greenville, South Carolina, and George Huse moved

 with it. So did Hug Bonino, who was Joe Buonanno's 

16 partner in Metro-Atlantic. And Bonino was head of the 

17 Crown-Metro operation in Greenville, South Carolina, at a 

18 time when I believe that Etnhart Industries acquired the 

19 property. Or acquired the business.

 The rather odd part of the whole picture is that, 

21 subsequently, I brought into Crown-Metro in Greenville a 

22 very large piece of custom business which was extremely 

23 profitable for them. And I believe that during the course 

24 of doing that business, which was for a firm known as

 AmChem in Ambler, Pennsylvania -- it was a weed control 
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1 agent that we manufactured for them. 

2 Again, I developed a process for that, helped 

3 install it in Greenville, South Carolina. And like all 

4 custom work, it finally came to an end. But in the 

5 meantime, I'm aware that it was an extremely profitable 

6 business for Etnhart. 

7 Q. Did that involve the Greenville plant, not -­

8 A. That was strictly in Greenville. 

9 Q. Okay. So after wrapping up the hexachlorophene 

10 processes at the Centredale plant, you never had the 

11 opportunity to visit that location again? 

12 A. I visited Joe Buonanno there frequently. We 

13 played golf together. I introduced him to my son, who was 

14 interested in Brown at the time. We were good friends. 

15 We stayed good friends. I visited him on his deathbed. 

16 Q. Okay. You never maintained an office at that 

17 site, did you? 

18 A. No. 

19 Q. Where was your office during that time period? 

20 A. Manhattan. 

21 Q. And that was maintained at the offices of 

22 Centerchem? 

23 A. Yes. 

24 MR. McCLOSKEY: Okay. I appreciate your time. I 

25 think that's all that I have. Thank you. 
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1 THE WITNESS: You're welcome. 

2 MR. BINDER: I just have a couple of additional 

3 questions. 

4 

5 FURTHER EXAMINATION 

6 BY MR. BINDER: 

7 Q. In the process of manufacturing hexachlorophene, 

8 as described in your patent and as was followed at 

9 Metro-Atlantic, were the trichlorophenols heated? 

10 A. Were they heated? 

11 Q. Yes. 

12 A. Well, they were heated, but they were heated in 

13 the company of other substances that were reacting with 

14 them during that heating period, and the maximum 

15 temperature to which they were heated were not nearly high 

16 enough to have caused any side reactions with it. 

17 Q. Okay. And in the course of your different 

18 conversations with Joe Buonanno, did you have any 

19 discussions with him regarding, you know, the insurance 

20 policies that Metro -- that were issued to Metro-Atlantic? 

21 A. No; it was not an issue that was ever mentioned. 

22 MR. BINDER: Okay. I have no further questions. 

23 THE WITNESS: Finite? 

24 MR. BINDER: A couple of other gentleman have to 

25 confirm they have nothing further to say. I think, 
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1 otherwise, it is. 

2 MR. ELAM: Nothing further. 

3 MR. McCLOSKEY: No, I have nothing further. 

4 Thank you. 

5 MR. BINDER: Kevin? 

6 MR. O'CONNOR: No, nothing else. 

7 THE REPORTER: Mr. O'Connor, would you like a 

8 copy of the transcript? 

9 MR. O'CONNOR: Yes, I would. 

10 THE REPORTER: Mr. Elam? Mr. McCloskey? 

11 MR. ELAM: Yes, please. 

12 MR. McCLOSKEY: Yes. 

13 THE REPORTER: Thank you. 

14 (The deposition of THOMAS F. CLEARY 
was concluded at 12:44 p.m.) 
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9 transcript, and that I now approve my deposition 
as true and correct. 

11 
Date THOMAS F. CLEARY 

12 

13 oOo 
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10 That the deposition was taken at the time and 
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13 into typewriting; that the foregoing is a full, complete 
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PLAINTIFFS
 
EXHIBIT
 

2,* 14,5®r 
Patented 6* 1957 

No. 2,535,077, dated December 26,1950. In view of this 
. •• 2,814,597 . ' .' "• fact, which is now well-recognized m the art, it is not pos­

sible to predict, from the germicidal properties of a chemi-GERMICIDAL SOAPS COMPOSITION cal compound itself, whether a soap containing it would 
nMS F. Cleinr, have-satisfaptorygermicidal activity, and would aKo meet 

?«c*nd Saul odr Brooklyn, N. Y., the other requirements discussed above. • •  ­
assignors to Norda Essential Oil & emical Company! Because of the desirability of a «ermicidal soap, a great 
N«r. York,.N. y., a cwrpowflon of deal of research has been done, and ait least one germicidal 

soap has been placed on the market in which the active 
ingredient is 2 '̂ r dfltydroxy *3.5,6-3',5'.6' - heafcchloxodi­
pluaiyl methane (also referred to as Heacachlorophene and 

8 Claims. (CI..2S2— -107) a .AUnonsh * soap .containing.this compound is 
w^?~25m y*00 "^xscfi a» will be pointed out, ft has 
had wide sales and acceptance .as an unusual product In Thfa^invention relates to new chemical corapounds 10 which the germtddal activity is' retained in the presence which liave gennicidal. activity and which arc relatively of the «*P-Ittjvto* of the fact that almost twenty-flva non'tonc, non-irritating and noiwiensitizmg, to methods years of extensive research on a wide variety of com- •

of preparing- the same, and to soaps and other detergents ESS"* u!S^ ̂ S dwctjyeiy xrftais particuhu' germicidal eoHtauung said compounds in. which the desirable germi­ soap, it is obvious that the element of predictability is sub­cidal and other properties are retained. .. 20 stantially na and that the discovery of «ny other com-
An acceptable gennicidal compound must meet -a pound which could be incorporated in soap with equal or number <if desiderata. It must have -effective- germicidal «?^*nlt8 ̂ onM be quite-uaobviqns and unpredictable. properuw, particularly for the destruction of bacteria .un-: «. V !itaj» ttwcovered, in accbrdande with our Invention, der normal condition* of use. If it is to destroy bacteria- that ae foOowmg described compounds have germicidal 

28 properties and that these properties 3^ retained in soap 
and that they meet th^oiher d&fderata enun^atedabo^e! 

- ;  - - - "- —- jr—**-**•« **f u «y«c»uvv*jr Mfw concentration-
on order- that it may be economically employed and also Silttion!118113' ^*^>l&?;™*te>», *»* «on­
utilized in ttfracentrations below that Which- would impart- compounds have the foUbtfhig general formula: any adverse-effect • . -. - 30
 

Such a germicide should also be non-toxic, since- if it is '
 
employed in contact with- the human akin it may be" ab­
Soruea.into the body and would be objectionable if it -pos­
sessed toJdc properties. The imdesirability of toxic germi­
cides,- such as corrosive sublimate; is too well-known to 36 
require elaboration. " • • : • •
 

Rirthennore, an acceptable germicide must be rela­
tively non-nfitatmg to the skin. There are many germi­
cides which destroy bacteria and which are not objection­

8aaw °? di?Ce«"tably toadc tat which are irritating when used.in contact 40  °« ^e one 
with the skin in that they cause erythema and in extreme ' - *?*?i «=ons^tinr of(l) a hiOc­
cases produce blisters and pustules. gen, especially chlorine, bromine and iodine, and prefer-. 

In addition to being ton-irritating, an. acceptable -germi- «*fr«*logne,aod.(3) an alkyl or cydoalikyl radical hav­
cide must be relatively non-sensitizing. A germicide may » oi: be tmob/ecflonaWe, in that it is noiirrita^^ nponits 45 

- — —— i—-v ••••» MM«WL ""-="xuî jo SO4OC 

firStnse, but upon repeated use the subject may become More particularly; if X and'X' ^«, „««. 
sensitive to me germicide so that it cannot be reused with- . . Y' are alkyl or cycloalkyi, and If X and 
out adverse results. • • or cycloalkyi, then Y and Y' are halogen 

The effect of chemical structure on any and all of the 
 50 

r cycloalkyi radical,- for instance may be 
above properties is not very well understood, if at all, par- .--•-• Is^ropyl, ocryl, hexyl, cyclohexyl, etc 
bcularly the effect, of structure on irritative properties ' Ttut preferred- compounds have the general formula-

Changes in chemical structure which amount to no more
 
than a difference of one chlorine atom on a-ring, or'in'
 
th» position of a chlorine atom, markedly affect the results.
 
Compounds so closely related as adjacent homologues 6H
 

similarly give marked differences in results. There is,
 
therefore, no predictability from- a consideration of-chem­
ical structure Of the results obtained in the fi»W of genni­
cidal activity, toxirity,- irritative effects,, and sensitization! 

'60 A largff number of compounds have been proposed for 
inclusion with soap to render it germicidal. Since soap in which K. and R' are the same or,.different alkyl or
 
is so universally used in cleansing the' skin, the inclusion cycloalkyi.radicals of 1 to,8 carbon atoms, and ffl and:
 
of a satisfactory germicide in soap-would'be ah ideal-way 5? -j1*. • f3"8 °* Different halogens as defined above/'
 
of destroying bacteria, in contact, with tie human skin. ine preterred compoond of this type having.the following-
Many compounds which are recognized as-germicides have formula: • ' . • . 
been proposed for combination with soap,.especially vari­
ous phenolic materials, but because of the depressing ac­
• "on of soap upon 4he germicidal properties- of known 

^arinieidal agents, soaps containing such- agents do not 
fiave germicidal properties. This effect has .been, demon;, 
strated and- is reviewed! at soine length in U. S. Patent 



The alternative compounds woiiM have the following 
formula: . ' 

••• '" : : OH ' OH 

where JR.. and R' and HI and HI' are as defined above. 
Other compounds falling Trithfn the invention include, 10. unrSacted sulfnr dichldride. preferably in. vacuo, to yield 

for example:
 
OH
 

A specific embodiment .of: bur invention which we 
regard at the present timo. as the best mode mat we. con­
template .for carrying oat our invention, utilizes the &. 
hydroxy-3-methyl-5-chI6ro :pfcenyl sulflde. This, COM­

" pound has a melting point .'of..about 148-150" C., and 
is" soluble. in alcohol,. benzene • and. warm, carton,, tetrn­
chloride; it is insoluble ja carbon, disulfide, hwcane. and 
•water. It is, however, soluble, in.soap at the normal 
pH :bf -soap. • This compound is, selected as fllnstrative; 
because of simplicity, and economic' considerations.. Com-.' 
pounds in -which the Jhydrocarbon..radical.has a larger 
number, of carbon atoms, may be preferred from a. bac­
tericidal and. solubility standpoint...' 

The compounds of .the invention may be made :by 
condensing tho appropriate Jtalogenated alkyl or. cyclo­
alkyl phenol with .sulfur dichloridej An inert solvent or 
reaction medium may be employed which may. or may 
not be a Solvent for the final product. The temperature 
is not particularly .critical as long, as the reaction takes 

. place .at a rate which is; controllable. Inasmuch 'as the 
reaction proceeds satisfactorily at room temperature,.this 
is- preferably employed, since it. obviates .the. need, for 

• refrigeration or maintenance, of elevated' temperatures. 
A catalyst is not required, nor is extended refluxing essenv 
tial.. The final product 'is separated from .the reaction 
medium by filtration and can be .washed; and if necessary 
recrystaOized-to obtain a purer product. 

As illustrative of the best mode of practicing the process 
of preparing the preferred- compound of the invention, 
28.4 grams of p-chloro^o-cresoL.and 7,5-. cc, of' solvent is 
placed in a flask-and: to it is added.drop-wise, over a 
•period of about fif teem minutes; 10.2; grams of sulfur di­

. solids* However, it is difficult to salvage a clean 
product from such a residue^ . 

The solvent employed. in the' reaction .can influence• 
the yield, ease of handling, add cleanliness of the product. 

IS When carbon disulfide is employed as the solvent, a 
• reaction medium commonly used for this type of reaction, 
.the initial yield is 82ft. the product having a melting 
point of 126* C. Upon reerystalUzatiori th« yield is 
reduced to -36%, the product having a melting point of 

20 148* C. The high crude yield is not indicative of the 
final- results* since the. material salvaged from the second 
crop of crystals cannot be successfully handled to-give a' 
clean product under usual circumstances. . For practical 
purposes; therefore, the yield frottx carbon disulfide ma.y 

25 be considered 56%. 
. When ethytenb dichloride is' Used, the crude 'yield is 
6096, the product melting at 149* C. •When hexane is 
used a* the solvent, the crude yield is 66%, tho product 
melting at 130* C. These crude yields wert wished in
 

30 hcsxane and not recrystallized. further ItSsses would be
 
obtained TljioH iecrystauization. ,  . : .
 
. Id another variation of the process, the reactiba medium 
may be an. ester in which the alcohol and acid "radicals 
have 5 carbon atoms or less, for instance isopfropyl acetate. 

33 In such solvents, all of the reaction, components are 
soluble, as well as the resulting product,! including a 

• large-portion of the hydrogen .chloride..• At the con­
cmsion of, the reaction, the product .is neutralized with 
sodium carbonate- and stripped of hydrogen chloride.­

40 The solvent is evaporated and'the resulting product may 
be recrystallized from any suitable solvent, such as.hexane­

• The preferred solvent consists of a mixture of ethylene 
dichloride and hexane, such as, for example, 10 to 50% . 
by volume of ethylene dichloride and 90 to 50% hexane, 
preferably 2296 ethylene dichloride and -72% hexane. 
The yield from, this solvent is .63%,-the product having a 
iriajting point of 148* C.' This initial.product is clean. 

. and does aot deed recrystfellization- This solvtat is pre- ' 
ferred because of the higher! yield as compared with the' • 

50 yield of recrystallized product when carbon disulfide is • 
used as the solvent and also because- of the elimination 

'

55 

00 

65 

70 

•:4'v- ,':-K/ .V1 v'OV:'/ 
during the addition, which is carried but at riioih tem­
perature (20-r30° C). The stirring of the mixuirs is 
continued until the evolution of hydrogen, chloride ceases, 
which-generally requires from thirty minutes t6 three 
hours.. During this time,-the: product crystallizes if a 
solvent is employed in which tho reaction product is- in­
soluble. The product is filtered, and washed colorless 
with the solvent generally in an amount of 50—100 cc. 
The combined filtrates may be stripped of solvent and 

 of recrystallizatipn. ­
In a modification of this-process in which the hydrogen 

chloride is swept ont by .bubbling with air until no inore •^ 
hydrogen chloride is. evolved, followed .by treating the : 

reaction mixture with a slight excess- of sodium carbonate ' 
solution, the product obtained by filtration and •washing 
with hexaiie amounted to a yield of 72% without recrysr • 
tallization. 

The- use of excess sulfur dichloride does not increase 
the yield, nor does the use of- a chlorine carrier catalyst, 
such as aluminum chloride, result in advantages; such.a 
catalyst, in facti reduces -tile .yield- and gives a darker • 
product Reflvmng does not affect the yield and leads to-
a darker product. 

The product made by any of the above proccsse? can. 
be decolorized. If desired, by dissolving it in m'ethanol, 
adding a small amount.of activated carbon, such as Dareo 
&-60; at elevated temperature below the-boiling point of • 
the methaaol,- and filtering. . The product is precipitated ' 
by adding water to the hot solution and cooling gradually 
with.stirring. ' 

In order to demonstrate the .-effectiveness: of the. com- • 
pounds of the present invention as germicides, particularly 

chloride'in 10-cc. of the; solvent,'1 The mixture is stirred 75 in.-soap, a .gennicidal- soap composition was prepared-. 
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i floe 'base a pure white soap of die typV.coj£ 
•jreooanaily employed for tbflet purposes .(Ivory-), in which. 
vw» thoroughly incorporated 2 ?& of 2-hydroiy-3^methyl­
S'̂ ctJoro phenyl snlfide. This was tested in comparison 
Veto a similar soap containing 2% of •Hexachlorophene. 6 
Tkete two soaps were tested to determine tho sHn-degerm­
ixn efficiency on six subjects each, according to the method 
o-Jf Arthur R. Cade, "An in vivo method for determining 
ftfc ae-genning efficiency of soaps containing HexacMbro­

" Papers on Evaluation of Soaps and Detergents, 10 
[ Technical Publication No. 115, published by the 
San SociBty for Testing Materials, 1952. 

r <While uus fest is fully described in the above pubflca- ­
tioa, it may be summarized as follows: Twelve subjects 
wire used tor the test. They were divided into two groups 15 
of six subjects each, three males and three females in 
tfaifa. group, which, were used to test each of the above 
tvw )0a$s. Each subject was given two cakes, of soap 
ccKrespbiiding to his or her group,' one for use at'home . 
and the other at work. No subject had used any germl- z<j
ddtl soap far at least two weeks prior to the test' The 
test was stated on a Monday and ended on- toe second 
Friiayrfollowing. during which tiine the subjects used 
tiieir aUtrtfed soap when washing their hands. "Thetfafi­
sieit and resident bacterial population on the hands of 
eacl subject was 'determined on the first day prior to. 
stalling toe use of the experimental Soap. The transient 
and resident bacterial population on the hands cif each 

tea days' 

•jfSe" detail* of the method are given in the pabkcation 
• ref eared to above. Briefly, the method consists in having 
eiclso£j(« wash his nanoswitii a bland, nort-genrdcldal, 35 
nettfial soap, five consecutive times, the first, fourth and 
fifth fiinej, to separate basins containing 2 liter* of take­
wefrta water, "&» second and third times the hands were 
wasted under running lukewarm tap water. .Bacterial 
cottxts were taken on the wash waters in tile basins, which 40 
represent the first fourth and fifth -washings. The counts 
on tie. first washing are considered to be predominantly 
the transient bacterial population of the skin, whereas the 
counts on the fourth add fifth washings are considered to 
be predominantly the resident bacterial population of the 45 
skin* . • 

Slice tho effectiveness of a Kermicidal soap wfllbedem­
' onitrttod primarily by the reduction in the resident 
bacterial population rather than the transient, the results 
are expressed as the reduction obtained on the fifth wash- 60 
ing. The mean figure is obtained by discarding the two 
highest and the- tttro lowest values and averaging the re­
maining two. The mean does not take Into consideration 
a subject who may be out of line with the other subjects. 
The results are given in the following; table: • 66 

Deduction in the resident bacterial population . .  . 
(,5th -washing) . . . . 

Soorthday Ninth day Tenth day 60 

' ' in soap ATM- Moan, •ATM- Mean, Aver- Menu,
percent percent ago, percent 

peroent percent percent 

*"§.tt$Mbloro 66 
'.pbanyi'y^^* n 74 70 81 S3' 8* as 7» 78 81 M 89 

It.will be obvious that considering .both the mean and the 
average, the soap made in accordance with the invention 70 
is as good,- and in some instances better than the soap 
Containing Hexachlorbphene, which may be considered 

.»Has the standard reference. As has been explained hereto­
fore, the discovery of Hexachlorophene as a germicide for 
s,pap WAS the result of years of research and is widely ac- IS­

cepted Wan'unusual developm'ent'xn the gefmicidat soap 
field. The development of any other soap which equaried 
fliis at .this stage pf the .art- would be- quite unexpected." 

The itoxtdty of the preferred compound of the -inven­
tion, namely, 2-hydraxy-3-methyl-5-chloro phenyl snlfide, 
was determined by administering the compound orally to 
rats. .The, method employed is (he.LDw test which may 
be defined ai trie amount which, when administered orally 
as a.single4ose, wfll:proba,bly kin- 50% of the animals to 
which it is aanrimstered.. la carrying out the test normal 
healthy white albino.'rats, paired-for sex, fasted for 24 
hours,-were administered various dosages of the com­
pound (dissolved in corn oil) .by stomach tube. AH 
animals were observed for at least two weeks following 
the administration of the dosage, unless death occurred 
before that time. . . . 
. The results are' given' in the following table: 

Mixmtwr fff 
DOM par 100 fnona. 

• • • Of CM : 

Tented Urine DM* 

0 
3O 
to 
m

100 

flexor surface of either' the forearm or the upper-arm 
of each subject, utilizing four patches .for each subject 
All patches were covered with, an Elastopatch. After 
twenty-four-hours of primary contact with the patches,-' 
they were removed and the subjects examined. The reac­
tions obtained on every subject following examination, 
were noted, and the severity of reaction was based .on an 
arbitrary scoring system, as follows: 
0=No reaction. 
l=Sllght erythema or discoloration lasting at least four 

hours after removal of the patch. 
2=Rather severe erythema or discoloration lasting at 

least two days after removal of'the patch.' ' ' 

pound was found to be approximately 1*3 grams of the 
compound per kilogram body weight 

As win be obvious to one skilled in the art, this low 
toxichy, when measured by this standard test, is assurance 
that the compound is- sufficiently, safe fo* use as a germl-­
dde in soap. ' • . - • ' 

In order to determine the irritative properties of 2­
hydroxy-3-methyl-5rChloro phenyl suMde, and particu­
larly to compare.it with the irritative properties of Hexa­

. chlorophene, these two compounds were tested, as well as 
the sodium salt of both compounds, since the sodium salt 
probably corresponds to the form of the compound pres­
ent in soap. The solutions tested were as follows: 
Solution A: 0.5% 2-hydroxy-3-raethyl-5-chloro phenyl 

snmdo in aqueous isopropyl alcohol 
Solution B: 0.5% Kexachlorophene in aqueous isopropyl 

alcohol 
Solution C: 0.59& sodium salt of 24iydioxy-3-methyl-5­

chloro phenyl snlfide in aqueous isopropyl alcohol 
Solution D: 0-5?& sodium, salt of Hexachlorophene in 

aqueous isopropyl alcohol 
Each solution was tested by the well-known, patch test 

to determine if .the compounds would produce contact 
dermatitis on primary. contact In this test 55 human-
subjects, 34 females and 21 males, ranging from tea to 
sixty-three years, were employed. ' Discs approximately 
1 cm. in diameter were cut from white blotting paper, 
and different discs saturated with the four solutions de­
scribed above. The saturated discs were applied to the 
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3,814,097 
7, 

3=sSevete circumscribed irritation : with blisters or .pus- hours later, a reading oi the -fftprnf-tT, height and color 
tules. of the reaction was made .and .compared with, similar 

readings taken-after the first .injection. results are given in the foDbwing table, which lists As a result of this -test, it was found -that -on an ten the -number of subjects in each reaction category: animals the valves .for the test readings were BO greater 
than Chose for the initial readings, and it is concluded 
that when tested by the above procedure the preferred 

SohrtJon A flotation O compound -of the invention cannot be considered to be A 
sensitizer. 

Number otO ... 13X0- 0 I--0~ai __ !=• 10 The-compounds,of .the invention may be used in soaps, Number on 21X1-2L 
Number of 2 nxs-«	 7XZ-M in the so-called non-soap synthetic organic detennents, or 
Number of 3 1 1X3-^ 8XS-	 0 in combination with any "orjjanic detergent." This ex-

Total—, 87 SI , es 39 pression is intended £0 include the soaps which are the L'B 0.38 0.71 salts -of -higher fatty acids and the so-called ilia-soap 
15 synthetic detergeutB. AH of thc&e compounds Are char­

acterized by an organic radical having at least 8 carbon 
From. a consideration of the above results, it will be atoms and -a group or grouping .imparting sufficient hy­
obvious that the compound of the invention, aa -well as drpphilic, wateMQlnbllizing or witer-dispersibJe proper-
the sodium salt thereof, ate much less irritating loan the ties to jive the detergent .satisfactory .washing properties 
Hexachlorophene. This is particularly true in the case 20 in water-. These organic detergents are JoJietdiatkiguished 
of the sodium salt, the -form in -which fhe compound from the inorganic.-determents, such as the. silicates, phos­
would exist in soap, -where-the Heyfrrfilorophene. is found phates, etc., which.possess detergent properties but Which 
to ±te -almost again as irritating as the compound ol the do.nOt ordiaarHyiaAte die Broperty of •inhibiting the fiermi­
invention. a'dal activity of sewnicides as do the joaps and synthetic 

In order to determine the sensitizing properties, the ir- 86 nonrSqap detergents.
 
ritation test was repeated on. each of the subjects by ap-
 The soap -mqy .be -any jot -those commercially utilized 
plying patches with, the same solution to the same sub- in the .household tor Jn industry. These ,aie .generally the 
ject, each patch being applied at tile site previously used sodium .soaps of -fatty .Acids Jhaving 13 to 18 carbon atoms, 
for that particular patch. The patches were again-worn „•«.,.»,„„ „snch.«s,liuiiie, myristic, palmitic, -oleic, stesxic, etc., or 
for twenty-four hours And the subjects examined in the 30 mixtures thereat Xhe ^mixtures iOf .fatty Acids '.derived 
same ^fanner as described above, 'The results are given from taQottr.-and -oocbntitSui .ate illustrative. A. portion 
in the following table: of the sodium sOap may be replaced by potassium soap. 

As » specific Jlmstrative .example, the 4cfap .may consist 
of 75% -talltfw'fatty .acids and 2596 coconut -oU :farty 

Solution A Solution B Solution O Solution D 35 acids, saponified with sodium •hyticoxide. In another 
specific iexample, 1096 of the sodium .hydroxide is re-

MX?-.? S9XO- 0 placed -by potassium hydroxide. . The>soap may oontain 
16X1-1* antiaxidants, pigments, dyes, perfume, etc., as is .con­

ventional. 
The non-soap organic detergents may be of the so-called 

1.04	 0.2 anionic, nonionic or eationic type. Illustrative detergents 
of this type are described, in Industrial and Engineering 
Chemistry, vol. 35,,page 107 et seq. and page 126 et seq. 

From this it wJU be seen that as compared with Hexa- (1943). As specific examples may be mentioned sodium 
chlorophene the .compounds of the invention cause- less 45 lauryJ sulfate (Duponol) and sodium polypropylene ben­
sensitizadon,. and mat .this is particularly true in the_case zene sulfonate in which the polypropylene radical con-
of tiie sodium salt•  of the compound,-  where the-  Hexa- . Others include -  tain*. 10 jto 15 carbon atoms (Oronite). 
chlordphene is ̂ hown to be almost twice as objectionable the sulfonated monoglycerides of fatty acids, the sodium 
as the preferred compound of the invention from the fatly add tauxides, and methyl tanrides such as sodium 
standpoint of sensitizatlon. 60 oleic Jnethyl tauride .(Igepon T), coconut fatty alkyl.di-

A low sensitizatlon tavel is an •extremely important as- methylbenzylammonlum chloride (Triton K-tiO), coco­
pect of compounds used in gennfeidal soaps because of nut fatty acid diethanolamide <Ninol), and similar -de­
the repeated use of such soaps- under normal living con- tergents. 
ditions. It will be obvious that a soap is useless- for nor- The amount of the compound to be incorporated in 
mal toilet use if it cannot be utilized over long periods 53 the detergent will be controlled somewhat by economic 
Of time. . To substantiate the non-sensitizing properties considerations and the. extent of the germicidal activity 
of the preferred compound of'the1 invention,'the sensitiza- desired hi the detergent. Amounts as low as a fraction 
tion was determined on white male guinea-pigs by the of \%, for example 0.25 to 0.5%, show a significant 
method described in an article entitled "Methods for the improvement in germicidal action. Larger amounts, 
study of irritation and toxidty -of substances applied 60 however, of the order of 1-5 to 3.0% are preferred, 2.0% 
topically to the skin and mucous membranes,'* John H. appearing to be an optimum. Amounts larger than 3% 
Draize, Geoffrey Woodard and Herbert O. Calvery, Jour- to 5% are uneconomical, and the use-properties are not 
nal of-Pharmacology and Experimental Therapeutics, vol. sufficiently important under the usual circumstances to 
82, No. 4, pages 386-388, December a944. In this justify such larger amounts. 
method, ten white male guinea-pigs, weighing 325-450 65 The compounds of the invention may be included in 
grams, were used. The hah- was removed from the back soap or detergents in any form, such as in cakes or bars 
by close clipping. A 0.196 suspension of the compound of the type generally sold and used for the toilet, in the 
in water was injected intracntmeously, using a 26-gauge all-purpose type, such as the white floating bar, or in 
needle. A total of ten injections were made at random powders, liquids, flakes, beads, and similar forms. 
in an area about three to four centimeters square, just 70 The compounds may be incorporated in the soap in 
below the midline of the back. The first injection was 0.05 any manner. If the soap is a liquid, the compound may 
ml., while the remaining injections were 0.1 ml. Two simply be dissolved therein; if it is a solid, the compound 
weeks after the tenth injection, a test injection of 0.05 may be incorporated at any stage of the manufacture, 
ml. of a freshly^prepared suspension was made on the such as in the kettle, the mill, the plodder, the crutcher, 

.._ „_ 1- ;*-_ j!.̂ .,.... flank, slightly below the sensitizing area. Twenty-four 76 etc. so long as uniform distribution is obtained. 
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We claim; 
1. Hie compound having the following formula: 

OH 

i. A method of preparing the compound of claim 1 
veiich comprises reacting sulfur dfchloride with p-chloro­
o-4nsol in approximately stolchkanetric proportions at a 
temperature within file range of 20 to 30* C, the sulfur 
di&bnde being added gradually to the p-chloro-o-cresol, 
bob the sulfur dichloride and the p-chloro-o-cresol being 
diadved in a reaction medium consisting essentially of 
frcm 10 to 50% by volume of efhylene dicoloride and 
£rotn 90 to 5096 by volume of hexane, the reaction being 
csuded out with atirdng during the addition of the sulfur 
dicUoride until the evaporation of hydrogen chloride 
co'ttei. 

3. Hie method of claim 2 in which the reaction is 
foXowed by bubbling air through the reaction mixture to 
strip hydrogen chloride therefrom. 

A. The method of claim 2 in which the reaction me­

10 
dtum comprisea about 22% ethylene dichloride and about 
72% hexane. 

5. The method of claim 2 in which the reaction me­
dium is about 22% ethylene dichloride and about 72% 

5	 hexane, and in which the reaction is followed by bubbling 
air through the reaction mixture to strip hydrogen chlo­
ride therefrom. 

6. A gennicidal detergent composition comprising a 
fatty acid soap and an amount of the compound of claim 

10 1 to reader the composition gennicidaL 
7. The composition of chum 6 in which the fatty acid 

soap is a toilet soap in bar form. 
8. The composition of claim 7 in which the amount of 

the compound incorporated is about 2%. 
15 
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ABSTRACT OF THE DISCLOSURE 
This invention is directed to the production of hexa­

chlorophene by a two stage process in which one mol 15 
of 2,4,5-trichlorophenol and one mol of formaldehyde 
are reacted under the influence of an acid catalyst, after 
which the reaction product is condensed with one mol 
of 2,4,5-trichlorophenol through the agency of chloro­
suHonic acid or fluorosulfonic acid. 20 

RELATED APPLICATION 

This application is a continuation-in-part of my co- 25
pending application Ser. No. 489,036, now abandoned,
filed Sept. 21. 1965, and having the same title as this gemn, which is formed under alkaline conditions and has 
application. a melting point of 128* C. 2,4,5-tricHorophenol, which 

THE INVENTION is relatively inert to concentrated sulfuric acid and to 
This invention relates generally to new and useful 30 oleum, will react readily with chlorosnlfonic arid and 

improvements for the production of 2,2'-methylcne bis- fluorosnHbmc and to form 2.4,5-tnchloropbenol-6-snl­
(3,4,6-trichlorophenol), commonly called hexachloro­ f onic acid.
 
phene, and particularly seeks to provide a novel two
 The following examples will illustrate this invention. 
stage process for producing same. Example 1 

The known processes for the preparation of hexachlo- 35 
1973 grams of 2,4,5-triciIoropneDol having a melting rophene (V-methylene bis(3,4,6-trichloropheno])) in­

volve the condensation of two mols of 2,4,5-tricfaloro- J*>** <* »' £ » dissolved in 1000 grams of P"cbloro­
phenol with one mol of formaldehyde (as Formalin or ethylene and the solution is warmed to 50' C.with agrta­
paraformaldehyde). The usual condenskg agent is con- ton. To this solnbon B added 50 grams of 90/ suMunc 
centrated sulfuric acid or weak oleum, and me reaction « aad. 30 grams of parafbmaldehyde is added slowly over 

a period of one hour with sufficient cooling to maintain may be carried ont in the presence or absence of a sol-
the temperature between 60* C. and 70* C. The reaction vent which is inert to the reactants and to the condens­
is exothermic- The mixture is stirred for an additional ing agent 

™- ™ _ two hours at 70* C. The perchloroethylene solution is then In these processes it is customary to mix all of the 
reartants (and the solvent, "iTany) at once and to"he« « separated Itom the dihite add layer. Upon evaporating
 
the mixture, with agitation, for a certain time, Condi- a sjnafl sample to drynes-a oystalhne product is obtained
 
tions such as these are disadvantageous in the prodnc- which has a melting pomt of 78* C. There a no free form­
tion of hexachlorophene in that: aldehyde remaining either m the dilute acid layer or in
 

(1) They tend to promote the fornation of color the penttoroethylene solution. There fa no hexachloro­
bodies which make difficult the purification of the product; BO phene present at this pomt IB the reaction mature, nor 

f2) They tend to promote the formation of the by- any unreacted 2,4,5-trichlorophenoJ. 
product 2,4 -̂trichlorobenzodioxolane with an attendant The perchloroethylene solution of the product of the 
loss of yield- reaction between 2,4,5-trichloropbenol and paraformal­

(3) They'require, if acceptable yields are to be ob- denyde is mixed with a solution of 197J grams of 2,4,5­
tained, extreme care that the 2,4,5-trichlorophenol and 55 trichlorophenol in 1000 grams of perchloroethylene and 
formaldehyde be present in exactly the molar ratio U>e mixture is heated with agitation to 75* C. There is 
100:1.00. Since the composition of Formalin or of form- then introduced dtopwise over a period of three hours 
aldehyde is usually imprecise, and since a certain  grams .of cMorosnlfonie acid. The addition of chloro­'16

amount of formaldehyde is lost from the reaction mixture sulfonic acid is accompanied by a mild exothermic reac­
by volatilization, this is a difficult requirement to realize 60 tion and by the evolution of HCL The temperature is 
in practice.

However, throngh the use of this invention the above 
mentioned disadvantages in prior processes have been 
overcome. 

Therefore, an object of this invention is to provide a
new method of producing hexachlorophene from previ­
ously known source materials which is simpler, more
effective and results in higher yields by comparison with
prior processes.

Another object of this invention is to provide a process
of the character stated in which one mol of 2,4,5-tri­
chlorophenol and one mol of formaldehyde are reacted

under the influence of an acidic catalyst to form a novel 
intermediate product, which in turn is condensed with 
one mol of 2,4,5-trichlorophenol throngh the agency of 
chlorosntfonic acid or fluorosulfonic acid to produce high 

 yields of pure bexachlorophcne. 
With these and other objects, the nature of which will 

be apparent, the invention win be more fully understood 
by reference to the accompanying detailed description and 
the appended t̂ ain|« 

 In accordance with this invention it has been discovered 
that: 

(1) One mol of 2,4,5-trichloropheDol and one mol of 
formaldehyde will react, under the influence of acidic 
catalysts such as benzenesvlfonic acid, anhydrous hydro­

exclushely, a compound which has a melting point of 
78* C. The compound has a chlorine content 463%, 
occurs in long colorless prisms, and definitely Is not 2,4,5­

(2) The compound formed as in (1) can be condensed 
with 2,4,5-trichloropheixJ, through die agency of chloro­
sutfonlc acid or ftuorosuKonic acid, to produce high yields 
of pure hexachlorophene. 

Both of these reactions are surprising- The only hither­
 to known reaction product of equhnolar amounts of 2,4,5­

 trichloropbenol and formaldehyde is 2,4,5-trichlorosali­

'ICmaintainedJ  at 75* C. throughout the chlorosulfonic acid '  "*  " ** ' ' **"~ "" " * 
addition and is then held at 75* C. to 80* C. for an ad­
ditional two hours. Agitation is stopped, the remaining 
sulfuric acid layer is allowed to settle and is separated. 

 65 The hot perchloroethylene solution is stirred with 10 
 grams of activated charcoal and is filtered. The reaction 
 product, W-methylene bis(3,4>6-trichlorophenol), crys­
 tallizes upon cooling and is separated by filtration. The 

y'eld is 31° grams having a melting point of 162° C. 
 70 Upon concentration of the mother liquors there is ob­
 tained an additional 65 grams of product having the same 
 melting point. ^___ 

PLAINTIFFS 
EXHIBIT 

2­
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Example 2 
' grams of 2,43-tricUorophenol having a melting 

point of 62* C is dissolved in 2000 ml. of chloroform, 
and the solution is warmed to 50* C. with agitation. Dry 
hydrogen chloride is bubbled through the solution at a 
rate of 5 grams per minute, and over a period of one 
hour, 31.6 grams of 95% parafonnaldebyde is added. 
Hydrogen chloride addition a continued for 30 minutes, 
and the mixture is then heated to reflux for one hour. jOA small sample of the reaction mixture, evaporated to 
dryness, yields a white crystalline compound, having a 
melting point of 78* C. It contains no 2,4,5-4richloTO­
phenol or formaldehyde. 

To the reaction mature is then added a solution of 15

is heated to 65* CX, under a reflux condenser and with 
good agitation, 100 grams of foorosulfonic acid is added 
dropwise, over a period of three hours. Agitation and 
beating at 65* C. are continued for three hours more, 
then agitation is stopped, the acid layer is settled and sepa­
rated. The hot chloroform solution is stirred with 10 
grams activated charcoal, filtered and cooled to 10* C. 
The crystallized 24'-methylene bb(3,4,6-trichloropbenol) 
is filtered off, washed with cold chloroform and dried. 
The yield is 310 grams having a melting point of 164* C. 
Evaporation of the mother liquor yields an additional 70 
grams of product. 

Example 3 

To 1000 mi. of benzene is. added, slowly, 58 grams of 
chlorosulfbnic acid, and the solution is then hedted to 
reflux until all HQ is driven off. There is thus produced 
a benzene solution containing 79 grams benzenesulfomc 
acid. To this solution is added 1973 grams 2,43-trichloro- 35 tune between about 60* C. and about 70* C. during the 
phenol having a melting point of 62* C. The solution is exothermic reaction produced as the result of such addi­
then heated just to the point of reflux, and with good lion to produce a reaction product which, when dry, has 
agitation, 85 grams of 37% Formalin is added over two a melting point of 78* C. and a chlorine content of 
hours, while the water introduced with the Formalin is 463%; separating the solvent solution from the acid; 
taken off as an azeotrope with benzene. The condensed 40 adding a molar equivalent of 2,4,5-tricMorophenol drs­
benzene is returned to the reaction mixture. Reflux is then
contimied for one hour, after -which 500 ml. of water is 
added. The mixture stirred 15 minutes at 60* C, and 
settled. The water layer which contains the benzenesnl­
fonie acid, is separated and discarded.	 45

A small sample of the benzene solution evaporated to 
dryness, yields a white crystalline product having a melt­
ing point of 78* C. It contains no 2,4,5-trichlorophenol 
or formaldehyde.

The benzene sola tkm is added to 200OmL of perchloro- go 
ethyfcne, and the benzene is removed from the mixture 
by fractional «i«HWjrHfti*r 

To the rrmarnine perchloroethylene solution of the re­
action product of 2,43-tricbloropbenol with Formalin is 
added 1973 grams 2,43-trichloiophenol having a melt- 55 
ing point of 62* C. The solution is heated to 75* C, and 
with vigorous agitation is added, over five hours, 116 
grams chlorosnlfonic acid. Stirring is continued at 75* C. 
for two hours and the acid layer is then settled and sepa­
rated. The hot perchloroethylene solution is stirred with 00 
ton grams activated charcoal, filtered and cooled to 10* 
C. The crystallized 2 '̂-methytene bis(3,4,6-trichloro­
phenol) is filtered off, washed with cold perchloroethylene 
and dried. The yield is 280 grams having a melting point 
of 163* C. Evaporation of the mother liquor yields an
additional 85 grams of product 

I claim: 
1. In a method for producing bexachloropbene the 

steps of, supplying a solution of 2,43-trichlorophenol and 

20 consisting of perchloroethylene, chloroform and benzene, 
reacting said 2,43-trichlorophenol and formaldehyde in 
the presence of an acid catalyst selected from the group 
consisting of benzenesnlfonic acid, anhydrous hydrogen 
chloride and diluted snlfnric acid, and separating the sol-

acid.	 "* 
3. In a. method for producing hexachlorophene the 

steps of; dissolving a molar equivalent of 2,43-trichloro­
phenol in a solvent selected from the group consisting 

30	 of peichloretbylenc, chloroform and benzene; adding to 
said solution an acid catalyst selected from the group 
consisting of benzenesnlfonic acid, anhydrous hydrogen 
chloride and diluted sulfuric acid; then adding a molar 
equivalent of formaldehyde and «n«{nfa»a»r.«g the tempera­

 <j5 

formaldehyde at a 1 to 1 molar ratio m a solvent selected 
from the group consisting of perchloroethylene, chloro­
form and benzene, reacting said 2,43-trichlorophenol and 
formaldehyde in the pressure of an acid catalyst selected 
from the group consisting of benzeoe-surfonic acid, an­
hydrous hydrogen chloride and diluted sulfuric acid to 
form a solution of a compound which, when dry, has a 
melting point of 78* C. and a chlorine content of 463%, 
then adding a solution of 1 mol of 2,43-trichlorophenol 

 to the solution containing the reaction product of the pre­
ceding step, and effecting condensation therebetween by 
the addition of a sulfonic acid selected from the group 
consisting of chlorosnlfonic acid and fluorosnlfonic acid 
to produce pure hexachlorophene. 

 2. A reatcion product between 2,43-trichlorophenol 
and formaldehyde, having a melting point of 78* C. and 
a chlorine content of 463%, produced by supplying a 
solution of 2,43-trichlorophenol and formaldehyde at a 
1 to 1 molar ratio in a solvent selected from the group 

 solved in said solvent to said separated solvent solution; 
effecting condensation between said added molar equiv­
alent of raid 2,43-trichknoplicDol and the reaction prod­
uct in said separated solvent solution by the addition, of 

 an acid selected from the group consisting of chtoro­
snlrbnic acid and itaorosnlfontc acid; then removing the 
solvent solution containing the condensed product and 
recovering pure hexachlorophene therefrom by cooEng 
and filtering same. 

2,745,881 
2,812^65 
3,196,185 

760.341
760.342
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cal', "'  products! - » - - - — • - - - for! the textile in- products containing hcxachloro- • . .Two 
dustry, hasjeccqled a now 2,000 phene. ' J ;j ' T ', rently 

 t*\jv*t»» v iw; v plant- i  the pro-  trednle square foot1  for 1
"Wo arc. not setting'-.out to 

 du(iti()n of' fo -•-"— -•'1'i-'J west product— capture the! ilinrket for this the of
j nejtachlorophiri alx>ut produ* -t, hut o liy; to acquire a 

•cals, I^i The [new fabi ty, creeled at a "share si it," Mi J Buonanno said. 
t«ur int: reported cost 6 ; a quarter of a. Ho e? pressed -he|. opinion that 
crease million dofjlars.1 provides . Metro- , the use of he cachlorophone is' 

Atlantic wijh i the 'equipment on the incrca;c Hnd that an- Got I 
necessary tio. produce the new . other manufacturer will.oe able 
product by.jtneahs of its newly to find ample market for his 
patented prjd<Jcsli.":| , output. 

1 I '* t 

. Joseph E; •• Duonanrio, ..presi- Metro-Allan ie (WAS led into
 
dent, said the 'tacilily contains the pharmaceutical chpmiculs
 

field ns a re."iult| of j a pm ject.on.enough. ' equipment to produce 
\a. icoKiplete|-|lin'e jof , chemical which it worke'd tyith Bit-Lilly 

Co. of Indianapoltsj products. i;t! colild j produce Uic 
, cqu^*'0"10!0" IS ..mi I lion'- pounds The. big) Pharmaceuticals 
per yea'fjjif ju'ipd" ' for peneral manufacturer', needed a large-
chemicals production, he said. scale manufacturer]Jor riduca­

lin. dcsigndted '\.in cVcmical The' many' 'di Terent pieces of . 
terms as 'ja.a[a'triflori-2.6-di­equipment) in 'the; new plant, 
nit^ro-N.N-di-proiiIy-y-tolaidine," however, are|- p^rforminp: single 
while -it was Building ts,-own. steps in the fprxluction of hex-
production facility ;for tie prod­achlopoph^nei | The final prod­ uct.- ' |uct; according to .Georf-c C. d'6r| PHjjise,. .thei'.'flrn.'s chemical, di- ! - . - I

They contjnctWj]NMi -Aitlan­rector! •• involves a number of
 
highly complicated chemical tic and:set iip^anLan-a gcmen't
 

 process for carryinR ' the req reactions.! Tl»<|  starts tr.,' (V..v i^-\iv«ired re-
with j ra^j ma'terials and in- search, and alsp ^oc pjoducing 
icludes sujch ! chemical process- close to halt1 A niillionj «pounids 

of the. product .es as purifichlion; crystalliza­
tipn,. I recovery of the reactor Tho Centredtile bompany
 
media. Hrying grinding worked on ihe |ir6ject' i collaib- '
 

^-oration with l^lf i Lilly [Co. 
a ycdr. C^ijthat lime 're­• Raw materirjl.s are fed jfrom 

search wnsjicoiiplbted, '.a .pilot . large. stornRe (tanks o<tt.<-.ide the 
plant set -up ;^and pplant! Process equipment In­

.started. Patients on thc product eludes a i dozer different stain­
—a post 'en|er(;ence vw !<1. killer less ' steel, !.glo ;s-lined low and " —were ureti later hiRH' temperature 'ivartors— turncvi over to" the : Li jly •each' of I .thfm limited to>. one 

step of the: prb duct inn cycle. V ° n " •­
With th ipioti of 'a ' Product U muHi-milUon-dblinr [> Kt.
 

He^achjorophcne is j. bnctcr, _ Vook'ovcr'tneriirwiuctllin of the
 
icide;- useVl1 in soaps, shaving [>roducl. It is llosigncd | for spe-;
 
creams,: tooth paste, metliral rifle 'on coton 
soniw' and jail kinds of creams ' [>fantations 
and ialvijs'for hosjiital \isc. The 'rose.? rch and su bsequent 

MHkirig ' the pnxluction ' of 'manufacture' al>ou 500,000 
hexathloropneric particularly In- pounds of the product erved to 
terestiriK . toj M ? tro-A tlan tic was interest MHrOJ-Atlantic In 
the large |nun;l>er of prepara- [>harTti;Hreutica\'i side of 
tions ini which It is used and the chemical' b(isin,cs.s. 

.fact that ! Its production i w.as The [acil tids 'used foir the tri­
limited ito one pnanufactureri f lural in project-jbecnme the "bo­

• Mr. Hus?; reports that in one of he; new faqili ty now 
section o< ^drugstore he visit- being used exclusive!) the 
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Pholo. br H. RAYMOND DA.UL 
1 ' I I I . 
- '  ' I' !,'"! \ ' \ I i ;l|. ' |"T--- gh temperature reactors. 

lantic, Inc., Centredale, shoeing a number of jits stainless steel low and h
 
! ij i
 

"* / , r Excellent Opportunity
 

/ Products
 Large corporation h*\ ouHfand-
Inq Lalec op-en ing. Individual 
rrtuvt b* local r»t«dflnf wltK 

tTHIHt S. 
nnana^^riaf abifity, ambiKon. J Bullrtln Bi»ln-wi Writer 

and thow proqreti for «g«. 
prrxluction ofj heKarhlorophene ed he counted &1 c l i f f e i c n t ouiinnti Of talec background hcml- Two bther pro^i mis arc cur­pn«<lucls conta in ing hpxachloro- helpful. In requesting porton; ilc m­ rently In progress , i l the Cen­

2,000 ph' no intorvi^w, pieatc luboiff revum tnxl ilc j p ldt i f . . Win ri completed, •i • pro- 'Wo arc n o t i s c t t i n R out to rfaitng personal hitfory, educa the O[ler<ition th^re wi l l IK> 
luct — capture the iki.irVon for this tion and busmvtt c«p»ricnc« al jout 1?5 {XT Kent , ih,u m iceut i ­

ptoduj-t , but obly to acquire a caK, N^r Bupmnno i m l It is Ish ircof it," M£ Ruonnnno s.iid Write Bo«: el at a (>ur ui trntion;1 he i d i l e r t to in- a 
H'' e^prcskocl the Opinion that r ol & crease thc'liric- of >c\v 

Vfetro- t h < - ut.o c>[ hoxnc}iloio|)hoiie is 1 M
M-1373, Journal Office 

on the meccano Vihd t^at an- ron Next pmcnt o 
othT manufac tu re r w i l l IK? able oc new 
ti> find , iniple | nmi'ket for his newly ;' , j j ' ou tpu t j '­ i CdnvonJe/if Downtown Location MeTro-Atl mdc WTS led into • i I ' (\\f p h a r m a c e u t i c a l chwiuc.ils 1atams i © Reasonable Rent ' ,field as a result o[ a project on (4vlu re 
w h i c h i t worked v < i t h Eh L i l l y ir inical I '' ® Second Floor 
Co of Ind i m , i [ K ) h s ,  I

i re Uic 
i

The bi^ p l i - i t i n n c c u i ic.ils r *" 5* Self Service' Elevator 
m i n i i f i r tu r tT noedf'd a l(irf;t»­
s rdf MI m u f . i ' - f u r e r f 'M t n f l u r a ­
l i r i , h sp 'n 1 1 < d in rhcnun! 

, f>f 
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led he counted ,&t different 
products containing,hcxachloro­
phene. ' «! ,J ~ , 

"Wo arc not setting ,'out to 
capture the/i ili^rlcet for this 
product, but o i ly ' to acquire a 
share of it." M: JBuonanno said 
He expressed :he opinion that 
the use of he cac^Iorophcxie ix 
on the increase ind that an­
other manufaciUr<T| will be able | 
to find ample hut'ket [or his 

•" output i i ' . 
Mcfro-Atlantic was led into 

the pharmacelilicol chpmicals 
field as a resjuUi o[!a project on. 
which it worked ivfath Eli Lilly 
Co	 of Indianapolis' 

The 'big Pharmaceuticals 
manufacture r' ....  needed a large-
scale manufacturer; for 
lin, design? ted 1 1 lin chemical 

l i n U rt «. . 

terms as a,a aUhfloro-2,G-di­
l i t T nltfo-N.N-di- prc jjlyi-y-toluidine," 

wiiile'it was pUilding its own 
production facility Ifor tile prod­
uct,, [ ' h i j

Signed sf6r| Prtxlucljton , 
They contacted| 

tic and set up 'hr .arra igemcnt 
* A t for carrying on! the recjiired t)e­

search, and al<*> for pjoducihpc 
ck>se to ha|f' d ' mUlioi^« 
of the product! * 

. . _ .. . _ _ -^m pt» 11 jThe Centredale Company 
,, . K  collab­

oration with Eli j Lilly Co. for 
about a yc4r. In that re­
search was hiiplcted, a , pilot 
plant set -\ 'and pt >duction 

.started. Patents m the product 
—a post'emerKei cc w<a<!<l killer 
— were procure 1 an I 'later 
turned over to .he Li ly corn" 

With the ^ completion 'of 
multi-miUiori-dpllar pkht. Lilly 
took over tie, product!'m of the 
product, ft is iesiRn6d for spe­
cific use on co t6n and "soybean 

• plantations. 1 1, 
The research: land subsequent 

'manufacture ot, aboui 500,000 
pounds of t ie iroduct icrved to 
interest M<;trOJ-!\Uantic: in the 
pharmrKceudcaljl side of the 
chemical business 

The facil lused for the tri­
flurahn prc jectlbecam ' the "be­

i producUon ofi |he\nchloro|»hen<i 
|Two )lherl litograms arc cur­

rently n procress at the Cen­
trcdale planj KVhen completed, 
the or eratio ll there will bo 
aljout 15 per, cjent pharrti.iceuti­
•cals. Mr. Bu ihanno said It is 
our intention! he added to in­
crease ihelliie of new pr'Klucta i 

Ooritlnued aril hNext Tage 

And thow (Kogr«t» for aqe. 
Buiinetl > or ul«f btctground 
Iwlpf | In rvquvtfinq p«rton«f 

, .pleata tubmit r«uun« I 
oatinq p«rton*l hithx-yj »<Juc»- ; 
(ion, and bminett e<p«ri'mc«. 

' Write Box: 
M-4373, Journal Office 

'Gdnvenienf Downrov  Location own
• Reasonablfe Rent! 

• Second Floe 

>	 Self Service Elevator j 

deal For BUSINESS or
 
PROFESSIONAL OFFICES
 

L	 , 

WEYBOSSET MARKJET-i-GA , 1-2414 1 • • i i !' Ivaifabfe Immediately 

PROCESSING 
Division
 

Sargeant'&
 
250' Rand Street, Cetral Foil*, R.I. 

NOV^! 
k i/^fc i/n\|Ll|̂ ^ rONE-STOP, SERVICE. NO LONGER IS IT NECESSARY 

TO fWE YOUR HEAT-TREATING DONE, AT 'ONE 
P _ACE AND YOUR BLACK OXIDE AT ANOTHER 

. . LEf US DO YOUR HEAT-TREATING -L THEN ' 
YOUR BLAC , OXIDE FINISHING ALL UNDER' ONE 
3DOF, 

Call 724-4250 i 
for Dai y Pick-Up and Delivery Service. 
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Proposed Line of Metro-Atlantic 
•tn 

To Be Half Non-Textile Prociucfs	 foi i 

Bu 
until the operation is ~50 rxrr It is making prtxlurts used for about five years, has .recent} thi nfo.
cejit non-textile.	 metnl finishing and stripping. been inc-eased to 50 per centi1 op 

During the development of On some of thes^, Metro-Allan- ' The ft cility-ls operated joint- ne 
non-textile products, the tic is one of the first two sup- ly with a Swiss firm and pro­
jvany's volume in ith normal (cx- pliers in' the counto1, Mr Buon- duces d i? stuffs The plant sup-

Z tile chemicals has been ho ding nnno snul The l ine is mnde in plies the 'Centerdale operation, 
01 up well, mnnnpcment repcr t>ulk and sold to manufncturers the v<\Iuc of the imported prod-
Q New products aKo have [blecn of me tn l finishr^ who package uct tx-mjg 50 per cent American 
u. Idded Thc.sc include, se and dis t r ibute them	 and 50 j^or cent European, ]
z: textile finishing pioducts I in- The company .dso has devel- Operated for about 18 years O cluding wash nnd \vcnr, pc Tna- oped a chrome complex type of is a Canadian facility, utilized o nent crease and w.itcr r npcl- u«Ucr 'repellent u^od chiefly in chiefly lor selling, but including 

le*icy items. I the paper tradr> It is expected some textile chemicals mnnu­
to bo one of Mctr(i s bisj iiorris. f < i c t i i i e ' 1. The company also is acti e in 

chemicals for the mcUils The company h is tvocom^ one Metro-Atlantic additionally'is 
of the first fiirrs of i t s sizr tp w o r k i n g currently under license 
pjxxlucr m.i lJamirK rosms— us<xl nnrmRpmcnts with manufaclur­
jn textiles to civr stifTnc^rs and c(->mpahies for the packng­

to a f . i l i i c . m^ and distnbution of some of RENT the prrx ucts the firm produces LEASE	 £ Enr) ier this month, Motro­
/st lantic nnnoif i i ' cd p l u m to I 
bui ld a MOOOOC' n l a n t n t L\'P­ ilifarv 



i	 •' i •until' the operation U ~5fl per It Is making producta used for 
cc«nt non-textile. metal finishing |and stripping. 

During the development of On some of these, Metro-Atlan­
non-textile products, the tic is one of the first two sup- | 

volume in its norrna ex- pliers in'the country, Mr. Biion- j 
tile chemicals has been ho ding anno said. The line is made in \ 
up well. m.innf;ement rcpcr ed. bulk and sold to, manufacturers ' 

of	 metal finishes who packageproducts also have town 
and distribute them. !added. These include, several 

rxtile finishing products] in- The company also has devel- , 
cluding wash and wear, peinn- oped a chrome complex type of 
n'ent .crease and water r?;x?l- vgiter 'repellent used chiefly in 
eiicy items. ]	 the paper trade.1 It is expected! 

to be one of Metro's big item's.The company also is acti 'o in 
iThe company fans bocomcl onejchomicnlsJor-the metals Jripld. 

of the first firms of its size to 
produce mallaminc resins—used 

'in textiles-to give stiffness ;and 
"crlspness *to a fabric. J 

i | ' New Facility Planned, 
{ "Earlier this inonth, Metro-
Atlantic annoujice<l plans to; 
build a $400,000 plant at pon-| 
aldson Center, Greenville,', S.C.,' 
for production of n complete! 
line of textile and papcr'chem-l 
jcals/ ."Also" plnrtncd- for this 
facility, scheduled for comple-! 
iion in the fall, is a line .of 
printing inks for use in , the 
y>aper trade, a inew operation I 
for the company. , : j 

MeLnj ajso , has fncilttiesi. 
abroad. One of these is a r-om-< 

•	 pounding plant in-Brussels; de-i 
Bigned 'to serve tht Europeanl 
Common Market It presently1 

uses chemicals produced in]this 
country,, but plans are racingSiDE-1-9609 • considered for the addition of; 
some manufacturing there.!

35 Westminster One of its other foreign' 6p-| 
Prov.-3, R. I.	 erations is an interest in' thcj 

Virgin Islands Chemical Co], St.1 

Croix, Christiansted, V.I.i Its 
interest in' the firm, dating back 

FORK LIFT RENTAL
 
— MONTH 

LEE H. LOWG ASSOC., IMC. 
45 HIGHLAND AVE., S€EKONK, MASS, 
Coll—ED 6-94l!D-J-Ask for Emile' A. Harpin 

thiabout fi ve ycani, bas . recently 
opbeen Inc -eased' to 50 per centi) ­

The f i cillty ^/operated jolHt-	 no 
ly with n Swiss firm and	 ptt>­
duces dl » stuffs. -.The' plant sut>­
plies thi> 'Ccnterdalc operation, 
the vnJu e ̂ df the imported prod­
uct bcin 3^50-per.cent American 
and 50 ] >cr cent European. 

Opera ed for about ,18 
s a Ca ladian facility; utilized 

chiefly lor 'selling, but Including 
Rome textile .chemicals manu­
facture. 

Melro-Atlantic additionally. U' 
working currently under1 Hccnbe 
arrangeoionts'wilh, manufnctt r­
ing comjpahies for the packer 
ing and distribution of some of 
the products the firm produces.	 ;^_ 

i 

• i .'Military 
j?Surplus Sales 
''I ! 

I , -	 - - j - !Inspection fnpy be mode and bid* »ub­
mllled up to dates Indicated tor UMabto 
surplus pr>oeriv and scrap for *aM lol 
New Enohnd mllllarv Inttallatlofu. Fvr-'­
ther Inlori latlan, Inclualno 'tocotlon, tf^e. 
soleî colo îo '̂Ood ;bj(l Imtrucllom,_irw 

loltHd from ft* Dcferae Surplul I 
Soles Ofll x,. Dcot,. . ... . Box 'MO,  IP. rP.O  . ­

! Newport. Ulcohen*Bldo. US, . . 
Requests should spcdfy sate* oataloo' 
number to* prompt meant*. i. 

Jleel 5a>tD. Jun* 4—{] p.m.>—14-Sr«M7'
seta i unprepared, palvanlMd (net1
 

panels). • ; '
 
Eltdrenlcs end Aeronautical. June
 

(1 p.m.)-14-54,5-91. ICurrent reoulatcfn.
 
moonetron :tvb*s. reCelverit Ironsmir.i n,.
amplifiers, tvel lonks; spinner, slab)II 
ond strut >*>etnblles< volvei, . 
droullc pOmps, aircraft heaters, wcrtcr '.„
smoralors, cvllndcrs.  octuaiors.9^v«^IWIW*>, ^.Tllln^vl*. llncor V^IW'"**«llflwr

•accumulate n and llohllng flxturn. OOo­
tnoo cost: i44&.OS2. ' . ' 
. Platinum -Tlpocd Saork Pluat. June p-*­
(1 p.m.)—16-S-4S-99. Platinum llpvvd toork 
plum'. Orlblnoll.cojtf 111,739. [' 

Varied ttotcrfal. | June IO—(1 p.m >— 
~	 Enotrw,. turret ond ' 

ln»> lolhet ' ml(Una machine, wood'uur. 
locrri tllanlum txirs, borlno ban. 
lube oil, y " comMxmd, learner 
loo. clolhli O ond lovndrv ond rrslourbnt* 
cQuipmcnt. Orlolnol coif. 1O50.023. I 

NfcW CRKDIT CARDS 
Ft. U udcrdalo. Fla. — ( 

•— ,A rcw nll-pu.rpose credit 
cnrtl is la bV 
Cmlit Ctard Acceptance Con o- • 
r.itibnr, ,accordihR to J. C. 
Bchnn IT, Brcsiflent, The Gdld 

•c'dit cards will be hrin­
.Inl ly by npproximat(ily 

establishments'in 
•10 stales. (• 

lx>lieves that those 
will,,	 revolutionize trie 

industry. 
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used tar about fi e years, has recently. 
stripping. been inc eased to 50 per cent[j 
ro-A<lan- ; The f i cility-is operated joihlt­
two s^p- ]y with a Swiss 'firm and prf>­

^r Bbon- -6uces di Etuffs. The plant sup-
made 1 in plies th< 'Centenlale operatiotn. 

Jacturers the vzdu of the imported proB­
package uct bem "50 per cent American 

««^i en . nv f*nr+ *• t*l l^/^TYAO*^ . 
\as devel- Operated for about 18 years 
x type of is a Canadian facility, utilized 
chiefly in cluefly (or selling, but including 
expected some t<?cti!e chemicnls manu­

>ig items. | facture 
come! one Metro-Atlantic additionally is' 
) size'to I working currently under license 

ins—used j nrrnngomcnls with, manufnctu'r-
Tness and,	 ing compahies for the packng­

inK nnd distnbution of some of 
the products the firm produces 

T, Metro-
pi nn<; to 

IXhouseholi 
spot removal- a nd spray
 
among .these I
 

' The. varied program*
 
25-year-old icompany are work­
ing together. to bring expansion
 
to the firm,) (MJr. Buonanho said.
 
Employmen^ has climbed to, 130
 
throughout 11 th£ organization
 

• with about 80 fcjtniiated with the, 
Centredale bperntion. . ,, . 
• "We are looking forward to 
growth, especially from our en­
trance Into'ith'e manufacture of'
 
products for, the pharmaceutical
 
•trade,	 but wOi are striving also­
for'a oontmuation of our em­
ployment stability record," Mr.
 
Buonanho 'said He reported
 
that .throughout its 25'years dj
 
op^ra'tion ibie company has
 
never laid off ' anyone. • \
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K HATMONU 

PU«t *t M,trO-A»brvHc, Inc., Centrodalo, ihowing . number of ih s^inlo.. .tool low «nd H;9K ( cmpor^u ro ro« to r . 
hurt of 



perfora te cent r i fuge Socafed irt n*>v pbn* provkhr* comply a moan* of cry^t^l recovery. 
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-"6/0/64 • 

ifonufacture V' • 

'd wlfclr cooling-; jacket and ' " ar.Uato 

U 

Sodium TCP, (Concentrat ion 36-3tf$j"•. >'"' ' 

^ _,,.. - ... i-. .j •-•-*. V- W U U O V 

'&QQ,;: .;'::3;0^vCaustic:-Soda ( W a s h ) 
4'5.0^vV•:'''-"''66^-'^'^a^.•,3ulfuric..' Acid ( 1 .rwuipi-tac-ine-.a c id 
:370;̂  V:;r;;66o/

::Re'';' Sulfurtc ::Acid ( Purif icaUW -acid )
^00;". •• ,;f. Pe r.c|;hl'o 'rpe t hyl eri e 

•1Q-" .'">':"• ••"• Nuch.ar<^
 
10; ' " • "" ' "
 

Hiniinum Y1old TCP •
 
Maximum Held TCP .
 

65°C MolUn-, Point ( M i n i m u m )
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PLAINTIFFS 
EXHIBIT 

II 

State of 
County of ) ss: 

)AVIT OF THOMAS F. CLEARY 

Thomas F. Cieary, being duly sworn, deposes and states as follows: 

1. I have personal knowledge of the facts set forth in this affidavit and, if called as a 

witness, I could and would competently testify to the facts set forth below. 

2. I am retired after a career working for several companies as an organic chemist 

3. I currently reside at 45451 S. Caspar Dr., Mendocino, CA 95460, phone 707-964­

7065. 

4. I have a B.S. in chemistry from Rutgers University. 

5. Before my retirement, I was employed at Centerchem, Inc. between approximately 

1960 to 1980 as an organic chemist and as President and Chief Executive Officer after 1977. 

6. While working for Centerchem, Inc., I would solicit custom chemical manufacturing 

contracts for small chemical manufacturing companies. 

7. As part of that work,1 would assist the chemical manufacturers with development of 

the manufacturing processes used to fill their custom chemical manufacturing contracts. 

8. In the 1960s I was acquainted with Metro-Atlantic, Inc., a chemical manufacturer 

located in North Providence, Rhode Island. 

9. Metro-Atlantic was owned and run by Joseph Buonanno, now deceased. 

10. I was acquainted "with purchasing agents of Eli Lilly and Company of Indianapolis, 

IN and would attempt to assist in the development of contracts for the custom manufacture of 

chemicals for Eli Lilly by custom chemical manufacturing companies like Metro-Atlantic. 

SBSF 12922 



11. My primary contacts at Eli Lilly in the 1960s were Robert G. "Bob" Weigel, EU ' 

Lilly's purchasing agent, now deceased, and assistant purchasing agent Robert Dille, also deceased. 

12. In approximately 1963 or 1964,1 became aware of Eli Lilly's development of a 

pesticide known as treflan or trifiuralin. 

13. When starting production of treflan, Eli Lilly needed time to design, build and start 

up the process equipment in its Tippecanoe, IN plant 

14. I suggested to Joseph Buonanno that Metro-Atlantic might be able to manufacture 

treflan for Eh* Lilly. 

15. lassistedMefro-Atianticrndeveloprngrneprocesstoma^^ 

Providence, Rhode Island plant and Metro-Atlantic erected a building specifically to house that 

process at that time. 
.*< 

) 16. Eh* Lilly entered into an agreement with Metro-Atlantic by which Metro-Atlantic 

made treflan for Eli Lilly at the Metro-Atlantic North Providence plant. 

17. The treflan process atthe NorthProvidence plant consisted ofconvertingthe substrate 

parachlorobenzotrifluoride or PCBT, obtained from Hooker Chemical in Niagara Falls, N.Y., into 

treflan, first by dinitration then amination of the resulting 3.5-Dinitro-4-chlorobenzotlfluoride with 

dipropylamime. The treflan active substance was formulated with solvents and emulsifiers supplied 

by and under the direction of EU Lilly. 

18. After a short period of production, no more thana few months at most, Eli Lilly began 

production of treflan at its Tippecanoe, IN plant and treflan production at the Metro-Atlantic North 

Providence, RJ. plant ceased. 

19. The Metro-Atlantic production facility built for treflan production was not used for 

J 
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some time after the treflan production ceased; I then worked with Joseph Buonanno to set up a 

process to manufacture hexachlorophene in the building formerly used to manufacture treflan. 

20. "Hiehexachloropheneproduced by Metro-Atlantic was sold on the open market, with 

Sterling Winthrop being one of the largest purchasers. 

21. TomyImowledge,EuXniyhadnorelationshiptotheproductionofhexachlorophene 

at the Metro-Atlantic North Provideace plant. 

Further affiant sayeth not 

[name] 

Subscribed to and sworn to before me this 
<g day oflSoptBrntcr, 2001. 

' 

commission expires: jo 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION I 

ONE CONGRESS STREET SUITE 1JOO _ 
BOSTON, MASSACHUSETTS O21 14-2O23 

Memorandum DRAFT 

Date: November 26, 2002 

Subj: Notes of Conversation with Thomas Cleary 

From: Ann Gardner 
Paralegal
 

To: Centredale Manor Site File
 

On Thursday November 14, 2002 I placed a call to Thomas Cleary of Mendocino, CA to 

inquire if he recalled how Metro-Atlantic produced hexachlorophene. These notes have 

"̂  been leviewed by Mr. Cleary for accuracy and is a summary of our conversation. 

Background 

Mr. Cleary was an organic and production chemist which means that he supplied 

chemical companies with the production "know-how" for specific chemicals. He would 

work closely with the companies during the process development stage. 

He was aware that the Eli Lilly company had developed a chemical called Treflan and 

was looking for a place to manufacture this substance until a permanent facility was 

constructed. Mr. Cleary was aware of the Metro-Atlantic facility and brokered a deal for 

; Metro-Atlantic to produce Treflan for Eli Lilly. According to Mr. Cleary, Metro-Atlantic 
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- constructed a separate building for the production of Treflan. When asked why Metro-

Atlantic went to the effort and expense of constructing a building for a temporary 

production process, Mr. Cleary thought that the building was not a big investment and 

that it was piofitable for Metro-Atlantic. Mr. Cleary estimated that the production of 

Treflan at the Metro-Atlantic facility was less than a year. 

Hexachlorophene production 

After the Treflan production ceased, Mr. Cleary worked with Metro-Atlantic to produce 

hexachlorophene. At the time, there was only one company that produced 

hexachlorophene and companies were looking for additional suppliers. 

Hexachlorophene is manufactured using 2,4,5-trichlorophenol./At the time Metro- _ 

Atlantic began hexachlorophene production, the U.S. Army was using large quantities of 

hichlorophenol in the production of Agent Orange making quantities of|3Jie 2,4,5­

trichlorophenol unavailable.yMetro-Atlantic purchased a crude form of 2,4,5­

trichlorophenol from Diamond Alkali. This was a dark liquid brought into the facility by 

tanker trucks. Before the 2,4,5-trichlorophenol could be used in hexachlorophene 

production, it needed to be purified. This was accomplished by adding sodium hydroxide 

51 to 2,4,5-trichlorophenol. There was not 100% recovery from the 

purification process and some 2,4,5-trichlorophenol became a waste or by-product. Mr. 

Cleary believes that this waste 2,4,5-trichlorophenol is the origin of the dioxin at the 
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Centredale Superfund Site. However, Mr. Cleary is very puzzled as to why phenols are 
*» 

not present in the sampling results. 

Mr. Cleary explained how Diamond Alkali produced the 2,4,5-trichlorophenol. The raw 

material, 1,2,4,5-tetrachlorobeneze was put into an autoclave, a machine that puts 

' substances under very high temperatures and pressure, and converts the 1,2,4,5­

O tetrachlorobenzene into 2,4,5-trichlorophenol. Mr. Cleary suggested we contact John 

—	 Burton, formerly with Diamond Alkali, to ask questions about this process and the 2,4,5­

trichlorophenol delivered to Metro- Atlantic. 

^ev* 
Once the 2,4,5-trichlorophenol was purified, it was paiceti with formaldehyde to create 

hexachlorophene. Mr. Cleary has a patent on this production of hexachlorophene. 

Mr. Cleary was certain that the hexachlorophene production resulted in the dioxin at the 

site.)As previously mentioned, the 2,4,5-trichlorophenol purification process did not 

recapture all of the 2,4,5-trichlorophenol and some was lost as a waste by-product. Tbii> 

waste would contain, among other things, dioxin and phenols. He repeatedly stated he 

was puzzled as to why no phenols were appearing in the test results. 

I asked Mr. Cleary about the Metro-Atlantic plant and who might have knowledge of the 

hexachlorophene process/Apparently, hexachlorophene was really the only chemical 

they produced;] the other chemical work done by Metro-Atlantic was primarily mixing and 
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___ re_- formulating products. Other than Mr. Cleary, all the individuals-who -were -familiar 

with the hexachlorophene production are deceased. Joseph ("Joe") Buonanno, Sr. was 

the head of Metro- Atlantic and became a good friend of Mr. deary's. George Ewes ̂ sp?) 

active in managing the hexachlorophene production and moved to South Carolina ­

when Metro- Atlantic opened the plant there. Unfortunately both are deceased. Joseph 

Buonanno, Jr. was in the sales department and did not or would not have any detailed 

knowledge of the production process. Mr. Cleary recalled Joe Buonanno had two 

partners: Hugh Bonino and Bernard ("Bernie") Buonanno. Bernie would be at the plant 

but Mr. Cleary did not recall what he did. Mr. Bonino moved to South Carolina when 

Metro-Atlantic opened a plant there but has since passed away. 

ft > 

November 26, 2002 DRAFT 



UNITED STATES ENVIRONfc/IENTAL PROTECTION AGENCY
 
REGION 1
 

1 CONGRESS STREET. SUITE 1100
 
BOSTON, MASSACHUSETTS 02114-2023
 

CERTIFIED MAIL - RETURN RECEIPT REQUESTED 

November 26, 2002 

Thomas Cleary 
45451 S. Caspar Drive 
Mendocino, CA 95460 

Deai" Mr. Cleary., 

Enclosed is a draft summary of my conversation with you concerning the Metro-Atlantic facility, 
formerly located in North Providence, RI. Our discussion centered around their use of 2,4,5­
trichlorophenol in the production of hexachlorophene. Because of the chemistry involved, you 
agreed to review my notes to ensure that I had the facts correct. Please make corrections 
wherever necessary. If there is any information you would like to add, please do so. I have 
enclosed a self-addressed, stamped envelope so you may return the letter to us 

Thank you very much for you time. If you would like to discuss this memo or any other issue 
concerning the Metro-Atlantic facility, New England Container Company, or the Centredale 
Manor Restoration Project, please contact me at (617) 918-1895 and I win return your call, or 
you can reach me via e-mail at gardner. ann @epa. gov. 

Sincerely, 

Ann L. Gardner, 
Paralegal 

Enclosure 

PLAINTIFFS 
EXHIBIT 

13 

Toll Free .1-888-372-7341
 
Internet Address (URL) • http //www epa gov/region1
 

Re-/cled/Recyclabls • Printed with Vegetable Oil Based Inks on Recycled Paper (Minimum 30% Dostconsumer)
 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY \ REGION 1 
1 CONGRESS STREET, SUITE 1100 

\, BOSTON, MASSACHUSETTS 02114-2023 

CERTIFIED MAIL ­
RETURN RECEIPT REQUESTED 

January 14, 2003 

Thomas Cleary 
45451 South Caspar Dr 
Mendocino, CA 95460 

Re: Notes concerning use of 2,4,5-trichlorophenol at 
Centredale Manor Site File, North Providence, Rl 

Dear Mr. Cleary, 

Enclosed you will find a copy of my draft memo to the file concerning our phone conversation in 
November 2002. In addition, I have also enclosed a photocopy of the notes and corrections you 
sent back to me. 

When I revise my draft memo, I will send you that version for your review and comment. 

Thank you for your time and assistance in this matter. If you have any questions, do not hesitate 
to call me at (617) 918-1895. 

Sincerely, x 

f _Jit i 
~ <• •~-f 

Ann L. Gardner 
Paralegal 

Enclosure 

Toll Free-1-888-372-7341 
Internet Address (URL) « http //www epa gov/region1 

Recycled/Recyclable * Printed with Vegetable Oil Based Inks on Recycled Paper (Minimum 30% Postconsumer) 
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Volatile Organic Compounds
 
Exceeding Rhode Island Residential Standards PLAINTIFFS 

EXHIBIT (June to November 1999) 
11 

-451 
250 - TttracMorotfatir 
36 - TricMoratfHfi f S - * 

CMS-408 
IfO.O ­
480.0 ­ &MZWM (2­

CWS-41' 
3400 ­ >.2.4-TrtcMoT9btt>te«e (0-1') 
1500.0 ­ /.2-.3tevW«w6*>«c*i« ' " 
Jf.OJ ­ ,,4-OMihreb**nn9 (0-1} 
J6CO ­ fAfesaAwzwi* (O-I'J 
820.O ­ WrocWomtti*** (O-f) 
fJO.0 ­
ISOOJ ­
270-O ­ O>-B**fanB*«-*«fl* ('-2') 
28W.O ­

32.0 ­ /. 
300.0 ­
4O.O ­
IS.OJ ­

4O.OJ ­ r,4-{Mf*torot«m*t fi-2'} 
IOOC.O ­ CWwo**fWt* (t-2) 
91.QJ ­ Ethrtotnnn* (l~3')
I700.C ­ r«trvef»/oro*rtt*** (t-3') 
430.0 ­ Toiufft* ('~2') 
240C.C ­ McMoroilfif** (''?.') 
580QJ ­ Xfrof (toMj (1-2}
220 0 ­ Cfilofvbtwfntr fo-J ) 

(2-S') 

LEGEND: 

SOIL BORING LOCATION 
r - SUfUt 

27.01 - few* '(l-fl- SOW 4E3Ur4W COHfOtM « p - softie130.01 - tmm (s-ft- sum xsuroe cafovo * «i/ty - iwv aimtuvcIJJ - IJ-OMInMm (t-fl- utflt tOUl Mf COmOC * a*/*! - SUFIf fan UXC
(t-r>- sura xsua ua <nnww «r a^r, . taut cam uxc 

BUILDING OUTLINE 
WATERWAY OR POND 
ROADWAY EDGE 
FENCE 

NOTE. ONLY THE MAXIMUM CONCENTRATION FOR EACH COMPOUND EXCEEDANCE
 
IS LISTED FOR EACH BORING LOCATION.
 

NOTE: ONLY BORING LOCATIONS SAMPLED FOR VOLATILE ORGANIC
 
COMPOUNDS ARE SHOWN.
 

SOURCE FOR RHODE ISLAND STANDARDS:
 
TABLE 1 DIRECT EXPOSURE CRITERIA. REMEDIATION REGULATIONS.
 
OEU-OSR-01-93. 31 MARCH 1993. AMENDED AUGUST 1996
 

S C A L E 

88C ELM STREET 
HOPKINTON, MASSACHUSETTS 

(508) 435-9561 

FIGURE 2 
Volatile Organic Compounds 

Exceeding Rhode Island Residential Standards 
(June to November 1999) 

CENTREDALE MANOR RESTORATIQN PROJECT 
NORTH PROVIDENCE, RHODE1 GLAND 



Semi Volatile Organic Compounds
 
Exceeding Rhode Island Residential Standards
 

(June to November 1999)
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FIGURE 3 
Semi Volotile Orgonic Compounds 

Exceeding Rhode Island Residential Standards 
(June to November' 19S9) 
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RCRA Metals Exceeding
 
Rhode Island Residential Standards
 

(June to November 1999)
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FIGURE 
RCRA Metals Exceeding 

Rhode Island Residential Standards 
(June to November 1999) 

CENTREDALE MANOR RESTORATION, PROJECT 
NORTH PROVIDENCE. RHODE 'ISLAND 



Total VOC Results
 
(June to November 1999)
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FIGURE 5
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Total SVOC Results
 
(June to November 1999)
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PCB Concentration Distribution in Soil
 
(O-1 feet below ground surface)
 

(June to November 1999)
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FIGURE 7a
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PCB Concentration Distribution in Soil 
2 feet below ground surface) 

(June to November 1999) 
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FIGURE 7b 
PCB Concentration Distribution in Soil 

(1-2 feet below ground surface) 
(June to November 1999) 
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PCS Concentration Distribution in Soil
 
(2-3 feet below ground surface)
 

(June to November 1999)
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FIGURE 7c 
PCB Concentration Distribution m Soil 

(2-3 feet below ground surface) 
(June to November 1999) 
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PCS Concentration Distribution in Soil
 
(3-4 feet below ground surface)
 

(June to November 1999)
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FIGURE 7d 
PCB Concentration Distribution in Soil 

(3-4 feet below ground surface) 
(June to November 1999) 
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FOB Concentration Distribution in Soil
 

(4-8 feet below ground surface)
 
(June to November 1999)
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PCB Concentration Distribution in Soil 
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TCDD Concentration Distribution in Soil 
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FIGURE 8b 
TCDD Concentration Distribution in Soil 

(1-2 feet below ground surface) 
(June to November 1999) 
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TODD Concentration Distribution in Soil
 
(2-3 feet below ground surface)
 

(June to November 1999)
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State of /^u^ ) 
County of OT^^^W^^^ ) ss: 

AFFIDAVIT OF THOMAS P. ffi.V. 

Thomas F. Clesty, being duly sworn, deposes and states as follows; 

1. I have personal knowledge of the facts set forth in this affidavit and, if called as a 

witness, I could end would competently testify to the facts set forth below. 

2. I am retired after a career walking far several companies as an organic chemist, 

3. I currently reside at 4MS1 S. Caspar tfr,, Mendoclno, CA 95460, phone 707-964­

7065. 

4. I have a B.S, rn chemistry from Rutgers University. 

51 Before my retirement, I was employed at Csnterchem, Inc. between approximately 

I960 to 1980 as an organic chemist and as President end Chief Executive Officer after 1977. 

6. While working for Centerchem^lnc,, I would solicit custom chemical manufacturing 
4 

contracts for email chemical manufacturing, companies. 

7. As part of that work, I wuW assistthe chemical manufacturers with development of 

the manufacturing processes used to fill their custom chemical manufacturing contracts. 

8 In the 1960s I was acquainted with Melio-AUantic, Inc.j a chemical manufacturer 

located in North Providence, Rhodt Island. 

9. Metro-Atlantic was owned and run by Joseph Buonanno, BOW deceased. 

10. I was acquainted with purchasing agents of Eli Lilly and Company of Indianapolis, 

IN and would attempt to assist 10 the developmeat of contracts for the custom manufacture of 

chemicals for Eli Lilly by custom chemical manufacturing companies like Metro-Atlantic. 

EXHIBIT 
1 

SBSF 12922 

http:J^"^^.01
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11. My primaiy eontEcis at Eli Lilly in the 1960s were Robert G. "Bob" Weigel, Eli ' 

Lilly's purchasing agent, now deceased, and assistant purchasing agent Robert Dttle, also deceased. 

12. In approximately 1963 or 1964,1 became aware of Eli Lilly's development of a
 

pesticide known as treflas or triflvtzalto.
 

13. When starting production of treflan, Eli Lilly needed time to design, build and start
 

up the process equipment in its Tippecanoe, IN plant
 

14. I suggested to Joseph Buonanno thai Metro-Atlantic might be able to manufacture
 

treflan for EliLiUy.
 

15. I assisted Metro-Atlantic in developing the process to manufacture treflan el its North
 

Providence, Rhode Island plant and Metro-Atlantic erected a building specifically to house that
 

process at that time,
 

16. Eli Lilly entered into an agreement with Metro-Atlantic by which Metro-Atlantic
 

made treflan for Eli Lilly at the Metro-Atlantic North Providence plant,
 

17. IhetreflanprocessattheNorthProvideace plant consisted of converting the substrate 

parechiorobenzotrifiuoride or PCBT, obtained from Hooker Chemical in Niagara Falls, N.Y., into 

treflan, first by dinitration then amioationof the resulting 3.5-DioilK>-4-cnlorobcn2otiiluoride with 

dipropyJamime. The treflan active substance was formulated \v3tii solvents and emuisifiers supplied 

by and under the direction of £11 Lilly­

18. Afler a short period of production, no more thana few months atmost,E}tLUlybegan 

production of treGan at its Tippecanoe, IN plant and treflan production at the Metro-Atlantic North 

Providence, R.I. plant csased. 

19. The Metro-Atlantic production facflity built for treflaa production was not vised for 

SBSF 12923 
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'same time after the jrefisa production ccasedj I then worked with Joseph Buonaano to s«l up a
 

process to manufacture hexaehloroplisce in the building formerly used to manufacture treflan.
 

20. The bexacbloropheaeproducfid by Metro-Atlantic -was sold on the open market, with
 

Sterling Winthrop being one of the largest purchasers.
 

21 - To xny knowledge, Eli Lilly had no relationship to the prodocUiin ofbexachloropitCjac
 

Et the Metro-Atlantic North Providence plant.
 

Further afSant sayetb not. 

[name] 

Subscribed to and sworn to before me this 
<% d*yofScptamtier. 2001., 

t i l 
4%*> 

SSSF 12924 
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DOCUMENTS TO BE PRODUCED
 

(1) any and all documents concerning the manufacture and/or sale of hexachlorophene by 

Metro-Atlantic, Inc, iaciudiag any efforts to establish a process for such manufaciurc 

and/or sale of hexachiorophene, as referenced in paragraphs 19 and 20 of the affidavit of 

Thomas F. Cleary dated November S. 2001 (a copy of which is attached), and (2) any and 

all documents concerning the chemical composition of the hexachlorophcne 

manufactured and/or sold by Metro-Atlantic Inc. 
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3,456,020 
PRODUCTION OF 2,2':METKYLENE BIS(3.-!,6­

TRfCHLOROPiJErsOLi
 
Thomas F. Geary, Summit, N.J., assignor to Cenicrchcni
 

Inc., New York. N.Y., a corporation of New York 
No Ermine. Conrinuaiion-ia-part of application Ser. No. 

489,036, Sept. 2J, 1965. This appiics'ion Nov. 28,19<S7, 
Ser. iNu. 686.290 

In*, ci. C07c 37/00 
U..3. C!. 2SO—615 3 Claims 10 

ABSTRACT O? THE DISCLOSURE 
This invention is directjd to the uroduction of hexa­

chlorophene by a two staje process b which ens mol IS
cf 2,4,5-trichiorophenol and one mol of formaldehyde 
are reacted under the influence of an acid Catalyst, after 
which the reaction product is condensed with one mol 
or 2,4,5-trichlorophenol through die agency of chioro­

20suifonic acid or fluorosulfonic acid. 

RELATED APPLICATION 

This application is a continuation-in-part of my co- 2g
pending application Ser. No. 489,036, now abandoned, 
filed SepL 21, 1965, and having ths same title as this 
application. 

THE INVENTION 

This invention relates generally to new and useful 30 

improvements for the production of 2,2'-msthyIene bis­
(3,4,6-trichlorophenol), commonly called hexachloro­
phene, and particularly seeks to provide a novel two 
stage process for producing same. 

The known processes for the preparation of hexachlo- 33 
rophene (2,2'-me!hylene bis(3,4,6-trichloro?henol)) in-

point of 66° C. is dissolved in 1000 grams of perchloro­vohe the condensation of two mols of 2,4,5-trichloro­
ethylene and the solution is warmed to 50° C. with agita­phencl with one mol of formaldehyde (as Formalin or 
tion. To this solution is added 50 grams of 90° sulfuric paraformaldehyde). The ysuai condensing agent is con-

 40
 „ , , - ,  . j , j , , 

centrated sulfuric acid or weak oleum, and the reaction
may be carried out in the presence or absence of a sol­
vent which is inert to the reactants and to the condens­
in" a»ent. .

In'these processes it is customary to mix all of the
reactants (and the solvent, if any) at once and to heat
the mixture, with agitation, for a certain time. Condi­
tions such as these are disadvantaseous in the produc­
tion of hexachlorophene in that: "

(1) They tend to promote the formation of color
bodies *hich make difficult the purification of the product: 50

(2) They tend to promote the formation of the by­
product 2,4,5-trichlorober.zodioxolane with an attendant 
loss of y'eld; 

(3) They require, if acceptable yields are to be ob­
tained, extreme care that the 2,4,5-trichlorophenol and
formaldehyde be p«sent in exactly the molar ratio
2.00:1.00. Sines the composition of Foimalinor of form­
aldehyde !•> usually imprecise, and since a certain 
amount of iormoUeoyde is lost from the reaction mixture 
byjtolatilization, this is a difficult requirement to realize 
m practice. 

However, thiough the use of this invention the above 
mentioned disadvantages in prior processes have been 
overcome. 

Therefore, an object of this invention « *» provide a
new method of producing he»-chiorophene from previ­
ously kno-vn sour^s materials which is simpler, more
effective and results in higher yields by comparison with
prior procc*se«.

 acid. 30 grams of pararormaldehvde is added slowly over 
* period of one hour with sufficient cooling to maintain 

 the temperature between 60" C. and 70° C. The reaction 
*s exothermic. The mixture is stured for an additional 

 two hours at 70" C. The perchloroethylene solution is then 
 43 separated from the dilute acid layer. Upon evaporating 

55

60

under the influence of an acidic cataj; ir :0 form a cove! 
intermediate product, which in turn is condensed with 
one mol of 2,4,5-trich'oropher.oI ihrcu^n the agency cf 
chiorosuifonic acid or fiuorosulfoi'c acto" to produce high 
yields of pure hexachlorophe.ne. 

With these and other objects, the nature; of -.vhfch will , 
be apparent, the invention will be more fu'Iy understood 
by reference to the accompanying detailed description and 
the appended claims. 

In accordance with this invention it his been discovered 
that: 

(1) One mol of 2,4,5-tricMorophenol and one mol of 
formaldehyde will react, under the influence of acidic 
catalysts such as benzenesulfonic acid, anhydrous hydrc­
Ssn, and Diluted sulfur*^ acid, to form quantitatively and
 
exclusively, a compound which has a melting point of
 
78° C. The compound has a chlorine content 46.5%,
 
occurs in long colorless prisms, and definitely is not 2,4,5­
trichlorcsaiigenin.
 

 (2) The compound formed as in (11 can be condensed 
with 2,4,5-trichlorophenoI, through the agency of chioro­
suifonic acid or fluorosulfonic acid, to produce high yields 
of pure hexachlorophene. 

Both of these reactions are surprising. The only hither­
 to known reaction product of equirnolar amounts cf 2,4,5­

trichlorophenol and formaldehyde is 2,4,5-trichlorosali­
genin, which is formed under alkaline conditions acd has 
a melting point of 128° C. 2,4,5-trichlorophenol, which 
is relatively inert to concentrated sulfuric acid and to 
oleum, will react readily with chiorosuifonic acid and 
fluorosulfonic acid to form 2,4,5-trichlorophenoI-6-si:J­
fonic acid. 

The following examples will illustrate this invention. 

Example 1 

197.5 grams of 2,4,5-trichlorophenol having a melting 

nc colutl Co~The hot pecchloroeth"v- on is stirred -,ith 10 
 grams of activated «p»«:oa^and is filtered. Th- reaction 
 product, 2,2'-met>^er!'i 0'^3,4,6-trichloropherol), cr/j­

tallies upon c*"nS ""d is separated by filtration. The - -~-^. - - - - — ­
 yield is syxSrams having a melting point of 16r c. 

» small sample to dryness a crystalline product is obtained 
 which has a melting point of 78° C, There is no free form­

 aldehyde rernair.ing either in the dilute acid layer or in 
 tne perchloroethylene solution. There is no hexachloro­

 phene present at this point in the reaction mixture, nor 
 any unreacted 2,4,5-trichlorophenol. 

Ths perchloroethylene solution of the product c: the 
reaction between 2,4,5-trichlorophenol and pa,-aforma!­
dehyde is mixed with a solution of 197.5 ,?rams of 2,4,5­

 trichlorophenol in 1000 grams of perchloroetnylene and 
 tne mixture is heated with agitation to 75° C. There is 

then introduced dropwise over a period of three hours 
116 grams of chlorosalfomc acid, fhe addiiioo-of chioro­
sulfonic acid is accompanied by a mild exothermic reac­

 tion and by the evolution of HC1. The temperature is 
maintained at 75* C. throughout the «i!orosulfor.ii, acid 
addition and is then held at 75° O to 80° C. for an ad­
ditional two hours. Agitation *• stopped, ths remaining 
sulfuric acid layer is iiilo"'a to settls and is separated. 

tr atlon of ('heAnother object of this invention is to provide a process 70 Upon Ci^6n. .  Bother liquors ther* is oS 
of the character stated in which one mo! of 2,4,5-tri- fainccl an adarlional 65 grams of product having tne same 
ch'orophenol and one no! of formaldeh>de are reacted melting po»l£­

http:i!orosulfor.ii
http:hexachlorophe.ne
http:2,4,5-trich'oropher.oI
http:2.00:1.00
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Example 2 formaldehyde at a 1 !o 1 molar ratio in a solvent selected 
,197.5 grains of. 2,4.5-trichlorophenoj having a melting 

point of 62° C. is dissolved in 2000 m'. of chloroform, 
and the solution is warmed to 50° C. with aeiiation. Dry 
hydrcseq chloride is bubbled through the solution at a 5 
rate of 5 grams per minute, 2nd o\er a period of one 
hour, 31.6 grams of ^5% paraformaldehyde is added. 
Hydiogen chloride addition is continued for 30 minutes, 
and the mixture is then heated to reflux for one hour. 

A smai! sample of the reaction mixture, evaporated to 10 
dryaess, yields a white crystalline compound, having a 
melting point of 78° C. it contains no 2.4,5-trichIorp­
phenol or formaldehyde. 

To the reaction mixture is then added a solution of 
1975 grams of 2.4,5-trichlorophenol, having a melting 15 

point of 62° C., in 2000 ml. of chloroform. The mixture 
is heated to 65° C., under a ref.ux condenser and with 
good ?nilation, 100 grains of fluorosulfonic acid is added 

rated. The hot chloroform solution is stirred with 10 
grams activated charcoal, filtered and cooled to 10" C. 
The c.-\stylized 2,2'-meth>lenc bis(3,4.6-tricblorophenol)  9_ 
ii filtered off, v. ashed with cold chloroform and dried. "J 

The yield is 310 grams having a melting point of 164° C. 
Evaporation of the mother liquor yields an additional 70 
grams of product. 

Example 3 „„ 
«JV 

To 1000 ml. of benzene is added, slowly, 58 grams of 
chlorosulfonic acid, and the solution is then heated to 
reflux until al! HC1 is driven off. There is thus produced 
a benzene solution co'itaiaing 79 trams benzenesulfonic 
acid. To this solution is added 197.5 grams 2,4,5-trichloro- 35 
phenol having a melting point of 62° C. The solution is 
then heated just to the point of reflux, and with good 
agitation, 85 granu of 37% Formalin is added over two 
hours, .v>liile the water introduced with the Formalin is 
taken off as an azeouope with benzene. The condensed 40 
benzene is returned '.o th-; reac'ion mixture. Reflux is then 
continued for one hour, after which 50G ml. of water is 
added The mixture stirred 15 aiinutes at 60° C., and 
settled. The water layer which contains the benzenesul­
fon-'c acid, ii sepaia<cc" and discarded. 45 

A SRisll sample of the benzene solution evaporated to
 
dryness, y.ekis a \>hite crystalline product haying a melt­
ing pom: (.1 76° C. It contains no 2,4,5-trichlorophenoi
 
or fonr.aldsbydc. 

The benzene solution is added to 2000 ml. of perchloro- 50 
etbylens, and the benzene is removed from the mixture 
by frartional distillation. 

To the remainins perchloroethyleae '.elation of ths re­
action prccuct of 2,4.5-t:ich!oropnenc! with Formalin is 
added 197.5 grains 2,4,5-trichlorophcnol having a mell- 55 
iag P°:m of 62° C. The iilhtion ii heated to 75° C, and 
•with vJjoro'is agitation is added, over fhe hours, 116 
^raiii! chiorosj'fcnic acid. Stirring is continued at 75° C. 
for two houii and the acid layer is then settled and sepa­
rr.ied. T!,: hot pw.h'orostbylen? soljtion Is stirred with CO 
ten grans rcll'aisd rharcoal. fihe:ec -md cooled to 10° 
C. The cryswilizsd ^'-oieth/'sij t;3(3A6-trichlorc­
chenc!) ia Pitcrcd o? \vcshec w;tu :o!.l j-cKhloroethylene 
pr.d dried. Ths >ie'd is 2?0 crams "lav-lnjr a melting point 
or 163' C. Evaporation 01 the .Toiher liqcoi yields an 03 
additional 85 gr?tn: of product. 

1 claim: 
I. la a nieinod for produces hev?.chlorccbene the 

slcj.s of. supplying a solutior of 2,4.5-trIchlorOjihcncI and 

from the group consisting of,perchloroelbylens, chloro­
form and benzene, reacting said'2,4,5-trichlorophenol and 
formaldehyde in the pressure of 'an acid catalyst selected 
from the group consisting of benzen:-su!fonic acid, an­
hydrous hydrogen chloride and diluted sulfuric acid to 
form a solution of a compound which, when dry, has a 
melting point of 78° C. and a chlorine content of 46.5%, 
then adding a solution of 1 mol of 2,4,5-trichIorophenol 
to the solution containing the reaction pioduct of the pre­
ceding step, and effecting condensation therebetween by 
the addition of a sulfonic acid selected from the £roup 
consisting of chlorosulfonic acid and fluorosulfonic acid 
to produce pure hexachlorophene. 

2. A reatrnon pioduct between 2,4,5-trichloiophenol 
and formaldehyde, having a melting point of 78° C. and 
a chlorine content of <6.5%, produced by supplying a 
solution of 2,4,5-Uichlorophenol and formaldehyde at a 
1 to 1 molar ratio in a solvent selected from the group 

presence of an acid catalyst selected from the group 
consisting of benzenesulfonic acid, anhydrous hydrogen 
chloride and diluted sulfuric acid, and separating the sol­
vent solution containing the reaction product from the 
acid. 

3. In a method for producing hexnchiorophene the 
steps of; dissolving a molai equivalent of 2,4,5-trichloro­
phenol in a solvent selecteS from the group consisting 
of perchlorethylene, chloroform and benzene; adding to 
said solution an acid caialyst selected from the group 
consisting of benzenesulfonic acid, anhydrous hydrogen 
chloride and diluted sulfuric acid; then adding a molar 
equivalent of formaldehyde and maintaining the tempera­
ture between about 60° C. and about 70° C. during the 
exothermic reaction produced as the result of such addi­
tion to produce a reaction product which, when dry, has 
a melting point of 78° C. and a chlorine content of 
46.5%; separating the solvent solution from the acid; 
adding a molar equivalent of 2,4,5-tridb.loropheno! dis­
solved in said solvent lo said separated solvent solution; 
effecting condensation between said added molar equiv­
atent of said 2,4..')-tric!ilorophenoI and the reaction prod­
uct in sjid separated solvent solution by the addition of 
an acid selected from the srouP consisting of chloro­
sulfonic acid and fiuorosulfonic acid; then removing the 
solvent solution containing the condensed product and 
recovering purt hexachlorophen; therefrcni by cooling 
and filtering same 
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was then added 600 grams of 50% sodium hydroxide 
3,499,045 solution, and the mixture was stirred while external cool-PURIFICATION OF 2,4,5-TRICHLOROPHENOL ing was applied. Over a period of 3 hours the mixture Thomas F. Cleary, Summit, NJ., assignor to Center-

was cooled to 15° C., whereupon a heavy crystal mass chem, Inc., New York, N.Y., a corporation of New 
York of the sodium salt of 2,4,5-trichlorophenol had formed. 

No Drawing. Filed Oct. 20,1966, Ser. No. 587,991 The crystals were filtered off and washed with a small 
Int. Cl. C07c 59/32 quantity of cold 30% sodium hydroxide solution. The 

US. Cl. 260—623 1 Claim pure white crystals were dissolved in 2 liters of water, 
and with stirring and cooling, the solution was adjusted to 

 lu a pH of 3.0 with dilute hydrochloric acid. The 2,4,5-tri-
ABSTRACT OF THE DISCLOSURE chlorophenol which precipitated, was filtered off, washed 

This invention is directed to a method for purifying with water, and dried. The yield of purified 2,4,5-trichloro­
crude 2,4,5-trichlorophenol by treating it with an aqueous phenol, having an assay of 99.6% and a melting point of 
alkali hydroxide to form an alkali salt of the crude prod- 65.5 C. was 179 grams, representing a recovery of 95% 
uct, adding an additional quantity of the alkali hydroxide, 1.1 of the 2,4,5-trichlorophenol which was present in the 
then crystallizing and separating the alkali salt of 2,4,5- starting crude material. 
trichlorophenol and recovering essentially pure 2,4,5-tri- EXAiMPLE II chlorophenol from the separated alkali salt by treating 
the salt with an acid. 430 grams of commercial grade 1,2,4,5-tetrachloro­

20 benzene was dissolved in 1,000 cc. of methyl alcohol, and 
400 grams of 50% sodium hydroxide solution was added. 

This invention relates to new and useful improvements This mixture was heated in an autoclave at 160* for 6 
in the production of essentially pure 2,4,5-trichIoropheno) hours. The reaction mixture was then cooled to 30° C., 
and particularly seeks to provide a novel method for and 500 cc. of water was added. The methyl alcohol was 
purifying crude 2,4,5-trichlorophenol. then distilled off and the residue was subjected to steam 

2,4,5-trichlorophenol is produced conventionally by the distillation until no organic matter was evident in the 
reaction of 1,2,4,5-tetrachlorobenzeae with methyl alco- steam distillate. To the residue was then added 1,200 
holic or aqueous methyl alcoholic sodium hydroxide at an grams of 50% sodium hydroxide solution and the entire 
elevated temperature and pressure. The resulting crude mixture was heated to 60° C. An additional 500 cc. of 
product when isolated contains only about 88-92% of 30 water was added, and the mixture was cooled over a 
the desired 2,4,5-trichlorophenol and is inevitably accom- period of 6 hours to 15° C., whereupon a heavy crystal 
panied by at least three impurities consisting of the methyl mass of the sodium salt of 2,4,5-trichlorophenol formed. 
ether of 2,4,5-trichlorophenol, the 2,4-5-trichloropheny1 The crystals were removed by filtration, and washed with 
ether of 2,4,5-trichlorophenol, and 2,4-dichlorophenol. a small quantity of cold 30% sodium hydroxide solution. 
The latter impurity results from trichlorobenzene whicb 35 The crystals were dissolved in 1 liter of water and the 
is present as an impurity in the tetrachlorobenzene. Then solution was warmed to 70° C., and acidified to pH 3 with 
are also traces of several other impurities which occur as dilute hydrochloric acid. The 2,4,5-trichlorophenol sepa­
by-products or as substances present in the starting re- rated from the warm mixture as an oil, and was removed 
actants. from the water layer. The product had a setting point of 

40 Heretofore a degree of purification has been effected in 65° C., and an assay of 99.5% 2,4,5-trichlorophenol. The 
a costly manner by a single distillation which raises the yield was 320 grams which represents a yield of 80.8% 
2,4,5-trichlorophenol content to about 94-96% while a of the theoretical amount of pure 2,4,5-trichlorophenol 
second distillation will raise it only slightly more to about from 1,2,4,5-tetrachlorobenzene. 
97—98% and even this degree of purity is inadequate for 
certain end uses. Furthermore, the yield of purified 2,4,5- 45 EXAMPLE III 
trichlorophenol obtained by distillation is not very high 200 grams of a crude technical grade of 2,4,5-trichloro­
because a very careful fractionation must be carried out. phenol, having an assay of 92.5% of the 2,4,5-isomer is 

However, in accordance with this invention it is possi­ dissolved in 600 cc. of 10% potassium hydroxide solution. 
ble to simply and inexpensively separate essentially pure 

0() The solution is heated to 60" C., and 800 grams of 50% 
2,4,5-trichlorophenol from the crude reaction mixture. potassium hydroxide solution is added. The mixture is 

Therefore, an object of this invention is to provide a cooled with stirring over a period of 8 hours to 12° C. 
novel process for purifying 2,4,5-trichlorophenol. The formed crystals of the potassium salt of 2,4,5-tri-

Another object of this invention is to provide a proc­ chlorophenol are filtered off and washed with a small 
ess of the character stated in which at least 95% of the 5.3 quantity of cold 25% potassium hydroxide solution. The 
2,4,5-trichlorophenol present in the crude product is re- crystals are dissolved in 1 liter of water, and 300 cc. of 
covered in at least a 99.5% pure state and has a melting chloroform is added. With stirring, the mixture is acidi­
point of 65 to 67° C. fied to a pH of 2.0 with dilute sulfuric acid. The chloro-

Another object of this invention is to provide a process form solution is separated and clarified by filtration. The 
of the character stated that is based upon the separation chloroform is distilled off, leaving a residue of 177 grams GO of 2,4,5-trichlorophenol from an aqueous medium as its of 2,4,5-trichlorophenol having an assay of 99.7%, and a 
sodium or potassium salt, in the presence of an excess of melting point of 66.5° C. This represents a. recovery of 
an alkali hydroxide, followed by liberation of free 2,4,5­ 95% of the 2,4,5-trichlorophenol which was present in 
trichlorophenol by acidification of the salt. the crude starting material. 

The following examples are illustrative of the inven- In the foregoing examples the excess alkali hydroxide tion: '•"> 
should be present in an amount ranging from 1 to 3

EXAMPLE I times the weight of the 2,4.5-trich!orophenol. 
200 grams of a commercial grade of 2,4,5-trichlorophe- Although only hydrochloric and sulfuric acids have 

nol containing 94% of the 2.4,5-isomer was dissolved in been disclosed as the acidifying agents, it will be appreci­
600 grams of 10% sodium hydroxide solution, and this -0 ated that many other acids could be used for this purpose 
solution was heated to 60° C. Any insoluble matter which as long as they are capable of reducing the pH to 4.5 or 
was apparent in this solution was filtered off and there lower. 
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The phrase "essentially pure" is intended to indicate a 
purity of at least 99.5%. 

I claim: 
1. In a process for obtaining essentially pure 2,4,5-tri­

chlorophenol from a crude product, wherein the crude 
product is obtained from the hydrolysis of 1,2,4,5-tetra­
chlorobenzene, the steps of forming an alkali salt of 2,4,5­
trichlorophenol by treating said cmde product with an 
aqueous alkali hydroxide selected from the group consist­
ing of sodium and potassium hydroxides in which an ex­
cess of said alkali hydroxide is added at the ratio of about 
1 to 3 weight units for each weight unit of 2,4,5-trichloro­
phenol present, cooling to crystallize said alkali salt and 
thereafter separating the said crystalized alkali salt of 
2,4,5-trichlorophenol from solution by filtration, and re­

covering 2,4,5-trichlorophenol from the said alkali salt 
thereof by treating said alkali salt with an acid selected 
from the group consisting of hydrochloric and sulfuric 
acid. 
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under the influence of an acidic cataiyst :a form a novel 
3,456,020 intermediate product, which in turn is condensed #ith PRODUCTION OF 2,2'-METKYLENE BIS(3,-!.6­ one mol of 2,4,5-trich'orophsnoi through the agency cf TRICHLOROPIIE> OL) 

chlorosuifonic acid cr fiuorosulfonic acid to produce hlih Thomas F. Cloary, 3u;nniit, rs'J., assignor Jo Cenicrchcm
 
Inc., New York, N.Y., a corporation of >'ew York
 yields of pure hexachlorophene. 

No Dr-winc. Continuafion-in-part of application Ser. No. With these and other objects, the nature of which will, 
489,036, Sept. 21, 1965. This application Nov. 25, 1967, be apparent, the invention will be more fully understood 
S«r. No. 636,290 by reference to the accompanying detailed description arid 

Inf. Cl. C07c 37/00 the appended claims. 
U.3. Cl. 250—619 3 Claims 10 In accordance with this invention it has been discovert a 

that: 
(1) One mol of 2,4,5-tricMoropb.enol and one mol of 

ABSTRACT	 OF THE DISCLOSUR2 formaldehyde will react, under the influence of acidic 
catalysts such 35 benzenesulfonic acid, anhydrous hydrc-This invention is directed to the production of hexa­

ehlorophene by a two stage process ia which cne mol 15 Sen, and diluted suifuric acid, to term quantitatively and 
acf 2,4,5-trichiorcDhenol and one mol of formaldehyde '̂"i1 '̂  compound which has a raiting point of 

78 C. The compound has a chlorine content 46.5 £>, are reacted under the influence of an acid catalyst, after 
occurs ia long colorless prisms, and definitely is not 2.<i,5­which the reaction product is condensed with one	 mol 
trichlorcsaiigenin. of 2,4,5-trichloropher.ol through the agency of chloro­

20 (2) The compound formed as in (11 can be condensed suifonic acid cr fiuorosuifomc acid. 
with 2,4,5-trichlorophenol, through the agency or chloro­
suifonic acid or fluorosalfonic acid, to produce high yields 
of pure hexachlorophene. RELATED APPLICATION 

Both of these reactions are surpri.-.ire. The only hither-
This application is a conttrtuaticn-in-part ot" my co- 35 to known reaction product of equimolar amounts of 2A5­

pending application. Ser. No. 489,036, now abandoned, trichlorophenol and formaldehyde is 2,4,5-trichlorosali­
filed Sept 21, 1965, and having tts same title as this genin, which is formed under alkaline conditions acd has 
application. a melting point of 128° C. 2,4,5-trich!orophe.?ol, which 

THE INVENTION is relatively inert to concentrated suifuric acid and to 
This invention relates generally to new and useful 30 oleum, will react readily with chlorosuifonic acid and 

sduction of 2,2'-methyIene bis- fluorosulfonic acid to form 2,.4,5-trichloropher.ol-6-sul­improvements for the produ
 
(3,4.6-tricblorophenoI), commonly called hexacbloro- fonicacid.
 

The following examples will illustrate this invention. phene, and particularly seeks to provide a novel two
 
stage process for producing same. Example 1
 

The kaown processes for the preparation of hexachlo- 35
 
197.5 grams of 2,4,5-trichlorophenol having a melting rophene (2,2'-methylene bis(3,4,6-trichlorophenol)) in-

point of 66' C. is dissolved in 1000 grams of pcrchbro­volve the condensation of two tnols of 2,4,5-trichloro­
ethylene and the solution is wanned to 50° C. with agita­phenol with one mol of formaldehyde (as Formalin or 
tion. To this solution is added 50 srams of 90° sulfuri= paraformaldehyde). The usual condensing asent is con­

centrated suifuric acid or weak oleum, and the reaction 40 ac'd- 30 grams of paraformaldehyde is added slowly over 
may be carried out in the presence or absence of a sol- a period of one hour with sufficient cooling to maintain 
vent which is inert to the reactaats and to the condens- th<= temperature between 60" C. ar.d 70° C. The reaction 
5nea"enL ** exothermic. The mature is stured tor an additional 

In "these processes it is customary to mix all of the tw° nours at 70* C. The perchloroethylene solution is then 
reactants (and the solvent, if any) at once and to heat *3 separated irom the dilute acid layer. Upon evaporating 
the mixture, with agitation, for a certain time. Condi- « small sample to dryness a crystalline prodact is obtained 
tions such as these are disadvantageous in the produc- wnfcn hasa melting point of 78° C. There is no free form­
tioa of hexachlorophene in that: ~ aldehyde remaining either in the dilute arid layer or in 

(1) They tend to promote the formation of color the perchloroethylene solution. There is no hexachloro­
bodies which make difficult the purification of the product; =0 phene present at this point in the reaction mixture, nor 

any unreacted 2,4,5-trichlorophenol.
 
product 2,4,5-trichlorobenzodicxoIane with an attendant The perchloroethylene solution of the product c: the
 

(2) They tend to promote tie formation of the by-

loss of yield;	 reaction between 2,4,5-trichlorophenol and paraformal­
(3) They require, if acceptable yields are to be ob- dehyde is mixed with a solution of 197.5 .erams of 2,4,5­

tained, extreme care that the 2,4,5-trichlorophenol and trichloropherrot in 1000 grams of perchloroethyler.e and
 
formaldehyde be present in exactly the molar ratio the mixture is heated -,vith agitation to 75° C. There is
 
2.00:1.00. Sines the composition of Formalin or of form- •then introduced dropwise over a period of three hours 
aldehyde is usually imprecise, and since a certain 116 grams of chlorosuifonic acid. The addition of chloro­
amount of formaldehyde is lost from the reaction mixture sulfonic acid is accompanied by a mild exothermic reac­
by volatilization, this'is a difficUfrcqutement to realize 60 tion and by the e'.olution of HC1. The temperature is 
In practice. maintained at 75' C. throu::iout the ch!orosulfcr.iu acid 

However, thiougli the use of this invention the above addition and is then held at 75" C. to 80* C. for an ad-
mentioned disad-. .tntases in prior processes have been ditional two hours. Agitation is stooped, the ren.-.iniEg 
overcome. suifuric acid layer is allowed to settle and is sapa.ateii. 

Therefor:, art object of this invendon is to provide a 65 The hot perchloroethylene :olution is stirred 10 
new method of producing hexachlerophens from prevt- "' ' L -" •' ' •• "" '  t ru reaction grams of activated charconl and is '"/tered.
ously known source rratcr:als which is simpler, more product. 2.2'-mith>ler;e bis^j.-.-S-tricn'orophsrcl). -p/;­
effective and results ia higher yields fay comparison with tallires upon cooling anu is separated by Slfraifo.-;. Ths 
prior processes yield is 310 grams having a melti.n? point of 16-' C. 

Another object of this irver.tion is to provide a process 0 Upoi: concentration of ths mother liquors '.hen is ov­
of ths character stated in which one mo! of 2.4,5-Jri- taine-J an additional 65 srarr.s cf proilact u.,:-,ins tr.e ^ims 
ch'orophjfial jr.J one .TIC! or forrriJli-'jhvus are reacted melting point. 

http:ch!orosulfcr.iu
http:2.00:1.00
http:2,4,5-trichloropher.ol
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Example 2 

.197.5 grams ot 2,4.5-trichIorophenoi having a melting 
point of 62° C. is dirsoived in 2000 mj- of chloroform, 
and the solution is warmed ;o 50° C. «'i(h acitation. Dry 
hydrogen chloride is bubbled through the solution at a 5 
rate of 5 grams per minute, 2nd over a period of one 
hour. 31.6 grams or 95Te paraformaldehyde is added. 
Hydrogen chloride addition is coniinued for 30 minutes, 
anidd ththee mixturmixturee iiss thethenn healeheatedd ttoo reflux lorr ononee hourhour..«-e2ux fo 

' idryness, yields a white crystalline compound, having a 
melting point of 78' C. ft contains no 2,4,5-trichloro­ -phenol or formaldehyde.
 

To the reaction mixture is then added a solution of
 151975 grams of 2.4.5-trici];orophenol. having a melting
 
point of 62° C, in 2000 ml. of chloroform. The mixture
 
is heated to 65° C.. under a reflux condenser and with
 
good agitation. 300 grains of fiuorosulfonic acid is added
 
drop*iie, over a period of three hours. Agitation and
 2o
heating at 65° C. are continued for three hours more,
 
then agitation is stopped, the acid layer is settled and sepa­
rated. The hot chloroform solution is stirred with 10
 
grams activated charcoal, filtered and cooled to 10° C.
 
The crystallized 2,2'-methylene bis(3,4.6-trichlorophenol)
 05
is filtered off, washed with cold chloroform and dried. 
The yield is 310 grams having a meiting point of 164° C. 
Evaporation of the mother liquor yields an additional 70 
grams of product. 

Example 3 30
To 1000 ml. of ber.zene is added, slowly, 58 grams of 

chlorcsulfonic acid, and the solution is then heated to 
reflux until all KC1 is driven oS. Thtre is thus produced 
a benzene solution containing 79 grams benzenesulfonic 
acid. To this solution is adcifd 197.5"grams 2,4,5-trichloro- 33
phenol having a melting point of 62' C. The solution is
then heated just to the point of reflux, and with good 
agitation. S5 grams of 37% Formalin is added over two 
hours, .while the water introduced with the Formalin is 

A small sample of the reaction mixture, evaporated to 10 <° <.he solullon contain.-* the reacton product of the pre­
^ ­

taken off as an azeotrope with benzene. The condensed 40 adding a molar equivalent of 2,4,5-tri-bioropheaol dis-
benzene is returned :o th-; reac'ion mixture. Reflux is then 
continued for one hour, after which 500 ml. of water is 
added' The mixture stirred 15 siinetes £t 60° C., and 
settled. The -water layer which contains the benzenesui­
fonic acid, is separated and discarded. 45 

A snia!I sample of the benzene solution evaporated to 
dryness, yields 2 white crystalline product having a melt­
ing point of 7S° C. It contains no 2,4,5-trichlorophenol 
or fonr.aldeiiyde.

The benzene solution is added to 2000 ml. of perchloro- 50 
ethyfene, and the benzene is removed from the mixture 
by fractional distillation. 

To the remaining percblorocthylene solution of ths re­
action product of 2,4 5-trichloropnenol with Formalin is 
added 197.5 grams 2.4,5-trichlorophcnol having a melt- 55 
iau point of 62° C. The solution is heated to 75° G., and 
wi'-h vigorous agitation is added, o'er fi\e hours, 116 
grams chiorosulfonic acid. Stirring is continued at 75° C. 
for r.vo houis and the acid layer is then settled and sepa­
rated. Th: ict pershlorosthyiens solution is stirred with,
ten grains activated charcoal, filtersc :md cooled to 10° 
C. The crystallized 2,2'-me'Jiy!eae b:3(3,4.6-tric;h]oro­
phenoi I is filtered erf. washed '.vitb roH perchloroethybne 
and dried. The >icld .'s 2SO grcms 'w'wz a meltm? point 
ot 163° C. Evaporation of the T.ciher liquor yields an
2c'di;;or.:(l .55 cr?m: of product 

1 claim: 
I. In a me:nod for rroduc'^c hev?.chiorcp'ii(ie 

ste;-s of. supplying 2 SO.'L 

co 

05 

formaldehyde at a 1 to 1 molar ratio in a solvent selected 
from the group consisting of.perchloroetfiylene, chloro­
form and benzene, reacting said 2,4,5-trichlorophenol and 
formaldehyde in the pressure of an acid catalyst selected 
from the group consisting of benzene-sclfonic acid, an­
hydrous hydrogen chloride and diluted sulfuric acid to 
form a solution of a compound which, when dry, has a 
melting point of 78° C. and a chlorine content of 46.5%, 

n add in  a so!utio:l rco1<he, . . = . °f }  °f :A5-trichlorophenol 

ceding step, and effecting condensation therebetween by 
the addition of aa sulfonic acid selected from the group 
consisting of chlorosulfonic acid and fluorosulfonic acid 
to produce pure hexachlorophene. 

2. A reatzjon product between 2,4.5-trichlorophenol 
and formaldehyde, having a melting point of 78° C. and 
a chlorine content of 46.5%, produced by supplying a 
solution of 2,4.5-trichlorophenol and formaldehyde at a 
I to 1 molar ratio in a solvent selected from the group 
consisting of perchloroethylcne, chloroform and benzene, 
reacting said 2,4,5-trichlorophenol and formaldehyde in 
the presence of an acid catalyst selected from the group 
consisting of benzenesulfonic scid, anhydrous hydrogen 
chloride and diluted sulfuric acid, and separating the sol­
vent solution containing the reaction product from the 
acid. 

3. In a method for producing hexnchicrophene the 
steps of; dissolving a molai equivalent of 2,4,5-trichloro­
phenol in a solvent selected from the group consisting 
of perchlorethylene, chloroform and benzene; adding to . 
said solution an acid catalyst selected from the group 
consisting of benzenesulfonic acid, anhydrous hydrogen 
chloride and diluted sulfuric acid; then adding a molar 
equivalent of formaldehyde and maintainingthe tempera­
ture between about 60° C. and about 70° C. during the 
exothermic :e.iction produced as the result of such addi­
tion to produce a reaction product which, when dry, has 
a melling point of 78° C. and a chlorine content of 
46.5%; separaiing the solvent solution from the acid; 

solved in suid solvent to said separated solvent solution; 
effecting condensation between said auded molar equiv­
alent of said 2,4.5-?richloropnenol and the reaction prod­
uct in said separated solvent solution by_the addition of 
an acid selected from the gioup consisting of chloro­
sulfonic acid and fiuorosulfonic acid: then removing the 
solvent solution containing the condensed product and 
recovering part hexachlorophens therefrcm by cooiing 
and filtering same. 

2.745.S81
2.512,365
3,196,185

760,341
760,3-i2
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COMPLETE SPECIFICATION 5" ' 

Improvements in or relating to Alkali Metal 
Polyhalo-Phenates 

We, DIAMOND ALKALI COMPANY, of 300 Union Commerce Building, Cleveland 
14, Ohio, United States of America, a corporation organised and existing under the 
laws of the State of Delaware, United States of America, (Assignees of JEWEL HEBER 
PERKINS, Jr., JACK A. BORROR and RAYMOND AUGUST GUIDI) do hereby declare 

5 the invention, for which we pray that a patent may be granted to us, and the method 
by which it is to be performed, to be particularly described in and by the following 
statement: — 

This invention relates to a new and improved method of preparing polyhalo­
phenates, and more specifically refers to improvements in the preparation of sodium 

10 2,4,5-trichlorophenate. 
Polyhalophenates, such as sodium 2,4,5 -trichlorophenates, are used as raw 

materials in the production of polyhalophenoxycarboxylic acids which are widely used 
as herbicides, and there has been a continuing desire to produce such starting materials 
economically, safely and efficiently. 

15 Referring particularly to the preparation of sodium 2,4,5-trichlorophenate as an 
illustration, it is known to prepare this material by reacting molten tetrachiorobenzene 
with a mixture of sodium hydroxide and methanol or water or glycol, by adding all 
the reactants together as a charge to a reaction vessel, then heating them under pres­
sure to 100°—250° C. to produce the required reactions. This method involves a 

20 danger due to the creation of conditions causing runaway reactions and the formation 
—j> of chloracnegens, and is generally less efficient than the method of this invention. The 

known method requires the heating of a large amount of a caustic-tetrachlorobenzene 
mixture which may result in condensation reactions, causing a reduction in efficiency. 

It is an object of die present invention to provide an improved, method of pro­
25 ducing a polyhalophenate, notably sodium 2,4,5-trichlorophenate, in high yield, in a 

manner which avoids the hazardous condition of reacting large amounts of hot alkali 
and alcohol with tetrachiorobenzene. 

According to the invention, an alkali metal polyhalophenate is prepared by heat­
ing a 1,2,4,5-tetiahalobenzene in a closed vessel to a temperature in the range of 140° 

30 to 250° C., adding a mixture of an alcohol and an alkali metal hydroxide at a con­
trolled rate, the mol ratio of alcohol to alkali metal hydroxide being from 2:1 to 
20:1, and maintaining the reaction temperature in the range of 140° to 250° C. 
under a superatmospheric pressure which is at least equsl to the autogenous pressure 
of the reaction mixture, the amount of alcohol-alkaii mixture being such as to provide 

35 a mol ratio of alkali to tetrahalobenzene of from 2:1 to 4:1. 
The desired reaction product is obtained in high yield and, at the same time, the 

undesired dangerous condition of large quantities of unreacted tetrachlorobenzene and 
alkali-alcohol mixture together in a pressurized high-temperature container is avoided 

The teims "polyhalophenate" and "tetrahalobenzene" refer respectively to 
40 various halogen derivatives of phenol, such as tetrachlorophencl, and of benzene. 

While chlorine derivatives are preferred, other halogen derivatives are contemplated 
such as bromo, fluoro, iodo; and mixed halogen products such as bromochlorophenol. 

The term "alkali", as used in the specification, refers especially to an alkali metal 
hydroxide, preferably sodium hydroxide, although other alkali metal hydroxides, e.g., 

45 potassium hydroxide and/or lithium hydroxide can be used. It is intended to refer 

[Price 4s. 6d.} 
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10

15

also to other sources of alkali, which, under the conditions of reaction, are suitable to 
yield the desired high conversion characterizing the practice of this invention, and 
otherwise to be satisfactory. An alkali metal hydroxide, notably sodium hydroxide,' js 
especially preferred. 

 The term "alcohol" means primary, secondary and tertiary alcohols. Methanol is
the preferred alcohol. 

It is an essential feature- of the present invention that a polyhalobenzene, prefer­
ably tetrachlorobenzene, is placed in a reaction vessel in a molten or solid state in 
the absence of any other reactants. The desired reaction is then carried out by the 

 gradual addition of an alkali in alcohol mixture to the molten tetrachlorobenzene. The
addition, at a controllable rate, is seen to be inherently safer than adding all the 
reactants at once and healing the mass to the relatively high temperatures required for 
the reaction. Another significant advantage of this invention is that less alkali is 
required. Previous methods require 3.0 mol of alkali per raol of tetrachlorobenzene. 

 The proposed process provides nearly 100% yield at 2.4 mol of alkali per mol of
tetrachlorobenzene. Formerly, large amounts of alkali present caused the following 
condensation reactions which resulted in a corresponding loss of the product and 
reduction in efficiency. 

5 

 10 

 15 

20 
Cl 

Cl 
20 

25 

30 

35 

This undesirable condition is minimized by the controlled addition of small quantities 
of alkali-alcohol mixtures. The end product of the above reactions is termed a 
"chloracnegen". Condensation products of this class create the occupational hazard 
of skin disease known to those employed in the art as "chlor-acne". This disorder has 
been prevalent among operators of prior processes and the absence of the "chlor­
acaegen" renders the method of this invention more desirable than previous processes. 

In previous processes, large quantities of alcohol, present in the reaction vessel 
at the start of the reaction, are subjected to high temperatures before the reaction 
can be completed, resulting in losses through formation of dimethyl ether. The con­
trolled addition of alkali-alcohol mixture to the reaction vessel, in accordance with 
the teachings of this invention, reduces losses in alcohol by formation of dimethyl 
ether by-product.

The sequence of reaction steps of this invention is set forth structurally in the 
following series of equations, it being understood that the alkali-alcohol mixture is 
added ai a rate pre-detennined to produce, the most efficient reaction possible. It will 
then be appreciated that the reaction proceeds only as the reactants become available 
in the reaction vessel. 

25 

30 

35 

Ill NaOH + CH^OH^NaOCH, + H3O 

"Cl 

a 

Cl Ci 
NGOH 

Cl 

CH3°H 
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With the practice of the invention, as outlined in the foregoing equations, con­
version of greater than 90% of 1,2,4,5-tetrachlorobenzene to sodium 2,4,5-trichloro­
phenate is obtained. The reaction temperature varies from 140° C. to 250° C., prefer­
ably maintained at 175° C. and a superatmospheric pressure is provided which is at 

5 least equal to the autogenous pressure of the reaction mixture. The reaction time 5 
typically is 3 to 6 hours, although in commercial operations a longer reaction time 
of up to 8 hours is not disadvantageous with respect to high yields obtained. 

The proportions of the reactants generally can be varied. Thus, molar ratios in 
the alkali-alcohol mix can be from 1:2 to 1:20 mols of alkali to alcohol. The overall 

10 molar ratios of alkali to tetrachlorobenzene can be from 2:1 to 4:1. The overall 10 
molar ratios of alcohol to tetrachlorobenzene can be in the range of 4:1 to 80:1. It 
is the preferred method to add 2.04 pounds of alkali-alcohol solution per pound of 
1,2,4,5-tetrachlorobenzeae into the reactor at a uniform rate over a period of 2 hours, 
maintaining the temperature at approximately 175° C. Steel equipment is employed 

15 in the examples of this invention, and steel is the preferred material of construction. 15 
In order that those skilled in the art may more completely understand the present 

invention and the preferred method by which the same may be carried into effect, the 
following specific examples are offered. 

Tetrachlorobenzene is weighed into a pressure reactor, such as an autoclave, 
20 melted and brought up to the reaction temperature, e.g., 175° C. An alkali methanol 20 

solution is heated to 55°—65° C. and added to the reactor over a period which may 
vary from 40 minutes to 5 hours, preferably at a controlled rate of addition which is 
within the range of 0.4 to 11 mol per hour. When all of the alkali methanol solution 
has been charged, the reactor temperature is held constant, e.g. at 175° C., for a 

25 period which may vary from 40 minutes to 3 hours. During the reaction, the pressure 25 
within the reactor will be in the range of 250 p.s.i.g. to 700 p.s.i.g., due to" the auto­
genous pressure of the alcohol, and will vary according to the amount of alcohol added. 
When the reaction is complete, the charge is cooled to reduce pressure. Steam is 
applied to the reaction vessel to distill off all the unreacted methanol which is collected 

30 through a condenser system and recovered. When all the methanol has been removed, 30 
water is added to the reaction mass which is now a crude sodium trichlorophenate.' 
The crude sodium trichlorophenate is transferred to a distillation vessel, where by 
steam distillation the intermediate reaction product, trichloroanisole, is removed and 
recovered. The steam-stripped sodium trichlorophenate is then pumped through an 

35 enclosed filter, which removes the salts, and is then diluted and stored for later use 35 
in the 2,4,5-trichlorophenoxyacetic acid production. 

By way of illustration, the process of the invention is carried out by heating 
1,2,4,5-tetrachlorofaenzene in die closed reaction vessel to a temperature of 175° C., 
adding 11 mol per hour of sodium hydroxide contained in a mixture with methanoi, 

40 the mol ratio of meihanol to sodium hydroxide being 5.4:1, and maintaining the 49 
reaction temperature of 175° C. for a period of 3 'hours, under a pressure of 270 to 
490 p.s.i.g., the amount of methanol sodium hydroxide mixture being such as to 
provide a mol ratio of sodium hydroxide to tetrachlorobenzene of about ,2.2:1. 

In the following examples, carried out in the manner indicated, the results are 
45 indexed comparatively: 45 
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EXAMPLE 14.  ' , I 
To the reaction vessel is added 1,030 g. (5 mol) of 1,2,4,5-tetrachlorobenzene. A 

20% by weight NaOH in methanol solution is prepared by adding 440 g. (11 mol) 
NaOH pellets to 1,920 g. (60 mol) of commercial grade methanol and heated to 63° 

5 C. The reaction vessel is heated to 170° C, at which time the alkali methanol mix­ 5 
ture is added to the reaction vessel over a period of 1 hour at a uniform rate, which * 
will ultimately provide a 2.2:1 niol ratio of alkali to tetrachlorobenzene, respectively. 
At the end of 1 hour, when all the alkali methanol mixture has been added, the closed j 
reaction vessel is maintained at 175° C. for a period of 3 hours. The pressure within '' 

10 the container reaches a maximum of 492 p.s.i.g. approximately one hour after the 10 
end of the alkali methanol addition. After cooling, pressure is reduced, and steam is 
applied to the reaction vessel to distill off the uareacted methanol. When all the 
methanol has been removed, water is added, and the crude sodium trichlorophenate 
may be purified if desired. 

15 It is to be understood that, although the invention has been described with specific 15 
reference to particular embodiments thereof, it is not to be so limited since changes 
and alterations therein may be made which are within the full intended scope of this 
invention, as denned by the appended claims. 

WHAT WE CLAIM IS: — 
20 1. A process of preparing an alkali metal polyhalophenate, which comprises 20 

heating a 1,2,4,5-tctrahalobenzene in a closed vessel to a temperature in the range 
of 140° to 250° C., adding a mixture cf an alcohol and an alkali metal hydroxide 
at a controlled rate, the mol ratio of alcohol to alkali metal hydroxide being from 
2:1 to 20:1, and maintaining the reaction temperature in the range of 140° to 250° 

25 C. under a superaanospheric pressure which is at least equal to the autogenous 25 
pressure of the reaction mixture, the amount of alcohol-alkali mixture being such as 
to provide a mol ratio of alkali to tetrahalobenzene of from 2:1 to 4:1. 1 

2. A process as claimed in Claim 1, wherein the tetrahalobenzene is 1,2,4,5­ ; 
tetrachlorobenzene. i 

30 3. A process as claimed in Claim 1 or 2, wherein the alkali metal hydroxide is 30 
sodium hydroxide. 

4. A process as claimed in Ciaini 1, 2 or 3, wherein the alcohol is methano!. ; 15 
5. A process as claimed in any preceding Claim, wherein the reaction vessel : 

pressure is maintained in the range of 250 to 700 p.s.i.g. 
35 6. A process as claimed in any preceding claim, in which the alkali metal 35 

hydroxide in the mixture is added at a controlled rate in the range of 0.4 to 11 mol 
per hour.

7. A process as claimed in any preceding claim, in which sodium trichloro­
'

 ; 
 20 

phenate is prepared by heating 1,2,4.5-tetrachlorobenzene in the closed reaction vessel 
40 to a temperature of 175° C., adding 11 mol per hour of sodium hydroxide contained 40 

in a mixture with methanol, the mol ratio of methanol to sodium hydroxide being 
5.4:1, and maintaining the reaction temperature at 175° C. for a period of 3 hours, 25 
under a pressure of 270 to 490 p.s.i.g., the amount of methanol sodium hydroxide 
mixture being such as to provide a mol ratio of sodium hydroxide to tetrachloro­

45 benzene of about 2.2:1. 45 
S. A process of preparing an alkali metal polyhalophenate, as described with 

reference to the foregoing Examples. 30 
9. Alkali meta] polyhalophenates, when prepared by a process as claimed in any 

preceding claim. 
POLLAK, MERCER & TENCH, 

Chartered Patent Agents, 
Audrey House, Ely Place, London, E.G. 1 . 35 

Agents for the Applicants. 

Leamington Spa: Printed for Her Majesty's Stationery Office, by the Courier Press 
(Leamington) Ltd.—1966. Published by The Patent Office, 25 Southampton Buildings, 

London, W.C.2, from which copies may be obtained. 

45 
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1 Claim. (CL 260—623) 

My invention relates <a the production of 2,4.5-trichlo­
rophenol by caustic hydrolysis of l,2,4,5-letractJc,rrben­
zene acd in particular relates to the purificap'sti of the 
crude 2,4,5-trichloropbeno! product sc ueiivcd. 

In the caustic hydrolysis of 1,2,4,5-tetrachlorobrczene 
numerous contaminating products are formed. Meth­
anol, for example, which may be used as a solvent for 
the	 hydrolysis reaction, tends to cause some production 
of	 tricbloroanisole and dictilorodimethoxybenzea. The 
presence of the usual small amounts of other tetrzchloro­
benzene isomers, such as 1,2,3,4-tet^chiorobecziQe, as 
impurities in the symmetrical 1,2,4,5-tetrachloroleiizene, 
causes the production of undesired position isoaers of 
2,4,5-trichlorophenol. 

At the present time there exists a substantial demand 
for	 a high purity 2,4.5-trichloro?henol product siiich is 
not satisfied by the crude derived by the caustic hydroly­
sis of 1,2,4,5-tetrachlcrobenzene. The demand is, in par­
ticular, for a product having a rneJu'ng po:Jit ova 65' C. 
which in the molten stale has a water-white color. The 
product must also be completely soluble in caustic solu­
tion, e. g. 0.1 N NaOH, and should be at least 995 p-ire. 

Caustic-insoluble materials, such as trichloroaniscle and 
dichloredimethoxybenzene, may be removed to srae ex­
tent by steam distillation of the alkaline phenaie solu­
tion but complete removal of these impurities requires 
•excessive amounts of steam. Other impurities, "«••* as 
the position isomers of 2,4.5-lrichlorophenol arc more 
difficult U> :»parate because of their similar chemical and 
physical properties. 

A high purity 2,-i,5-trichloropheno! product mesisg the 
above specifications can be recovered from the erode tri­
chlorophenol obtained by csustic hydrolysis of 1,2,4,5­
tetrachiorobenzene. I have found, in particular, that 
crude 2.4,5-trichlorophenoI resulting from the scidiSca­
tion of die alkaline hydrolysis mixture can be separated 
into pure 2,4,5-trichloropheno' free from undesirable con­
taminants by a step-wise extraction with aqueous caustic. 

The process of my invention thus essentially requites 
extracting crude 2,4,S-tricb!orophenol with aqueous caus­
tic solution sufficient in <JEcunt to convert 2!] of the 
2,3,6-trichlorophenoI and otlier extraneous phenols pres­
ent and a minor proportion of the 2,4,5-trichloropbenol 
to the water-soluble corresponding phenates. The op­
eration is carried out at a temperature at which th." r-benols 
are in £he liquid state. Unneutralized phenois are then 
separated from the dilute aqueous phenate solution. 

The unneutralized phenols, separated from the icaeous 
phenate phase, are further extracted by tbe sddiiion of 
aqueous caustic solution in an amount sufficient to con­
vert substantially less than the total of th; phenols pres­
ent to the corresponding phenates. The extraction is 
again carried ot.t at a temperature at which the phenols 
are in the liquid state. Tht aqueous phsnate extract so­
lution is then separated from the remaining undissohed 
oils. Acidification of this second extract yields the de­
sired purified 2,4,5-trichlorophfnol product which b sep­
arated and dried. 

The remaining undiiiolved oils comprise tricr.Iorophe­
nols contaminated with alkali-insoluble impurities and are 
useful as crude tricnlorophenol for most purports net re­
quiring the pure isomer. The phensle solution obtained 
in tbe first extraction step, although relatively impure, 
is alsj suitable for use after acidification as crude tri­
chlorophenol. Alternatively, both fractions may be 
worl.ed up for specific trichlorophenols or phenol ethers 
contained therein or they may be discarded. 

10 My invention will be further illustrated by reference 
to the accompanying drawing which is a diagrammatic 
fiow plan of the process. 

Crude 2,4,5-trichlorophenol, obtained by catisdc hy­
drolysis of 1,2,4,5-tetrachlorobenzene followed by aridifi­

15	 cation, is introduced by line 1 to a first extraction step 2. 
'1 l.e crude 2,4,5-trichloropheno! is extracted with aqueous 
caustic introduced by line 3 in an amount sufficient to 
convert ali of the 2,3,6-trichIorophenol and a minor pro­
portion of the 2,4,5-trichlorophenol to the water-soluble 
corresponding phenates. 

Extract phenate solution is separated and removed by 
line 4. »f desired, the phecates are acidified by means 
of u. mineral acid in zone 5 and the phenols containing 
substantially all the 2,4,6-trichJoropbenoI and a few per 
cent of the 2,4,5-trichlorophenol of the original charge 
are removed by line 6. 

The undissolved phenol residue from the aqueous 
phenate solution of extraction step 1 is separated and re­
moved by line 7 to the second extraction step 8 and treated 

30	 with aqueous caustic solution introduced by line 9 in 
an amount sufficient to convert less than the total quan­
tity of the phenols contained in the residue to the corre­
sponding phenates. The undissolved phenol residue after 
caustic treatment is removed by line 10. 

The phenate extract solution is separated and removed 
by line 11. If desired, the phenate extract is steam 
distilled in zone 12 to improve the color of the 2,4,5-tri­
chloropbenol. Steam distilled phenai •xtract is re­
moved by line 13 and acidified by means of z minerU 
acid in zone 14 and 2,4,5-trichlorophenol is removed by 
line 15. 

It is advantageous to use an aqueous caustic solution 
extracting agent containing not more than about 10% 
by weight of caustic since the employment of more con­

45	 centrated caustic solu:;ons results in dissolving a signifi­
cant proportion of unneutralized phenols by the result­
ing aqueous phenate solution. Water should be added, 
therefore, to the aqueous extracting solution prior to or 
during each extraction, if required, to adjust tbe phenate 

60 concentration to not more than about 155S by weight 
to insure the separation of the unneutri-.zed phenols as 
a separate phase which may be removed from contact 
with the aqueous phase. 

The caustic used in the extraction process wiH ordi­
narily be iOdium hydroxide but other alkali metal hydrox­
ides, particularly potassium hydroxide, may also be used. 
The amount of caustic employed in the first ertrsction 
step preferably is sufficient to dissolve all of thr 2.3,6­
trichlorophenol and other extraneous phenols present arid 

00	 at least about 1 or 2% of the 2,4,5-trichlorophenol. The 
proportion of caustic used in the first extraction is thus de­
pendent on the purity of the original crude 2,4,5-trichlo­
ropbenol. This in turn depends on the purit} of the 
1,2,4,5-tetrachlorobenzene employed to produce the crude 

<>5 2,4,5-trichlorophcnol. Less pure 2,4,5-trichlorophenol re­
quires a greater amount of caustic in the first extrac­
tion step than when the crude trichlorophcnol contains a 
smaller proportion of impurities. With very impure mix­
tures, the caustic may amount to sufficient to extract as 

70 much as one-third to onc-hal; of the phenols present. 
The amount of caustic used to extract the residue from 
tbe first extraction step will range from about 25 Sc to 
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about 957o of that rcquiicd to extract the phenols pres-
er.t as water-soluble phcnates. 

Ste?m distillation before acidification of the crude 
2.4.5-trichlo-ophenate solution resulting from the hy­
drolysis is extremely beneficial in that it removes some 
of ihe caustic insoluble impurities which otherwise arc 
concentrated in the residual materials, making phase sep­
aration after each extraction progressively more difficult. 
Steam distillation thus reduces the proportion of rcmain­
ing crude trichiorophencl to be reworked or discarded
a-jd further permits taking a larger heart cu; of the crude 
product by c?ustic extraction in the second step and the 
recovery of a larger proportion of 2,4,5-trichlorophcnol 
of the desired degree of purity. Steam distillation of the 
2,4,5-trichIorophenol obtained by acidification of the sec­
ond exf.<iction is also advamageous in improving the color
of the purified product. 

While the extraction process of my invention is car­
ried out at temperatures at which the trichlorophenol is 
liquid, the acidification of the extracts and recovery of
phenols therefrom may be carried out at the same or
lower temperatures. By acidifying the extracts at rela­
lively low temperatures, the phenols may be precipitated
as solids and removed by filtration. Alternatively, at
elevated temperatures the trichJorophecol products may
be obtained as liquids. The purity of the crude trichloro­
phenol and of the final products determine* the limiting
temperatures below which acidification of the extracts
must be carried out in order to obtain the products as
Eolids. However, all the operations are preferably car­
ried out between about 20* and 80* C.

„ ,
" p

A erode 2,4,5-trichloropheno! product (M. P. 60" to

The separated trichlorophenol residue from the first 
extraction is then treated at about 70* C. with an amount 
of 5% aqueous soiiium hydroxide calculated to convert 
about 90% of the original charge, calculated ss 2,4,5­
trichlorophenol to sodium 2,4,5-trichloropbenate. 

After agitating and separating at about 70° C., the un­
dissolved portion is removed and is combined with the 
crude trichJoropheaoIs obtained by acidifying the first 
extract. Steam distilling the second extract solution be­

 1° fore acidification aids materially in removing undissolved 
materials and results in an improvement in color of the 
2,4,5-trichloropbcnol obtained by subsequent acidification 
of the extract. The second extract solution, with or with­
out the steaming operation, is then acidified by the use 

 16 of mineral acid, for example sulfuric or hydrochloric 
 acid, at 60C C. The liquid 2,4,5-trichloropbenol formed 

is separated from the aqreous salt solution, steam dis­
tilled, dried, and crystallized. Ths crystallized product 
has a melting point in excess of 65* C., is water-white in 

 20 color, and is in excess of 99% purity, 
I claim: 
A process for the recovery of 2,4.5-irichlorophenol from 

 crude mixtures thereof obtained by caustic hydrolysis of 
 1,2,4,5-tetrachlcrobenzene, which comprises extracting 
 26 the crude 2,4,5-trichlorophenol at a temperature at which 
 the mixt'ire is in the liquid state with aqueous caustic so­
 lution in an amount calculated to convert the contami­
 natiag chlorophenols and a minor proportion of the 
 2,4,5-trichlorophenol present to the corresponding phe­
 30 nates, the resulting solution having a phenate concentra­

 tion of not more than about 15 per cent by weight, sep­
 arating the undissolved residue from the resulting aqueous 

 pbenate solution, extracting the separated residue at tem­
 perature at which the residue is liquid with aqueous caus­

62* C.) is obtained by acidifying the crude alkaline 35 tic solution in an amount calculated to convert less than 
solution resulting from the caustic hydrolysis of 1,2,4,5­
tetrachlorobenzene and contains about 97% of 2,4,5-tri­
chlorophenol, 1% of 2,3,6-trichlorophenol and about 2%
of tricbloroanisole and other impurities. The crude phe­
nol is then extracted at about 70* C. with an amount of
5% aqueous sodium hydroxide calculated to convert about 
5% of the phenols present to the corresponding sodium
phenates. The extract solution after separation from un­
dissolved phenols yields an impure product containing 
upon acidification substantially all of the 2,3,6-trichloro- 45 
pbecol and a few per cent of the 2,4,5-trichlorophenol 
of the original charge. 

 the total quantity of the phenols contained in the residue 
 to the corresponding phenales, separating the resulting 
 phenate extract solution from the remaining undissolved 
 residue, and acidifying the extract solution to recover 
 40 2,4,5-trichlorophenol. 

 References Cited in the 5Ie of this patent 
 UNITED STATES PATENTS 
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2 Claims. (Cl, 260— $23) 

Oar invention relates to the' productior cf 2.̂ ,5­
tricMorophesol by caustic hydrolysis of l,2,4.5-:î 2chlo­
robsniene and in particular relates to the pupation of 
the crude 2,4,5-trichlcrophenol product so ds^rsd, 

In the caustic b;.dro'.ysis of 1,2,4,5-tetracbircbeazene 
numerous conascsfciaag products are formed. i-Jsthanol, 
tor example, which may be used as a sohtn for the 
Tiyaroiysis reaction, tends to cause some pncxtion of 
trichlcroanisole and dichlorodimethoxybscsi— The 
presence of the usual small amounts of other •^rschloro­
i>szzene iserr.ers. svch as 1,2,3,4-titrachlorciiKczaie, as 
impurities in the symmetrical 1,2,4,5-tetrachlKeoeazene, 
causes the production of undesired position isaaen of 
2,4,5-trichloropher.oL 

At the present time there exists a substantial demand 
for a high purity 2,4,5-trichlorophenol prodcn which is 
not satisfied by the crude derived by the caustic rydrolysU 
of	 1,2,4,5-tetrachJoroienzeae. The demand &, in par­
tira-sr, for a prodac: having a meltiag point cr±r 65° C 
v.-bica in the moi:en state has a color from wir-i to near 
white. The product must aiso be complete]? soluble in 
catistic solutioa. e. g. 0.1 N NaOH, and should re a least 
99% pure. 

Caastic insolub'es, such as trichlorcanisoleEsIxfichlo­
rodiraetboxybesvztte, may be removed to sone stent by 
steam distElatica although their complete removal re­
quires inordinately large amounts of steam. Gier ini­
purities, however, such as the posiLoa isoaa« of 2,4,5­
tricblorophsnol. are more difficult to ssparau bsanse of 
ti:sir amilar cbjmisal and physical properties. 

>,e have d^overed that a h.gh purity 2,4^nchioro­
paenol produc; net: i* the above spedficanos cay be 

bacrticidar fiat the solution of crude sodium i4J-tri­
chlcrc^henaie -A-hich is recovered from (be CHraic hy­
drolysis of 1.2 4,5-tetrachlorobenzene may te ^arated 
L-cm the undtsWfale contaminants noted ACTS by a 
s«3-vriss neutrsii^tion process. 

The once* of our invention thus enenta&r requires 
MctraKziag crude 2 4,5-trichioroohecate sol=£as by ad­
dition of mineral add thereto in an amount scSrent to 
neutralize excess aSkaltiity of the sclution s=i a minor 
proportion of the phenates presicu The ssarzlized 
phenates are released as the free ptenols wiaci separate 
iroci the dilute aqueous mixture as ^ separate pia.*. L e. 
•R'hsn ihe total pheaate-phenol con-iintration is sot more 
than about I0?e by weight. Thus, we conterrrhte the 
addition of water, when required, to adjust tit jhecate­
phenol concentration to not more thaa 10?fc b«" R-eight, 
either prior to lL± first neutralization step orinr^diateiy 
theresf!-r, whereby the resulting phenols art pisssi. out 
and then may be separated from th: aqueous pbase which 
contains the remaining unneutraliied phenates. 

The aqueous phenate phase separated fron ibs phenol 
phase is further neutralized by the addition of rainiral 
acid but in an amount sufficient only far recovery a-s the 
£r« phenols of substantially less than the tou: of the 

y'.es renrainir-g in solution. The phsr.cls ihws ont 
cpoa As second nc-utral'ZLtion sle? without fur^r ad­

d are s^ri d from 
. . . .
 

F«re ^.^ricrorcr^nil pracact
 
*•"* lavsr-iion v-'.-i £>e fcrtier described :n conjunction 

with the tccri-npaayir.g drawing which comprises a flow 
ihest iiii-stratins the essential features of the ansUcar.ts1 

r>~oc°ss 
10	 '" In";ht tow!ns an aqueous solut.:on o{ cruds ^.^_ 

chlorcphensie obtained by the caustic hydrolysis of 
1 .2.4,5-tetrEchlcrobenzene is introduced to zone 1 of the 
j-lov.. shse- v.Yl(..., :t is contacted anS partially neutralized 
with mineral acid. The phenols produced by tbe partial 

i5	 neutralization are separated in ions 2 by a passe separa­
tioa based upon the insolubility of phenols in aqueous 
solutions having a cher.oi-pheaate concentration of not 
more than about 10% by weight. The aqueous ptsaate 
solution is then subjected to a second partial nentrhiiza­

20	 tion ia zone 3 by an additional quantity of rr.ineral acid. 
The aqueous phecol-phetiate solution is then subjected to 
a second phase separation of phenol in zcae 4. The 
aqueous layer from this separation contains residual 
phenate which can be recovered as crude passol and 
recycled. The phenol iayer from the separeiion of zoos 
4 is the product, substantially pure 2,4,5-trichlcrophenol. 

Tin phenols precipitated in the first neutralization step, 
although tbey may be relatively impure, are suitable tor 
use as crude trichlorophenol. The pnenates remaining ^ *" in solution after the secorS neutralization step may be 
recovered as the ires obet-ois "by conspje'.s neinra'izatiDn 
and are also useful as crude trichlorophecoL 

The amount of aci5 employed in the first aeutr&lisa­
rion steps ranges from ea amount efficient to r?atra!izs 
the excess sdlxiiciiy End to -spring free 25 Kttis as about 
j or 2w 01 the Dhesates present -up to an araoust sc3­
cient to spring free as much as a third or •£ half of the 
phenates present. The amount of acid -sdded to aea­
tralize the aqneoas phase sepsrSted from the first neu­

-° tralizaiioa step may range from about 25% to about 90 
or "95% of that required to spring the pheaates present 
^ ^e correspondin" phenois. The particular -choice of 
0-ODOrtiOI1 cf acid added is largely dependent upon Ihe 
' £ of ^ oriz[nal cmde 2,4,5-trichloroohenate soiu­

tion ;,n mn! ̂  rf rf ^ solution ̂ ^ }ar£dy ^ ^ of ^ i,2ASwtaiMUor6baaeae &*­
^^ P-duce the crude ^-t.-ionlorop^te solu­
««?- Wora "=*«* 2A5-trioDlproPhenate solutions re­
^re * «"«»r £Tnouat 0^.c'd»

=n	 
« «.* nnt ^ 

* ** a ls ser *aaw!t ln" = , &e «scond 
«*P- Gs«rs:!y any niineral acid, such 6s wifime or 
ayorosraonc acid, is saitaole. 

We havf ?o<and *«*a pretreBtment of the ?.4.5-tncMo­
rophenate solution, such as by steam SistiL'ation to remove 
*°m; of th.? caustic insoluble impurities, is extremely 
beneficial i^ that it lowers the required amount of acid 
for the ftrs: step c' r.eutralb^tion and pertniis a greater 
amount of acid to be eroaioyed ia ihe second nratraliza­
tion step., thus pennrttlng liighly mcreased 5'islds <tf the 
recovers! iilgh purity products. Steam dTstiilPtion <ff the 
product of th: second neutralization is also savsst&gsoas 
as the crfcr of the pure 2,4,5-trichIorophenot product is 
thus improved. 

f>5 Our process is conveniently -carried out at any rsspera­
rare at vhi;h the phenate solution is m the liquid stite, 
preferably between about 20° and about 30* C. The 
most ur,j>orf2r.t aspect of temperature is v.hstber 'the 

__	 phsaols sre to be pissed out as -solids or liqnks, for the 
70	 tesipersture st which the process is carried out" must cf 

course ba selected having in niiad whether a liquid-solid 
or a liquid-liquid separatioii is contemplated. 
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'~~ _ .", ''_Z-:ri-Varc-r" er.ol obtained by scidifj'jng the
 
~ :" *..--atr "_Oact c: t^i caustic b\drVj rs of 1,2.4.5­

"—: ci;r.r_-s uiG hii.rg the fotlcwg analysis:
 3
„ ?. °C 60-62 

---" - rer;est 0.00 
A±, vt percent 0.05 
?>ji,r-si equivalent 207 

(Theoretical 1985) 10 
Z.-.f-trichloropaenoI, w-L percent 97' 'irfn»-ic>0 
U.f-iiicjlMopianol, vt percent 1.0 (infra-red) 
2 -.S-niciuorcatusoIe, V.-L p-ircent 10 finfra-red) 
Usfs-itified (act tars), -f-i. percent 1.0 fspprox ) 

~^s reacted with caustic 'c a pH of 10 3nd c:r?Ti d'slilled
 
;s renove tricb!o~oaniso e sad some uniO="'Scj ms.tc-

r^L, later proven to be c^orodimethox}benzene fion
 
£s piecate solution. Tc the resulting aajsous phenatc
 
jclTtfsa was added one-trird the amount cf aqueous hy­ 20 crKiloric acid required ID neutralize the sbjht excess of
 
ET'-.li end all the pheaatss present Suffideat water was
 
z.izzC to cause phase separation of the free phenols from
 
is aqzsous phenute so»ut.on, which was then decanted.
 
Tie phenol Isyer was Crashed free of phenstes with wa­ 25 t=r sxd the washings sdc.-c to the aqueous pirenate layer.
 
Afxsr stsara. distillation to ssparate color bodies the sep-

Ersisi phenol contained 99% "- 4^-tricblorophenol by
 
iris-red analysis, was cc^pietely soluble is 0.1 NaOH
 
Eiirdca. melted at 64-65' C. and bad a central eqaiva­

30 !«=t cf 205-7. 
Ar equal amount of hydrochloric acid «as added to 

£:s rssidual pheaate solrion. The free phenol which 
v-£s rsparstsd therefrod sor:tained 100% 2,-,5-trichloro­
ri^r; by infra-red £B£i-£sr was completely soluble in ,_ 
C.1 >7£GH solution, meltec at 65-65.5° C.. had a neutral
 
ecrh'£eat of 201, and -C-ES water white in the molten
 

A folrd cnt was obtsixsd by completely neutralizing 
tit RHsabsiag phenatas. resulting in pjscipilation of 
S2:s.D!s whisb. analyzed 5Z% Z4,5-trichlorophenol and -10 

L5?5 2,3>6-tricblorophe--cl cy infra-red acal> sis. 

EV.Tnp/e // 
In fids es2mple crude pienate solution, prepared as in 

Sarsrls I, was acidinec step-wise following the proce- 4o 

cirs of Hsampls I emplcymg first 10% of the acid the-
crs-JsIiy required to neczralize the slight excess alkalin­
ir- sad all the phenates present as the free pnenols. then 
CC'~ and then 10%. The steam distillation step was 
cciu'ii sad snfScieat wsrer was added before the first t)0 

Eric_5;ation to lower tts pbenate concentratioii to about 
IC^r by weight The first ait of phenols recovered was 
ir :̂ in alkali icsoluble prganics ccntainiug oruy 67% 
Z-^-trfehloroEhenol by kfra-red analj'sis. The center 
ctt trgs 99.5^ 24,5- anc 055£ 2,3.6-tnchJorophenol by •"> 
c±l-rsd anslj-sis and melted at 65.5-66° C. The third 
ccLEialjzsd 98S %4,5-EricMorophsnol. 

Iz the follo'̂ iEg tffo examples ?U parts are oy weight, 
otherwise notsd. 

CO 

psrts cf cruue 2 - J-trich'.Qrophenol. having the 
^£iy?ts as ia Example I. are reacted v ith 20 parts 
i hyiJrc'ide in 950 parts vater ftnd 55 parts of 

(.5 js frc_j & previous batch to produce about 10% 
s^> pbsnats soluticn. 10% of the phcnates arc 
sssio-atb} addition of 10% of HC1 (37% cone.) 

cneiric'\Hy requitd. for complete centralization. 
TLs r encis are separated by filtration and ^ ashed with 

70 ts water, recovenr? 55 parts washings which are 
s in the rreparanDr of the 10% phtaate solution 

fj? is. subsequent batch. The impure 2,4,5-trichIoro­

for Kt 'r
 
rs S.t~ e r :c^r2.'-. phi^a-s s~lr?3 is
 
H . — -: ) (o prssc cut PC'S of ie j - rr r 

onpraV, on  ~-jr;- £3 free ph:nr's 1-iS pr.ei.rj: "t _:p 
an led fro— t_s --- ,vag aquer^s layer by £ltr; .ir. =c:; 
are washed v Itr. 5 } tarts water, recovering 00 pr:^ v->ih 
ing which are rdisc to the aqueo'os filtrate. The vrcrhe 
phenols ere stssra cJrdSed aad £bea dried to yield sub 
stantially purs 2--o-tr:chJoroj>hecol. 

The rsraa,2j:r £ltr£.te, incluirg 60 parts washes 
noted abovs, is t̂ :z treated vi'i HO O7% 
spring free (he resaidcg phecates as the pheco}^ Ths 
phenols which ?i2se out are separated by Sitratio and 
?rc recovered for sa'e as crude trichloropnenols. . 
hall the l?.sl cro^p of phenols do not phase out ar.d rerr 
cissoiveti in tae fLtrate of the third neutrailrstior. s 
They also msv es recorer^d for crude sales. 

Example TV 

250 parts of cruis 2,4.5-trichlorophenoI of the 
analj'sis as zhai employed in Ex^raple I ere reactsi 
50 parts sodium hi arosde in 250 parts water. 24.S parts 
HC1 (37% COEC.) trs added to spring free a portia^ of 
the phecates as the phenols. 20DO parts v.ater ars thea. 
added to phcss si£t fe phenols welch are separatee frxxn 
the aqueoBS phesatt pbase by filtration. The phetnls are 
washed and 16 parts recovered as crude trichloropasioL 
The washings, corabisd with, the aqueous fltrati. £rs 
treated w«th 100 carts HC1 (37fo ccnc.) to pbass oot 
212.9 parts of 2,̂ 5-rricbloropb.enol which is wastes end 
steam distilled to recover 165.6 fzits pure 2,4p-tridiofO­
pheaol. The wasri:̂ , corabi^sd with the aquscis fil­
trate, are fciasr treated v,-iti 27^Z parts HC! (37?J ccnc.} 
to recover 3.2 pans of crude trichloi-ophenoL 

We dsira: 
1. A procsss for 5tt prodnctioa cf 2,4^-trichlorcpbeBol 

from aqueous cistares c-f erode 2,4 S-trichicrspzsssa 
obtained by cs2stb hydrolysis of i,2,4,5-t«ra;hlcre-bes­
zene, wb'ci cosiprbss adding raiaeral acid to the cmds 
2,4,5-trichlorcpberat; mistare ia amount ErSds t̂ to 
neutraiizs excess alLalicitj' and a minor prop-orifea of 
the phsastes present, which fonr corresponding pi 
separating the ?h=2ols as separate phase froa 
aqueous mixture bsrisg a phenol-phenate content o£ not 
more than sboot 10?S by weight, adding Einerai scid to 
the separsted selects phase in an aniounl suScitnt to 
convert less lisa the total quantity of remaiidrjg phisaies 
to correspo^dirs pbenols, and separating 2A5-!ricfc!-DvO­
phenol fiom tie agasous phase. 

2. A process for the recovery of 2,4,5-trichloropheooI 
from crude miztn-cs thereof obtained by caosti; fcj^£oi­
J'sis of l.̂ Jv^-tetrsCiSlorobenzsiie, which cooiprises B5ffiag 
aqueous c&ustic soltrdoa to crude 2.4,5-trichIoroplssE3l to 
convert all phtorls present to the corresponding phesstes, 
adding miners? acid to the crude 2.4,5-trichIoropberats 
mixture ia aaoizt r^Scient to neutralize excess thirty 
and a miucr propomoa of the phenates present. T=aich 
form corrss?ord.ni2 phenols, separating the phesals as 
a separate phase frtcn dilute aqueous ritxture ha'iag a 
phenol-phscr-tE ccatert of not raore than about ICfS by 
weight, addbr rr ~eral acid to tbe ssparaled S^KTJS 
pha-;e hi fin Ert^jat srfScient to convert less t'^rs the 
total qiiEEtl'y cl rgr*.sJ"!tig phiuai.es to the corrispc^d­
ing phe^c's, atid sspara'ang 2,-j-tnch!oroj;hero! fnm 
the aqueous rhase. 

Eeferscces Cned ia the file cf this patent 
UMT£Z> STATES PATENTS 

2,509,245 Kkswitz et al. _________ May SO, 1950 
2,563,815 Brucs _________________ Aug. 14, 1551 
2,615,923 Eeniidi ______________ Get 28, 1>52 
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PREPARATION OF 2,4,5-TEICKLOEO?K2NCL 

Edward J.jseph Nlhawite, Passalc, and WUJIam 8. 
Gump, Dppcr Mfritclair, N. J., assignors to The 
Glvacdiin Corporation, a corporation of New 
Jersej 

No Dravrir.?. Application March 20, 1S47, 
Serial No. 738,118 

5 Clr.i-as.

This Invention relates to a process for prepar­
ing 2,4 5-tnchIoro phenol, and more especially 
to a process ^ herein 1,2,4,5-tetrachloro benzene 
is subjected to alkaline hydrolysis in the presence 
of ethylene- or prcpylene glycol (propane­
diol-1,2). 

2,4,5-trlchIoro phenoi has been prepared from 
1,2,4,5-tetrachloro benzene by hydrolyzing the 
latter with alkali in the presence of methyl al­
cohol, the process being conducted under con­
siderable pressure, of the order of 600-300 pounds 
per square inch Special pressure equipment is 
required for conducting such a process. More­
over, appreciable amounts of the methyl ether 
of	 2.4,5-trichloro phenol form, when methyl al­
cohol is employed; and the formation of the 
ether is undesirable as it decreases the yield of 
the desired free phenol. 

Our present invention overcomes the foregoing 
disadvantages and provides a process fc r making 
2,4,5-trichloro phenol from 1 2 4,5-cetrachloio 
benzene which can be conducted w:th cheaper 
and simple'- equipment than is required by the 
prior art process, and which does not result in 
the formation of any appreciable amount of 
ether. 

In general, our process may be conducted by 
dissolving an alkali metal hydroxide, such as so­
dium hydroxide, potassium hydroxide and lith­
ium hydroxide, in ethylene glycol or propylene 
glycol. or a mixture thereof, at elevated tempera­
tures wnile stirring the contents, the tetra­
chloro benzene is then added and the mixture is 
heated for a few hours, normally 3-4 hours being 
sufficient. The end point of the reaction can be 
determined easily b> taking a sample of r,he re­
action mixture and diljtmg it with ^ater. If 
the sample is water soluble or practically entirely 
soluble in the water, the reaction may be con­
sidered to have been corrpleted. The desired 
phenol may be isolated in -(•(•orclance vith known 
procedures. For exa—<o.t. the reaction mixture 
may be cooled after tr.t- res': as above shows sub­
stantial compiet.on of the reaction, and then 
n.c_dined \vith a mineral ac:d such as hydro­
chloric acid The p.ecipitated alkali metal chlo­
ride Is filtered off The filtrate is poured into 
water, causing the 2 4,5-tnchloro phenol to pre­
cipitate. The phenol Js extracted with benzene 
and the benzene extract is distilled to remove the 
benzene and yield the phenol. The aqueous 
layer remaining after the benzene extraction 
is fractionally aus tilled to remove the glycol 
employed. 

proportions of the ingredientt. used may 

 (CL 2SO— 523) 
2 

be varied. The alkali metal hydroxide Is used in 
amounts equivalent to at least 2 oiols of hydrox­
ide per mol of tetraehk>ro benzene. 2-3 mok of 
hydroxide per mol of tetrachloro benzene gives 

5 excellent results. Higher amounts of hydroxide 
may be employed, but are unnecessary. 

With regard to the amount of glycol which 
should be employed in our process, we find that 
excellent results are obtained when about 750 

10 grams of the glycol per 216 grams (1 mol) of the 
tetrachloro benzene* are lused. Larger amounts 
of glycol 2T>n.y be ussu, but in such cases no ad­
vantageous results follow. Amounts less than 
450 grams of glycol per 216 grams of tetrachloro 

15 benzene are not recommended, as yield and qual­
ity of the desired phenol are adversely affected. 

The temperature range at which the hydrol­
ysis may be effected is between about 160° C. 
and 200° C., the preferred range being between 

20 about 170° C. and 180° C. Higher temperatures 
are obtainable when propylene giycol is employed 
than is the case when ethylene glycol is employed. 

A special advantage of this process is that it 
can be conducted at atmospheric pressure, under 

25 reflux However, if desired, the contents may 
be heated in a closed system, whereby a slight 
pressure is built up, amounting however to not 
more than 15 to 20 pounds per square inch, and 
not necessitating the use of any special pressure 

30 equipment in the plant. 
The Invention is illustrated by the following 

examples without however limiting the same to 
them. 

Example I 
35 

60 grams of sodium hydroxide flakes (95% 
NaOH) were dissolved in 500 grams of ethylene 
glycoi in a 2 liter three-necked flask provided 
with sth-rer and an air condenser. The contents 

40	 were heated to 150° C.-1600 C , this step requir­
ing about 30 minutes. 144 grams of 1,2,4 5-oet­
rachloro benzene were rapidly added to the so­
lution, and the mixture was heated to 170° C.­
180° C (inside temperature) , and maintained at 
that temperature range for 4 hours. 10 grams of 
tetrachloro benzene sublimed in the air con­
denser and were recovered. A sample of the re­
action mixture gave a clear solution when dis­
solved in 10 times its weight of water. 

CO The reaction mixture was allowed to cool; 
dry hyd'-ogen chlorMe wis passed into it until it 
became acid to litmuj. The slight excess of hy­
drogen chloride was neutralized by the addition 
of a small amount of sodium bicarbonate. Ait«r 
cooling again to about 20° C.. the salt was filtered 
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by suction smd the suit case was T&shed with
 
00 cc. of isopropyl alcohol. 600 cc. of water Tare
 
wided to th« filtrate resulting in a bottom layer
 
of precipitated tlchloro phenol and a top layer
 
of dilute ethylene glyccL The entire mixtore was
 

• extracted with iCO co of benzene, then with 100 
cc. of benzene snd finally with 80 cc. of benzene. 

The combined benzene extracts were snaken 
with 200 cc. of water and the water layer was 
separated and added to the dilute ethylene glycol. 
The washed combined benzene extracts were 
dned by means of anhydrous sodium sulfate, fil­
tered, end distilled. After removal of the ben­
zene, tne residue was distilled at a pressure of 4 
mm. of mercury. 108 grams of 2,4,5-trichioro 13 
1 nesol, boillns &t 19:' C -105° c , and. having a 
congealing point of 63.3' C. (uccirrected). Trtre 
obtained. 

The ethylene glycol can be recovered by dis­
tillation o* the aforementioned dilute ethylene 20 
glycDl The water and isoprcpyl alcohol were re­
moved in a fractionating still at & pressure of 90 
mm. of mercury, the temperature being carried 
up to 50" C. The ethylene glyccl was then dis­
tilled under high vacuum (3 mm.). 232 grams 20 
of the glycol boiling at 80° C. being recovered. 
In order to >emove practically all of the ettyl­
ene glycol from the small amount of salt re­
maining In the distilling fle.sk, the temperature 
was raised so that some glycol, boiling from 80* so 
C. to 120° C., was obtained. 

Example II 

72 grams of 1,2,4,5-tetrachloro benzene wer; 
stirred and heated to 1SO-200* C. with a solution 35 
of 30 grams of sodium hydroxide in 250 grant 
of propylene glycol, the heat treatment being 
conducted for 6 hours. 24 grams of concentrated 
sulfuric acid (93% HaSCW were added to the re­
action contents af«er they were cooled to room 40 
temperature (about 25' C.). The entire con­
tents were poured into 1000 cc. of water. The 
solid material was then filtered and washed with 
500 cc. of water ansi anally dissolved in 200 cc. 
of benzene. The benzene solution was dried with 45 
aahydrous sodium sulfate and then filtered. 

Afttr removal of the benzene by distillation, 
the residue was distilled under a high vacuum 
(5 mm.), 45 grams of 2,4,5-trichloro phenol being 
obtained thereby.

The foregoing illustrates the practice of this in­
vention, which however, is not to be limited 
thereby but Is to be construed aa broadly as per­
missible in view of the prior art and limited solely 
by the appended claims.

We claim: 
1. The process for preparing 2.4.5-trichloro­

phenol, which comprises heating at 160°-200* C. 
In the following proportions: 1 gram molecular 
weight of 1,2,4,5-tetrachloro benzene and at least
2 gram molecular weights of an alkali metal 
hydroxide in the presence of at least 450 grams 
of at least one material from the group consist­
ing of ethylenp glycol and propylene glycol, the 
reaction being conducted under a pressure with­

 60 

 65 

 ao 

 53 

In the raase of that of the atmosphere up to 20 
pounds per square inch and for a time su l̂clent 
to substantially complete the conversion into 
2,4,5-trlcruerophecoL

2. The process for preparing 2,4,5-trlchloro­
pbeaol, •siuch =csjprises heating at 180°-200° C; 
In the following proportions: 1 gram molecular 
weight of 1,2/1,i-tetrachloro benzene and at least 
2 gram moiecuo«»r weights of an alkali metal hy­
aroxlde in the presence of at least 45? grams of 
ethylene giycol. the reaction being conducted 
under a pressure Fithm the range of that of the 
atmosphere up fx> 20 pounds per square icch 
and, for a time sufficient to substantially com­
plete tne conversion into 2,4 5-trichlorophenoL 

3. TC.S prc-secs *cr prepf^ring 2.4,5-trlchloro­
pbec-i. wi^oh c-cmpriser heating at 160"-200° C. 
in tne following prop-onions; 1 gram molecular 
wfiisnt of 1,2,4,5-tetrschJbro benzene and at least 
2 gram molecular weight of sodium hydroxide 
in the presence of at least 450 grams of ethylene 
glycol, the reaction being conducted under a 
pressure within the range of that of the atmos­
phere up to 20 pounds per square Inch and for a 
time sufficient to substantially complete the con­
version Into 2.4,5-trichlorophen,ol. 

4. The process for preparing 2,4,5-trlcWoro­
phenol, which comprises heating at 170°-18G" C. 
in the following proportions: 1 gram molecular 
weight of 1,2,4,5-tetrachloro benzene and 2-3 
gram molecular weights of sodium hydroxide In 
the presence of 750 grams ol ethylene glycol, the 
reaction being conducted »mder atmospheric pres- / 
sure and for a time sufficient to substantially 
complete the conversion into 2,4,5-trlchloro­
phenol.

5. The process for preparing 2,4,5-trlchloro­
phenol, which comprises heating at 170°-180° C. 
In the following proportions: 1 gram molecular 
weight of 1,2,4,5-tetrachloro benzene and 3-3 
gram molecular weights of fcodium hydroxide In 
the presence of 750 grams of propylens (jlycol, 
the reaction being conducted under atmospheric 
pressure and for a time sufficient to substan­
tially complete the conversion into 2,4,5-trichloro­
phenoL 

EDWAHD JOSEPH NZKAWTTZ. 
•WILLIAM S. QUMP. 
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only a marginal, if any, improvement as io the purity of 
PROCESS FOR THE PURIFICATION OF CRUDE the recovered material. 

2,4,5-TRICHLOROPHENOL By contrast, at sulfuric acid concentrations between 
55% and 75% there is a surprising s«lectivity demon-

BACKGROUND OF THE INVENTION J stratcd with the formaldehyde reaction primarily with 
The conventional industrial method for preparing the dichlorophenol and rnethoxydichlorophenol impu­

2,4.5-trichlorophenol involves the reaction of 1,2,4,5- rities end not with the 2,4,5-trichlorophenol. It is pre­
tetrschlorobcnzene with methyl alcoholic or aqueous
methyl alcoholic sodium hydroxide. The crude product
which is available commercially is about 94% 2,4,5-tri- 10

chlorophenol and about six percent impurities which
are primarily dichlorophenols and dichloromethoxy­
phenols.

The germacide known as Hexachlorophene ® (bis­
[3,5,6-tricWoro-2-hydroxyphenyl]inethar.e) .is prepared
by condensing 2,4,5-tnchloropteol v,,th formalde­
hyde In order to get a geniuc.de of high punty ,t B
desirable to start w,fh a 2,4,5-tnchlorophenol of high
oanty. Since tne dichlorophenols ma aichJoromethox­
n,hcnc:s presset in the corr-rae'aa.' crade 2,4,5-tri- ™
chloiopheaol wal also react vrith formaldehyde, h is
desirable to remove them prior to the condensation.

SUMM ARY OF THE INVENTION
It is the surprising and unexpected finding of this 25

invention that major impurities in the erode product
(ca. 94% 2,4,5-trichlorophenol and ca. 5.5% dichloro­
phenols -(-dicbloromethoxyphenols) can be reacted
with formaldehyde under conditions wherein the ande­
sired 5.5% of the impurities react to form condensation 30
products, but the 2,4,5-trichlorophenol does not react to
form Hexachlorophene. The unreacted 2,4,5-lrichloro­
phenol can then be separated from the condensation
products to provide 99.5% pure 2,4,5-trichlorophenol

 ferred to work at the center of this range of concentra­
 tions, i.e. at concentrations of 60% to 70%. 

 The temperature range is less critical than the acid 
 concentration, but should be carefully controlled to 
 insure maximum recovery of high quality 2.4,5-tri­

 chlorophenol. Temperatures below 70* C. result in a 
 sluggish reaction between the impurities to be removed 
 „., the forrnaidehyde resulting in a poorer grade of 

recOvered 2,4,5-trichlorophenoL 
teraperatures exceeding 90' C. the reaction ap­

^ andlower yields of recovered 
; . , , . , . , . . . . J. „ . ,

 2/,5-tnchIorophenol are ob'uuned. 1 emperatures in the 
r"2e c'1 '° C/ to 90 C are> tnerefoie. prefened. It is 

 especially preferred to work in the middle of this range 
at ternpsrsturcs-of from 75* C. Jo 85' C. 

 The reaction should, of course, be nm until all of the 
 impurities to be removed have condensed with the 

 formaldehyde. Under the preferred conditions, this 
 normally occurs from five to eight hours. It is preferred 
 however, to follow the reaction by a suitable analytical 
 tool such as gas liquid chrornatography__ 

The purified 2,4,5-trichlorophenol can be separated 
 from the heavier condensation products by methods 
 known in the art, i.e. by extraction and/or distillation. 

A number of suitable extraction solvents will dissolve 
tjje triclilorophenol, but not the less soluble bis-phenols. 

-v 
J 

in high yield. 35 5^^^ for jj.^ purpose are the alkane solvents such as 
The critical parameters in this process appear to be pen^ne, hexane, hept&ne and the like. 

the concentration of sulfuric acid, the reaction tempera­ It ^ preferred to separate the lower boiling trichloro­
hire and the time the reaction is allowed to run. pfc=no, from ̂  ̂ ^ bofling ̂ 4^^ productt 

DESCRIPTION OF THE PREFERRED ,g by £ distillation, preferably a steam distillation or vac-
EMBODIMENTS

The method disclosed herein depends upon the abil­
ity to judiciously choose reaction conditions wherein
the undesirable impurities will form condensation prod­
ucts with the formaldehyde while the 2,4,5-trichlorc- 45

' phenol will not
 The form of the formaldehyde is not critical. Formal­

dehyde added as a 37% aqueous solution or formalde­
hyde added as paraformaldshyde are both suitable. l° embrace zjiy equivalents or obvious extensions which 

The nature or arnouct of excess of the formaldehyde 50 are known or should be known to a person skilled in the 
used does not appear to be critics!. Although stoichiom- art 
etry demands only one mole of formaldehyde for every T^6 purity of the 2,4,5-trichlorophenol was deter­

| two moles of phenolic impurity ro be condensed, it is mined by vapor phase chrom&tography using a \ in. X6 
j preferred to sdd an excess oi several fold since the ft stairJess steel column packed with 4% FFAP on 
| reagent is economical and tn excess does not have a 55 100/12*0 rnesh chromsorb W, acid washed, DMCS. A 
I detrimental cfTect on the purification process.
S An amount of formaldehyde greaier than 1 mole per

mole of impurity to be removed would be suitable with
an amount of 2 to 5 moles/mole preferred. About 3

1 moles per mole is especially preferred.
The concentration of the sulfuric acid appears to be

the most critical factor. When the siilfunc acid concen­
tration is 50% or less, the yields of iccovertd 2,4,5-tri­

j chlorophenol were lower and the improvement in the

 uum steara distillation. 

 ILLUSTRATION OF THE PREFERRED
 
 EMBODIMENTS
 

A number of examples are provided herein to illus­
 trate the preferred embodiments of this invention. They 

**c included for the purpose of illustration only and 
 should not be construed as limiting. They arc intended 

 flame ionization detector was used. 
 The commercial technical grade 2,4,5-trichJoro­
 phenol that was purified in these examples WES pur­
 chased from vendors who are in the business of manu­

 60 factoring and selloig this material and was analysed by 
 gas liquid chromalography as follows: 

 2.4,s-TncMorophenoi
: purity was only marginal. When the concentration of 65 V-as-Dichtoropbenol
| sulfuric acid is 80% or greater, the 2,4,5-trichloro- ji!^hioro^eDorP

phenol reacts rapidly with ilie forrc.J-ehyde and the iis-Chchloro^-meihoiyphcnol
result is a lower recovery of 2,4,5-tnchlorophenol anJ 2,5-Dichlom-4-tneihoxyphenol

 . 
 94 o ± o 2% 

 1.0 ± 0.8% 
 01 ±01  % 

x 
\ 4.6 ±07% 

http:geniuc.de


4,216,342
 

-continued EXAMPLE VI 
2,4-Dichloro-S-methoxyphcnol Example II was repeated excepting that a sulfuric 

acid concentration cf 50% was used. Product recov-
The term technical grade TCP refers to a commer- 5 ered was only 96.2% pure. This illustrates the poor 

cially available product similar to that described above results obtained at low acid concentrations. 
and which is ebout 94% 2,4,5-trichlorophenol. This EXAMPLE VII 
term (technical grade TCP) when used hereinafter re­
fers to such a commercially available product Example I was repeated and followed by gas liquid 

10 chromatography to illustrate the shorter reaction times 
EXAMPLE I result in a product of lower purity. 

After 1 hr 94.7% pure 2,4,5-trichlorophenol recover-Sulfuric acid (903 grains of 93% HiSO*) was diluted 
able. by slowly adding it to cold water (347 g) which was 

After 2 hrs 95.1% pure 2,4,5-trichlorophenol recov­cooled and stirred during the addition. Technical grade 
15 erable. TCP was added and the reaction mixture heated to and After 4 hrs 98.7% pure 2,4,5-trichlorophenol recov­subsequently maintained tt SO* C. 

erable. Aqueous formaldehyde (14.0 g of a 37% solution) After 6 hrs. 99.5% pure 2,4,5-trichlorophenol recov­
was added slowly over a period of four hours. The erable. 
reaction mixture was ruintaintd r.J 80* C. for an ?.ddi­ 20 
tionU two hours. EXAJ^FLE VIII 

The reaction mixture was diluted by adding about Example I was repeated and the 2,4,5-trichloro­
600 ral water and the product isolated via a steam distil­ ph-nol was recovered \ia a vacuum steam distillation. 
ls tion. There was recovered 20S.O g (88.5% yield, 99.3% 

There was obtained 206.5 g of 2,4,5-trichlorophenol 25 pure). 
which was 99.5% pure. This represents an 87.7% re-

EXAMPLE IX covery of the 2,4,5-trichlorophenol in the starting mate­
rial. Example I wes repeated excepting that the concen-

The purified product analysed as follows: tration of Ihe sulfuric acid used was 80%. The 2,4,5-tri­
30 chlorophenol reacted with the formaldehyde to form a 

bis-phenol. This example illustrates the failure of the 
2,4,5-Trichlorophenol 99.S purification process if the concentration of acid gets too 
2,4/a,5-Dich)orophenol 

0.3 high. 2,3.6/7,«,6-Tnchlorophenca 
3,4-Dichlorophcno) We claim: 
4.5-D>chJoro-2-mcU]OxyphCTol 35 1. Process for she purification of technical grade TCP 
2,5-Dichlor&-4-niethoxyphenol 02 which comprises treating the technical grade TCP with 
2,4-Dichloro-5-mclhoxyphenol formaldehyde in the presence of 55% to 75% sulfuric 

eeid at a temperature be;ween 70" C. and 90* C. and J 
separating purified TCP therefrom. 

EXAMPLE II 2. A process according to claim 1 wherein the puri-
Example I was repeated, substituting 5 g of paraform- fied TCP is isolated by a distillation or an extraction. 

3. A process according to claim 2 wherein the puri­aldehyde for the 14 g of 37% aqueous formaldehyde. 
fied TCP is isolated by a steam distillation or a vacuum The paraformaldehyde was added portioawise over a 
steam distillation. 30 minute period. 

45 4. A process according to claim 1 wherein 60-70% Pure 2,4,5-trichlorophenol (200.9 g, 85.5% yield, 
sulfuric acid is used. 99.6% pure) was recovered. 

5. A process according to clsim 4 wherein the tem-
EXAMPLE III perature is between 75* C. and 85* C. 

6. A process according to claim 5 wherein the prod-Example I was repeated excepting thst 21 g of aque­
ous formaldehyde was used.
 7. A process according to claim 6 wherein the prod-

Pure 2,4,5-trichlorophenol (200.9 g, 85.5% yield, uct is isolated by a distillation. 
99.7% pure) was recovered. 8. A process according to claim 1 wherein there is 

used: EXAMPLE IV 
55 (a) two to five moler equivalents of formaldehyde 

The process of Example II was repeated using a hot (b) 60% to 70% ^ulfuric acid; 
heptane extraction in place of the steam distillation. (c) a reaction tc-mperature of 75* C. to 85* C.; 

There was 190.6 g of 2,4,5-trichlorophenol recovered (d) a steam distillation or vacuum steam distillation 
(91.1% yield, 98.3% pure). for the isolation of the purified 2,4,5-trichloro­

60 phenol. EXAMPLE V 9. The process of claim 8 wherein the reaction time is 
Example I WES repeated excepting that a temperature 5 to 8 hours. 

of 100* C. was used. There was 167.1 g of 2,4,5-tri- 10. The process of claim 9 wherein aqueous formalde­
chlorophenol recovered (71.0% yield, 99.6% pure). hyde is used. 
This is considerably less than obtained ia Example I 65 11. The process of claim 9 wherein paraformaldehyde 
illustrating the fact that temperatures in excess of 90* C. is used. 
result in lower recovery of the desired product 

•J 
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Technetium	 8958 
F. Manske, Ed. (Academic Press. New York. 1968) pp Crystals, mp 210-211' (evac tube); racemate reported as
 
597-626. mp 237-238° (Tsuda) and mp 175-176' (Danishefsky). Wg
 

+ 150.3' (82 mg in 2 ml chloroform). Sol in methanol, etha­
nol,	 choroform. Sparingly sol in ether. . | ..i 

Hydrochloride, crystals, mp 206', water soluble. ' I-' * c' 
..OH Methiodide. crystals, dec 220* (evacuated tube). , / 

8957. TCDD. 2,l,7,8-Tetrachlorodibenzo[b.eJ[I,4]dioun;
CCH.	 2,3,7,t-tetrachlorodibenzo-p-diojcin; 2.3,6.7-tetrachlorodi­

benzodioxin; dioxin; TCDBD. CO^CljOj; mol wt 321.96. 
C 44.77%, H 1.25%. Cl 44.04%, O 9.94%. Highly toxic and 
teratogenic contaminant of 2,4,5-trichlorophenol and 2,4,5­
T, q.q.v., can be formed during the manufacture of trichloro­
phenol. Prepn by chlorination of dibenzo-p-dioxin: W. 
Sandermann, Ber. 90, 690 (1957); M. Tomita et aL. Yakuga­
ku Zasshil9, 186 (1959), C.A. 53, 13152d (1959); by con­
densation of potassium 2,4,5-trichlorophenate: O. Aniline 
in Chlorodioxins— Origin and Fate, E. H. Blair, Ed , Ad-Granular amorph powder, mp 121-124". [a]{7 +95.T (c 
vances in Chemistry Series 120 (A.C.S.. Washington, D.C., = 4.59 in ethanol). Sol in ether, chloroform, alcohol; prac­
1973)pp 126-135. Crystal structure: F. P. Boer et aL. Actatically insol in water, petr ether. Undoubtedly responsible 
Crystallogr. 28B, 1023 (1972). Toxicity and metabolism for the poisonous properties of the yew. Fatalities among 
studies: R. J. Kociba et aL. ToxicoL AppL Pharmacol. 35,domestic animals due to yew poisoning are not uncommon 
553 (1976); J. Q. Rose et aL, ibid. 36, 209 (1976); A. Poland, today.; Human fatal symptoms are those of gastrointestinal 
A. Kende, Fed. Proc. 35, 2404 (1976). Environmental deg-irritation, cardiac and respiratory failure. 
radation: D. G. Crosby, A. S. Wong, Science 195, 1337 Taxine A, CjsH4.,NO10, mp 204-206'. [a]D — 140" (CHC13). (1976). Review of carcinogenicity studies: IARC Mono­
graphs 15, 41-102 (1977). Comprehensive reviews of forma­8955. Taxodione. 4b,S,6.7,8,8a-Hexahydro-4-hydroxy­ tion, chemistry, and toxic and environmental effects: Chlo­4b,8,8-trimethyl-2-(l-methylethyl)-3,9-phenanthrenedione; rodioxins—Origin and Fate. E. H. Blair, Ed., loc. cit. 141 pp; ll-hydroxy-13-isopropylpodocarpa-7,9(ll),13-triene-6,12­ Environ. Health Perspect. S, 313 pp (1973); R. D. Kim­dione. CMHMOj; mol wt 314.43. C 76.40%, H 8.34%. O brough, CriL Rev. ToxicoL 2, 445-498 (1974); A. Poland, J. 15.26%. Isoln of naturally occurring (-t-)-form from Taxo- C. Kautson, Ann. Rev. PharmacoL ToxicoL 22, 517-554 dium distichum Rich. Taxodiaceae: Kupchan et al.. J. Am. (1982). See also; Dioxin—Toxicological and Chemical As-Chem. Soc. 90, 5923 (1968). Structure: eidem. J. Org. Chem. pects, f. Cattabeni et aL. Eds. (Wiley, New York, 1978) 222 34, 3912 (1969). Total synthesis of the racemate: Mori. pp; special issue, Chem. & Eng. News 61 (June 6, 1983). Matsui, Tetrahedron 26, 3467 (1970); T. Matsumoto el al.
 

Bull. Chem. Soc. Japan 44, 2766 (1971); 50, 1575 (1977); D.
 
L. Snitman, R. J. Himmelsbach, Tetrahedron Letters 1979, 
2477; R. V. Stevens, G. S. Bisacchi, J. Org. Chem. 47, 2396 
(1982). Total synthesis of the (-t-)-form: T. Matsumoto et 
aL, Bull Chem. Soc. Japan SO, 266 (1977). Antitumor activ­
ity studies: Hanson et al.. Science 168, 378 (1970). 

Needles, mp 295° (Tomita); crystals from anisole, mp 
320-325° (Sandermann). LDM orally in male, female rats 
(mg/kg): 0.022, 0.045. B. A. Schwetz et aL in Chlorodi­
oxin—Origin and Fate. loc. cit. pp 55-69. 

Note: An industrial accident during the manufacture of 
2,4,5-trichlorophenol in Seveso, Italy on July 10, 1976 
caused the release of an estimated two to ten pounds of 
TCDD into the environment. Concentrations as high as 
51.3 ppm TCDD were found in some samples: R. Rawls, D. 
A. O'Sullivan, Chem. & Eng. Neva 54, 27 (Aug. 23. 1976); 
A. Hay, Nature 262, 636 (1976). Golden plates from metbaaol. mp 115-116°. [<z]Jf + 56° 

TCDD, as a contaminant created in the manufacture of (c = 1 in CHdj). uv max (methanol): 320, 332, 400 nm 
Agent Orange, a widely used defoliant in Vietnam during the (« 25,000, 26.000, 2000). 

THERAP CAT: Antincoplastic. 1960's, has also been implicated as the causative agent of 
various symptoms described by veterans exposed to the 

8956. Tazettine. Sekisanine; sekisanoline; ungernine. defoliant, seeC. Holden, Science 205, 770 (1979). 
C,,H21NOS; mol wt 331.26, C 65.24%, H 6.39%, N 4.23%, O Caution: Extremely potent, low molecular weight toxin. 
24.14%. From Narcissus tazetta L., Lycoris radiata Herb., Toxic effects in animals include anorexia, severe weight loss, 
Ungernia sewerzowi (Rgl.) Fedtsch., and other Amaryllida- tiepatotoxicity, hepatoporphyria, vascular lesions, chloracne, 
ceaev Spath. Kahovec, Ber. 67, 1501 (1934). Structure and gastric ulcers, teratogenicity and delayed death. Industrial 
stereochemistry: Ikeda et aL. J. Chem. Soc. 1956, 4749. Abs workers exposed to TCDD have developed chloracne, por­
config: Highet, Highct. Tetrahedron Letters 1966, 4O99. phyrinuria and porphyria cutanea tarda. See Poland, 
Synthesis: Hendrickson et aL. J. Am. Chem. Soc. 92, 5538 Kende, loc. cit.. C. D. Carter et aL, Science 188, 738 (1975). 
(1970); Tsuda et aL. Tetrahedron Letters 1972, 3153. Bio- This substance has been listed as a carcinogen by the EPA: 
synthesis: Fales, Wildman, J. Am. Chem. Soc. 86, 294 Second Annual Report on Carcinogens (NTP 81-43, Dec. 
(1964). Identity with sekisanine and sekisanoline: tkeda et 198 l)pp 226-227. 
aL. loc. ciL Stereospecific total synthesis: Hendrickson et 

8958. Technetium. Tc; at. wt (longest-lived isotope) 98; aL. J. Am. Chem. Soc. 96, 7781 (1974); S. Danishefsky et aL, 
ibid. 102, 2838 (1980); 104, 7591 (1982). at. no. 43. Usual valences 4 and 7. Trivalent Tc less com­

mon. Radioactive element. Discovery claimed by Noddack, 
Tacke, and Berg who called it "masurium"; the existence of 
masurium has never been confirmed by isoln of the element. 
Element no. 43 is the first artificially produced element. 
Mamed from the Greek word for "artificial"; separated from 
a molybdenum plate that had been bombarded for a few 
months with a strong beam of deuterons in the Berkeley 
cyclotron: Perrier, Segre, Nature 140, 193 (1937); eidem. J. 
Chem. Phys. 5, 712 (1937); Cacciapuoti, Segre', Phys. Rev. 52, 
1252 (1937). The most commonly available isotope, Tc, 
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Prepn:..*
>6,2r 
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CXS, 
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S
 
5,089,|
 

i in rmtT 
(1994). I 
Esgleyes-* 

'0 CH3 

• solid 
, <~ A y ^ \ n t i a i - n e inups ~ > r u t i 

T f l -ZCt t ine S -^k i san inc s e k i s a n o l m e u n g c r n i n e 
• NO, mol v.t j 1 3~ C 65 24% H 6 j9% N 4 23% 

From Varctssus lazetta I Lvcorts radiata Herb . 
ener-OH( CRgl ) Fedtsch and other Amaryllida­
h Kahovet Ber 61 I S O ) (19^4 ) Siructurc and 

n i s t rv Ikeda et al J Chcm Soc 1956, 4749 
H i g h e t H i g h e t Tetrahedron Letters 1966, 

nlhesis Hendickson et al J -Im Chcm Soc 92, 
YJ970) f suda et al Telrahcdron Letters 1972, 3153 

Falcs V v i l d m a n J Am Chem Soc 86, 294 
J d c n n t ) v M t h sekisanmc and sekisanolme Ikeda et 

^ CIL Stereospecific to ta l s v n t h e s i s Hendnckson et 
lAm. Chem Soc 96 7 7 8 1 ( 1 9 7 4 ) S Damshefsky el al 

, 2S38 (1980) 104 7 S Q ) ( ] Q g 2 ) 

OCHj 

Js mp 210 21 1° (evac tube) racemale reported as 
t?-238-(Tsuda) and mp 175 176 ' (Damshefsky) [a]g
1 (82 mg in 2 ml chloroform) Sol in methanol 

horoform Spanngi} sol in elher 
Uonde crystals mp 206", water soluble 

iidc c r > s t a l s dec 220° (evacuated tube) 

Tazobactam [25 (2a JP.Sa)] 3 Meihtl 7-oxo 3 
3-lriazol I yhnelhvl) J thia I atabioclo[3 2 OJhep 
rboithc acid -1 J dioxide 10 [(1 2 3 inaiol 1 yl) 

m e i h y l p e n a m 3a carboxyl ic acid I 1 dioxide 
OH CL 298741 C.jHpN^jS mol wt 300 30 C 

^_ 4 03% N 1866% 0 2 6 6 4 % S 1068% /5-Lac 
(Tjohlbitor Prepn R G Micetich et al Eur pat 
"I7,446, eidem US pal 4,562,073(1984 1985 both 

R G Micetich et al J Med Chem 30, 1469 
^gradation in solution T Manjnaka et aL Chem 

36, 4478 (1988) in solid state E- Matsushima 
4593 0 Lactamase inh ib i t i ng activity m com­

clavulamc acid and sulbactam q q v , vs aer 
R Jacobs el a! Antimicrob Ag Chemother 29, 

i), vs anaerobes P C Appelbaum et a! ibid 30, 
"~ dctermn in biological materials T Manjnaka 

nromaiog 431, 87 (1988) Clinical inal in combi 
nth piperaci l lm q \ I M Gould et aL Drugs Exp 

17, 187 (1991) 

PUm s i l t C , u H ] 1 N < N a O , S } T K H 3 0 Cl WS~9 
* l id mp -• I (O (dec) 

^ n a t i o n ^f sod ium s a l t \ v i t h p i n L r a L i l l i n s o d i u m 

Consult [ht \arne Index before

THERAP CAT In combination with 0-lactam ant ib io t ics as 
antibacterial ^ 

9252. TCDD. 2,J,7,g-Jetrachlorodil>enzofb,e]{1.4Jdi0x­
in, 2,3, 7,8-lelrach.lorodibenz.o p-dioxin, 2,3,6 7-tetrach!orodl­
bcnzodioxm, dioxm, TCDBD CjjHjCljO,, mol wt 321 97 
C 44 77%, H 1 25%. Cl 44 04% O 9 947o Highh toxic 
contaminant, produced as a by-product dunng the manuf of 
chlorinated phenols (2 4 5-tnchlorophenol, g v ) and phen­
oxyherbiades (2 4-D and 2 4 5  T q q v ) chlorine bleaching 
of paper pulp and combustion of chlonne containing waste 
Prepn W Sandcrmann Ber 90, 690 (1957), M Tomna et 
al Yakugaku Zasshi 79, 186 (1959) CA S3, 1 3 l 5 2 d 
(1959) Crystal structure F P Boer el aL Ada Crystalhgr 
288,1023(1972) Toxicity and metabolism B A Schwetz 
el aL in Chlorodioxins Origin and Fate E H Blair Ed 
Advances in Chemistry Series 120 ( A C S Washington, 
D C, 1973) pp 55 69, A Poland. A Kende. Fed Proc 35, I
24O4 (1976) Environmental degradation D G Crosby 
A S Wong. Science 195, 13V7 (1976) Comprehensive re­
view of formation, chemistry, and toxic and environmental 
effects Chlorodioxins—Origin and Fate loc cit 141 pp, 
Dioxm — Toxicologtcal and Chemical Aspects p Cattabem et 
aL, Eds (Wiley. New York. 1978) 222 pp, special issue, 
Chem. & Eng News 61 (June 6, 1983) Review of toxicol­
ogy and human exposure Toxicological Profile for 2378­
Tetradichlorodibenzo p-dioxin IPB89-214522 1989) 135 pp 
of receptor binding and mechanism of toxicity J P Whu­
lock, Jr , Ann. Rtv Pharmacol ToxicoL 30, 251-277 (1990), 
of epidemiological data L Tollefson, ReguL Toxicol Phar 
macol 13,150-169(1991) of carcmogemcity J Huff ei at 
Ann. Rev Pharmacol ToxicoL 34, 343-372 (1994) 

Needles, mp 295" (Tomita), crystals from anisole mp 320­
325" (Sandermann) LD^ in male female rats (mg/kg) 
0 022. 0 045 orally (Schwetz) 

Note An industrial accident dunng the manufacture of 
2,4,5-tnch'orophenol m Seve-sO, Italy on July 10, 1*576 
caused the release of an estimated two to ten pounds of 
TCDD into the environment Concentrations as high as 
513 ppm TCDD were found in some samples R Rawls, 
D A O'Sulhvan, Chem. & Eng News 54, 27 (Aug 23, 
1976), A Hay, Nature 262, 636 (1976) 

TCDD, as a contaminant created in the manufacture of 
Agent Orange, a widely used defoliant in Vietnam dunng the 
1960's, has also been implicated as the causative agent o( 
various symptoms described by veterans exposed to the de­
foliant, see C Holden, Science 205, 770 (1979) 

Caution Toxic effects in animals include the wasting 
syndrome, gastric ulcers, immunotoxicity, hepatotojucity, 
bepatoporphyna. vascular lesions, chloracne. teratogcnictty. 
fetotoxicity, impaired reproductnve performance, endome­
tnosis and delayed death Industrial workers exposed to 
TCDD have developed chloracne, porphynnuna and por­
phyna cutanea tarda See Poland, Kende, loc. cit. C D 
Carter et aL. Science 188, 738 (1975) This substance may 
reasonably be anticipated to be a carcinogen Seventh An 
nual Report on Carcinogens (PB95-109781, 1994) p 369 

9253. Tebuconizole. (±)-a-[2-(4-Chlorophenyl)elhylJ 
-(l,I-dimethylcthyt)-iH-l,2,4 inazole-l^thanol; (RS}-\-(4­

chlorophenyl)-4,4-dimethyI 3-(l#-I,2,4-tnazol-l -ylmethyl) 
pentan-3-ol, ethyltnanol. fcnetrazole, terbuconazolc, terbu­
trazole, BAY HWG 1608, rTWG-1608, Corail Elite, Foh­
cur, Honzon, Lynx, Rajul, Silvacur C,6HUCIN3O, mol wt 
30782 C 6243% H 720%. Cl 1152%, N 1365%, O 
5 20% Ergosterol biosynthesis inhibitor Prepn G Holm 
wood el al, Eur pat Appl. 40,345; eidem. U.S pat 4,723,­
984 (1981, 1988 both to Bayer) Synthesis of enantiomers 
J Kaulen, Agnew Chem Int Ed Engl 28, 4-62 (1989) 
Photodegradation H Wamhoff er al Z. Naturfersch. 49b, 
280 (1994) GC detcrmn in plant material, soil and water 
W Maasfeld, Pflanienschutz-Nachr Bayer (Eng Ed) 40, 29 
!1987) Review of chemistry and biochemistry D Berg ct 

using this section. Page 1555 



U.S. PHARMACOPEIA
 
The Standard of QualifySM 

12601 Twinbrook Parkway 
Rockville, MD 20852
 

Tel: (800) 227-8772 or (301) 881-0666
 
Fax:(301)816-8148
 
Web: www.usp.org
 

E-mail: custsvc@usp.org
 

Year Founded: 1820 

USP is \N IVDEPEVDINT, \o\-GOVERKME\T, not-for-profit organ­
ization that promote=; the public health by establishing state-
oi-the art standards and developing programs to ensure the 
quality of medicines and related healthcare technologies and 
practices 

\ unique process of public involvement is central to USP's 
public health work and stewardship. Equally significant are the 
vital contributions of volunteers representing pharmacy, medi­
cine, and other healthcare professions, as well as science, acade­
mia, the U.S. government, the pharmaceutical industry, and 
other consumer organizations. 

USP STANDARDS ARE KNOWN WORLDWIDE as an assurance of high 
quality. 

l/SP-.VF: The United States Pharmacopeia-National Formulary 
{USP-NF) is the FDA-recognized source for standards of iden­
tity, strength, quality, and purity for drug substances, dosage 
forms, excipients, and dietary supplements; tests and assays; 
and more Tne latest annual edition, USP 26-N'F 21, becomes 
official on January 1, 2003 USP-NF is available in print, online, 
intranet, and CD formats. 

Reference Standards- USP Reference Standards are highly char­
acterized specimens of drug substances, excipients, major 
impurities degradation products, and performance calibrators 
The) are provided for use in compendial methodology USP 
Reference Standards are established through an extensive 
process of collaborative laboratory testing among USP, FDA, 
and the pharmaceutical industry 

Pharmacopeial Forum- USP s Pharmacopeia! Forum (PF) and 
PF Online complement USP-NF TF and PF Online feature pro­
posed revisions to USP-NF, as well as revisions that become 
official and binding before the next USP-NF edition is pub­
lished PF and PF Online also request public review and com­
ment or. proposed revisions. 

Pharmacopeial Education: USP's Pharmacopeial Education? 
program helps pharmaceutical professionals better understand] 
and apply official USP-NF standards and test methods required^ 
for quality control and product release testing. Courses alsohelpl 
companies meet GMP and ISO training requirements. 

Dietary Supplement Verification Program: USP's Dietary! 
Supplement Verification Program is designed to add clarity and| 
value to products by helping consumers make informed ch ^.c 
es. The program verifies that qualified products conta' 
declared ingredients in declared quantities and are manufac-J 
hired under GMPs 

Medmarx Patient Safety Solutions: USP's Medmarx is aj 
national medication error reporting database and system fa 
data analysis designed to improve patient safety and reduo 
costs More than 500 hospitals and health care organization 
have enrolled and collective!}' have submitted over 300,0 
anonymous medication error records, making it the la-^e 
database of its kind. 

http:l/SP-.VF
mailto:custsvc@usp.org
http:www.usp.org
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'Hercules 7531 

Action/Use 
ACTION. Volatile insecticide in controlled release strip formulation 
Acts by funugant action on trapped insects Inner reservoir automati­
cally replenishes the insecticide to maintain effective concentration in 
traps. 
USE: For insect monitoring and mass trapping programs for control of 
boll weevil, codling moth, gypsy moth, spruce budworm. forest tent 
caterpillar, Mediterranean fruit fly, Oriental fruit fly, southwestern 
corn borer, and sweetpotato weevil. Used in conjunction with insect 
attractants to kill trapped insects. Increases trap and monitoring effi­
ciency by reducing the number of escapees before and during counts; _
especially effective in non-sticky traps. >s COMMON NAME: Hexachlorophene (INN, USP. USAN); hexachlo-

PESTICIDE DICTIONARY 

Safetv Guidelines 
SIGNAL WORD: CAUTION. 
TOX1CITY CLASS- IV. 
TOXICITY: (Rat)' Oral LDV 40,000 mp/kg May cause slight irritation 
to skin. 
Emergency Guidelines 
FIRST AID: Get immediate medical aid. Ingestion. induce vomiting 
with warm salt water or syrup of Ipecac Note Some physicians may 
discourage use of saline emesis. 
Hexachlorophene 

 Identification 

Safety Guidelines /
SIGNAL WORD: CAUTION. 
TOXICITY CLASS: III. 
HANDLING AND STORAGE CAUTIONS Do not open pouch until 
ready to use. Keep out of reach of children Avoid con tact with eyes, skin, 
and clothing Always wash hands with soap and water after handling 
Emergency Guidelines 
FIRE EXTINGUISHING MEDLV CO,, powder, foam Use self-con­
tained breathing apparatus. 
ANTIDOTE: Atropine sulfate and 2-PAM. 
FIRST AID. Get immediate medical aid. Eves, wash with water for at 
least 15 minutes. Skin, wash with soap and water, remove contami­
nated clothing. Ingestion. induce vomiting Inhalation, remove from 
exposure. Give oxvgen if breathing labored. 
EMERGENCY TELEPHONE: 717-764-1191 (Hercon Environmental 
Corp.). 
Hercules 7531 — see Herban-.
 
Hercules 9573 — see Azak".
 
Hercules 14503 —see Torak".
 
Hercules AC 528 — see Dioxathion
 
Hercules AC 5727 — see UC 10854.
 
Heritage* — see Azoxystrobin
 
Herkol* — see Dichlorvos.
 
HETP
 
Chemistry
 
COMPOSITION: Ethyl polyphosphates containing 12-205 terraethyl 
pyrophosphate. Also known as hexa-ethyl tetraphosphate. 
Action/Use 
&CTION: Insecticide. 

: TEPP is the insecticidal component of HETP, and is the material 
now in production. 
Safety Guidelines 
HANDLING AND STORAGE CAUTIONS: HETP acts as a contact 
poison and hydrolyzes rapidly in aqueous solution. Therefore, sprays 
should be applied immediately after mixing. Absorbed rapidly 
through the skin of warm-blooded animals and inhalation of the va­
pors also may be dangerous Possesses no phytotoxicity at normal 
concentrations. 
See TEPP. 
Hexablanc* Insecticide (BHC)— Discontinued by Rhone-Poulenc 
Hexachlorpacetone
Identification
 
COMMON NAME: Hexachloroacetone (ISO); HCA (WSSAj.
 
CODE NUMBERS: CAS 116-16-5; SHA 043701. 
Chemistry 
COMPOSITION: l,l,1.3.3.3-hexachloro-2-propanone (CAS E and 9CI). 

O
 
CC1,-C-CCI,
 

Hexachloroacetone 
Action/Use 
ACTION: Nonselective herbicide. 
Safety Guidelines 
SIGNAL WORD: CAUTION. 
TOXICITY CLASS: III.
 
TOXICITY: (Rat): Oral LDM 3550 mg/kg.
 
Hexach lorobenzene
 
Identification
 
COMMON NAME: Hexachlorobenzene (ISO, BSD.
 
TRIVIAL NAME: HCB.
 
CODE NUMBERS: CAS 118-74-1; SHA 061001.
 
FORMULATORS' TRADE NAMES: No Bunt*.
 
DISCONTINUED NAMES: Anticarie*. Ceku C.B.* (Cequisa): Gran­
ero* (Atanor S.A ); Res-Q* (+ maneb - captan) (PBI/GordonJ
 
Chemistry
 

[IMPOSITION. Hexachlorobenzene (IUPAC and CAS). 
fttion/Use 

ACTION- Seed protectant. 

 rophane (BAN). 
EXP. CODE NUMBERS G-ll. 
OTHER CODE NUMBERS: CAS 70-30-4; SHA 044901 
FORMULATORS' TRADE NAMES- Seribak*. 
DISCONTINUED NAMES: Hexahnt*, Hexaphene1 L V  , Hexide', 
Isobac", Nabac* (Webb Wright Corp.). 
Chemistry 
COMPOSITION- 2,2'-methylenebis(3,4,6-tnchlorophenol) (IUPAC) 
Action/Use 
ACTION: Broad spectrum contact soil, foliar fungicide. 
Environmental Guidelines 
HAZARDS: Bird: 575 mg/kg (bobwhite quail), 1450 mg/kg (mallard, fe­
male). 
Safety Guidelines 
SIGNAL WORD: CAUTION. 
TOXICITY CLASS: III. 
TOXICITY: (Rat): Oral LDM 560 mg/kg. 
HANDLING AND STORAGE CAUTIONS: May be fatal if swallowed 
Do not get in eyes or on skin. Do not breathe spray mist 
Emergency Guidelines 
FIRST ATT): Get immediate medical aid. Eves. flush with water. Skin. 
wash with soap and water. Ingestion. induce vomiting with warm salt 
water or syrup of Ipecac. Note: Some physicians may discourage use of 
saline emesis. 
Hexaconazole 

BP: Rallis India Ltd. (Contaf*) 
ZENECA Agrochemicals (Anvil*, Planete Aster') 

Identification 
COMMON NAME: Hexaconazole (ISO draft, ANSI, BSIj. 
CODE NUMBERS: CAS 79983-71-4. 
FORMULATORS' TRADE NAMES: Canvil" (VAPCO). 
Chemistry
COMPOSITION: (RS)-2-(2,4-dichlorophenyl)-l-(ffl-l,2,4-triazol-l-yl)­
hexan-2-ol (IUPAC). 
PROPERTIES: White crystalline solid with no odor Melting point 
111°C. Soluble in a range of organic solvents 

Cl 

Cl -C-OH 
I 

N—N 

O
N 

Hexaconazole 
Action/Use 
ACTION: Fungicide. 
USE: Controls powdery mildews, scabs and rusts of vines, pome fruits, 
vegetables, and major diseases of small grain cereals. 
FORMULATIONS: Oil miscible liquid, soluble grain, suspension con­
centrate. 
PREMKES: Various Planete* premixes (+ carbendazim or chlorotha­
lonil or fenpropidin) (ZENECA Agrochemicals). 
Environmental Guidelines 
SOLUBILITY: Low solubility in water. 
Safety Guidelines 
SIGNAL WORD: CAUTION. 
TOXICITY CLASS: IV. 
TOXICITY: (Rat): Oral LDM 6071 mg/kg (female). 
PROTECTIVE CLOTHING: Protective gloves and eye protection 
when handling concentrate. 
HANDLING AND STORAGE CAUTIONS: Refer to individual formu­
lations. 
Hexadienyl Isobutyrate 

BP: Agri-Pharm de Mexico, S.A. de C.V. 

PE 

Idei 
cor 
Che 
COA 
Acti 
ACT 
USE 
Hex 
Hex. 
Hex; 
Hex: 
Iden 
COD 
Chei 
COM 
MOL 
Actic 
ACTI 
Hex. 
Hex£ 
Webb 
Hexa 
Idem 
CODI 
Chen 
COM! 
Actio 
ACTK 
USE: 
See Pi 
Hexa 
Hexa 
Hexai 
ued b)
Hexa| 
Hexa: 
Hexa! 
Hexa; 
Hexai 
Hexa\ 
Hexa: 

BF 
Identi 
COMN 
EXP. C
OTHE: 
FORM 
Serve, 
Chemi 
COMP> 
azine-2 
PROPE 
inchlor 
dimeth;
sparing 

£<nviroi 
HAZARI 
(minnow 

Information is presented herein for preliminary planning only. 
Exclusive reliance must be placed on information/directions supplied by manufacturer. 
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Chemicals &. Related Materials 

ACTA PHARMACAL 
, ASHLAND CHEMICAL COMPANY 

OHf INTERNATIONAL CO, INC 
FREEMAN INDUSTRIES, L.L.C. 
KADEN BIOCHEMICALS GMBH 
KINGCHEM INC 
MAYPRO INDUSTRIES, INC. 
pharmlme, Inc 
STAUBER PERFORMANCE INGREDIENTS, INC. 
f.H.Taussig, Inc. 
P.LThomas & Co., Inc 

HESPERID1N COMPLEX 
ARROW CHEMICAL INC 

•	 ASHLAND CHEMICAL COMPANY
 
Belmont Chemicals Inc.
 

•	 BOTANICALS INTERNATIONAL, INC., DIV. ~ 
OF ZUELLIG BOTANICALS, INC.
 

" CPB INTERNATIONAL, INC.
 
•	 FREEMAN INDUSTRIES, L.L.C. 

GENERICHEM CORP. ' 
H.INTERDONATLINC. 

, RIA International 
SELTZER CHEMICALS, INC. 
STAUBER PERFORMANCE INGREDIENTS, INC. 

HESPERIDIN METHYL CHALCONE 
FREEMAN INDUSTRIES, L.L.C. 

HEXABROMOCYCLODODECANE 
r-- AMERIBROM INC. 
* BERJE INC. 

1,2,5,6,9,10-HEXABROMOCYCLODODE­
CANE
 
ALBEMARLE CORP. (FORMERLY ETHYL CHEM­

ICALS GROUP) 
Great Lakes Chemical Corp. 

HEXACHLOROACETONE See Hexachloro-2­
Propanone 

HEXACHLORO CYCLOPENTAOIENE 
VELSICOL CHEMICAL CORP. 

HEXACHLOROCYCLOTRIPHOSPHAZENE 
ESPRIT CHEMICAL CO. 

HEXACHLOROETHANE 
FABRICHEM,INC
 
HUMMEL CROTON INC.
 
Neuchem Inc
 
Service Chemical, Inc
 
Skyline International
 

HEXACHLOROPHENE 
, International Commodities Export Corp 
•	 SPECTRUM BULK CHEMICALS, DIVISION
 

OF SPECTRUM QUALITY PRODUCTS,
 
INC.
 

HEXACHLOROPHENE, DIOXIN-FREE 
Inchema, Inc 

HEXACHLORO-2-PROPANONE (Hexa­
chloroacetone)
 
WACKER CHEMICALS (USA), INC. 
WACKER-CHEMIEGMBH 

1H,1 H,9H-HEXADECAFLUORO- 7 ­
NONANOL
 
OAKWOOD PRODUCTS 

n-HEXADECANE 
•	 SPECTRUM BULK CHEMICALS, DIVISION
 

OF SPECTRUM QUALITY PRODUCTS,
 
INC.
 

HEXADECANEDIOICACID 
•	 SPECTRUM BULK CHEMICALS, DIVISION 

OF SPECTRUM QUALITY PRODUCTS, 
INC. 

nattrop
 
A DIVISION OF NEW WORLD ENTERPRIZES, INC 

RAINFOREST INGREDIENTS ARE HOT! 

WE ARE THE PREMIER SUPPLIER OF 
BOTANICAL AND FRUIT EXTRACTS FROM THE 

[ TROPICS OF SOUTH AMERICA! 

WE SUPPLY; 
GUARANA LIQUID & POWDER, ACEROLA POWDER 

(VITAMIN C), STEVIA, YERBA MATE AND MANY
 
OTHER FINE RAINFOREST PRODUCTS.
 

ALSO
 
VITAVTN™ GRAPE SEED EXTRACT
 

WE SERVE THE FOOD, BEVERAGE, HEALTH AND
 
SKIN CARE INDUSTRIES!
 

530 East Slli St. Suite 204. Oakland. T  V «J4606 
Phone: (51W 451-7S<i2 - Fax: (510)451-7X64 

1-SOO-260-7S62 

SABINSA
 
C O R P O R A T I O N 

Phytochemicals 
Berberine Salts 
Camptothecin 
Capsaicin 
Podop hyllotoxin 

Fine Chemicals 
Chrysin 
Glucosamine Sulfate 
Indole-3-Carbinol 
L-Selenomethionine 
Vanadium Complex 
Zinc Monomethionine 

Herbal Extracts 
Bioperine* 
Boswellin* 
Citrin® 
Coleus Forskolilii 
Curcumin C3 Complex* 
DGL 
Genistein 
Gugulipid* 
Gymnema Sylvestre 
Licorice 
Picroliv* 
Tylophora 
Bacopin™ 

Organic Intermediates 
2-Allylphenol 
m-Chlorophenol 
1,2 Hexanediol 
INAC 
Prenyl Ketone 

Custom Manufacturing 
Pilot to Commercial 

Please contact us 

SABINSA CORP. 
121 Ethel Road West Unit #6
 

Piscataway, NJ 08854
 
TEL: 732-777-1111
 
FAX: 732-777-1443
 

sabinsaOcompuserve.com
 

Check Advertiser Index for page numbers	 1998 OPD Chemical Buyers Directory 

http:sabinsaOcompuserve.com


Polydatin 7438 

THERAP CAT: Poloxamer 182LF as pharmaceutic aid; 188 
as cathartic. 

7433. Polyamine-Methylene Resin. Resinai; Exorbin. 
Phenol condensation product with polyamines. An ion-
exchange resin specially purified for medicinal use. 

tains biphenyls with approx 42% chlorine). Reviews of envi­
ronmental impact and toxicity: L. Fishbein, Ann. Rev. 
PharmacoL 14, 139-156 (1974); R. D. Kimbrough. CRC 
Oil Rev. ToxicoL 2, 445-498 (1974);, National Conference on 
Polychlorinated Biphenyls. Nov. 19-24, 1975 (EPA-560/6­
75-004, 1976) 487 pp. Accumulation of airborne PCBs in 
foliage: E. H. Buckley, Science 216, 520 (1982). Reviews: 
H. L. Hubbard in Kirk-Othmer Encyclopedia of Chemical 
Technology vol. 5 (Interscience, New York, 2nd ed., 1964) 
pp 289-297; O. Hutzinger el al. The Chemistry of PCB's 
(CRC Press, Cleveland, Ohio, 1974) 269 pp; J. W. Lloyd et 
al.. J. Occup. Med. 18, 109-113 (1976). Review of carcino­
genicity studies: IARC Monographs 18, 43-103 (1978). 

Light amber, granular, free-flowing powder. Insol in wa­
ter, alcohol, ether, aq solns of acids and alkalies. Under the 
conditions of the old N.N.R. assay for acid-consuming 
capacity, not less than 50 ml 0.1 JVhydrochloric acid is con­
sumed by 0.2 g of the resin. 

THERAP CAT: Antacid. 

7434. Polybasite. 8AgjS.Sb,S3—silver antimony sulfide. 

7435. Polybenzarsol. (4-Hydroxyphenyl)arsonic acid 
polymer with formaldehyde; Benzodol. A polymeric mixture 
obtained by adding formaldehyde (40%) (0.116 mole) over a 
3-hr period to p-hydroxybenzenearsonic acid (0.209 mole) in 
180 g of 90% H2SO4 at 0-5" and keeping it cold for 21 hrs. 
Dilution of the mixture with H2O precipitates the product: 
Faith, /. Am. Chem. Soc. 72, 837 (1950). Description: Jones 
et al., Antibiot. & Chemother. 8, 400 (1958). 

White powder. Somewhat sol in water; sol in alcoholic 
NaOH. LDn i.p. in mice: 235 mg/kg. No deaths after 4 
g/kg i.g. in mice. 

THERAP CAT: Antiprotozoal. 

7436. Polybrominated Biphenyls. PBB's; brominated
 
biphenyls; polybromobiphenyls. Mixtures with structures
 
similar to polychlorinated biphenyls, q. v., where each X =
 
H or Br. Once widely used commercially. Prepn: H. Hahn
 
et aL. Ger. pat. 1,161,547 (1964 to Chem. Fabrik Kalb); G.
 
A. Burk, U.S. pat. 3,733,366 (1973 to Dow); L. C. Mitchell, 
D. R. Breckenridge, U.S. pats. 3,763,248 and 3,833,674
 
(1973, 1974 both to Ethyl Corp.). Persistence in soils: L.
 
W. Jacobs et aL. J. Agr. Food Chem. 24, 1198 (1976). Photo-

degradation: L. O. Ruzo et aL. ibid. 1062. Review of envi­
ronmental hazards: K. Kay, Environ. Res. 13, 74-93 (1977);
 
F. J. DiCarlo et aL. Environ. Health Perspect. 23, 351-365
 
(1978).
 

Firemaster BP-6, major component is 2,2',4,4',5,5'-heia­
bromobiphenyl. Softens at 72", dec above 300*. Low vapor
 
press; degraded by uv light. Very sol in benzene, toluene;
 
insol in water. 

Note: The 1973 "Michigan Incident" in which BP-6 was 
accidentally added to animal feed, and resulted in wide­
spread destruction of contaminated farm animals, led to the 
removal of BP-6 from the market: L. J. Carter, Science 192, 
240 (1976).

USE: Flame retardant." 

7437. Polychlorinated Biphenyls. PCBs; chlorinated bi­
phenyls; chlorobiphenyls; Aroclor; Clophen; Fenclor; Kane­
chlon Phenoclor; Pyralene; Sanlotherm. Once widely used 
industrial chemicals whose high stability contributed to both 
their commercial usefulness and their long-term deleterious 
environmental and health effects. Early synthesis: H. 
Schmidt, G. Schulz, Ann. 207,338 (1881). Commercially 
available since 1930: C. Penning, Ind. Eng. Chem. 22, 1180 
(1930). Commercial PCBs are mixtures. The Aroclors are 
characterized by four digit numbers. The first two digits 
indicate that the mixture contains biphenyls (12), triphenyls 
(54) or both (25, 44); the last two digits give the weight 
percent of chlorine in the mixture (e.g. Aroclor 1242 con-

X - H or Cl 

Aroclor 1242, clear, mobile liquid; av. number Cl/mole­
cule: 3.10. dj5 1.381, dj" 1.392. Distillation range 325­
366'. Flash point (open cup) 348-356*F. ng1 1.627-1.629. 
Dielectric constant (1000 cycles) 5.6 (25*), 4.9 (100"). 

Aroclor 1254, light yellow, viscous liquid; av. number 
Cl/molecule: 4.96. d« 1.495; dj" 1.505. Distillation range 
365-390". No open cup flash point to boiling. n§ 1.629­
1.641. Dielectric constant (1000 cycles) 5.0 (25"), 4.3 (100"). 
LDj, orally in weanling rats: 1295 mg/kg, Kimbrough, he. 
cit. 

Aroclor 1260, light yellow, so/t, sticky resin; av. number • 
Cl/molecule: 6.30. df 1.555; dj" 1.566. Distillation range 
385-420. No open cup flash point to boiling, ng1 1.647­
1.649. Dielectric constant (1000 cycles) 4.3 (25*); 3.7 (100*).
 
LD^o orally in weanling rats: 1315 mg/kg, Kimbrough, loc.
 
cit.
 

Caution: Toxic effects in humans include chloracne, pig- I 
mentation of skin and nails, excessive eye discharge, swelling 1 
of eyelids, distinctive hair follicles, gastrointestinal distur­
bances. In Japan, accidental contamination of rice bran oil 
with Kanneclor 400 led to an outbreak of what became 
known as "Yusho disease", see M. Kuratsune et al., in 
EPA-560/6-75-O04, loc. cit., p 14. Toxic symptoms in ani­
mals include hepatocellular carcinoma, hypertrophy of the 
liver, adenofibrosis, weight and hair loss, mouth and eyelid 
edema, acneform lesions, decreased hemoglobin + bemato­
crit, gastric mucosal ulceration and reduced ability to repro­
duce. These substances have been listed as carcinogens by 
the EPA: Second Annual Report on Carcinogens (NTP 81­
43, Dec. 1981) pp 206-209. 

USE: In electrical capacitors, electrical transformers, vacu­
um pumps, gas-transmission turbines. Formerly used in 
U.S. as hydraulic fluids, plasticizers, adhesives, fire retar­
dants, wax extenders, dedusting agents, pesticide extenders, 
inks, lubricants, cutting oils, in heat transfer systems, car­
bonless reproducing paper. 

7438. Polydatin. 3-HydroxyS-[2-(4-hydroxjphmyl)eth­
enyl]phenyl*P-D-glucopyranoside; 3-hydroxy-5- (p-hydroxy­
slyryDphenyl glucoside; 3,4',5-trihydroxystilbene-3-0-D­
glucoside; resveratrol-3-0-mono-D-glucoside; piceid. Cjj­
H2jO,; mol wt 390.40. C 61.53%, H 5.68%, O 32.79%. Isoln 
from fresh root of Polygonum cuspidatum Sieb. & Zucc., 
Polygonaceae, and structure: Nonomura et al.. Yakugaku
Zasshi83, 988 (1963). 

0-B-D-glucose 

Trihydrate, crystals, mp 225-226°. -74.9" (c = 
1.709 in ethanol). 

Consult the cross index before using this section. Page 1091 

\/d­



9450 1,1,2 -Trichloroethane 

9450. 1,1,2-Trichloroethane. Vinyl trichloride. C.H.Cl,; 
mol wt 133.42. C 18.00%, H 2.27%, Cl 79.73%. CHjCl-
CHCU. Prepd by catalytic chlorination of ethane or ethyl­
ene: Joseph, U.S. pat. 2,752,401 and Pye. U.S. pat. 2,752,­
402 (both 1956 to Dow); Reynolds, U.S. pat. 2.783,286 
(1957 to Olin Mathieson). 

Nonflammable liquid; pleasant odor; dj° 1.4416; solidif 
— 35*,- bp 113-114'; «g> 1.4711. Insol in water; misc with 
alcohol, ether, and many other organic liquids. LDH orally 
in rats: 0.58 ml/kg, H. F. Smyth el oL, Am. Ind. Hyg. Assoc. 
J. 30, 470(1969). 

USE: Solvent for fats, waxes, natural resins, alkaloids. 
Caution: Irritating to eyes, mucous membranes, and, in high 
concns. narcotic. 

9451. 2,2,2-Trichloroethanol. Trichloroethyl alcohol. 
CjHjCI3O; mol wt 149.42. C 16.08%. H 2.02%, Cl 71.19%, 
O 10.71%. CC13CH,OH. Prepd by reduction of the corres­
ponding ester, acid chloride, or acid with lithium aluminum 
hydride: Sroog et ai. /. Am. Chem. Soc. 71, 1710 (1949). 
Manufacture by reduction of chloral hydrate with an arnine 
borane: Chamberlain, Schechter, U.S. pat. 2,898,379 (1959 
to Gallery Chem.).

Hygroscopic liquid, ethereal odor. At low temps it crys­
tallizes in rhombic tablets, mp at 18"; bp 151-153': dg 1.55. 
Sol in about 12 parts water; miscible with alcohol or ether. 
pH of aq soln is 5-6, but on prolonged contact with water 
some free acid is formed. Keep well closed and protected from 
light. LDX orally in rats: 600 mg/kg, Handbook of Toxicol­
ogy vol. 1, W. S. Spector, Ed. (Saunders. Philadelphia, 1955) 
pp 302-303. 

THERAP CAT: Hypnotic, anesthetic. 

9452. Trichloroethylene. Trichloroethene; ethinyl tri­
chloride; Tri-Clene; Trielene; Trilene; Trichloran; Trichlo­
ren; Algylen; Trimar; Triline; Tri; Trethylene Westrosol; 
Chlorylen; Gemalgene; Germalgene. C3HC1,; mol wt 
131.4O. C 18.28%, H 0.77%, Cl 80.95%. CClj=CHCl. 
Usually prepd from jym-tetrachloroethane by elimination of 
HC1 (by boiling with lime): Ger. pat. 171,900. By passing 
tetrachloroethane vapor over CaCl, catalyst at 300": Ger. 
pat. 263,457; without catalyst at 450-470": Brit pat. 575,-. 
530 (1946 to du Pont). Review of mfg processes: S. A. 
Miller, Chem. Process Eng. 47, 268 (1966); Faith, Keyes & 
Clark's Industrial Chemicals, F. A. Lowenheim. M. K. 
Moran, Eds. (Wiley-Interscience, New York, 4th ed., 1975) 
pp 844-848. Toxicity and metabolism: E. Browning, Toxic­
ity and Metabolism of Industrial Solvents (Elsevier, New 
York. 1965) pp 189-212. 

Nonflammable, mobile liquid. Characteristic odor resem­
bling that of chloroform, dj 1.4904; djs 1.4695; dj° 1.4649.
 
Vapor density: 4.53 (air = 1.00). Solidifies at -84.8".
 
bp,« 86.T; bp^o 67.0"; bp^ 48.0"; bploo 31.4": bpM 20.0";
 
bpM -1.0"; bp,0 -12.4"; bps —22.8"; bp,, —43.8"; nf7
 

1.47914; n§ 1.45560. Practically insol in water; misc with
 
ether, alcohol, chloroform. Dissolves most fixed and volatile
 
oils. Slowly dec (with formn of HC1) by light in the presence
 
of moisture. Trichloroethylene for medicinal purposes may
 
contain some thymol or ammonium carbonate (not more
 
than 20 mg/100 ml) as a stabilizer. Industrial grades of tri­
chloroethylene may contain other stabilizers such as tri­
ethanolamine stearate and cresol. LDW orally in rats: 4.92
 
ml/kg; LC (4 hrs) in rats: 8000 ppm, Smyth et a/.. Am. Ind.
 
Hyg. Assoc. J. 30, 470(1969).
 

Caution: Use with adequate ventilation. Preserve trichlo­
roethylene in sealed, light-resistant ampuls or in frangible, 
light-resistant glass tubes. Avoid prolonged exposure of the 
product to excessive heat. It must be dispensed in the un­
opened glass container in which it was placed by the manu­
facturer. 

Human Toxicity: Moderate exposures can cause symp­
toms similar to alcohol inebriation. Higher concns can have 
narcotic effect. Deaths occurring after heavy exposure have 
been attributed to ventricular fibrillation. Liver injury is not 
definitely established in occupational exposures. Found to 
induce hepatocellular carcinomas in National Cancer Insti­
tute tests on mice: Chem. & Eng. News 54, 4 (Apr. 5, 1976). 

USE: Solvent for fats, waxes, resins, oils, rubber, paints, 
and varnishes. Solvent for cellulose esters and ethers. Used 
for solvent extraction in many industries. In degreasing, in 

dry cleaning. In the manuf of organic chemicals, pharma­
ceuticals, such as chloroacetic acid. 

THERAP CAT: Analgesic (inhalation). 
THERAP CAT 'VET): Inhalant anesthetic. 

9453. Trichlorofiuoromethane. Trichloromonofluoro­
methane; fluorotrichloromethane; Freon 11; Fngen 11; 
Arcton 9. CCljF; mol wt 137.38. C 8.74%, Cl 77.43%, F 
13.83%, Prepn: Henne, Organic Reactions 2, 64 (1944). 
Manuf: Faith, Keyes & Clark's Industrial Chemicals, F. A. 
Lowenheim, M. K. Moran. Eds. (Wiley-lnterscience, New 
York, 4th ed., 1975) pp 325-330. 

Liquid at temps below 23.7". Faint ethereal odor. Non­
flammable. d}« 1.494; dg, 5.04 (air = 1). mp—111" . bp,M 
23.7'; bp^ -6.8"; bpj,,, -9.1"; bp100 -23.0"; bpw -32.3'; 
bp« -39.0"; bpj, -49.7'; bp,0 -59.0"; bp. -67.6"; bplc 
— 84.3'. Crit temp 198"; crit press. 43.2 atm (635 Ib/sq inch, 
abs). iff-5 1-3865 Dipole moment 0.45. Practically insol in 
water. Sol in alcohol, ether, other, organic solvents. Less 
toxic than carbon dioxide, but decomposes into harmful 
materials by flames or high heat. 

USE: In refrigeration machinery requiring a refrigerant ef­
fective at negative pressures. As aerosol propellant. Cau­
tion: May be narcotic in high concentrations. 

Note: Consult latest Government regulations on use as 
aerosol propeilant. 

9454. 3,4,6-Trichloro-2-nitrophenol. 2-Nitro-3,4,6-tri­
chlorophenol; 2,4,5-trichloro-6-nitrophenol; Dowlap. C,­
H,C13NO3; mol wt 242.44. C 29.72%, H 0.83%, Cl 43.87%, 
N~5.78%, O 19.80%. Prepd by dissolving 2,4,5-trichloro­
phenol in glacial acetic acid and treating with coned nitric 
acid: Kohn, Fink, Monatsh. 58, 73 (1931); Harrison et at. 
J. Chem. Soc. 1943, 235. 

Pale yellow crystals from petr ether, mp 92-93". 
USE; To combat the sea lamprey, an eel-like fish which 

attacks trout, especially in the Great Lakes region. 

9455. 2,4,5-Trichlorophenol. Collunosol; Dowicide 2. 
CjHjCtjO; mol wt 197.46. C 36.49%, H 1.53%, O 8.10%, d 
53.87%. Prepd by treating 1,2,4,5-tetrachlorobenzene with 
methanolic SaOH in autoclave at 160* for several hrs: Har­
rison et aL. J. Chem. Soc. 1943, 235; Agfa. Ger. pat. 411,052 
(1925); Chem. Zentr. 1925, I, 2411. 

Needles from alcohol or iigroin. Strong phenolic odor. 
mp 67'. Sublimes. bp744 248". bp,M 253". Weak monobasic 
acid. K at 25' = 4.3 X 10.-'. Soly (g/100 g of solvent at 
25"): acetone 615; benzene 163; carbon tetrachloride 51; 
ether 525; denatured alcohol formula 30. 525; methanol 615; 
liquid petrolatum (at 50") 56; soybean oil 79; toluene 122; 
water <0.2. LDW orally in rats: 0.82 g/kg, Deichmann, 
Fed. Proc. 2, 76 (1943). J ' ­

Sodium salt sesquihydrate, Dowicide B. Flakes [prepd ac­
cording to U.S. pat. 1,991,329 (1935 to Dow)]. Solubility 
(g/100 g solvent at 25"); acetone 163; denatured alcohol 
formula 30, 186; ethylene glycol 33; methanol 241; water 
113. pH of said aq soln 11.0-13.0. 

Complex with triisobutyl phosphate, C,,HMC1O5P, Tri­
chlorex. Prepn: Bouillenne-Wallrand et at:, Fr. pat. M149 
(1961 to Pcchiney). Liquid. bp001 94-103". 

USE: Fungicide, bactericide. 

9456. 2.4,6-Trichlorophenol. Dowicide 2S; Omal. C6­
HjCljO; mol v-t 197.46. C 36.49°i, O 8 10%, H 1.53%. Cl 
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4578 Hexadimethrine Bromide 

USE: As reagent for pyrophosphoric acid, for the estima 
tion of phosphate. 

4571. Hexaborane(lO). Hexaboron decahydride; boro 
hexane. B,H10; mol wt 75.00. B 86.56%, H 13.44%. Prepd 
by the reaction of magnesium boride with hydrochloric or 
phosphoric acid: Stock, Kuss, Ber. 56B, 789 (1923). 

Liquid, mp —62.3'; bp 108"; vapor pressure (0*): 7.5 mm 
Burg, Kratzer, Inorg. Chem. I, 725 (1962). d° 0.69. Slowly 
dec at room temp. Hydrolyzes in water after long heating 

4572. Hexacarbacholine Bromide. 2,2'-fI,6-ffexanedi­
ylbis(iminocarbonyloxy)]bu[N,N,N-trimcthylethanaminium_ 
dibromide; choline bromide hexamethylenedicarbamate; 
hexamethylenedicarbamic acid choline bromide diester; 
hexamethylene-l,6-bis(carbamoylcholine bromide); N.N'­
hexamethylenebis[(2-carbaraoyloxyethyl)trimethylammoni­
um bromide]; BC 16; Imbretil. C1,H4l(Br2N<O4; mol wt 
536.38. C 40.31%. H 7.52%, Br 29.80%, N 10.45%, O 
11.93%. Preparation: Schmied el aL, Austrian pat. 185,371 
(1956), Ger. pat. 1,021,842 (1958 to Oesterreichische Stick­
stoffwerke). 

NHCOOCH2CH2—N(CH3)3 

Nra[COOCHCHjCHj ——H ( 

Crystals from ethanol, mp 174-176". 
THERAP CAT: Skeletal muscle relaxant. 

4573. Hexachlorobenzene. Perchlorobenzene; Anticarie; 
Bunt-cure; Bunt-no-more; Julin's carbon chloride. C^Cl,; 
mol wt 284.80. C 25.30%, Cl 74.70%. Not to be confused 
with benzene hexachloride, see Lmdane. Prepn: Becke, 
Sperber. U.S. pat. 2,792,434 (1957 to BASF). Teratogenici­
ty studies: K. D. Courtney et aL. Toxicol. AppL PharmacoL 
35, 239 (1976). Carcinogenicity studies: J. R. P. Cabral et 
aL, Nature 269, 510 (1977). 

Needles. da 2.044. mp 231'. bp 323-326". Vapor press 
at 20': 1.09 X 10~5 mm Hg. Sublimable. Insol in water; 
sparingly sol in cold alcohol; sol in benzene, chloroform, 
ether. LDg, orally in rats: 10,000 mg/kg, RTECSVol. I, R. 
J. Lewis, R. L. Tatken. Eds. (1979) p 216. 

USE: In organic syntheses. Fungicide. Caution: Cutane­
ous porphyria may result from prolonged periods of inges­
tion, R. Ockner, R. Schmid, ffaturel89, 499 (1961). 

4574. Hexachloroethane. Carbon hexachloride; perchlo­
roethane. C,C1,; mol wt 236.74. C 1O.15%, a 89.85%. 
CQjCCl,. Prepn: Beilstein 1, 87 (1918) and suppls. 

Crystals; camphoraceous odor, d 2.09. Readily sublimes' 
without melting, bp 186.8* (triple point). Heat of sublima­
tion 12.2 kcal/mol. Sol in alcohol, benzene, chloroform, 
ether, oils. Insol in water. MLD i.v. in dogs: 325 mg/kg, 
Barsoum, Saad, Quart. J. Pharm. PharmacoL 7, 205 (1934). 

USE: Solvent; in explosives; as camphor substitute in cellu­
loid; rubber vulcanizing accelerator. Caution: May be 
moderately irritating to skin, mucous membranes. 

THERAP CAT(VET): Anthelmintic (flukicide). 

4575. Hexachlorophene. 2,2'-Methylenebis[3,4,6-tri­
'* chlorophcnolj; 2,2'-dihydroxy-3,3',5,5',6,6'-hexachlorodi­

phenylmethane; bis(3,5,6-trichloro-2-hydroxyphenyl)meth­
ane; G-ll; AT-7; Bilevon; Dermadex; Exofene; Gamophen; 
Hexosan; pHisohex; Surgi-Cen; Surofene. C13H6C16O2; mol 
wt 406.92. C 38.37%, H 1.497., Cl 52.28%, O 7.86%. Prepd 
by the condensation of 2 mols of 2,4,5-trichlorophenol with 
1 mol formaldehyde in the presence of coned sulfuric acid: 
Gump, U.S. pat. 2,250,480 (1941 to Burton T. Bush). Im­

proved procedures: U.S. pat. 2,435,593 (1948) and 2,812,­
365 (1957 to Givaudan). 

Cl Cl

</
Crystals from benzene, mp 164-165T Practically insol in 

water, sol in alcohol, acetone, ether, chloroform, propylene 
glycol; polyethylene glycols; olive oil; cottonseed oil; dil aq 
solns of the alkalies. Forms salts with alkalies and alkaline 
earths. Phenol coefficient ~125 (monopotassium salt). In­
compatible with Tweens from bacteriological point of view. 

Monophosphate, HepadisL 
Toxicity: Excessive dosage to animals results in symptoms 

of neurotoxicity. Reversible vacuolar changes mainly affect­
ing the myelin of the brain and spinal cord have been report­
ed. Because of potential neurotoxicity in humans, the FDA 
has regulated use. See Lockhart, Pediatrics SO, 229 (1972). 

USE: Chiefly in the manuf of germicidal soaps.
 
THERAP CAT: Anti-infective, topical; detergent.
 
THERAP CAT (VET): Anthelmintic (flukicide)
 

4576. Hexacyclonate Sodium. /- (Hydroxymethyl)cyclo­
hexaneacetic acid sodium salt; sodium 3.3-pentamethylene­
4-hydroxybutyrate; sodium /3,,8-pentamethyIene->-hydroxy­
butyrate; 0,0-pentamethylene->-hydroxybutyric acid sodi­
um salt; Gevilon; Neuryl. C,HlsNaO3; mol wt 194.21. C 
55.66%, H 7.78%, Na 11.84%, O 24.71%. Prepn: Van Wes­
sem, Sakal; Shavel et aL. U.S. pats. 2,960,441; 3,007,940 
(1960; 1961 to Warner-Lambert) 

r ' ' 

HOCH2 CHjCOONa 

Monohydrate, platelets from n-butanol + benzene, mp 
106-108". The aphydr salt is hygroscopic. Readily sol in 
water, methanol, ethanol; sparingly sol in ether, acetone. 

THERAP CAT: Central stimulant. 

4577. Hexadecyl 3-Hydroxy-2-naphthoate. 3-Hydroxy­
2-naphthalenecarboxylic acid hexadecyl ester. C^H^C^; mol 
wt 412.59. C 78.59%, H 9.77%, O 11.63%. Prepd by the 
action of 3-hydroxy-2-naphthoyl chloride on cetyl ale: 
Oshima, Hayashi, /. Soc. Chem. Ind. Japan 44, 821 (1941). 

Greenish-white, flaky crystals,, mp 72-73". Soluble in 
Benzene, glacial acetic acid, petr ether. Sparingly sol in cold 

alcohol. Insol in water. 
USE: As waterproofing agent for rayon. 

4578. Hexadimethrine Bromide. N,N,N',N'- Tetrameth­
il-1,6-hexanediamine polymer with 1,3-dibromopropane; 
>olymer of 7V,Ar,./V',Ar'-tetramethylhexamethylenediamine 
ind trimethylene bromide; poly(AT,W,Ar',Ar'-tetramethyl-Af­
rimethylenehexamethylenediammonium dibromide); Poly­

C11 CH3 

White, hygroscopic, amorphous polymer. Soluble in wa­
er up to 10%. pH of 1% saline soln 5-9. Stable in soln and 
rtien autoclaved. Polymers with mol wt of 5000-10,000 
lave LDM i.v. in mice of 25-40 mg/kg. Ref: Kimura et at., 
roxicol. Appl. Pharmacol 1, 1 85 (1959) 
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Tachysterol 9198 

2 4 5 T (245 Tnchlorophenol) )acetic acid Es 
Tnoxone Weedone C^CljO, mol wt 255 48 
H 1 97% Cl 4 1 63% O 18 79% Post emergence 
Prepd from 2 4  5 tnchlorophenol Pokorny J 

L Soc 63 1768 (1941 ) from benzenehexachlonde 
^"ilid 74 3890(1952) Activity C L Hamner T B 

Science 100 154 (1944) Contains trace levels of 
.) q v as a con taminan t ) Smith Science 203 1090 

»V Chem & Eng News 59 6 (Jan 5 1981) Toxici ty 
FA. Rowe T A Hvmai Am J l<el Res IS 62? (1954) 
M*- _ . D 

COOH 

ystals from benzene mp 153' dJJ 1 80 Soly in water 
238 mg/kg Sol in alcohol Forms water soluble 
and alkanolamme salts Commercial products are 

Hy in the form of amines or esters often in mixture 
, 2,4 D LDM oraJly in mice rats 389 500 mg/kg 

, Hymas) 
lit/on Potential symptoms of overexposure in animals 
taxja skin i r r i ta t ion acne like rash See VIOSH Pocket 
• to Chemical Hazards (DHHS/NIOSH 9O 117 1990) 

In March 1985 the E P  A terminated all registra 
1 for the use of this herbicide on nee fields orchards 

ne rangeland and other noncrop sites This follows 
^970 action of the Department of Agnculture halting 

[fuse of 'he pesticide on all food crops except nee Chem 
News 63 6 (Mar 25, 1985) 
Formerly as herbicide 

55 Tabernanthine 13 Methoxyibogamine CaHM 
, mol wt 31044 C 7738% H 844% N 902% O 

Indole alkaloid isolated from root of Tabemanthe 
laill Apocynaceae Delourme Houde Ann Pharm. 

. 4, 30 (1946) Dickel et al J Am. Chem. Soc 80, 123 
S) Also in Tabemaemonlana and Stemmadenia spp 
~ found in ibogame mother liquors Walls et aL 
bedron 2, 173 (1958) Isoln from genus Conophanngia 
noceae Renner Pnns US pat 3,008,954(1961 to 

> Structure Bartlett et aL J Am. Chem Soc 80 126 
', Mass spectrum Biemann Fnedmann Spiteller 
3,4805(1961) Denvs Taylor US pat 2,877,229 

' to Ciba) Interaction with bcnzodiazepme receptors 
. Trouvin el al Eur J Pharmacol 140 303(1987) 

or sh iny leaflets from ethanol mp 213 5 215' 
t--s al 160' (0 005 mm pressure) [a]-" —40' (acetone) 
A*04 in 80% methylcellosolvc uv max (ethanol) 228 
«f299 nm (log £ 4 53 364 3 77) Sol in alcohol benz 
jether chloroform Practically insol in water 

chlondc Cj0Hj6N,O HC1 crystals from water dec 
[a]" _66' (mclhanol Dickel loc ciO m p 2 1 0 ' 

~1(> 5' (methanol Delourme Houde) Sol in water 
e *ol in chloroform than ibogame hydrochlonde 

Tabun Dimfthylphosphoramidocyanidic actd 
ester e th j l A dimethylphosphoramidocvamdate di 

»ylamidoethox>phosphorvl cyanide GA CjH^NjC^P 
l62 1 3 c 37 04% H 6 84% N '7 28%  19 74% p 

1  ° Mihtar ) nerve gas prepd from dimethylamido 
ory! dichlonde and sodium cyanide in the presence 

*«tbsnol Holmstcdt Acta Physiol Scnnd 25 Suppl 90 
M1951) The svn lhes i s of dimethylamidophosphoryl di 

Consult the Aame Index bfjore

chloride Is also descnbed by MlcHaclis Ann 326, 129 
(1903) Alternate synthetic route B C Saunders, Some 
Aspects of the Chemistry and Toxic Action of Organic Com­
pounds Containing Phosphorus and Fluorine (Cambridge, 
1957) p 91 Toxicity study B Holmstedt Pharmacol Rev 
11, 567 (1959) Brief review Schrader Die Entwicklung 
neuer insektizider Phosphorsaure-Ester (Verlag Chemie 
Wemheim, 1963) p 3 

Liquid Fruity odor reminiscent of bitter almonds d 
1 077 mp -SO* bp760 240', bp,0 12ff, bp, 100-108' n$ 
1 4250 IR absorption Acta Chem. Scand. S, 1179 (1951) 
Readily sol in organic solvents Miscible with water, but 
quickly hydrolyzed Bleaching powder (chlonnated lime) 
destroys Tabun, but gives rise to cyanogen chloride Ex 
tremely polsonoust LDn i p in mice 0 6 mg/kg (Holm 
stedt) The lethal dose for man may be as low as 0 01 
mg/kg, Chem. <t Eng News 31, 4676 (1953) 

Caution. Potent cholmesterase inhibitor Toxic not only 
by inhalation but by absorption through skin and eyes In­
halation produces constriction of pupils of the eye, difficulty 
in breathing followed by bronchial constriction, convul 
sions, death 

USE Chemical -warfare agent 

9197. Tacalcitol. (la,3f-SZ,7E,24R)-9.10-Secocholata­
5,7,lO(l9)-triene-l,3,24-mol; la,24(£)-dihydroxycholecalci­
ferol, ta,24.R-dihydroxvvitamin D,, TV-02, Bonaifa Cr-
HaO, mol wt 41664 C 77 84%, H 1064%, O 11 52% 
Bioactive, synthetic vitamin D3 analog, exhibits antiprolifer­
ative effect on keraQnocytes Prepn T Takesbita et aL. 
Ger. pat 2,526,981; eidem, VS. pat 4,022,891 (1976, 1977 
both to Tajin), M. Monsaki et aL. J Chem. Soc, Perkin 
Trans. J1975, 1421, K Ochi el aL. ibid. 1979, 165 Pharma­
cology T Matsunage et aL. J DermatoL 17, 135 (1990) 
Clinical evaluation in psoriasis M J P Gerntsen ft aL, 
Bnt J DermatoL 131, 57 (1994) Review M Nishimura et 
aL, Eur J DermatoL 3, 255-261 (1993) 

H3C. 

HO 

White solid uv max (ethanol) 265 nm
 
THERAP CAT Antipsonatic
 

9198. Tachysterol. <3e,6E,22E)-9,10-Secoergosta 
5(10),6,8,22-tetraen-3-ol CjjH^O, mol wt 396 66 C 
!4 79%, H i l  l 8%, O 4 03% From ergosterol or lumisterol 

by ultraviolet irradiation Windaus et aL. Ann. 492, 226 
1932), Ann. 499, 188 (1932), Dirnroth, Ber 70, 1631 (1937) 
From calciferol by adsorption on acid clay Thibaudet, 
Compt Rend. 220, 751 (1945) From precalciferol Velluz, 
Ooffinet, VS. pat. 2,847,426 (1958 to UCLAF) Structure 
Jrundmann, Z. PhysioL Chem. 252, 151 (1938), Thibaudet, 
oc. cti Stereochemistry of the tachysterol system Inhof­
en, Ber 88, 1424 (1955), Verloop Rec. Trav Chim 76, 689 
1957), Delaroff et aL. BulL Soc Chim. France 1963, 1739 
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Tebuconazole 9253 

lly responsible for I 
Fatalities among 

•e not uncommon, 
trointesunal irntatu 

ls)-4b,5,6.7,S,8a-Ha 
-methylethyl) -3,P.J._ 
H>pylpodocarpa-7,f(u 
I wt 31442 C 764(K 
id quinone methide-' 
oln of naturally i 
urn Rich, Taxodu 
em. Soc, 90, 5923 {1 
i 34, 3912 (1969). j£ 
VIon, M. Matsui, 
1010 fi "!., Bull 
1977), D L Smt 
R V Stevens, G. 
12) Total synthesis^ 
Bull Chem. Soc. Jaf 
L. Can. J Chem. _
 
es Hanson et aL,.
 

cap 115-Ii6*. [aj 
u»ol) 320, 332,'" 

_'Fi­

3'-(l#-tetrazol­
t, Tazanol C, " 
3%, N 24.21%,' , 

Prepn: Japan. >K« 
96, 217856a ( 

t aL, Japan. J. 
es on phaimacolo 
i-Forsch. 38, 70-9" 

, 
dmccarbojcylic  o - . ™ 
(ochroman-6-yOeuw 
>iO,S, mol wt 351" 
10%, S 
,. S 
t 5,089,509 (19SA 
cs in rats P -H 
(1994) arnica! 
Esgleyes-Ribot 

White solid
 
CAT Antiacne antipsonatic
 

9250 Tazettine Sekisanine, sekisanohne ungcmme 
HaINO5, mol wt 331 37 C 65 24%, H 6 39%, N 4 23%, 

From Narcissus tazetta L , Lycora radiala Herb , 
sewerzowi (Rgl ) Fedtsch . and other Amaryllida-

Spath, Kahovec, Ber 67, 1501 (1934) Structure and 
chemistry Ikeda et al J Chem. Soc. 1956, 4749 
config Highet, Highet Tetrahedron Letters 1966, 

Synthesis Hendnckson et aL, J Am. Chem. Soc. 92, 
53538 (1970), Tsuda et aL Tetrahedron Letters 1972, 3153 
"Biosynthesis Fales, Wildman, J Am Chem. Soc. 86, 294 

1964) Identity with sekisanine and sekisanohne Ikeda et 
t, loc- at. Stereospecific total synthesis Hendnckson et 
£, J Am. Chem Soc. 96, 7781 (1974), S Damshefsky et aL 

102, 2838 (1980) 104, 7591 (1982) 

OCH, 

OH 

.Crystals, mp 210-211' (evac tube), racemate reported as 
p-237-238' (Tsuda) and mp 175-176' (Danishefsky) [a]g 

U50 3' (82 mg in 2 ml chloroform) Sol in methanOl. 
nol, choroform Sparingly sol in ether
 

^Hydrochlonde, crystals, mp 206', water soluble
 
idide, crystals, dec 220" (evacuated tube)
 

?9251. Tazobactam. f2S-(2a,3e,Sa)J-3-Mahyl-7-oxo-3­
•l,2,3-triazol-l-ylmethyl)-4 thta-l-aiabicyclo[3 2 OJhep­
-2-carboxylic acid 4,4-dtoxiae, 20-[(l,2,3-tnazol-l-yl)­
iyl]-2a-methylpenam-3a-carboxylic acid 1,1-dioxide, 

TR-830H, CL-298741 C^H^M^S, mol wt 300 30 C 
)00%, H 403%, N 18 66%, O 26 64%, S 1068% /3-Lac­

ase inhibitor Prepn R G Micetich et aL, Eur. pat 
97,446, eidem U.S. pat 4,562,073 (1984, 1985 both 

Taiho), R G Micetich et al. J Med. Chem. 30, 1469 
11987) Degradation in solution T Marunakfl ft aL, Chem. 

- Bull 36, 4478 (1988), in solid state- E Matsushima 
ibid 4593 /3-Lactamase inhibiting activity in com-

with clavulanic acid and sulbactam, q q v , vs aer-
M R Jacobs et aL, Antimicrob Ag Chemother 29, 

(1986), vs anaerobes P C Appelbaum et aL, ibid. 30, 
HPLC determn in biological materials T Marunaka 

-. / Chromatog 431, 87 (1988) Clinical trial in combi­
with piperacillm, q v I M Gould et aL. Drugs Exp
 

?w. Res. 17, 187 (1991)
 

CCXDH 

Sodium sal t , C10H,,N,NaO5S. *TR 830, CL 307579 
^Amorphous solid mp > 170'(dec) 

j.^inbination of sodium salt with piperacillm sodium 
'Vo<:illlne Tazocin Zosvn 

Consult the Name Index before

THERAP CAT In combination with 0-lactam antibiotics as 
antibacterial 

9252. TCDD. 2,3,7,a-Tetrachlorodibenzofb.eJfI,4}dioi­
in, 2,3,7,8-utrachlorodibenzo-p-dioxin, 2.3,6,7-tetrachIorodi­
benzodioxin dioxin TCDBD CI2H4C14O,, mol wt 321 97 
C 44 77%, H 1 25%, Cl 44 04%, O 9 94% Highly toxic 
contaminant, produced as a by-product during the manuf of 
chlorinated phenols (2.4,}-tnchlorophenul, 9 v ) and phen­
oxyherbicides (2,4-D and 2,4,5-T, qqv), chlorine bleaching 
of paper pulp and combustion of chlonne-contaimng waste 
Prepn W Sandermann, Ber 90, 690 (1957), M Tomita et 
al. Yakugaku Zassht 79, 186 (1959) CA 53, 13152d 
(1959) Crystal structure F P Boer el al Ada Crystallogr 
28B, 1023 (1972) Toxicity and metabolism B A Schwetz 
et aL, in Chlorodtoxins-Ongin and Fate E H Blair, Ed, 
Advances in Chemistry Series 120 ( A C S  , Washington, 
D C  , 1973) pp 55-69, A Poland, A Kende, Fed Proc 35, 
2404 (1976) Environmental degradation D G Crosby, 
A S Wong, Science 195, 1337 (1976) Comprehensive re­
view of formation, chemistry, and toxic and environmental 
effects Chlorodtoxms—Origin and Fate, loc cit 141 pp, 
Dioxin—Toxicological and Chemical Aspects F Cattabem et 
al. Eds (Wiley, New York, 1978) 222 pp, special issue 
Chem. & Eng News 61 (June 6, 1983) Review of toxicol­
ogy and human exposure Toxicological Profile for 2,3,7,8­
Tetradichlorodtbenzo-p-dioxm (PB89-214522, 1989) 135 pp, 
of receptor binding and mechanism of toxicity J P Whit­
lock, Jr. Ann. Rev Pharmacol Toxicol 30, 251-277 (1990) 
of epidemiological data L Tollefson, ReguL Toxicol Phar­
macoL 13, 150-169 (1991), of carcinogemcity J Huff et al, 
Ann. Rev Pharmacol Toxicol 34, 343-372 (1994) 

Needles, mp 295* (Tomita), crystals from amsole, mp 320­
325' (Sandermann) LDM in male, female rats (mg/kg) 
0 022, 0 045 orally (Schwetz) 

Note An industrial accident during the manufacture of 
2,4,5-tnchIorophenol in Seveso, Italy on July 10, 1976 
caused the release of an estimated two to ten pounds of 
TCDD into the environment Concentrations as high as 
51 3 ppm TCDD were found in some samples R Rawls, 
D A O'Sullivan, Chem. <£ Eng News 54, 27 (Aug 23, 
1976), A Hay, Nature 262, 636 (1976) 

TCDD, as a contaminant created in the manufacture of 
Agent Orange, a widely used defoliant in Vietnam during the 
1960's, has also been implicated as the causative agent of 
various symptoms described by veterans exposed to the de­
foliant, see C Holden, Science 205, 770 (1979) 

Caution- Toxic effects in animals include the wasting 
'Vndrorae, gascnc ulcers, immunotoxicity, hepatotoxicity, 
hepatoporphyna, vascular lesions, cbloracne, teratogenicity, 
fetotoxicity, impaired reproductnve performance, endome­
tnosis and delayed death Industrial workers exposed to 
TCDD have developed chloracne, porphjnnuna and por­
phyna cutanea tarda See Poland, Kende, loc ciL, C D 
Carter et aL. Science 188, 738 (1975) This substance may 
reasonably be anticipated to be a carcinogen Seventh An­
nual Report on Carcinogens (PB95-109781, 1994) p 369 

9253. Tebuconazole. (±)-a-[2-(4-Chlorophenyl)ethylJ­
(l,l-dimethylethyl)-lH-l,2,4-lnazole-l-elhanol; (RS)-l-(4­

chlorophenyl)-4,4-dimethyl-3-( 1 H- 1,2,4-tnazol-1 -ylmethyl)­
Kntan-3-ol, ethyltnanol, fenetrazole, terbuconazole, terbu­
trazole, BAY HWG 1608, HWG-1608, Corail, Elite, Foli­
cur, Horizon, Lyn\, Raxil, Silvacur C,,H21C1N3O, mol wt 
30782 C 6243%, H 720%, Cl 11 52%, N 1365%, O 
5 20% Ergosterol biosynthesis inhibitor Prepn G Holm-
wood et al, Eur. pat Appl. 40,345; eidem, U.S. pat 4,723,­
984 (1981, 1988 both to Bayer) Synthesis of enantiomers 

Kaulen, Agnew Chem fnt Ed Engl 28, 462 (1989) 
hotodegradation H Wamhoff et aL, Z. Naiurforsch 49b, 

280 (1994) GC determn in plant material, soil and water 
W Maasfeld, P/lanzenschutz-Nachr Bayer (Eng Ed) 40, 29 
1987) Review of chemistry and biochemistry D Berg et 
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[ 2,4,5-T. (2,4,5~7richlorophenoxy)acetic acid; Es­
^45; Tnoxone; Weedone. C,H5CljO,; mol wt 255.48. 

^761%i H 1.97%. Q 41.63%, O 18.79%. Post-emergence 
~iicjdc. Prepd from 2,4,5-trichlorophenoI: Pokorny, J. 

Chem. Soc- 63, 1768 (1941); from benzenehcxachlonde: 
I ibid. 74. 3890 (1952). Activity: C. L. Hamncr, T. B. 
J, Science 100, 154 (1944). Contains trace levels of 
>D Qv-> as a contaminant: J. Smith. Science 203, 1090 

' Chem. & Eng. New 59, 6 (Jan. 5, 1981). Toxicity 
owe. T. A. Hymas, Am. J. yet. Res. 15, 622 (1954) 
2,4-D. 

.COOH 

rstals from benzene, mp 153'. d;J 1.80. Soly in water 
238 mg/kg. Sol in alcohol. Forms water-soluble 
and alkanolamine salts. Commercial products are 
in the form of amines or esters, often in mixture 

,4-0. LD,,, orally in mice, rats: 389. 500 mg/kg 
_ , Hymas). 

ution: Potential symptoms of overexposurc in animaJs 
^ataxia; skin irritation, acne-like rash. See NIOSH Pocket 

• to Chemical Hazards (DHHS/NIOSH 90-117, 1990) 

it: In March 1985 the E.P.A. terminated all registra­
ijpr the use of this herbicide on rice fields, orchards, 
ijfcane, rangeland and other noncrop sites. This follows 
,1970 action of the Department of Agriculture halting 

ease of the pesticide on all food crops except rice: Chem. 
~~ng. News 63, 6 (Mar. 25, 1985). 

Formerly as herbicide. 

9195. Tabernanthine. 13-Methoxyibogamine. 
~inol wt 310.44. C 77.38%. H 8.44%. N 9.02%, O 

Indole alkaloid isolated from root of Tabernanthe 
_ fiBaill.. Apocynaceae: Delourme-Houde, Ann. Pharm. 
jnc 4, 30 (1946); Dickcl a aL. J. Am. Chem. Soc. 80, 123 
""]L, Also in Tabernaemontana and Siemmadenia spp.; 

_ found in ibogaine mother liquors: Walls ei aL, 
vhedron 2, 173 (1958). Isoln from genus Conopharingia. 
spnactae: Renner, Prins. U.S. pat. 3,008,954 (1961 to 
gyX Structure: Bartlett el aL. J. Am. Chem. Soc. 80, 126 
Mp- Mass spectrum: Biemann, Friedmann-Spitcller, 

tj»3, 4805 (1961). Derivs: Taylor. U.S. pat. 2,877,229 
|9-to Ciba). Interaction with bsnzodiazepine receptors: 
C'Trouvin el aL. Eur. J. Pharmacol 14O, 303 (1987). 

H3CO 

dies or shiny leaflets from ethanol, mp 213.5-215".
 
les at 160' (0.005 mm pressure). [a]$ —40" (acetone).
 

j£6.04 in 80% methylcellosolve. uv max (ethanol): 228,
 
1 nm (log€ 4.53. 3.64, 3.77). Sol in alcohol, benz­
:r, chloroform. Practically insol in water,
 

nydrochloride, Cj0HMN2O.HCl, crystals from water, dec
 
jj2.77"- [a]? -66° (methanol. Dickel, foe cit.); mp 210°,
 
?•:—76.5* (methanol, Ddourme-Houde). Sol in water,
 

w^ »ol in chloroform than ibogaine hydrochloride. 

£- *•*"• Tabun. Dimethylphosphoramidocyanidic acid, 
'; ethyl A'-dimethylphosphoramidocyanidate; di­

tiylarnidoethoxyphosphoryl cyanide; GA. C5H,,N,O,P; 
.1*1 162.13. C 37.04%, H 6.84%. N 17.28%, O 19.74%^ P 
•10%.	 Military nerve gas; prepd from dimethylamido-

Phoryl dichloride and sodium cyanide in the presence 
Holmstedt. Ada Physiol. Scand. 25, Suppl. 90, 
The synthesis of dimethylamidophosphoryl di-

Consult the Mame Index before

chloride is also described by Michaelis, Ann. 326, 129 
(1903). Alternate synthetic route: B. C. Saunders, Some-
Aspects of the Chemistry and Toxic Action of Organic Com­
pounds Containing Phosphorus and fluorine (Cambridge, 
1957) p 91. Toxicity study: B. Holmstedt, PharmacoL Rev. 
11, 567 (1959). Brief review: Schrader. Die Entwicklung 
neuer insektizider Phosphorsaiire-Ester (Verlag Chemie, 
Weinheim, 1963) p 3. 

Liquid, Fruity odor reminiscent of bitter almonds, d 
1.077. mp -50*. bp760 240"; bp,0 120"; bp, lOO-lOS1. n» 
1.4250. IR absorption: Aaa Chem. Scand. S, 1179 (1951). 
Readily so! in organic solvents. Miscible with water, but 
quickly hydrolyzed. Bleaching powder (chlorinated lime) 
destroys Tabun, but gives rise to cyanogen chloride. Ex­
tremely poisonous/ LDM i.p. in mice: 0.6 mg/kg (Holm­
stedt). The lethal dose for man may be as low as 0.01 
mg/kg. Chem. 4 Eng. News 31, 4676 (1953). 

Caution: Potent cholinesterase inhibitor. Toxic not only 
by inhalation but by absorption through skin and eyes. In­
halation produces constriction of pupils of the eye, difficulty 
in breathing followed by bronchial constriction, convul­
sions, death. 

USE: Chemical warfare agent. 

9197. Tacalcitol. (lcL,3p-SZ,7E,24R)-9,10-Secocholaia­
5,7,10(I9)-triene-I,3,24-triol; la,24OJ)-dihydroxycholeca)ci­
ferol; la,24/?-dihydroxyvitamin D3; TV-02; Bonalfa. Cn­
HMO3; mol wt 416.64. C 77.84%, H 10.647«, O 11.52%. 
Bioactive, synthetic vitamin D, analog; exhibits antiprolifer­
ative effect on keratinocytes. Prepn: T. Takeshita el aL. 
Ger. pat. 2,526,981; eidem. VS. pat. 4,022,891 (1976, 1977 
both to Teijin); M. Morisaki el aL. J. Chem. Soc.Perkin 
Trans. 71975, 1421; K. Ochi et aL. ibid. 1979, 165. Pharma­
cology: T. Matsunage et aL. J. DermatoL 17, 135 (1990). 
Clinical evaluation in psoriasis: M. J. P. Gerritsen et aL, 
Brit J. DermatoL 131, 57 (1994). Review: M. Nishimura et 
aL, Eur. J. DermatoL 3, 255-261 (1993). 

HO" 

White solid, uv max (ethanol): 265 nm.
 
THERA? CAT: Antipsoriatic.
 

9198. Tachysterol. (30,6E,22E)-9,10-Secoergosta­
S(lO),6,8,22-tetraen-3-ol. C^H^O; mol wt 396.66. C 
!4.79%, H 11.18%, O 4.03%. From ergosterol or lumisterol 
by ultraviolet irradiation: Windaus et aL, Ann. 492, 226 
1932); Ann. 499, 188 (1932); Dimroth, Ber. 70, 1631 (1937). 
-rom calciferol by adsorption on acid clay: Thibaudet, 
Compt. Rend. 220, 751 (1945). From precalciferol: Velluz, 
Goffmet, U.S. pat. 2,847,426 (1958 to UCLAF). Structure: 
Grundmann, Z PhysioL Chem. 252, 151 (1938); Thibaudet, 
oc. ciL. Stereochemistry of the tachysterol system: Inhof­
en, Ber. 88, 1424 (1955); Verloop, Rec. Trav. Chim. 76, 689 
'1957); Delaroff et aL, Bull Soc. Chim. France 1963, 1739. 
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9450 1,1,2 -Trichloroethane 

9450. 1,1,2-Trichloroethane. Vinyl trichloride. C,HsClj 
mol wt 133.42. C 18.00%, H 2.27%. Cl 79.73%. CH,CI-
CHClj. Prepd by catalytic chlorination of ethane or ethyl ­
ene: Joseph, U.S. pat. 2,752,401 and Pye, U.S. pat. 2,752,­
402 (both 1956 to Dow); Reynolds, U.S. pat. 2,783,286 
(1957 to Olin Matbieson). 

Nonflammable liquid; pleasant odor; dj° 1.4416; solidi! 
— 35*; bp 113-114*; nff 1.4711. Insol in water, misc with 
alcohol, ether, and many other organic liquids. LDM orally 
in rats: 0.58 ml/kg, H. F. Smyth et al. Am. Ind. Hyg. Assoc. 
J. 30, 470 (1969). 

USE: Solvent for fats, waxes, natural resins, alkaloids. 
Caution: Irritating to eyes, mucous membranes, and, in high 
concns, narcotic. 

9451. 2,2,2-TrichloroethanoI. Trichloroethyl alcohol. 
CjHjCljO; mol wt 149.42. C 16.08%, H 2.02%, Cl 71.19%, 
O 10.71%. CCljCHjOH. Prepd by reduction of the corres 
ponding ester, acid chloride, or acid with lithium aluminum 
hydride: Sroog et al, J. Am. Chem. Soc. 71, 1710 (1949). 
Manufacture by reduction of chloral hydrate with an amine 
borane: Chamberlain, Schechter, U.S. pat. 2,898,379 (1959 
to Callery Chem.). 

Hygroscopic liquid, ethereal o'dor. At low temps it crys­
tallizes in rhombic tablets, mp at 18*; bp 151-153'; dg 1.55. 
Sol in about 12 parts water; miscible with alcohol or ether. 
pH of aq soln -is 5-6, but on prolonged contact with water 
some free acid is formed. Keep well closed and protected from 
light LD,g orally in rats: 600 mg/kg, Handbook ofToxicol­
ogyiol. I, W. S. Spector, Ed. (Saunders, Philadelphia. 1955) 
pp 302-303. 

THERAP CAT: Hypnotic, anesthetic. 

9452. Trichloroethylene. Trichloroethene; ethinyl tri­
chloride; Tri-Clene; Trielene; Trilene; Trichloran; Trichlo­
ren; Algylen; Triman Triline; Tri; Trethylene; Westrosol; 
Chlorylen; Gemalgene; Germalgene. CjHCl3; mol wt 
131.40. -C 18.28%, H 0.77%, a 80.95%. Odj=CHCl. 
Usually prepd from jym-tetrachloroethane by elimination of 
HC1 (by boiling with lime): Ger. pat. 171,900. By passing 
tetrachloroethane vapor over CaCl2 catalyst at 300*: Ger. 
pat. 263,457; without catalyst at 450-470*: Brit. pat. 575,­
530 (1946 to du Pont). Review of mfg processes: S. A. 
Miller, Chem. Process Eng. 47, 268 (1966); Faith, Keyes & 
Clark's Industrial Chemicals. F. A. Lowenheim, M. K. 
Moran, Eds. (Wiley-Interscience, New York, 4th e<L, 1975) 
pp 844-848. Toxicity and metabolism: E. Browning, Toxic­
ity and Metabolism of Industrial Solvents (Elsevier, New 
York, 1965) pp 189-212. 

Nonflammable, mobile liquid. Characteristic odor resem­
bling that of chloroform, d} 1.49O4; dj! 1.4695; df 1.4649. 
Vapor density: 4.53 (air = 1.00). Solidifies at -84.8*. 
bp,« 86.T; bp,,,, 67.0*; bpm 48.0*; bp100 31.4*; bp,, 20.0"; 
bpa -1.0*; bp,0 —12.4*; bps — 22.8*; bpu —43.8*; «{,' 
1.47914; /if? 1.4556O. Practically insol in water; misc with 
ether, alcohol, chloroform. Dissolves most fixed and volatile 
oils. Slowly dec (with formn of HO) by light in the presence
 
of moisture. Trichloroethylene for medicinal purposes may
 
contain some thymol or ammonium carbonate (not more
 
than 20 mg/100 ml) as a stabilizer. Industrial grades of tri­
chloroethylene may contain other stabilizers such as tri­
etbanolamine stearate and cresol. LDW orally in rats: 4.92
 
ml/kg; LC (4 hrs) in rats: 8000 ppm, Smyth et al. Am. Ind.
 
Hyg. Assoc. J. 30, 470 (1969).
 

Caution: Use with adequate ventilation. Preserve trichlo­
roethylene in sealed, light-resistant ampuls or in frangible, 
light-resistant glass tubes. Avoid prolonged exposure of the 
product to excessive heat. It must be dispensed in the un­
opened glass container in which it was placed by the manu­
facturer. 

Human Toxicity: Moderate exposures can cause symp­
toms similar to alcohol inebriation. Higher concns can have 
narcotic effect. Deaths occurring after heavy exposure have 
been attributed to ventricular fibrillation. Liver injury is not 
definitely established in occupational exposures. Found to 
induce hepatocellular carcinomas in National Cancer Insti­
tute tests on mice: Chem. & Eng. News54, 4 (Apr. 5. 1976). 

USE: Solvent for fats, waxes, resins, oils, rubber, paints, 
and varnishes. Solvent for cellulose esters and ethers. Used 
for solvent extraction in many industries. In degreasing, in 

dry cleaning. In the manuf of organic chemicals, Pharma­
ceuticals, such as chloroacetic acid. 

THERAP CAT: Analgesic (inhalation). 
THERAP CAT (VET): Inhalant anesthetic. 

9453. Trichlorofluoromethane. Trichloromonofluoro­
methane; fluorotrichloromethane; Freon 11; Frigen 11; 
Arcton 9. CC1,F; mol wt 137.38. C 8.74%, Cl 77.43%. F 
13.83%. Prepn: Henne, Organic Reactions 2, 64 (1944J. 
Manuf: Faith, Keyes & Clark's Industrial Chemicals, F. A. 
Lowenheim, M. K. Moran, Eds. (Wiley-Inlerscience, New 
York, 4th ed., 1975) pp 325-330. 

Liquid at temps below 23.T. Faint ethereal odor. Non­
flammable. dj7-2 1.494; dJJ, 5.04 (air = 1). mp —111*. bp760 
23.T; bp^ -t-6.8'; bPwo -9.1*; bplco -23.0"; bpw -32.3'; 
bpw -39.0"; bpM -49.7*; bp,0 -59.0*; bp. -67.6*; bp,.0 
— 84.3". Crit temp 198"; crit press. 43.2 atm (635 Ib/sq inch, 
abs). u"*-5 1.3865. Dipole moment 0.45. Practically insol in 
water. Sol in alcohol, ether, other, organic solvents. Less 
toxic than carbon dioxide, but decomposes into harmful 
materials by flames or high heat. 

USE: In refrigeration machinery requiring a refrigerant ef­
fective at negative pressures. As aerosol propellant. Cau­
tion: May be narcotic in high concentrations. 

Note: Consult latest Government regulations on use as 
aerosol propellant. 

9454. 3,4,6-Trichloro-2-nitrophenol. 2-Nitro-3,4,6-tri­
chlorophenol; 2,4,5-trichloro-6-nitrophenol; Dowlap. C(-
HjCljNO,; mol wt 242.44. C 29.72%, H 0.83%, Cl 43.87%, 
N 5.78%, O 19.80%. Prepd by dissolving 2,4,5-trichloro­
phenol in glacial acetic acid and treating with coned nitric 
acid: Kohn, Fink, Monatsh. 58, 73 (1931); Harrison et al.. 
J. Chem. Soc. 1943, 235. 

Pale yellow crystals from petr ether, mp 92-93". 
USE: To combat the sea lamprey, an eel-like fish which 

attacks trout, especially in the Great Lakes region. 

9455. 2,4,5-Trichlorophenol. Collunosol; Dowicide 2. 
C,HjCI3O; mol wt 197.46. C 36.49%, H 1.53%, O 8.10%, Cl 
53.87%. Prepd by treating 1,2,4,5-tetrachlorobenzene with 
methanolic NaOH in autoclave at 160* for several hrs: Har­
rison et al. J. Chem, Soc. 1943, 235; Agfa, Ger. pat. 411,052 
(1925); Chem. Zentr. 1925, I, 2411. 

Needles from alcohol or ligroin. Strong phenolic odor, 
mp 67". Sublimes. bp7w 248°. bp1(0 253*. Weak monobasic 
acid. K at 25" = 4.3 X 10-«. Soly (g/100 g of solvent at 
250: acetone 615; benzene 163; carbon tetrachloride 51; 
ether 525; denatured alcohol formula 30, 525; methanol 615; 
iquid petrolatum (at 50°) 56; soybean oil 79; toluene 122; 

water <0.2. VDn orally in rats: 0.82 g/kg, Deichmann, 
Fed. Proc. 2, 76 (1943). 

Sodium salt sesquihydrate, Dowicide B. Flakes [prepd ac­
:ording to U.S. pat. 1,991,329 (1935 to Dow)]. Solubility 
g/100 g solvent at 25°); acetone 163; denatured alcohol 
ormula 30, 186; ethylene glycol 33; methanol 241; water 
13.	 pH of satd aq soln 11.0-13.0. 
Complex with triisobutyl phosphate, CHHXCIOSP, Tri­

chlorex. Prepn: Bouillenne-Wallrand et al, Fr. pat. M149 
1961 to Pechiney). Liquid. bpco, 94-103".
 

USE: Fungicide, bactericide.
 

9456. 2,4,6-Trichlorophenol. Dowicide 2S; Omal. C6­
jCljO; mol wt 197.46. C 36.49%, O 8.10%, H 1.53%, Cl 
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J
 

9450, 1,1.2-Trichloroethane, Vinyl tnchlonde C,H3a5, 
mol wt 13342 C 1800%, H 2.27CIo, Cl 79 73fc CH,C1­
CHC1, Prepd by catalytic chlonnation of ethane or ethyl ­
ene Joseph U S pat 2,752,401 ano Pvc U S pat 2.752, 
402 (both <956 to Dow) Reynolds US pai 2.783,286 
(1957 to Olm Mathieson) 

Nonflammable liquid pieasanr odor dj° 1 4416. solidif 
— 35', bp 113-114* n§ \ 4711 Insol in waler, tusc with 
alcohol, ether and many other organic liquids L05Q orally 
in rats 058 ml/kg, H F Smvth et al 4m Ind ffyg -issoc. 
J 30, 470 (1969) 

USE Solvent for lats, waxes, natural resins alkaloids 
Caution. Irritating to eyes, mucous membranes, and in nigh 
concns, narcotic 

94S1 2,2,2-Tnchloroethanoi. Trichloroethyl alcohol 
CjHjCljO, moi wt 14942 C 1608% H 202%, Cl 71 19% 
O 10 71% CC13CH,OH Prepd by reduction of the corres­
ponding ester, acid chloride, or acia with lithium aluminum 
hydnde Sroog et aL J Am Chem Soc, 71, 1710 (1949) 
Manufacture by reduction ot chloral hydrate with an amme 
borane Chamberlain, Schechter, U S pat 2,898,379(1959 
to Gallery Chem ) 

Hygroscopic liquid, ethereal odor At low temps it crys­
tallizes in rhomoic tablets mp a! 18', bp 151-153", dg 1 55 
Sol in about 12 parts water, irascible with alcohol or ether 
pH of aa soln is 5-6, but on prolonged contact with water 
some free acid is formed Keep well closed and protected from 
light LDM orally in rats 600 mg/kg. Handbook of Toxicol­
ogy vol. 1, W S Spector, Ed (Saunders, Philadelphia, 1955) 
pp 302-303 

THERAP CAT Hypnotic, anesthetic 

9452. Tnchloroethylene. Tnchloroethene, ethmyl tn­
chlonde, Tn-Clene, Tnelene, Tnlene, Tnchloran, Tnchlo­
ren, Algylen, Tnmar, Tnhne, Tn, Trethylene, Westrosol, 
Chlorylen, Oemalgene, Germalgene. CjHCl,. mol we 
13140 C 1828%, H 077%, Cl 8095% Ca,=CHCl 
Usually prepd from jj>m-tetrachloroethane by elimination of 
HO (by boiling with lime) Ger. pat 171,900. By passing 
tetrachloroethane vapor over CaCU catalyst at 300" Ger. 
pat 263.457; without catalyst at 45"0-47CT Brit, pat 575,­
530 (1946 to du Pont) Review of mfg processes S A. 
Miller, Chem. Process Eng 47. 268 (1066), Faith, Keyes &. 
Clark's Industrial Chemicals F A Lowenheim, M K 
Moran, Eds (Wiley-lntersaence, New York, 4th ed, 1975) 
pp 844-848 Toxiatv and metabolism E Browning, Toxic­
ay and Metabolism of Industrial Solvents (Elsevier, New 
York, 1965) pp 189-212 

Nonflammable, mobile liquid Characteristic odor resem­
bling that of chloroform d{ 1 4904, d{5 1 4695, aj° 1 4649 
Vapor density 453 (air = 100) Solidifies at —848* 
bp,M 86 T bp™ 670', bp™ 48 0*. bploo 314', bpw 200', 
bPw -1 0', bp,0 -124', bp, -22 8", bp(J) -43 S", n{? 
1 47914, ng I 4556O Practically msol in water, misc with 
ether, alcohol, chloroform Dissolves most fixed and volatile 
oils Slowly dec (with formn of HO) by hght in the presence 
of moisture Tnchloroethylene for medicinal purposes may 
contain some thymol or ammonium carbonate (not more 
than 20 mg/100 ml) as a stabilizer Industrial grades of tn­
chloroethylene may contain other stabilizers such as tn­
ethanolamme stearate and cresol LDW orally in rats 4 92 
ml/kg, LC (4 hrs) in rats 8000 opm, Smyth et al, Am Ind 
Hyg Assoc J 30, 470 (1969) 

Caution Use with adequate ventilation Preserve tnchlo­
roethylene in sealed, light-resistant ampuls or in frangible, 
light-resistant glass tubes Avoid prolonged exposure of the 
product to excessive heat It must be dispensed in the un­
opened glass container in which it was placed by the manu­
facturer 

Human To\icity Moderate exposures can cause svmp­
toms similar to alcohol inebriation Higher concns can have 
narcotic effect Deaths occurring after heavy exposure have 
been attributed to ventricular fibrillation Liver injury is not 
definitely established in occupational exposures Found ;o 
induce nepatocellular carcinomas in National Cancer Insri 
tute teirs on mice Chem & Eng \ews54, 4 ( \pr 3, 11"6) 

USE Solvent for fats waxes, resins oils rubber, paints 
and varnishes Solvent lor cellulose esters and ethers Lsed 
for solvent extraction m tianv ndu^mes In aegreasmg in 

dry cleaning In the manut of organic chemicals pharma 
ceuticals, such as chloroacetic acid
 

THERAP CAT Analgesic (inhalation)
 
THERAP CAT (VET) Inhalant anesthetic
 

! 9453. Tnchloroiluoromethane. Tnchloromonofluoro­
methane, fluorotncnloromethane Frcon 11 Fngen 11 
Arcion 9 CC1,F mol wt 137 38 C 874%, Cl 7743% F 
13 83% Prepn Henne Organic Reactions 2, 64 (1944) 
Manut Faith, Keyes & Clark s Industnal Chemicals, F A. 

' Lowenheim M K Moran, Eds (Wiley-Interscience, New 
, York 4th ed, 1975) pp 325-330 

Liquid at temps below 23 7" Faint ethereal odor Von-
flammable dj" 1 494 dg, 5 04 (air = 0 mp-111" bp,M 
237" bo^o -^68', bp,M -9 r, bpim -230", opw -323', 

i sou -390", bp;o -49T, bp,0 —590' bp« -676', bp,0 
— 84 3" Cnt temp 198', cnt press 43 2 atm <635 Ib/sq inch, 

I aos) n{,14 1 3865 Dipole moment 0 45 Practically insol m 
i water Sol in alcohol, ether, other, organic solvents Less 

toxic than carbon dioxide, but decomposes into harmful 
' materials by flames or high heat 

LSE In refrigeration machinery requmng a refrigerant ef-
I iective at negative pressures As aerosol propellant Cau-
I nan May be narcotic in high concentrations 
i .Vow Consult latest Government regulations on use as 
i aerosol propellant 

| 9454. 3,4,6-Tnchloro-2-nitrophenol. 2-Nitro-3,4,6-tn-
I chlorophenol, 2,4,5-tnchloro-6-mtrophenol, Dowlap C,­
| H,C13NO3, mol wt 242 44 C 29 72%, H 0 83%, Cl 43 87%, 
i N'~578%, O 1980% Prepd by dissolving 2,4,5-tnchloro­

phenol in glacial acetic acid and treating with coned mine 
I acid Kohn Fmk, Monatsh 58, 73 (1931), Harnson er al 
/ Oiem Soc 1943, 235 

Cl 

Pale vellow crystals from petr ether, mp 92-93" 
USE To combat the sea lamprey, an eel-like fish which 

attacks trout, especially in the Great Lakes region 

9455. 2,4,5-Trichlorophenol. Collunosol, Dowicide 2 
C6H3C13O, mol wt 197 46 C 36 49%, H 1 53%, O 8 10%, Cl 
53 87% Prepd by treating 1,2.4,5-tetrachlorobenzene with 
methanohc NaOH in autoclave at 160" for several hrs Har­
nson et al J Chem. Soc 1943, 235, Agfa. Ger. pat 411,052 
(1925), Chem Zentr 1925, I, 2411 

Needles trom alcohol or hgrom Strong phenolic odor 
mp 67" Sublimes bp,w 248* bp,w 253" Weak monobasic 
acid K at 25" = 4 3 X 10-" Soly (g/100 g of solvent at 
25") acetone 615, benzene 163, carbon tetrachlonde 51> 
ether 525, denatured alcohol formula 30, 525 methanol 615, 
liquid petrolatum (at 50") 56, soybean oil 79, toluene 122, 
water <02 LD^, orally in rats 0 B2 g/kg, Deichmann, 
Fed Proc 2, 76 (1943) 

Sodium salt sesquihydrate, Dowicide B Flakes [prepd ac­
cording to U.S. pat 1,991,329 (1935 to Dow)] Solubility 
(g/100 g solvent at 25") acetone '63 denatured alcohol 
formula 30, 186, ethylene glvcol 33 methanol 241 waler 
113 pH of satd aq soln 11 0-13 0 

Complex with 'nisobutvl phosphate C,,HMClOjP, Tn 
chlorex Prepn Bouillenne-Wallrand er al Fr pat M149 
(1961 to Pechmev) Liquid bp001 °4-103" 

CSE Fungicide, bactencide 

9456. 2.4,6-Tnchlorophenol. Dowicide 2S Omal 
jCljO -nol wt 19746 C 3649% O 3 10% H 1 53'' Cl 
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