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Y, employed in contact with the hupian gkin. it may be .ab-

. ‘Wennets, Port Wlshmgtdn, Thomas F. Cl

.Umted States Patent Oﬁﬁcfc__-j:__,.

2,814,597

Patented Noav.. 26 1957

1 .

. 2,814,597 B
GERMICIDAL SOAPS COMPOSITION

. Noith Bellmore; ind Saul Chedro, y

sissignors to Norda Easentisl Oll- & aemieal Company,
New. Ym-k, N. .Y., a corporation of New York |

No Drswmg. Appllcaﬂon March 12, 1953,
Serfal No..342,014

8 Claims, (cL 252—107)

This 'il':'vent;'on relates to new chemiical eompéunds

2

: Neo, 2,535,077, dated Deceml'ler 26, 1950. In view of this

fact, which is how well-récognized in the art, it is not pos-
sible to predict, from the garmicidal properties of a chemi-
cal compound itself, whether a soap containing it wonld
have- uﬁ:ﬁctory germicidal activity, md wanld ako ‘meet
the other sequirements discussed abov
Because ofthoduhhﬂltyotagmddalaoap nxmt

* deal of rescarch has been done, arid. at least one germicidal

18

- which have. gerthitidal. activity and which are relatively -

" have- germlcldal properties. This effect has.been demon- . -

non-toxic, non-irtitating and non:sensitizing, to methods
‘of prepnrlng thy sathe, ahd to soaps afid other detergents
_ coditaining said compounds in, which the dedmble germi-
- ¢idal and othér propertics are retalned.

-An acceptable germicidal compound _muist” meet a

number of desiderata. It miust have ‘effective’ germicidal |

properties, particularly for thé destruction of bacteria un-
der normal-conditions of use. If it is to- destroy bacteria
in' contact with the human gkin, it must have germicidal
activity under thede condxdons. The germicide must be
effective for this purpose in a relativaly 16w concentration.
‘in_order. that it may be economically employed and also
-utilized. ia: chricentrations below: that which would impart,
any adverse -effect.

20

Ca

; 30

.Stucha germldde abould also be non-taxic, since: xfn is

sorbed. into the body and would be: objectionable If it.pos-
sessed toxic properties. The nndealnhmty of taxic getmi-
clde.s. such s corrosive miblimate; is too wdl-known to
require elaboration. :

Furthetmors, an acceptable germicide: miust be rela--
tively non-itritating .to the skin. There are many germi-
Gides which destroy bacteria and which are nat objection-

ably toxic but which are irritating when used.in contact 4

with the skin in that they caniso erythema and in ea:tteme
cases prodice blisters and pustules.

In addition to being non-irritating, an acceptable germi -
¢ide miust be relatively non-sensthg. A germicids may-
be tnobjectionabls, in that it is non-irritative,- mpon its.

first use, but upon repeated use the subject may become
senisitive to the germicide so that it cannot be reused with--
out adverse results,

‘The effect of chemical structure on any and all of the

above properties is not very well understood, if at all, par-->

ticularly the effect of structnre on irritative properties.
Changes in chemical structure which amount to no more,
than a difference of one chlorine atom on &-rng, or'in

the position of a chlorine atom, markedly affect the results. -

Compounds so closely relatéd as adjacent homologues
similarly give marked differences in- results. There is,

therefore, no predictability from.- a consideration of chem-:
ical stincture of the results obtaimed in the fiold of gormi--
cidal activity, toxicity, irritative effects, and sensitization..

A large number of compounds have been proposed for
inclusion with soap to render it germicidal. Since spap
-is so universally used in cleammg the skin, tho inclusion

of a satisfactory germlcide in soap ‘would be an ideal- way :

of destroying bacteria. in contact. with the human skin.
Many compounds which are recognized as germicides have
been proposed for combination with soap,.especially vari-
ous phenolic materials, but because of the depressing ac-

on of soap upon the germicidal propertiss: of known'

,.rmicxdal agents, soaps- containing such' agents do not

strated and: is reviewed: at someé length in- U. S. Patent
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' phenyl methane (u!aordomdtcu

soap hds been pheed on.the market in which the active
ingredient is 2,2’ < dihydroxy « 3,5,6-3°,5'.6" - hexachlorodi-
Hamchlm-ophmand
G-11)., containing . this componnd is
wanting in somo respects, as will bo pointed out, it has
had wide sales and .29 an uhusual product in
which the germicidal is rétained in the presénce -
of the soap. Invkwotﬂwfactmtalmoattwenty-HVe'
years of extensive rescarch on a wide variety of com- -
pounds preceded the discovery of thli particular germicidal
soap, it is obvious that the elsinent of predictability is sub-
stantiaily nil aod that the discovery of any othsr com-

- pound which could be invorporated in soap with equal or

better results would be qnita-nnobvloua and unpredictable.

‘We have discovesed, in accordande with our inventiom,
that the following describéd compounds have germicidal
properties and that these' propertiés are retalued in soap
and that they meet the.ofher desiderata ennnierdted above,

more particularly non-toodc.tty npn-irnmhon, and non-

- sensitization.

‘These compounds .have me fouowing general formula:

‘o|

where X 'ind X are the same or different but ars ond
thember selected from-the group: eonmﬂnxot (1) a hajo-
gen, especially’ clilorine, bromine ‘and lodine, and prefer-.
dbly chlorine, and ¢€2) an alkyl or cycloalky! radical hav-
ing ltoScn.rbonatams, and }ir which.Y and. Y’ are the:
samé or different’but are the other members selected from®

. the sald group.- More particularly; if' X and'X’ are halo-

gen, then Y and Y’ arealky!orcycloalkyl. and if X and’
X’ ‘are alkyf or cycloalkyl, then Y and Y’ dre halogen.’
The- alkyl of cycloalkyl radical,; for instance, may be
methyl, isopropyl, octyl, hexyl, cyclohexyl, etc : .
“The' preferred: compoonds have thc general formula. )

. in which R and R’ are the _same or,different alkyl or )

cycloalkyl . radicals of 1 to,8 carbon atoms, and Hi and.
HI’ are the same or different halogens as defined - a.bove,-
;ho 1:u'cfel rred’ compuund of this type having the followmg-,

‘ormula: .

1
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St T U ihe. aliéimafive comipoinds would have thé following
s : - formula A '

om

OH

. A ) R - R’ o . .
" Shere R-and R’ and HI and HI* ate as defined above.

Other compounds falling within ~the_ invention Include,

* for examiple:

OH

1 Cl .

A spiecific embodiment .of: our invention which we -
" régard at the present tinys as the best mode. that we con-  _
‘temiplate for carrying oot out inveation utilizes the 2-. 45

_ hydroxy-3-methyl-S-chlato :phenyl sulfide. This. com-
pound has a méltny poist -of .about 148-150* C., and

i3’ solible  in alcohol, benzens -and warm, carbon. tetra-.

chloride; it is insoluble in carbon. disulfide, hexane. and
water. It is, however, soluble in.soap at the mormal
pH ‘of soap.. This compound is_sclected as: illustrative:

because of simplicity. and ecanomic considerations. Com-"

" pounds in which ths hydrocarbas. radical has a larger
opmber of carbon atoms may be preferred from 2. bac-

- tericidal and sélubility standpoint. . .-
The compounds of the invention may be made .by

condensing” the appropriate .halogenated alkyl or. cyclo- -

alkyl phenol with sulfur-dichloride. An inert solvent or
reaction medium miy be employed which may or may
not be a golvent for-the final product. The temperature

. place at a rate which is‘ controllable. Inasmuch ‘as the
: reaction proceeds satisfactorily at room temperature, this
"+ . is- preferably cinployed, since it. obviates the, need. for
- réfrigeration or maintenance, of elevated  temperatures.

tial, . ‘The final product is separated from the .reaction

medium by filtration and can be washed; and if necessary

recrystallized-to obtain a purer product. - ' ’
As iltustrative of the best mode of practicing the process

28.4 grams of p-chlorq-o-cresol.and 2% cc. of solvent is
placed in-3 flask -and:to it is addeddrop-wisé, over a
period of about fifteen minutes, .10.2 grams of sulfur di-
chloride: in 10 cc, of the-solyent.. The mixture is stirred

L. #814807 .

is not particularly criti¢al, as long as the reaction takes °
A catalyst is not required, nor is extended refhixing essen- -

of preparing the preferred- compound of the invéntion, .

- duriig the addition, which is- cirried otit at room tem-
-perature (20-30°. C.). The itirring of the smixtilre is
continued until the evélution of hydrogen chlotide censes;
which - generally requires from thirty minutes t6 three

5 hours.. Duting this time," the; produst ctystallizes if @
solvent is- employed in whith ths reaction product is in- -
soluble. The product is filtered and wished coloxless’
with the aolvent genmerally in an amdimt of 50100 éc.

. - The combined filiratés may be stripped of solveit and

10 unreacted sulfux dichloride, preferably in vacuo, to yield
oity solids; However, it is difficult.to. salvags a clean-
product fromi snch a yésidue, -~ .. - T

.. The solvent employed.in the renction can influenie
the yield, edse of handling, arid ¢leéanlisiess of the product.

16. When carbon; disulfide is' employed as the solvent, a

- reaction inedium commonly used for this type of redction,
.the ‘initial yield is 82%, the product having a mbolting
point -of 126° C.:. Upon recrystallization the yield i
redtuced to 56%, the product hdving = melting point of

20 3148° C. The high amnde yleld is ndt indicative of the

- finial: resalts; since thie mhaterial salvaged from the second

crop of crystals cinnot be sutcesstully handled to give a

clean’ product under usual ¢ircitin 3. . Por ptactical

purposes; therefare, the yield from carbon’ disilfide may

be consideted 56%. o . o . !
. ' When - cthyléns dichloride i3 used, the crude yield iw
'60%, the product.mélting at 149° C.. When hexano is
used as the solveit, the crudé yleld is 66%, the product:

_ meltng at-130° C, - Thesd. ciadé yields wére washed in
30 psxave and not recrystallized. Further igsses woiild ‘be
obtainied upon recrystalli¥ation. © ... .. oo
. .. Inanother varidtion of the pracess, the reaction meditm
. 1mnhy be An.ester in' which the alcohol and acid ‘radicals
have'S carbon atoms or less, for iristance stpropyl acstate.

In such solvents,. all ‘of the redction .components are
- soluble, dy well a8 the resulting product, intloding a
- - large. pottion of thé hydrogen chlorids. .- At the. can-
clusion Of thé redction,-the product is ncutralized with
. sodjum carbonite and stripped of hydrogen chloride.-
40 The golvent is evaporated and the resuitliig product may
be recrystallized froim any suitable solvent, siich as hexagne.
- The preferred solvent copsists of a mixture of cthylene
dichloride and hexane, such as, for éxample, 10 to 50% .
by volume of ethylene dichloride and 90 16 50% hexane,
préferably 22% ethylens dichloride and -72% hexane.
The yield from. this solvent is 63%,.the product having a
mielting point of 148° C.° This initial.product is clean
. - and does not need recrystallization. This solveat is pre-
ferred because of thé bigher. yield as comipared with the -
50 yield of recrystallized product when carbon disulfide is
used as the solvent and also because of the elimination
- of recrystallization. .- .
In a modification of this-process in which the hydrogen
chloride is swept out by bubbling with air until no moré -
55 hydrogen chlorids is. evolved, followed .by freating the -
reaction mixture with a slight excess- of sodium carbonate °
solution, the product obtained by filtration and washing
- with hexane amounted to a yield of 72% without recrys- °
tallization. . ] :

‘The use of excess sulfur dichloride does not increase
the yield, nor does the use of a chlorine carrier catalyst,
such as aluminuom: chloride, result in advantages; such.a
catalyst, in fact, reduces the .yleld: and gives a darker .
product. Refluxing does not affect the yield and leads to-

65 a darker product. .
The product made by any of the above:processe$ can

be decolorized, if desired, by dissolving it in methanol,
adding a small amount of activated carbon, such as Darco

(G—60, at clevated temperature below the boiling point of -

70 the methanol, 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
73 in.-soap, a germicidal soap composition was prepared.

25
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v&:.ﬂunﬂly'qmployed Iar ﬂmpoaes (Ivorr). m‘*blr:h
glily incoipoiated 2% of 2-hydrdxy-
yllu!ﬂde. This was in on

i3 by o o

* fikene,” Pipers-on_ Eviliation of Soaps and Detergents,
* Sjecial Teclinical Pablication No. 115, publhhod by the
'KMMSouotyforT&ﬂnzMﬂeﬂﬂh, _
£, Mﬂaﬂ.&uthﬁﬂ?dmbedinthanbwapubﬂcﬂ-
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arrc) resident bacterial population on-the haiids af
?!

fifth Gimes, in geparate ¢
‘werk witet, The lecdnd and third times the hands were
wasled under rufning lukewarm tap water. .Bacterial
coitxts werd taken on the wash waters in the basins, which
Yepreent the first, fourth and fifth washings. The counts
" on the first washing are considerod to be predominantly
thie transient bacterial population of the skin, whereas the
courds en the fourth and fifth washings are considered to
be predominaritly the resident bacterial pdpulatwn ot the
. skin,
Sixct the eﬂecmeness of a germicidal soap will be dam-
"onstmted pritiiatily by the reduction in the resident
Bacterial population ratlier than the transient, the results
are expressed as thié reduction obtained on the fifth wash-
ing. The mean figures is obtained bydimdmzthetwo
higheit and fhe two lowest vahies and averaging the re-
maining two. The mean does not take into consideration
a subject who may be out of line with the other sub)ecta
The xesults are given in the following tables’ .

* Reduction in the residenst bactmal populaﬂon .

(Jth washing)

A Fourthdsy | Ninthdsy | -Tésthday -
“Geérmicidal agent —

.7 insoap Aver- | Mean, |-Aver- | Mean, | Aver- | Mean,
. | -age, [peroent| age, [percsnt| age, |Dercent

- |percant, [percent peroent| -

2liydro: ’ .
erwatdee..| ma| ] w| s s &
Hmphmsr 68 » 78 1| - 84 82

It wﬂl be obvlous that consxdcrmg both the ean and the
average, the soag made in accordance with the invention
is as good,: and in some iostances better than the soap

ontaining Hexachlarophene, which may be considered
‘as'the standard reference. As hes been explained bereto-

fore, the- discovery of Hexachlorophene as a gérmicide for
soap was the reault of yoars of research and is Wwidely ac- 7§

10 whichitis

capted’atanunuaual' dcv:lfepmantinthu zeg?gdatmp '
‘Thie development other eqaalled
ﬂ:!qqtthkmuo!thsaxﬂwnldbeﬁxﬁmecud.e

wudutauninedbyadm.tnmzrhg compound orally to
.The, method einplojed is the LDso test which may
bodehnedallhenmanntwhmh, when orally
au.singbddse.wﬂlproba,blykmso% of the animals to
‘sdministered. . In gontthetaf,nonnal

. healthy white albino, ‘rats, -for sex, fasted. for 24
 hotirs, - were administered - vu-laun dosages of tlic com-
- poond (dissplvéd In corn oil) - by stomach tube. AIl
animals were for &t least two weeki following

observed
15 thendmhﬂ:tmhonotthedmp,unlendeathocwned

before that time. .
'Ihemultsaregimhﬂmtolbwingtablr

I

- ““" FE P . |mortality
30 miliramas o -3 ) .2
%mm’“’ os—— il -4 3 =
gmﬂhml. P —l. 3 :.;. - 2 -]
mmﬂumm__..._.__,_'___ ..&f- 0 s ) ,g

When the Tesults were plottzd on aemiloymthmlc paphr,

30 grith the-percent mortality on the ordinats and the Goso,
. on the abscissa (logarithmis scale),; the LDsy of the com-

potnd was found to be approximately égmnuofthe

compound per kilogram body weight. -
A-wiﬂbeobviouutooneakﬂledinﬂ:emﬂﬂslow .

toxicity, when mesdsuréd by this staidard test, is assurance

- that the compound msumdanﬂyuafe for useu agermi--_

cdde in soap.
In order to determine the u-ntnuvo propernea ‘of 2-
particg-

40 hydroxy-3-methyl-5-chloro phenyl safide, and

larly to compare it with the irritative properties of Hexa-

chlorophems, theso two compounds were tested, as vell as
the sodium salt of both compounds, since the sodium salt
probably corresponds to the form of the compound pres-

45 ont in soap. Thb solutions tested wers as followa:

Solution A: 0.5% 2-hydroxy-3-methyl-5-chioro phenyl

sulfide in aqueocus 1sopropyl alcohol
.- Sohition B: 0.5% Hexachforophene in aqueous uopropyl

alcohol
50 Solution C: 0.5% sodiom salt of Z-hydmxy-S-methyl- A

chloro phenyl stlfide in aqueous isopropyl alcohol
Solution D: 0.5% sodium salt of Hexachlorophene in

agueous isopropyl alcohol

. Bach solution was tested by the weﬂ-lmown patch test
to determins if .the compounds wounld produce coritact
dermatitis on primary’ contact. In this test 55 humsan
subjects, 34 females and 21 males, ranging from ten to
gixty- three years, were employed. Discs approximately

go 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
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 snbjects examined. The reac--
tions obtained on every subject followmg examination.
were noted, and the severity of reaction was based on an.

70 arbitrary scorklg system, as follows°

=No reaction.
1==Slight erythema or dl.scoloratlon lastmg at least four.
hours after removal of the patch, . '
2=Rather sovere erythema or ducolora.twn Jastmg at,
least two days after- removal of the patch, '
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3uSetare circitmscribed frritation: with blistérs or pus-

-

The results:ato given in the following table, which lists

. the tumber of subjects'in exch reaction category: s

o Sohttian AY Bamtion B Salnticn, 0] SdtuttanD. -
Nuthber of0: —.oveve]  13%0w 0 650 0] 007, “2830m"
Nombeof 12| Hoamat | 1eoas n31~a1 || eximas 10

umber . 21X9=43 | 32X3w=64 ] £X2=-0 TX3=14 -
Numberof 3]-2727°71 1X3w §| $xXBm 0] 0XE= 0] -0XEm 0
L POl emeeeeee] 35 08} 55wl os5 2] s 80

LATEraAgta ey sL3  Le| - 0.8!1 . .71 .

~ - : — — 15

¥rom.p consideration -of the above results, it will be
obvious thiat the compound of the invenfion,. as well as
.this sodium salt thereof, ate much less irritating then the

' Hexachlorophene. ~This is particularly.trne in. the case ‘g
" -of the sodidm. 3alt, the form in which fhe compound
would éxist in soap, where the Hexychlorophena is found .

‘to Bo almost again as krititing as the compouvud of the
invention. S - :

In order to determine the sensitizing properties, the ir- op
ritation tést was repeated on each’of the subjects by ap-
ilying patclics ‘with the sanms solution to the sadie sub-
ject, -each patch. being: appled -4t the site previously used -
for .that.patticlar patch. . The patches wers again worn

+ £z twity-four. Hours and “the gubjects -examined in the:-go
_* samoe jgianher as described above.- The resulta are given ™
. -in thé folléwing table:-. : - .

ibir o0 - ieeno-| 1X0w 0| Fx0m 0| 39%0= 0| 27X0= 0
mber. of  Taaas | maauen | loxa~®| ‘axi=6
umber o 4.ceevneae - -~
amber of 3: 0X8=0 | 0x3=.0| oX3a=0| oXaw o

Totali.oooaei| 88 _Z7| 86 78[5 16| ‘s8 B %0

I © 068

[

From this it will be seen that as compared with Hexa-
chlorophene the .compounds of the invention cause less 45
sensitization, and -that this is particularly true in the case
of the sodium salt of the compound, where the Hexa-- -
chloigphene is shown to be almost twice as objectionable
as the preferred compound of the invention ‘frem the
standpoint of semsitizatlon. .- - K
- .A-low sensitization level is an extremely important. as-
pect. of compounds used in germicidal soaps becauss of
the repeated.use of such soaps’ under normal living con-
ditions. It will be obvious that a soap is useless for nor-
mal -tojlet use if it cannot be utilized over long periods 53
of time. , To substantiats -‘the non-sensitizing properties

.80

- of the preferred compound ofthi¢' invention, 'the sensitiza-

tion was determined on- whits :male guinea-pigs by the .
method described in an. article entitled “Methods for the

study, of irtitation- and ‘toxitity: .of substances applied 60

topically to the skin and mucous’ membranes,” John H..
Draizs, Geoffrey. Woodard aiid Herbert O. Calvery, Jour-
nal of Pharmacology an Experimental Therapeutics, vol.
82,:‘No. 4, pages 386388, December :1944. In this -

_ method, ten white male guinca-pigs, weighing 325-450 65
- grams, were.used. The hair was removed from the back

by cloge. clipping. . A 0.1% suspension of thé compound
in water was infected ‘Intracutanéously; -using a-26-gauge
needle, A .total-of ten injections: were made at random

in an area about three to four centimeters square, just 70

below the midline of the back. The first injection. was 0.05

- ml., while the remaining injections were 0.1 ml. ~ Two

weeks after the tenth Injection;.a test injection of 0.05
ml. of a freshly-prepared suspension was made on the

" | sctition 4 | Satatten B | gotution 0| Setutien D 35

hgurs lafet, a reading of the diameter; hieight snd calor

‘of the. reaction was made .and .compared ‘with sgimilar

readivigs-tiken after the first injection,. . , .
. ‘As a result of this .test,. it was- found -thét on &l fen .
animals -the values for' the test readings were a0 greater

N
" than fhose: for the' initial readingy, and it is conclnder

that when tested by the above proceduré the preferrec
compound: -of fhe invention: cannot be -gonsidersd to be-n
. The comppitnds .of :the invetition mdy bé used in soaps,
in the so-called non-yoasp gynthetic.organic ‘détengents, o

in combibation with-any “organic detergént,” This ex-

prossion is .intcnded g include the soaps’ which “are the

salis .of higher fatty acids and. the so-called han-soap -
synthetic detergents, 'All of these compounds are char.
acterized by an prganic radical-having at least 8 carbon.

atoms and a group br grouping .impsiting -suflcient by .
drophilic; water-salubllizing -or-sater-dispersible . proper-
ties to_give the detergent-satisfactory washing properties
In water.- These organic detergents are to he distloguished

. from the inerganiq -detergents, such :as the: silicates, plios-

phates, ett., which. possess detesgént properties but which
do.not ordigerily haxe the property of inhihiting the germi-
cidal activity of genmicides as-do the soaps and synthétic’
non-sean defergents, -. . - | . ..
The soap may ibe any ;of these commercially ntilized -
in the honschold wor in dndustry. Theso aré genarally. the -
sodinm:saaps of fatty acids having 12 to 18 carban atams,
such s, Inuric; myristic, palmitic, .olele,. téaxis, . ete., or -
miixtures, thereef, The mixtures:.of fatty. acids'.dexived-
from- talloww, and -cocontit. bil are dllnstratdve,, A partion -

" of the sbdiam scap fisy be repliced by potassiuin goap.

As. a specific {lnstrative example, ‘the. sdap inay corsist
of '75% sallow  fatty iacids and 25% coconut.-ail fatty -
acidg .saponified -with -sodinm -hydraxide. In anibther
specific iexample, .20%  of the ‘sadium hydroxide is re-
placed ‘by potassium -hydroxide. : The soap may contain
antioxidants, pigments, dyes,- perfume, etc., as is «con-
ventional. - : .

5 Thg non-50ap organic detergents may be of the so-called
an!on_m,.nonionlc or cationic type. IHustrative detergents
of this type are describéd in Industrial and Enginceting
Chemistry, vol. 35, page 107 et.seq. and page 126 et seq..
(1943). As specific sxamplés may be mentioned sodism
lanryl- sulfate (Duponol) and soditm polypropylene ben-
zone sulfonate in which thé polypropylene .radical con-
tains 10 to. IS carbon -atoms (Oronite). Others include
the sulfonited monoglycerides of fatty acids, the sedium

- fatty. acld -taurides, and methyl taurides such as sodium °

oleic methyl tauride .(Igepon T), coconnt fatty alkyl.di- -
methylbenzylammonium chloride .(Triton K-60), coco-
nut fatty -acld dicthanolamide (Ninol), and similar de-
tergents.
" The amount of the compound to be incorporated in
t.he'demgf:'.nt will be .controlled somewhat by economic .
considerations and the. extent -of the germicidal activity
desired in the detergent. .Amounts as low.as a fraction
of 1%, for example 0.25 to 0.5%, show a significant
improvement in’ germicidal action. Larger amounts,
howeygr, of the order of 1.5 to 3.0% are preferred, 2.0%
appearing to be an optimum, Amounts larger than 3%
to 59 are uneconomical, and the use properties are not
suﬂi.c:cntly important under the usual circomstances to
justify such larger-amounts, :
The compounds of the invention may be inchuded in
soap ordetergents in any form,.such as in_cakes or bars
of the_type generally sold and used for the toilet, in-the :
all-purpose type; such as the white floating bar, or in
powders, liquids, flakes, beads, and similar forms., -
‘The compounds may be incorporated in the soap in -
any manner, If the soap .is a liquid, the compound may -
simply. be dissolved therein; if it is a solid, the compound
may be incorporated at any stage of the manufactore,

such as.in the kettle, the mill, the plodder, the crutcher, .

flank; :slightly below the s‘eusiﬁzing irca. Twenty-four 78 etc. so long as uniform distribution is obtained,
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‘L The compound havlng the followmz formula
oH

Z.Amethod ofpteparlngthn componndot claim 1
- +wiigh éamprisey reacting sulfar dichloride with p-chloro-

- o¢resdl fn approximstély stolchiomeétric proportions at a -

- teinperaturs within the range of 20 to 30° C, the sulfur

. didibrids biing §dded pradually to fhe p-chloto-o-érosol,

bioh ths sulfar dichloxids and the p-chloro-o-cresol being
disiclved in a resction medivm consisting essentially ‘of
"~ ffom 10 to 50% by volume of ettiylens dichloride and
fricm 90 t6-50% .by volumeé of hexane, the reaction being
caxrded out with gtirting during the addition of the sulfur
dichloride wuitil the evaporation of hydrogen chloride
coHes.
- 3.'11Iemcﬂmdofclm:nzmwh!chthereacﬁonh
foTbwed By bibbling éli through the reaction mixture to

-sti‘lp hydrogen chlordde therefrom.
Thun‘mhdd ofclmmzinwhidxthcmcﬁon me-

2,814,597

io

16

© 2,270,183
20

10

dmm com.pmea about 22% ethylene dIchIorldo and about
72% hexane. . . :

5. ’I‘hamothbdofdalmmehmhthnmwtionme-
dium is about 22% ethylene dichloride and about 72%
héxane, and In which the reaction is followed by bubbling
air through thée reaction mixture tosmphydromchlo-
ride therefroim. .

6. A germicidal detergant composition a
faﬁymdsoapandanamonntafthecompoundotclmm

1 to render thie ¢

germicidal. .
7. Theoompodﬂonotchim6inwﬂchthofattyadd

.aoapnltoﬂntaoaphbarform

ecmpodﬂonofulnm7inwbichthonmonntof
the compoundmcorporatedulbom 2%.
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Ser. No. 636,290
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uUs. Cl. 260—615 3 Claims

ABSTRACT OF THE DISCLOSURE

This invention is directed to the production of hexa-
chlorophene by a two stage process in which one mol
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 2,45-trichlorophenol through the agency of chloro-
sulfonic acid or fluorosnifonic acid.

RELATED APPLICATION
This application is a continuation-in-part of my co-
pending application Ser. No. 489,036, now abandoned,
filed Sept. 21, 1965, and having the same title as this

application.
THE INVENTION

This invertion relates generally to new and useful
improvements for the production of 2,2-methylene bis-
(3,4,6-trichlorophenol), commonly called hexachloro-
phene, and particularly seeks to provide a povel two
stage process for prodncing same.

‘The known processes for the preparation of hexachlo-
rophene (2,2"-methylenc bis(3,4,6-trichlorophenol)) in-
volve the condensation of two mols of 2,4,5-trichloro-
phenol with one mol of formaldebyde (as Formalin or
paraformaldehyde). The usual condensing agent is con-
centrated sulforic acid or weak oleum, and the reaction
may be carried out in the presence or abscoce of a sol-
vent which is inert to the reactants and to the condens-
ing agent.

In these processes it is customary to mix all of the
reactants (and the solvent, if any) at orce and to heat
the mixtore, with agitation, for a certain time. Condi-
tions such as these arc disadvantageous in the prodoc-
tion of hexachloropbene in that:

(1) They tend to promote the formation of color
bodies which make difficult the purification of the product;

(2) They tend to promote the formation of the by-
product 24,5-n-ichloxobcnzodioxolane with an attendant
loss of yield;

(3) They require, if acceptable yields are to be ob-
tained, extreme care that the 2,4,5-trichlorophenol and
formaldebyde be present in exactly the molar ratio
2.00:1.00. Since the composition of Formalin or of form-
aldehyde is usually imprecise, and since a certain
amount of formaldehyde is lost from the reaction mixture
by volatilization, this is a difficult requirement to realize
in practice.

However, through the use of this invention the above
mentioned disadvantages in prior processes have been
overcome.

Therefore, an object of this invention is to provide
new method of producing hexachlorophens from previ-
ously known source materials which is sirapler, more
effective and resnlts in higher yields by comparison with

prior processes.

Another object of this invention is to provide a process 7

of the character stated in which one mol of 2,4,5-tri-
chiorophenol and one mol of formaldehyde are reacted
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under the influence of an acidic eatnlyst to form a novel
intermediate product, which in turn is condensed with
one mol of 2,4,5-trichlorophenol through the agency of
chlorosulfonic acid or fluorosulfonic acid to produce high
yiclds of pure bexachlorophene.

With these and other objects, the nature of which will
be apparent, the invention will be more fully understood
by reference to the accompanying detailed description and
the appended daims,
thaltn accordance with this invention it has been discovered

(1) One mol of 2,4,5-trichloropheno! and one mol of
formaldehyde will react, under the influence of acidic
catalysts such as benzenesulfonic acid, anhydrous hydro-
gen, and diluted sulfuric acid, to form quantitatively and
exchuively, a compound which has a melting point of
78° C. The compound has a chlorine content 46.5%,
occurs in Jong coloricss prisms, and defioitely Js not 2,4,5-

(2) The compound formed as in (1) can be condensed
with 2,4,5-trichloropheno}, throngh the agency of chloro-
sulfonic acid or fiuorosutfonic acid, to-produce high yiclds
of puare hexachlorophene.

Both of these reactions are surprising. The only hither-
to known reaction product of equimolar amounts of 2,4,5-
trichlorophenol and formaldehyde is 2,4,5-trichlorosali-
genin, which s formed under alkaline conditions and 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 clilorosulfonic acid and
fluorosulfonic acid to form 2,4,5-tnchlompbenol—6—snl—
fonic acid

The following examples will ilfustrate this mventlon.

Example 1

197.5 grams of 2,4,5-tricklorophenol having a melting
point of 66° C. is dissolved in 1000 grams of perchloro-
ethylene and the solution is warmed to 50° C. with agita-
tion. To this solution is added 50 grams of 90° sulfuric
acid. 30 grams of paraformaldehyde is added slowly over
a period of one hour with sufficient cooling to maintain
the tempetature between 60° C. and 70° C. The reaction
is exothermic. The mixture is stirred for an additional
two honrs at 70° C. The perchloroethylene solution is then
separated from ibe dilute acid layer. Upon evaporating
a small sample to dryness a crystalline product is obtained
which has a melting point of 78° C. There is no free form-
aldehyde remaining either in the dilute acid layer or in
the perchlorocthylene solution. There is no hexachloro-
phene present at this point in the reaction mixture, nor
any poreacted 2,4,5-trichlorophenol.

The perchloroethylens solution of the product of the
reaction between 2,4,5-trichlorophenol and paraformal-
dehyde Is mixed with a solution of 197.5 grams of 2,4,5-
trichlorophenol in 1000 grams of perchloroethylene and
the mixture is heated with agitation to 75° C. There is
then introduced dropwise over a period of three hours
116 grams of chlorosntfénic acid. The addition of chloro-
sulfonic acid is accompanicd by a mild exothermic reac-
tion and by the evolution of HCL The temperature is
maintained at 75° C. thronghout 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
The hot perchloroethylene solution is stirred with 10
grams of activated charcoal and is filtered. The reaction
product, 2,2"-methylene bis(3.4,6-trichlorophenol), crys-
tallizes upon cooling and is separated by filtration. The
yield is 310 grams baving a melting point of 162° C.
Upon concentration of the mother liquors there is ob-
tained an additional 65 grams of product haviog the same
melting point.

PLAINTIFF'S
EXHIBIT
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Example 2

197.5 grams of 2,4,5-tnchlorophenol 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% paraforinaldechyde is added.
Hydrogen chioride addition is continued for 30 minutes,
and the mixture is then heated to reflux for one hour.

A small sample of the reaction mixture, evaporated to
dryness, yields a white crystalline compound, having a
melting point of 78°° C. It contaius no 2,4,5-trichloro-
phenol or formaldehyde.

To the reaction mixtore is then added a solution of
197.5 grams of 2,4,5-trichlorophenol, 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, 100 grams of flmorosulfonic acid is added
dropwise, over a period of three hours. Agitation and
heating at 65° C. are continved for three hours more,
thenwtahonlsswpped,thcaﬂdlayerlssctﬂedandsepa-
raced. 'I'he hot chloroform solution is stirred with 10

activated charcoal, filtered and cooled to 10° C.
The crystallrzed 2,2"-methylene bis(3.4,6-trichlorophenol)
is filtered oﬂ. washed with cold chloroform and dried.
The ymld 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 ]000ml. of benzene is added, slowly. 58 grams of
chiorosulfonic acid, and the solotion is then'Hedted to
reflux until all HC1 is driven off. There is thus produced
abenze.nesoluﬁonconummgmgramsbeumemlfomc
acid: To this solution is added 197.5 grams 2.4,5-tnnhl0to-
phenol having a melting point of 62° C. The solution is
tbcnhealedmsttothepomtofmﬁux, and with good
agitation, 85 grams of 37% Formalin is added over two

hours, while the water introduced with the Formalin is .

taken off as an azeotrope with benzene. The condensed
benzene is returned to the reaction mixture. Reflux is then
continued for ons hour, after which 500 ml. of water is
added. The mixture stirred 15 minotes at 60° C, and
settled. The water lJayer which coptains the benzenesul-
fonic acid, is separated and discarded.

A small sample of the benzene solution cvaporated to
dryness, yiclds a white crystalline product having a melt-
ing point of 78> C. It contains no 2,4,5-trichlorophenol
or formaldehyde,

The benzene solution is added to 2000 ml. of perchloro-
ethylene, and the benzene is removed from the mixture
by fractional distillation.

To the remaining perchloroethylene solution of the re-

-action product of 2,4,5-trichlorophenol with Formalin is

added 197.5 grams 2,4,5-trichloropbenol having a melt-
ing point of 62° C. The solution is heated to 75° C,, and
with vigorous agitation is added, over five hours, 116
grams chiorosulfonic acid. Stirring is continoed at 75° C.
for two hours and the acid layer is then setited and sepa-
rated. The hot perchlorocthylene solntion is stirred with
ten grams activated charcoal, filtercd and cooled to 10°
C. The crystallized 2,2"-methylene bis(3,4,6-trichloro-
phenol) is filtered oﬁ, washed with cold perchloroethylene
and dried. The yield is 280 grams having a melting point
of 163° C. Evaporation of the mother liquor ylelds an
additional 85 grams of product.

I claim:
1. In a method for producimg hexachlorophene the
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steps of, supplying a sohution of 2,4,5-trichloropheno) and

: 4
formaldehyde at a 1 to 1 molar ratio in a solvent selected
from the group consisting of perchloroethylene, chloro- -
form and benzenc, reacting said 2,4,5—u1ch10mphcnol and
formaldehyde in the pressure of an acid catalyst selected
from the group consisting of benzene-sulfonic 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 solntion of 1 mol of 2,4,5-trichlorophenol
to the solution contammgthcreachonpmductofﬂaepra-
ceding step, and effecting condensation therebetween by
the addition of a sulfonic acid selected from the group
consisting of chlorosulfonic acid and ﬂnoxosulfomc acid
to produce pure hexachlorophene.

2. A reatcion product between ?,4.5-tnchlomphe:nol
and formaldehyde, having a2 melting point of 78* C, and
a chlorine content of 46.5%, produced by supplying a
solution of 2,4,5trichloropheno] and formaldchyde at a
ltolmohrnnomaaolvmtsdecﬁedﬁomthcgmnp
consisting of perchlorocthylene, chloroform and benzene,
reacting said 2,4,5-trichlorophenol and formaldebyde in
themwofmaudutalyusewlmmthemup
consisting of benzenesulfonic acid, anhydrous hydrogen
chloride and diloted sulforic acid, and separating the sol-
';twhuoneonhmmgthomehmpmductﬁomthe
acid.

3. In a method for prodecing bexachlorophene the . .

steps of; dissolving a molar equivalent of 2,4,5-trichloro-
phenol in 2 solvent selected from the group consisting
of perchlorethylene, chloroform and benzene; adding to

wdsolnﬁonnnamdatalystadededﬁmthemf .

consisting of benzenesulfonic acid, ‘anhydrous hydrogen
chlorﬂeanddﬂutedaﬂfnncaud,thmaddmgamolar
equivalent of formaldehyde and maintaining the tempera-
ture between about 60° C. and about 70° C. during the
exothermic reaction pmduced as the result of such addi-
tion to produce a reaction product which, when dry, bas

a melting point of 78° C. and a chlorine content of
46.5%; separating the solvent soluuon from the aud

recovering pure hexachlorophene therefrom b‘y cooling

‘and filtering same.
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During "the development; of
mon-textile products, the H)m-
pany's volume in its norma] {ex-
tile chemicals has been holding
up well, manngement rqur’(‘d.
INew " products also have {been
added. These include sey ral
textile finishing  products] {in-
cluding wash and wear, pefina-
ntnt  crease am! water mpepel-
lehicy items.
. The comnany also is actjy'L in
chemicals . for the metils ,ﬁji‘!d.
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Probcrsed Line of Metro AH nttc

It is makm& produf‘ts used for !
and stripping. .

On some of these, Métro-Atlan- |
tic is onc of the first two sup-.
pliers in"the country, Mr. Buon-

anno said. The Jine is made in
bulk and sold to manufacturers
ol metal finishe= who package

and distribute them.

The company ilse has devel-
oped a chrome complex tvpe of |
water ‘repellent used chiefly in,

e paper trade. It is expected
to be ome of Metro's hig items.

The company hnas become one
of the first foms of its size tp
produce maollamine resins—used.

“in textiles- to rive stiffness and

crispness to a fabric,

New Fﬁ('l“f;)’ Phunned

{ Earlier this month, Mctro-
Atluntic  annodraced  plang  to
build a SO0 nlant at Don-

(LI

1
T i
1

Half Non- iexhle Proucfs -

S
about ¢ years, has rcoent}y

bocn increased to 50 per cenﬁ'-
" The {dcility-Is operated jolnt-

ly with{a Swiss firm and prc»—_
- duces dig

stuffs. The pldnt s{m-
plics the 'Centertlale operation,
the value of the imported prnH~
uct bei }; 50 per cent American
and 50 per cont European, |
Operafted for about 18 yenrs
is a Canadian facility, umxzcd
chiefly for 'selling, but mcluding
rome 1é"(tl](‘ chomlcals manli-
facture. \ . V-
Metro-Atlantic additionally '{s
worlcing.mrrcntly under licenge
arrangements with, manufactur-
ingg comppahies for the packng-
in and (distribution of somc of

the prod ucts the firm produu's _
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i ; New Facllity thnad,
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aldson Center, Greenville,, S.C.,!
for production of a complcteI
line of textile and paper’ ¢em-|
TAlso™ plarined~ for thls1

ion in the' fall, is a ling of‘
rinting inks for use in . theI
paper trade, a ‘new oper:mon!
for the- company A .
Métrq also : has Incﬂ:ltlcsi.

.abroad.’ One of these is a "
- pounding plant in.Brussels; desi

signed “to serve the Europoanl
Common Markct. It presently!
uses chemicals produced in|this;
country, but plans arc being.

. considered for the addition .of:

some manufacturing therej =

One of its other 1orclgn op-!
erations is an interest in! the
Virgin Islands ‘Chemical Co{ St.!
Croix, - Chnstxansted V.1 Its
lnterest in the firm, dntmg ack
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NEW CREDIT CARDS

— A new nll—p‘%rpoxc credit
card ig  being launched b”
Credit ¢ard Acceptance Con

ration, haccordihg to J.
Bohrm" r, twesi@ient. The G ld
Medal cfedit cards will be hdan-

ored initlally by npproummdly .

3,000 mgmber ostnl)llshmomo'ln
m01c ithiin 10 states.

l
-Behringer believes that thg se .
feature will. revolutionize c

‘credit cgkd industry,
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PLAINTIFF'S

EXHIBIT

eLEARY -

State of @g/j%/ﬂ\/}pt, ).

County of INYRror 252 ) ss:

AFFIDAVIT OF THOMAS F. CLEARY

" Thomas F. Cleary, being duly sworm, deposes and states as follows:

j'/m/l,g

1. I have personal knowledge of the facts set forth in this affidavit and, if called asa

witness, I could and would cbmpetentl‘y 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 8. Caspar Dr., Mendocino, CA 95460, phone 707-964-

7065.
" 4, 1 havea BSm chcuiistd from Rutgers Umvcrsny
5. Before my retirement, I was employed at Ccr;wrcheinj Inc. between ;ppf(;ﬁmatcly
1960 {0 1980 as an organic chemist and as President and Chief Executive Officer after 1977.
6. While working for Cento_stchem, Inc., I would solicit custom chemical manufacturing
contracts for small chemical manufacfuring companies.
7. As part of that work, I would assist the chemical manufacturers with development of

the manufactuﬁng processes used to fill their custom chemical manufgcturing contracts.

8.  Inthe 1960s I was acquainted with Metro-Atlantic, 1nc., a chemical manufacturer
located in North Providence, Rhode Island.

9. Metro-Atlantic was owned and run by Joseph Buonanno, now deceased.

10.  Iwas 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.

EXHIBIT
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11. My primary céntacts at Eli Lilly in the 1960s were Robert G. “Bob” Weigel, Eli °
Lilly’s purchasing agent, now deceased, arid assistant purchasing agent Robert Dille, also deceased.

12.  In approximately 1963 or 1964, I became aware of Eli Lilly’s develo;.;ment ofa
pesticide known as treflan or trifluralin. |

13. When startix;g production__'of treflan, Eli Lilly needed time to design, build and start
up the process equipment in its Tippecanoe, IN plant.

14.  1suggested to Joseph Buonanno that Metro-Atlantic might be able to manufacture. .

treflan for Eli Lilly.
15.  lassisted Metro-Atlantic in developing the process to manufacture treflan at its Noith

Providence, Rhode Island plant and Metro-Atlantic erected a building specifically to house that
pro.ccss 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.  Thetreflanprocessat the North Providence plant consisted of converting the substrate
parachlorobenzotrifluoride or PCBT, obtained from Hooker Chemical in Niagara Falls, N.Y., into
treflan, first by dinitration then én;inaﬁon of the resulting 3.5-Dinitro-4-chlorobenzotifluoride with
dipropylamime. The treflan active substance was formulated with solvents and emulsifiers suppiied
by and under the direction of Eli Lilly.

18.  Afierashort period of production, no more thana few months at most, Ei Lilly began

production of treflan at jts Tippecanoe, IN plant and treflan production at the Metro-Atlantic North

Providence, R1. plant ceased.

19.  The Mctro-Aﬂantic production facility built for treflan production was not used for

SBSF 12923



some time afier 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. The hexabhloropheneproduced by Metro-Atlantic was soldon the open market, with

Sterling Winthrop being one of the Jargest purchasers.
2l.  Tomy knowl'e'::_lge, EliLilly had no relationship to the production of hexachlorophene

at the Metro-Atlantic North Providence plant.

Further affiant sayeth not. %‘ ﬁ %&4 : .

{pame] .

Subscribed to and sworn to before me this

- day ofSeptember, 2001, | |
< Nolgnbw ' ' -

cbmmission expires: Jo“s-p2
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION |
ONE CONGRESS STREET SUITE 1100___
BOSTON, MASSACHUSETTS 02114-2023

Memorandum | DRAFT

Date: November 26, 2002
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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 Mendocmo, CA to
inquire if he recalled how Metro-Atlantic produced hexachlorophene. These notes have

\ been reviewed by Mr. Cleary for accuracy and is a summary of our conversation.

Backeround

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

i Metro-Atlantic to produce Treflan for Eli Lilly. According to Mr. Cleary, Metro-Atlantic

Névember 26, 2002 DRAFT



- 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 profitable 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 wé)rked 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. (A.t the time Metro- _ @)
Atlantic began hexachlorophene production, the U.S. Army was using large quantities of
trichlorophenol in the production of Agent Orange making- quantities of pure 2,4,5-
trichl.orophenol unavailable. .Metro-Atlamjc 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
an\g"l}\@fﬁ\y(\%IWOl 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

November 26, 2002 D RAFT
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CERTIFIED MAIL - RETURN RECEIPT REQUESTED

November 26, 2002

Thomas Cleary
45451 S. Caspar Drive
Mendocino, CA 95460 -

Dear 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 will return your call, or
you can reach me via e-mail at gardper.ann@epa.gov.

Sincerely,

Ann L. Gardner,
Paralegal

Enclosure

Toli Free » 1-888-372-7341
Intemet Address (URL) « http://www.epa.gov/region1
SQenycled/Recyclable « Printed with Vegetable Oil Based Inks on Fecycled Paper (Minimum 30% Postconsumer)


http://www.epa.gov/region1
mailto:gardner.ann@epa.gov
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§ E: | AEGION 1
3 M 2 1 CONGRESS STREET, SUITE 1100
N & BOSTON, MASSACHUSETTS 02114-2023
1 pRo‘?'o
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, RI]

,'J

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, A P
l" s ! '
1/ - ¢
Pt . T Y

LY

Ann L. Gardner
Paralegal

) Enclosure

Toll Free o 1-888-372-7341
Intemet Address (URL) ¢ hitp://www .epa.goviregiont
Aecycled/Recyciable « Printed with Vegetable Oil Based Inks on Recycled Paper (iinimum 30% Postconsumer)
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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
. . Jess c._l
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-

tetrachlorobenzene into 2,4,5-trichlorophenol. Mr. Cleary suggested we contact John

~CPq Copes

— Burton, formerly with Diamond Alkali, to ask questions about this process and the 2,4,5-

LTog

~y  trichlorophenol delivered to Metro-Atlantic.
[.\
i
Once the 2,4,5-trichlorophenol was purified, it was mx€d 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 pun'ﬁcatioﬁ process did not
recapture all of the 2,4,5-trichlorophenol and some was lost as a waste by-product. This

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 procesépparently, hexachlorophene was really the only chemical

@ they producecg the other chemical work done by Metro-Atlantic was primarily mixing and

November 26, 2002 DRAFT
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__ _re-formulating products. Other than Mr. Cleary, ail 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. Cleary’s. Gec

was active in managing the hexachlorophene production and moved to South Caroiina *
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 Bemard (“Bernie”) Buonanno. Bemie 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.
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LT Volatile Organic Compounds
, Exceeding Rhode Island Residential Standards
(June to November 1999)
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Exceeding Rhode Island Residential Standards
(June to November 1999)
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PCB Concentration Distribution in Soil
(1-2 feet below ground surface)
(June to November 1999)
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| PCB Concentration Distribution in Soil
B A"-‘“"’@ ' (2-3 feet below ground surface)
ma (June to November 1999)
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. L PCB Concentration Distribution in Soil
e A (3-4 feet below ground surface) ‘
(June to November 1999)
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PCB Concentration Distribution in Soil
3-4 feet below ground surface)
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o g 1) — PCB Concentration Distribution in Soil
: (4-8 feet below ground surface)
__ | (June to November 1999)
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TCDD Concentration Distribution in Soil
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it N TCDD Concentration Distribution in Soil
| s (2~-3 feet below ground surface)
(June to November 1999)
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@__ . TCDD Concentration Distribution in Soil
(3-4 feet below ground surface)
(June to November 1999)
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TCDD Concentration Distribution in Soil
(4-8 feet below ground surface)
(June to November 1999)
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OF 10
- Thomas F. Clezry, béing duly sworm, dcposcs and states as follows:
1. 1 have personal knowledge of tbe facts set forth in this aﬁida'm and, if called as a
w:tness, I could end would compctzntly testify to the facts set forth below.
| 2. I am retired efier a career waorking for several companies as an organic chemist.
| 3. 1 c_v._urcnﬂy seside at 45451 S. Caspar Dr.,, Mcndocino,- CA 95460, phone 707-964-
7065. | ' - |
- 4, Thave s B.S.in che.:mshy from Rutgers Uchrsm

5. Befor: my retirement, ] was employed st Cmt:rchem, Inc between appronmately .

1960 10 1980 as an orgenic ohcrmst and as Presxdent and Chief Executive Officer after 1977.
6. thle worhng for Centmhem,lnc I'would solicit custorn chemical mnnufacnmng
-oomcts for small chemxcal manufacturing companies.
. 7. As part of that work, I would assist the chemical manufacturers with development of
the manufacturing processes used to fll their custom chemical manufacturing contracts,
8. In the 1960s I was acquainted with Metro- AUanuc Inc., a chemical manufacturer
located in North Pmﬁdencc, Rhode Isla.nd
| 9. 'Metro—Aﬂantic was owned and run by Joseph Buonanno, now deceased.
10.  Iwas acquﬁnted with purchasing agents of Eli Liily gnd Company of Indianapolis,
IN and would attempt to .assist in the dcvclopm:’ﬁt of contracts for tbe custom mepufacture of | :ﬁ/

cﬁcmica.ls for Eli Lilly by custorn chemical manufacturing companies like Metro-Atlantic.

SBSF 12922
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11. My primary contacts at Eli Lilly in the 1960s were Robert G. “Bob” Weigel, Bi -

Lilly’_é purchasing egent, now dgce&ced, apd assistant purchasing agent Robert Dille, also deceased.
12. In spproximately 1963 or 1964, I becams aware of Bli Lilly's dcvelo;;mmt of
pastiéide koown 2s treflan or trifluralin.
. 13, When s!a.rhng production 'uf treflan, Eli Lilly needed time to design, build and start

up the process equipment in its Tippecanoe, IN plant.

14, Isuggested to Joseph Buonanno that Metro-Atlantic might be able to manufachue

trcﬂan for Eli Lilly.

15.  lessisted Metro-Atlantic indevzloping the pmcessto manufacture treflan at mNorth
medencc, Rhode Island plant and Metm-A!lanUc erecied a building specxﬁcally to house that
pmcess at that time. |

16 Eli Lﬂly entered into an agrecment with Mctro-Aﬂant:c by which Metro-Atlantic
msdc treflan for Eli Lilly st the Metro-Atlantic North Providence plant,

. 17.  Thetreflan process atthe North Providence plant consisted of converting the substrate
paéachlorobcnzotriﬂuoxide or PCBT, obtained from Hooker Chemical in Niagara Falls, N.Y,, into
tefﬂan, first by dini&aﬁc;n then a‘:x:.ﬁnation of the resulting 3.5-Dinitro4-chlorabenzotiftuoride with
di;aropy]amima The treflan active substance was formulated with solvents and emulsifiers supplied
by and under the direction of Eli Lilly.

18.  Aferashon period of production, no more than a fow months atmost, Eli Lilly began

p}odu:tion of trefan at its Tippecanoe, IN plant and treflan production &t the Metro-Atlantic North

I;‘rovidcncc, R plant ceased.

i9. The Metro-Atlantic production facility built for treflan production was not used for

o
W
2
™
Y
<
~4
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‘59 some titne afler the treflen production ceased; [ then worked with Joseph Buonsnno to setup a -

processto manufscturs hexachlorophere in the building formerly used to menufacture treflan.
éO. The hexaéhioropheﬁe ?IOdqu‘.d by Metro-Atlantic was ¥1d onthe open market, with
.S.tcrlmg Winthrop being one of the largest purchesers.
‘:2!_. Tomy knowlecgge, Eli Lilly had norelationship to the produciion of hexachloraphene

at the Metro-Atlantic North Providence plaat.

Fmﬂ:ﬁ'f affiani sayeth not. ' %- ﬁ / :

Subscﬁbed to and sworn to before me this

& day ofS. , 2001.
- Py I

cbmmission expires: Jo-s-02
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DOCUMENTS TO BE PRODUCED

(1) any and all doémnents conceming the manufacture and/or sale of hexachlorophene by
Metro-Aflantic, Inc, including any efforts to establish a process for such manuficlurs
* andfor sale of hexachiorophene, s referenced in paragraphs 19 and 20 of the affidavit of
Thomas F. Cleary dated November 8, 2001 (a copy of which is attached), and (2) any and
all documents concerning the chemical composition of thé hexachlorophene

. manufactured and/or sold by Metro-Atlantic, Inc.

,?,,E?‘;\\



-of 2,4,5-trickloropherol through the
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3,456,020
DR()D"CTIO\' OF 2. 7’-\1TTP1‘1 LENE BIS(3,4,6
- TRILHLOPO";{E. ‘L)
Thomas F. Cleary, Summit, M.J., ..s::gnm- te Cenierchem
Inc., New York, N.Y., 2 corpo rat'un of New York

. No Drawiog. Cendnuaticirin-part of pplication Ser, No.

489,038, Scpt, 21, 1965, Tiis nppn.c:'.mu Nov. 28, 1557,
Ser, No. 600.290 .
Iut. CL. C07¢c 37/00

5—615 3 Claims

U.5. €L 25

——

ABSTRACT OF TIIZ DISCLOSURZE

This inventicn is directed to the preduction of hexa-
chlorophene by 2 two stage process in which cne mol
of 2,4,5-trichlorephenol and one mol of formaldzhyde
are reacted under the influence of an acid catalyst, after
which the reacton product is condensed with one mol
agency of chloru-
acider £ '

sulforic yorosuifopic acid.

RELATED.APPLICATION.

This application is a- continuation-in-part of my co-
vending application Ser. No. 489,036, now abandoszed,
filed Sept. 21, 1965, and having tks same title as this
application.

" THE INVENTION

This invention relates generally to new and useful
improvements for the production of 2,2’-methylene bis-
{3,4,6-trichlorophenol), commonly called hexachloro-
phene, and partcularly séeks to provide a novel two
stage process for producing same.

The known processes for the preparation of he‘(ach:o-
rophens (2,2"-methylene bis(3,4,6-trichlorophenol)) i
volva the condensaticn of two mols of 2,4,5-tnchloro-
rhencl with one mol of formaldehyde (as Formalin or
paraformaldehyde). The usual condensing agent is con-
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-
ing agent.

In these processes it is cLstomary 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-
ions such as these are disadvantageous in the produc-
tion of hexachlorophene in that: .

(1) They tand to promote the formation of color
bodies which make difficult the purification of the product;

(2) They tend to promote the formation of the by-
product 2,4,5-trichlorobesizodicxolane with an attendant
Ioss of yleld;

(3 'I'hey raquire, if zcceptable yields are to be ob-
tained, extreme care that the 2 .4,5-trichlorophenol and
fcrmald\,hydu be piesant in exactly the molar ratio
2.00:1.00. Since the composition of Formalin or of form-
aldehyde is wusually imprecise, a2nd since a certain
amount of formaldenyde islost from the reaction mixture
by volatilization,. this is a difficult requirement to realizz
in practice.

However, thmmh the use of this rvenuou the above
meationed disadvaiitages in prior processes have been
overcome.

Therefore, an ohject of tkis invenzion is to provide a
new method of produsing heuc'nlorophene from previ-
ously known sourcs
effective and resuits in higker
prior processes.

Another objuct of this u‘vertlon is to provide a process
of the character siated in which one mol of 2.4,5-tri-
chlorophenol and one mol of formaldehyde are reacted

yields by comparison with

20

25

(]
<t

40

45

60

malerials which is simpler, more .

7%

v

under the influence of an acidic cataivs: 1o form a ¢ ve!,
intermediate product, which in turn is condensed with
onz mol of 2,4,5-trichiorophensl ithrough the nf‘en:\ cf
chlorosuifonic acid or flusrosuifonic acld to produce hizh
yields of pure hexuckhlurophene. .
With these and- other cbjects, the nature of which will..
be apparent, the invention will be mo"e Lu‘h understood

“by reference to the accompanying Jetailed description and

the appendea claims.

In accordance with this inveatiot it has
that: ' _
(1) Cae mo! of 2,4,5-trichloropiienol and one mol of
formaldehyde will react, under the influence of acidic
catalysts such as benzenesulfonic acid, anhydrous hydre-
zen, and diluted suifuric acid, to form quantitatively and
exclusively, a compourd which has a melting point of
78° C. The compound has a chiorine content 46.5%.
occurs in long colorless prisms, and defipitely is not 2,4,5-
trichlorcsaligenin. :

(2) The compound formed as in (1) can be condensed -
with 2,4,5-trichlorophenol, through the agency of chloro-
sulfonic acid or fluorosulfonic acid, to produce high yields
of pure hexachlorophene.

Both of these reactions are surprising. Tae only hither-
to known reaction product of eqmmolar amounts cf 2,4,5-
trichlorophenol and formaldehyde is 2,4,5-trichlorosali-
genin, which is formed under alkaliine COndl'IO'la apd has
a melting point of 128° C. 2,4,5-trichlorophenol, which
is relatively inert to .concentr'ated suifuric acid and to
oleum, will react readily with chlorosulfonic acid and
fluorosulfonic acid to forra 2,4,5-trichlorophendl-6-stl-

fonic acid.”
The following emmples will illustrate this

Example 1

197.5 grams of 2,4,5-trichloropheno! having 2 melting
point of 66° C. is dissolved in 1000 grams' of perchloro-
ethylene and the solution is warmed to 50° C. with agiza-
tion. To this solution is added 50 grams of $0° suifuric
acid. 30 grams of paraiormaldehyde is added slowly over
a period of one hcur with sufficient cooling .to mainrain
the temperature between 60° C. and 70° C. The reaction
is exothsrmic. The mixture is stiired for an additonsal
two hours at 70° C. The perchloroethylene solution is then
separated from the dilute acid layer. Upon evagorating
a small sample to dryness a crystalline product is obtained
which has a melting point of 78° C. There is no free form-
aldehyde remairing either in the dilute acid layer or in
the perchloroethylene solution. There is no hexachloro-
phene preseat ‘at this point in the reaction mixture, nor
any unreacted 2,4,5-trichlorophenol. '

The perchloroethylene solution of the product cf the
reaction between - 2,4,3-trichlorophenol and paraformal-
dehyde is mixed with 2 solution of 197.5 grams of 2,4,5-
trichiorophamol in 1000 grams of perchloroethylene and
the mixture is heated with agitatica to 75° C. There is
then introduced dropwise over a period of three hours
t16 grams of chlorosu fonic acid. The addition of chioro-
sulfomc acid is accompanicd 1 by a mild exothermic reac-
tion and by the evclu'.lon 0f HCl. The temperature is
maintained at 75” C. throughout the chlorosulforiv 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 fayer is ailowsd to settle and is sepacated.
The hot perchloroethylene solution is siirred with 10
grams of activated chaccoal and is filtered. The reaction
product, 2,2-mezthylene bis{3,4,5-trichlorophesnl), crys-
tallizes upon cooling and is separated by bltration. The
yield is 310 grams having a melting point of 1621°
Upor: concentration of the mother liquors therz is ok
tajned aa additional 65 grams of product having the samsz
melting point. ’

been distoversa

:nvention..
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Example 2

(197.5 grains of, 2,4,5-1richlorophenoi having a melting
roirt of 62° C. is disscived ia 2660 ml. of chioroform,
and the soiution is warmad 1o 50° C. with agifation. Dry
frydrogen chivride is bubbled through the solution at. a
rate of 5 grams per minute, 2nd over a period- of one
hour, 31.6 grams of 95% parafcrmaldelivde is added.
Hydrogen chloride addition: is comtinued for 20 miniites,

and the inixture is then hsated to reflux for one hour.

A smail sainple of the reaction mixiurs, evaporated to

dryness. Vields a white crystalliie compound, having a
melting point of 78> C. Ii contains no 2.4,5-trichloro-

phengl cr formaldenyde.

To the rcaction mixture is then added a solution of
197.5 crams ol 2.4.5-trichiorochenol, having a melting
point of 62° C., in 2000 ml. of chleroform. The mixture
is heaited to 65° C., under a refux condensar and with
cood agilation, 100 grams of fluorosulfonic acid is added
dropwize, over a peried of three hours. Agifation and
heating at 65° C. are continued for three hours more,
then agitation is siopped, the acid layer is settled and sepa-
rated. The hot chicreform sclution is stirred with 10
grams activated charcoal, filtered and cooled 10 1
The crystallized 2,2°-methylene bis(3,4.6-trichlorophenol)
is fitered off, washed with cold chloroform and dried.
The vield is 310 grams having a meiting point of 164° C.
Evaporation of the mether liquar yields 2n additional 70
grams of product. :

' Example 3

To 100C m). of benzene is adc‘ed slow]y, 58 grams of
chlorosulfonic acid, and the sotution ic then heated to
refiux unti! ali HCl is driven of. There is thus produced
2 benzenez solution coutaining 79 grams benzenesylfonic

acid. To tkis scluticn is zdded 197.5 grams 2,4,5-trichloro- 3;

phenol having a meliing point of 62° C. The solation is

TN

‘then heoted just to the poinl of reflux, and with good

agitation, 85 grams of 37% Formalin is added over two
hours, while the water introduced with the Formalin is
taken off as an azeotrope w:th berzene. The condensed
benzene is returned 1o the reaction mixture. Reflux is then
continued for one hour, after which 500 m!. of water is
adced. The mixture stirred 15 minutes af 60° C., and
smled "'he water leyer which contains the anzencsul-
1:.;1‘.1c~ and discarded.
ampu ci the bemzene solation evaporated to
ds 2 white crystaliine preduct haying a melt-
i 78° C. Ir contains no 2 4,5- mchlorophenm
or forn‘a'd»u, de.

The benzere soluticn is added to 2000 ml. of perchloro-
ethylen2, and the benzene is removed from the mixture
by fractional distillation. :

To the remaining perchloroethylene sciution of the re-
action "rLcuct oi 2,4,5-trickiorophenc! with Formalin is
2dded 197.5 grams 2,4,5-trichlorophendl I‘a\lu"' 4 melt-
ing point of §2° C, -b-:. gelution is keated.to 75° G, and
with vigorcns agitation is added, over five h..urs, 116
grames chicrosuifonic acid. Stirring is continued at 75° C.
for vwo hours and the acid lzyer is then sett'sd and sepa-
rated. Tl Lot pur -*h‘oroﬂhyl’eqﬂ solution s stirred with
tep grams oclivared cha .-v.ﬂ. filter=d and cocled to 10°
b:;(:;d 6-trichlorc-
,LrbmoroLLhVIme

Cr \”'ululn...\. _',L ..n.\l"

@
chenol) i

and drizd. is _3.0 £rams '13. v a melting point
of 163° C. E 'apo...li'n-_ oi iz moiher liquor yields an
ac¢didonal 85 gram: of product.

.Inoa ns:hu:‘. for producing hexachloroshene the
steps of, supplving a sclution of 2,4.3-trichlorophenot an
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formaldehyde at a 1 to 1 molar ratio in a sclvent selected
from the group consisting of, perchlorozthylens, chloro-
form and berzene, reacting said:2,4,5-trichlorophenol and
formaldehyde in the pressure of ‘an acid catalyst selecied
from the group consisting of benzenc-sulfonic acid, an-
hydrous hydrogen chloride and diluted sulfuric acid to
form a soluticn cf a compeund which, when dfy, 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-trichlorophenol
to the solution containing the reaction product of the pre-
ceding siep, and eflecting condensation thérebetween by
the addition of a sulfonic acid selected from the group
consisting of chlorosulfonic acid and fluorosulfoaic acid
to produce pure hexachlorophene.

- 2. A reatzion product betwecn 2.4,5- mcbloxophenol
and formaldehyde, having a mielting point of 78° C, and
a chlcrine content of <6.5%, produced by supplying a
solution of 2,4,5-trichloropheno] and formaldebyde at a
{ to 1 molar ratio in a sclvent selected from the group
censisting of pcrchlorocthylcne, chloroform and benzene,
reacting said 2,4,5-trichlorophenol and formaldebyde in
the presence of an acid catalyst selected from the group
consisting of benzenesulfonic acid, anhydrous bydrogen
chloride and diluted sulfuric acid, and separating the sol-
vent solution containing the reaction product from the
acid.

3. In a- method for producing hexachiorophene the
steps of; dissolving a molar Lqunaleqt of 2,4,5-trichloro-
phenol in a solvent selected from the group consisting
of perchlorethylene, chioroform and benzcnc adding to
said solution an acid caialyst selected from the group
consisting of benzenesulfonic acid, enhydrous hydrogen
chloride and diluted sul{uric acid; then adding a molar
equivalent of formaldeshyde and maintaining the tempera-
ture betwezn 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, bas
a melling point of 78° C. and a chlorine content of
46.5%; separating the solvent sclution from the acid;
adding a molar equivalent of 2,4,5-trichioropheno! dis-
solved in said solvent to said separated solvent solution;
effecting condensatiocn between said added molar equiv-
alent of said Z,4,5-trichiorophenot and ihe reaction prod-
uct in said separated solvent solutier by the addition of
an acid selected from ihe group consisting of c¢hloro-
sulforic acid znd fuvorosulfonic acid: then removing the
sojvent solution coutaining the condensed product and
recovering pure hexachlorophenz the¢refrem Ey cooling
and filtering same.
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U.S. Cl 260—623 1 Claim

ABSTRACT OF THE DISCLOSURE

This invention is directed to a method for purifying
crude 2,4,5-trichlorophenol by treating it with an aqueous
alkali hydroxide to form an alkali salt of the crude prod-
uct, adding an additional quantity of the alkali hydroxide,
then crystallizing and separating the alkali salt of 2,4,5-
trichlorophenol and recovering essentially pure 2,4,5-tri-
chlorophenol from the separated alkali salt by treating
the salt with an acid.

This invention relates to new and useful improvements
in the production of essentially pure 2,4,5-trichlorcphenol
and particularly seeks to provide a novel method for
purifying crade 2,4,5-trichlorophenol.

2,4,5-trichlorophenol is produced conventionally by the
reaction of 1,2,4,5-tetrachlorobenzene with methyl alco-
holic or aqueous methyl alcoholic sodium hydroxide at an
elevated temperature and pressure. The resulting crude
product when isolated contains omly about 88-92% of
the desired 2,4,5-trichlorophenol and is inevitably accom-
panied by at least three impurities consisting of the methy!
ether of 2,4,5-trichlorophenocl, the 2,4-5-trichloropheny?
ether of 2,4,5-trichlorophenol, and 2,4-dichlorophenol.
The latter impurity results from trichlorobenzene which
is present as an impurity in the tetrachlorobenzene. Thert:
are also traces of several other impurities which occur as
by-products or as substances present in the starting re-
actants,

" Heretofore a degree of purification has been effected in
a costly manner by a single distillation which raises the
2,4,5-trichlorophenol content to about 94-96% while a
second distillation will raise it only siightly more to about
97-98% and even this degree of purity is inadequate for
certain end uses. Furthermore, the yield of purified 2,4,5-
trichlorophenol obtained by distillation is not very high
because a very careful fractiopation must be carried out.

However, in accordance with this invention it is possi-
ble to simply and inexpensively separate esseatially pure
2,4,5-trichlorophenol from the crude reaction mixture.

Therefore, an object of this invention is to provide a
novel process for purifying 2,4,5-trichiorophenol.

Another object of this invention is to provide a proc-
ess of the character stated in which at least 95% of the
2,4,5-trichlorophenol present in the crude product is re-
covered in at least a 99.5% pure state and has a melting
point of 65 to 67° C.

Another object of this invention is to provide a process
of the character stated that is based upon the separation
of 2,4,5-trichlorophenol from an agueous medium as its
sodium or potassium salt, in the presence of an excess of
an alkali hydroxide, followed by liberation of free 2,4,3-
trichlorophenol by acidification of the salt.
tioThe following examples are illustrative of the inven-

n:

EXAMPLE I

200 grams of a commercial grade of 2,4,5-trichlorophe-
nol containing 94% of the 2.4,5-isomer was dissolved in
600 grams of 10% sodium hydroxide solution, and this
solution was heated to 60° C. Any insoluble maiter which
Wwas apparent in this solution was fltered off ard there
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was then added 600 grams of 50% sodium hydroxide
solution, and the mixture was stirred while external cool-
ing was applied. Over a period of 3 hours the mixture
was cooled to 15° C., whereupon a heavy crystal mass
of the sodium salt of 2,4,5-trichlorophenol had formed.
The crystals were filtered off and washed with a small
quantity of cold 30% sodium hydroxide solution. The
pure white crystals were dissolved in 2 liters of water,
and with stirring and cooling, the solution was adjusted to
a pH of 3.0 with dilute hydrochioric acid. The 2,4,5-tri-
chlorophenol which precipitated, was filtered off, washed
with water, and dried. The yield of purified 2,4,5-trichloro-
phenol, having an assay of 99.6% and a melting point of
65.5 C. was 179 grams, representing a recovery of 95%
of the 2,4,5-trichlorophenol which was present in the
starting crude material.

EXAMPLE II

430 grams of commercial grads 1,2,4,5-tetrachloro-
benzene was dissolved in 1,000 cc. of methy! alcohol, and
400 grams of 50% sodium hydroxide solution was added.
This mixture was heated in an autoclave at 160° for 6
hours. The reaction mixture was then cooled to 30° C,,

and 300 cc. of water was added. The methyl alcohol was .

then distilled off and the residue was subjected to steam
distillation until no organic matter was evident in the
steamn distillate. To the residue was then added 1,200
grams of 50% sodium hydroxide solution and the entire
mixture was heated to 60° C. An additional 500 cc. of
water was added, and the mixture was cooled over a
period of 6 hours to 15° C., whereupon a heavy crystal
mass of the sodium salt of 2,4,5-trichlorophenol formed.
The crystals were removed by filtration, apd washed with
a small quantity of cold 30% sodium bydroxide solution.
The crystals were dissolved in | liter of water and the
solution was warmed to 70° C., and acidified to pH 3 with
dilute hydrochloric acid. The 2,4,5-trichlorophenol sepa-
rated from the warm mixture as an oil, and was removed
from the water layer. The product had a setting point of
65° C., and an assay of 99.5% 2,4,5-trichlorophenol. The
yield was 320 grams which represents a yield of 80.8%
of the theoretical amount of pure 2,4,5-trichlorophenol
from 1,2,4,5-tetrachlorobenzene.

EXAMPLE 1II

200 grams of a crude technical grade of 2,4,5-trichloro-
phenol, having an assay of 92.5% of the 2,4,5-isomer is
dissolved in 600 cc. of 10% potassium hydroxide solution.
The solution is heated to 60° C., and 800 grams of 50%
potassium hydroxide solution is added. The mixture is
cooled with stirring over a period of 8 hours to 12° C.
The formed crystals of the potassium salt of 2,4,5-tri-
chlorophenol are filtered off and washed with a small
quantity of cold 25% potassium hydroxide solution. The
crystals are dissolved in 1 liter ‘of water, and 300 cc. of
chioroform is added. With stirring, the mixture is acidi-
fied to a pH of 2.0 with dilute sulfuric acid. The chlorn-
form solution is separated and clarified by filtration. The
chloroform is distilled off, leaving a residue of 177 grams
of 2,4,5-trichlorophenol having an assay of 99.7%, and a
melting point of 66.5° C. This represents a recovery of
95% of the 2,4,3-trichlorophenol which was present in
the crude starting material.

In the foregoing examples the excess alkali hydroxide
should be present in an amount ranging from 1 to 3
times the weight of the 2,4.5-trichlorophenol.

Although only hydrochloric and sulfuric acids have
been disclosed as the acidifying agents, it will be appreci-
ated that many other acids could be used for this purpose
as long as they are capable of reducing the pH to 4.5 or
Jower.

EERT TTS
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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 a2 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 crude 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-

o
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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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ABSTRACT OF THE DISCLOSURE

This iuvention is directzd to th® preducticn of hexa-
chiorophene by 2 two stage process in wkich cns mol
cf 2,4,5-trichlorecienol and one mol of formaldehyde
are reacted under ‘he influence of an acid catalyst, after
which the reaction product is condensed with one mol
of 2,4,3- trlchloropherol through the agency of chloro-
sulfonic acid or Buorosuifoni¢ acid.

RELATED APPLICATION
This zppiication is a continuation-in-part of my co-
pending application Sar. No. 439,036, now abandoned,
filed Sept. 21; 1965, and having the same tide as this

application.
THE INV ENTION

This inventiocn reiates gegerally to new and useful
improvements for the production of 2,2°-methylene bis-
{3,4.6-trichlorophenol), commonly called hexachloro-
phene, and particularly seeks to provide a movel two
stage process for preducing same.

The known processas for the preparation of hexacblo-
rophene (2,2"-methylens bis(3,4,6-trichlorophenol)) i
volve the condensation of two mols of 24, 5-tnchloro-
rhenol with one mol of formaldehyde (as Formalin or
paraformaldehyde). The usual condersing agent is con-
centrated sulfuric acid or weak oleum, and the rsaction
may be carried out in the presence or absence of a sol-
vent which is inerr to the reactaats and to the condens-
ing agent.

In these processes it is t:Lsto:nary 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 disadvantageous in the produc-
tion of hexachlorophene in that:

(1) They tend to promote the form..uon of color _

bod:cs which make difficult the purification of the product;

{2) They tend to promote the formation of the by-
product 2,4,3-trichlorobenzodicxolane with an attendant
loss of yield;

(3) They require, if zcceptable yields are to be ob-
tained, extreme care that the 2,4,3-trichlotopheno! and
formaldehyde be present in exactly the molar ratio
2.00:1.00. Since the compoesition of Formalin or of form-
aldehyde is usually’ impr:cise, and since a certain
amount of formaldetyde is lost from the reaction mixture
by volatilization,. this is a difficult'requirzment to realiza
in practice.

Hoswaver, thxou"h the use of this invention the atove
mentioned disadvantazes in prior processes have teen
overcoms. '

Therefore. an chject of this invention is to provide a
pew method of producing hexachloroghene from previ-
ously Xnown source materials which is simpler, morz
effective and resuils in bigher yieids by comparison with
prior proccsses.

Another obdject of this inventi on is to provide 2 procass
of the c‘zn'nc:e stated in which one mol of 2.4,5-tri-
chiorgpiicaal and ore mci af formaldshyde ace veacied

10

19
ot

30

[4)
O

60

7

2

under the icfuence of an acidic cataivst 22 form a zoval
intermediate p.oduct, which in turn is condznsad witk
ons mol of 2,4,3-triciiorophanol throuzh the agency cf
chlarosuifonic 2cid ¢r funrosuifonic acid to produce kizi
yields of pure hexsciiforophene.

With these and othar objects, the nature of '.vhich will..
be apparent, the invenion wili be more fuilv uaderstocd
by referance to the accompanying Jetailed descerip t o-i and
the appended claims.

In accordance with this & invention it has s bezn discovers
that:

(1) QCne mo! of 2,4,5-trichloropiierol and orz mol of
formaldehyde will react, under the infuence of acidic
catalysts such as benzenesulfoni anhydrons hvdrec-
gen, and diluted suifuric acid, to form quanti:atively and
exclusively, a compound which nas a meiting point of
78° C. The compound has a chiorine contznt 46.3
occurs ia long colorless prisms, and definitely is hct 2 4._
lnchlorcsaucenn.

(2) The compound formed as in (1) cda be condenszed
with 2,4,5-trichlorophenol, through the agercy of chioro-
sulfonic acid or fluorosulfonic acid, te produce high yields
of pure hexachlorophene.

Both of these reactions are surpn sing. The ornly hither-
to known reaction product of equimolar amounts of Z.4,5-
tnchloropherol and formaldehyde is 2,4,3 -t-"mo'osdl-
genin, which is formed under alkaline conditions ard has
a melting poiat of 128° C. 2,4,5-trichlocephenol, which
is relatively inert to concentrated suifuric acid and to
olenm, will react readily with chlorosulfonic acid and
fluorosulfonic acid to forra 2,4,5-trichlorophenol-6-sul-
fonic.acid. :

The following emmples will illustra

Example 1

197.5 grams of 2,4,5- trichlorophe“o. baving 2 melting
point of 66* C. is dissolved in 1000 g ams of p..rcnl.).'o—
ethylene and the solution C. with agira

aclu,

2 this. inventicn.

is warmed to 30° C
tion. To this solution is added 30 grams of 90' su.fl..n"
acid. 30 grams of paraformaldehyde is added slowly ovar
a period of one hour with sufficient cooling to mainiain
the temperature betwesn 60° C. and 707 C. The raaction
is exothsrmic. The mixture is stirred for an additional
two hours at 70° C. The perchloroethylene solution is then
separated from the dilute acid laver. Upon evaporating
z small sample to dryness a crystalline product is obtained
which has a melung point of 78° C. There is no {ree form:
aldehyde remaining either in the dilute acid fayer or in
the perchloroethylene solution. Thers is 5o hexachloro-
phene present at this point in the reaction mixture, nor
any unreacied 2,4,3-trichlorophenol.

The perchloroethylene solution of the product ci the
reaction between ' 2,4,5-trichlorophenol and paraformal-
dehyde is mixed with a2 solution of 197.5 grams of 2,4,5-
trichlorophenol in 1000 grams of perchiorozthylere and
the mixture is heated with agitatica to 75° C. There is
then introduced dropwise over a period of thres hours
116 grams of chlorosuifonic acid. The addition of chioro-

sulfornic acid is accompam :d by a mild exothermic reac-
tion and by th evolution of HCL The lemperature is
* C. throuzhout the calorosulforic acid

maintained at 73
addirion and is thea held at 75° C. 0 80° C.
ditional two hours. Apitation is stovped, tha
sulfuric acid layer is ailowe=d to senle and is
The hot pecchloroethylene colution is "‘irr*d '-'i'b
grams of activated charconl and is fliered.
product, 2.2-mzthxlens bisi3.4,5-trichi oroph
tallizes ugon cooling aad is separated 5y Siten
yield is 310 grams having a me‘"-n noint
Ugon: concentraticn of the moiker lia
tained an additional 83 zrams
Oll".l..
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Example 2

_197.5 grains of 2,4,5-1richlorophenoi having a melting
point of 62° C. is dissoived jn 2600 ml. of chioroform,
and the solution is warmed 10 50° C. with agitation. Dry
hydrogen chioride is bubbled throush the solution at. a
rate of 5 grams per minute, and vver a period of one
hour, 31.6 grams of 95% paraformaldshvde is added.
Hydrogen chioride addition is continued for 20 minutes,
and the inixture is then heated to rejux for one hour.

A smail sample of the reaction mixiurz, evaporated ic
dryness, vields a white crysiallinc compound. having a

melting point of 78> C. It conwains go 2,4,5-trichloro-

phencl or formaldenyde.

To the rcaction mixture is then added a colution of
197.5 grains of 2.4.5-trichiorochenol, having a melting
point of 62° C., in 2000 ml. of chloroform. The mixture
is heaied to 65° C., under a reflux condenser and with
good agitation, 100 1ramr of fiuvorcsulfonic acid is added
dropwise, over a period of thre= hours.
Leating at 65° C. are continued for three hours more,
then agitation is stopped, the acid [ayer is settfed and sepa-
fated. The hot chleroform solution is stirred with 10
grams activated charcoa!, filtered znd cooled 10 1
The crystallized 2,2 -methylene bis(34.6-trichloropienol )
iy fitered off, wached with cold chloroform and dried.
The vield is 310 grams having a meiting point of 164° C.
Evaporation of the motber liquor vields an additional 70
grams of product.

’ Example 3

To 1000 ml. cf benzene is added, slowly, S8 grams of
chiorosulfonic acid, and the solution is then heated lo
reflux until ali HCI is driven of. There is thus produced
2 benzene solution coutaining 79 grams benzenesulfonic
acid. To this scluticn is addad 197.5 grams 2,
phenol having a melting point of 62° C. The soiution is
‘then heated just !0 the point of rafux, and with good

agitation, 85 grams of 37% Formalin is added over two
nours, M.xl: the water introduced with the Formalin is
taken off as an azeotrope with berzene. The condensed
benzene is rcturred to the reaction mixture. Reflux is then
continued for one Lour, after wkich 500 m!l. of water is
a:!dvd' The mixture stirred 15 minvtes at 60° C., and

sgtiled. The water Tay er which contiins tke benzenesul-
fomc acid, Is separated and discarded.

A small sampie of the benzene solution evapcrated 1o
dryness, yields 2 white crystaliine product baving a melt-
ing poini of 75° C. It contains ao 2,4,5-trichlorophenol
or turmaldcu rde.

The b-n..er‘e solutien is zdded to 2000 ml. of perchloro-
ethylene, and the benzene is removed from the mixture
by fras nona} distillation.

To the remaining perchloroethyleae sclution of the re-
action rrocuct of 2,4,5- t.xchompn;nc[ with Fermalin is
added 197.5 grams 2,4,3-trichlorophenol having a meli-
ing poini of 62° C. The solution is hkeated.to 75° G, and
with vigorous agitation is added, over five hours, 116
grame chiorosulfonic acid. Stirring ic continued at 75° C.
for wwo howrs and the acid Iayar is then sett’sd and sepa-
tated. The hot perchlorosthylens sclution is stirred with

ten grams activated ckarcoal, fiker=d and cooled to 10°

cryatallized
@

2,2 -methylene bis(3,4.6-trichlore-
washed with cold perchloroethylene

230 grzoas inz a meliing paint

C. A.hb
ol*em)n is filtered ¢f
and dried. The vicid s

ot 163° C. Evaporation of the mcdher lguor }'ields an
additional 35 zram: of rroduct.

1 claium:

i.In a meiod for producieg bevachioroghene the
stepss of. supolving 2 soluyor of 2,4, Z«richlorephenct and

Agtation and |

4,5-trichloro-

(2]
(3]

410

N
(]

50

4

formaidehyde at a 1 to 1 molar ratio in a solvent selected
from the group consisting of, perchloroetiiylens, chloro-
form and benzene, reacting said 2,4,5 tnchloroPhenol and
formaldehyde in the pressure of an acid catalyst selected
from the group consisting of benzena.sulfonic acid, an-
hydrous hydrogen chloride and dituted sulfuric acid to
form a soluticn of a compeund which, when dry, has a -
meliing point of 78* C. and a ch]orme content of 46.5%,
then adding a solution of 1 rcol of 2,4.5-trichlorophenol
to the solution containing the reaction; product of the pre-
ceding siep, ard eflecting condensation therebetween by
the addition of a sulfonic acid selected from the group
consisting of chlorosulfonic acid and fuorosulfoaic acid
to produce pure hexachlorophene.

2. A reatcion product between 2.4.3-tricklorophenol
and formaldehyde, having a melting point of 78° C. and

a chiciine content of +6.5%, produced by supplying a
solut.on of 2,4.5-trichlorophenol and formaldebyde at a
1 to 1 molar ratio in a sclvent selected frem the group
censisting of peichloroethylene, chioroform and benzene,
reacting said 2,4,5-trichlorophenol and formaldehyde in
the presence cf an acid catalyst selected from the group
consisting of benzenesulfonic acid, anhydrous bydrogen
chloride and diluted sulfuric acid. and separating the sol-
vent solution containing the reaciion product from ihe
acid.

3. In a. method for producmg hexachiciophene the
steps of; dissolving a molar equivalent of 2,4,5-trichioro-
phenol in a solvent seiected irom the grovp consisting
of perchloretbylene, chioroform and benzene; adding to .
s2id solution an acid caiaiyst sslected from the group
consisting of benzenesulfonic acid, anbydrous hydrogen
chloride and diluted suliuric acid; then adding a molar
equivalent of formaldshyde and maintaining the tempera-
ture between about §0° C. uand about 70° C. during the
exothermic ienction 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%; separating the solvent sulutiocn frem the acid;
adding a molar equivalent of 2,4,5-trichioropheno! dis-
solved in sauid solvent 10 said separated solvent solution;
effecting condensation between said added molar equiv-
alznt of said 2,4,5-trichlorophenol and the reaction prod-
uct in said sepurated solvent solution by the addition of
an acid selccied from the sioup CO'l:hth: of culoro-
sulforic acid and fiucrosu!fonic acid: then removing the
soivent solution containing the condensed product and
recovering pure hexachlorophens therefrcm bty cooling
and filtering same.
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COMPLETE SPECIFICATION {

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 RAymMOwD AUGUST GumI) do hereby declare
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
2,4,5-trichlorophenate.

Polyhalophenates, such as sodium 2,4,5-trichlorophenates, are used as raw
materials in the producuon of polyhalophenoxyca boxylic acids which are widely used
as herbicides, and there has been a continuing desire to produce such starting materials
economically, safely and efficiently.

Referring particularly to the preparation of sodium 2,4,5-trichlorophenate as an
illustration, it is knewn to prepare this material by reacting molten tetrachlorobenzene
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
danger due to the creation of conditions causing runaway reactions and the formation
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 the present invention to provide an improved, method of pro-
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 tetrachlorobenzene.

According to the invention, an alkali metal poiyhalophenate is prepared by heat-
ing a 1,2,4,5-tetrahalobenzene in a closed vessel to a temperature in the range of 140°
w 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° 1o 250° C.
under a superatmospheric pressure which is at least equal to the autogenous pressure
of the reaction mixture, the amount of alcohol-alkali mixture being such as to provide

mol ratio of alkali to tetrahalobenzene of from 2: 1t 4: 1.

The desired rezction product is obrained in high yield an ‘_, at the same time, the
undesired dangerous condition of large quantities of unreacted tetrachlorobenzene and
aikali-alcohol mixture tegether in 2 pressuri::e..; high-temperature container is avoided.

The terms “polyhalopheqate and “tetralialobenzene” refer respectively to
various halogen derivatives of phenol, such as tetrachlorophencl, and of benzene.
While chlorine derivatives are preferred, other halogen derivatives are contemplated
such as bromo, ﬁuo.o iodo; and mixed halogen products such as bromochlerophenol.

The tevm “alkali”, as used in the specification, refers especiaily to an alkali metal
hydroxide, preferably sodivm hydroxide, although other alkali metal hydroxides, e.g.,
potassium hydroxide and/or lithium hydro'ﬂde can be used. It is intended to refer

{Price 4s. 6d.]

@© Crown Copyright {966. o | .

Application made in United States of America (No. 196,507) on May 21,1962,
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also to oiher sources of alkali, which, under the conditions of reaction, are suitable to
yield the desired high conversion characterizing the practice of this inventon, and
otherwise to be satisfactory. An alkali metal hydro:nde, notably sodium hydroxide, ‘is
especially prbfe.._

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 tetrachlorcbenzene, is placed in a reaction vessel in & molten or solid state in
the absence of any other reactants. The desired reaction is then carried cut by the
gradual addition of an alkali in alcohol mixture to the molten tetrachlorobenzene. The
addition, at a controllable rate, is seen o be inherently safer than adding all the
reactants at once and heating the mass to the relatively high temperatures required for
the reaction. Arother significant advantage of this invention is that less alkali is
required. Previous methods require 3.0 mol of alkali per mol of tetrachlorobenzene.
The proposed process provides nearly 1009, yield at 2.4 mo! of alkali per mol of
tetrachlorobenzene. Formerly, large amounts of alkali present caused the following
cendensation reactions which resulted in a corresponding loss of the product and
reduction in efﬁciency.

QFNC Cx@ CIN 0] Ci

\/ch Na0 Ct

This undesirable condition is minimized by the controlled addition of small quantities
of alkali-alcokol mixtures. The end product of the above reactions is termed a
‘chloracnﬁgen’ 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 prcvamnt among operators of prior processes and the absence of the “chlor-
acnegen” renders the method of this invention more desirable than previous processes.

In previous Drccesses, large quantities of alcohol, present in the reaction vessel
st 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 alcohiol by formation of dxrnethyl
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 at a rate pre-determined 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.

111 NaOH + CH,0H=NaOCH, + H,0

cl cl cl OCH
s @[ + NaOCHy — ‘i@ 34 NaCl
an c Ci ct

Sz 0CH4 cl ONa
J\/l\ * NeOH ——= +  CH30H
cl ct cl !
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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
least equal to the autogenous pressure of the reaction mixture. The reaction time
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
molar ratios of alkali to tetrachlorobenzene can be from 2:1 to 4:1. The overall
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-tetrachlorobenzene into the reactor at a uniform rate over a period of 2 hours,
maintaining the temperature at approximately 175° C. Steel equipment is employed
in the examples of this invention, and steel is the preferred material of construction.

In order that these 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.

Tetrachlorobenzen: is weighed into a pressure reactor, such as an autoclave,
meited and brought up to the reaction temperature, e.g., 175° C. An alkali methanol
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
period which may vary from 40 minutes to 3 hours. During the reacuon, the pressure
within the reactor will be in the range of 250 p.s.i.g. to 700 p.s.i.g., due td the auto-
genous pressure of the alcohol, and will vary according to the amount of alcahol added.
When the reaction is completc, the charge is cooled to reduce pressure. Steam is
applied to the reaction vessel to distill off all the unreacted methanol which is collected
through a condenser system and recovered. When all the methanol has been removed,

water is added to the reaction mass which is now a crude sodium trichloroplienate. -

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
enclosed filter, which removes the saits, and is then diluted and stored for later use
in the 2,4,5-trichlorophenoxyacetic acid producuon

By way of illustration, the process of the invention is carried out by heating
1,2,4,5-tetrachlorobenzene in the closed reaction vesse]l to a temperature of 175° C,
adding 11 mol per hour of sodium hydroxide contained in a mixture with methanol,
the mol ratio of methanol to sodium hydroxide being 5.4:1, and maintaining the
reaction temperatare of 175° C, for a period of 3 hours, under a pressure of 270 to
490 p.si.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
indexed comparatively:
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1 2 3 4 5 6 7 8 9 10 11 12 13
Mole Ratio
NaOH 1 1 i 1 1 1 1 1 1 1 11 1
CH,OH 5 5 5 5 5 5 5 5 5 5 5 5 5
NaOH 2.2 2.2 2.2 2.2 2.5 2.5 2.5 2.2 2.2 2.2 2.2 2.2 2.2
TCB* T 1 1 o+ 1 1 1 1 1 1017
CH,0H 11 1 11 11 12.5 12.5 i2.5 12.5 11 11 11 11 11
:I'CB* 1 1 i 1 1 1 1 1 1 1 i 1
Conditions
% EXC;; NaOH 10 10 10 10 25 25 25 10 10 10 10 | 10 10
Total charge gm. 3280 3280 3280 3280 3580 3580 3580 3280 3280 3280 3280 3280 3280
Feed Time (hrs.) 2 5 2 3 5 3 4 2 2 2 2 1 3
Hold Time (hrs.) 2 | 3 1 1 1 1 1 2 3 1 2 2 3

Reaction Temp.,

°C.

9, Conversion
to sodium Tri-
chlorophenate

Maximum
Pressure PSIG

140—72 165—68 164—65

72.2 73.9 89.3

340 225 305

165 '164—66 163—64 163—64 157—62 163—64 174—75

74.5

360

90.0 85.7

565 400

33.3

280

-+

82.7

265

92.7

320

90.2

420

170—88 164—67 173—79

96.0 89.9 96.8

330 370 385

*

1,2,4,5-tetrachlorobenzene

o~

0809101
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ExaMPLE 14. '

To the reaction vessel is added 1,080 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°
C. The reaction vessel is heated to 170° C., at which time the alkali methanol mix-
ture is added to the reaction vessel over a period of 1 bour at a uniform rate, which
will ultimately provide a 2.2: 1 mol ratio of alkali to tetrachlorobénzere, respectively.
At the end of 1 hour, when all the alkali methanel mixture has been added, the closed
reaction vessel is maistained at 175° C. for a period of 3 hours. The pressure within
the container reaches a maximum of 492 p.s.i.g. approximately one hour after the
end of the alkali methano! addition. After cooling, pressure is reduced, and steam: is
applied to the reacticn vesse] to distill off the unreacted mathanol. When all the
raethanol has been removed, water is added, and the crude sodium trichlorophenate
may be purified if desired.

It 15 z0 be understood that, aithough the invention has been described with specific
reference to particular embsdiments thereof, it is not to be so limited since changes
and elterations therein may be made which are within the full intended scope of this
invention, as defined by the appended claims.

WHAT WE CLAIM 1S . —

1. A process of preparing an alkali metal polyhalophenate, which comprises
heating a 1,24,5-tetrahalobenzene in a closed vessel to a temperature in the range
of 140° 1o 250° C, adding 2 mixture of 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° ro 250°
C. under a superammospheric pressure which is at least equal to the autogenous
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.

2. A process as claimed in Claim 1, wherein the retrahalobenzene is 1,2,4,5-
terrachlorobenzene. _

3. A process as claimed in Claim 1 or 2, wherein the alkali metal hydroxide is
sodium hydroxzide.

4. A process as claimed in Ciaim 1, 2 or 3, wherein the alcohol is methanol.

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.

6. A process as claimed in any preceding claim, in which .the alkali metal
hydroxide in the mixtare 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-
phenate is prepared by heating 1,2,4,5-tetrachlorobenzene in the closed reaction vessel
to a temperature of 175° C., adding 11 mol per hour of sodium hydroxide contained
in a mixture with methanol, the mo}l ratio of methanol to sodium hydroxide being
5.4:1, and maintaining the reaction temperature at 175° C. for a period of 3 hours,
under a pressure of 270 1o 490 p.s..g., the amount of methanol sodium hydroxide
mixture being such as to provide a mol ratio of sodium hydroxide to tetrachloro-
benzene of about 2.2: 1.

8. A process of preparing an alkali metal polyhalophenate, as described with
reference 1o the foregoing Examples.

9. Alkali metal polyhalophenates, when prepared by a process as claimed in any
preceding claim.

POLLAX, MERCER & TENCH,
Chartered Patent Agents,
Audrey House, Ely Place, London, E.C.1,,
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.
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PROCESS FOR THE RECOVERY OF
2,4,5-TRICHLORCPHENOL

Berrard H. Nicolaisen, Kenmore, N, Y., assignor to Olin
Mathieson Chemical Corporation, a corposition of
Virginia

Application May 7, 1953, Serial No. 353,659
1 Claim. (CL 260—623)

My invention relates 1o the production of 2,4.5richlo-
rophenol by caustic hidrolysis of 1,2,4,5-tetracldcrcben-
zene and in particular rzfates to the punficatizu of the
crude 2,4,5-trichlorophenol prodict 8o derived.

In the caustic hydrolysis of 1,2,4,5-tetrachlorobznzene
numerous contaminating products are formed. Meth-
ano), for example, which may be used as a solvent for
the hydrolysis reaction, tends to czuse some production
of trichloroanisole and dicniorodimethoxybenzere. The
presence of the usual small amounts of other tetrechloro-
benzene isomers, such as 1,2,3,4-tetrzchlorobenzzpe, as
impurities in the symmetrical 1,2,4,5-tetrachlorobenzene,
causes the productios of undesired position isomers of
2,4,5-trichlorophenol.

At the present time there exis's & substantial éemand
for a high purity 2,4,5-mrichlorophenol product shich is
pot satisfied by the crude derived by the caustic bydroly-
sis of 1,2,4,5-tetrachlorobernzene. The demand is, in par-
ticular, for a product having a meiting point over 65° C.
which in the molten staie has a water-white color. The
product must also be completely soluble in causic solu-
tion, . g. 0.1 N NaOH, and should be at least 99% pure.

Cagstic-insoluble materials, such as trickloroanisole and
dichloredimethoxybenzene, may be removed 0 some ex-
tent by stzam distillation of the alkaline phenzrs solu-
tion but complete removal of these impurities requires
excessive amounts of steam. Other impurities, axh as
the position isomers of 2,4,S-trichlorophenol are more
difficu't tv >eparate because of their similar chemical and
physical properties. :

A high purity 2,4,5-trichloropheno! product meating the
above specifications can be recovered from the crede tri-
chloropkenol obtained by czusiic hydrolysis of 1,2,4,5-
tetrachiorobenzene. I kave found, im particuler, that
crude 2,4,5-trichloropheno} resulting from the zsdifica-
tion of the alkaline hydrolysis mixture can be sepzrated
into pure 2,4,5-trichlorcphenc! free from undesirabie con-
taminznts by a step-wiss extraction with aqueous szustic,

The process of my invention thus essentially requites
extracting crude 2,4,5-trichloropherol with aquenss caus-
tic solution sufficient ie amcunt 10 convert z!! of ithe
2,3,6-trichloropheno! and otizr extrareous phenals pres-
ent 2nd 2 minor proportion of the 2,4,5-trichlorepheno}
to the water-soluble corresponding phenates. Tre op-
eratioe is carried out at a terrperature 2t which ih- phenols
are in ihe liquid state. Unnevtralized pheno:s zre then
separated from the dilute aqueous phenate solusion.

The unneutralized phzrols, separated from the wgueous
phanate pbase, are further extracted by the zdditon of
aqueous caustic solution in an amoust sufficicnt w con-
vert substantially less thzn the to1al of the phenols pres-
ent to the corresponding phenates. Th2 extraction is
2pain carried out at a teroperature at which the phenols
are in the liquid state. The aqueous pherate extract so-
jution is then separated from the remaining undissolved

v oils. Acidification of this sacond extract yields ke de-

sired purified 2,4,5-trichlorophznol product which is sep-
arated and dried,
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The remaining undissolved oils comprise tricklerophe-
nols contaminated with alkali-insoluble impurities 2nd are
useful as crude trichlorophenol for most purpcs=< not re-
quiring the pure isomer. The phenzte solution chiained
in the first exiraction step, although relatively impure,
is als> suitable for use after acidification as crude tri-
chlorophenol. Allernatively, buth fractions mzay be
worked up for specific trichlorophenols or phena! ethers
contained therein or they mayv be discarded.

My iovention will be further illustrated by reference
t¢ the accompanying drawing which is a dizgrammatic
flow plan of the process.

Crude 2,4,5-trichlorophencl, obtained by causdc hy-
drolysis of 1,2,4,5-tetrachlorobenzene followed by =z:idifi-
cation, is introduced by line 1 to a first extraction step 2.
‘I'he crude 2,4,5-trichloropheno! is extracted with zqueous
caustic introduced by line 3 in an amount suficient to
convert ali of the 2,3,6-trichlorophenol and a minor pro-
portion of the 2,4,5-trichlorophepol to the water-soluble
corresponding phenates.

Extract phenate solution is separated and removed by
line 4. Tf desired, the pherates are acidified by means
of « mineral acid in zone § and the phenols containing
substantially all the 2,4,6-trichlorophenof and 2 few per
cert of the 2,4,5-trichlorophenol of the origical charge
are removed by line 6.

The undissolved phenol residve from the zguecus
phenate solution of extractioa step 1 is separated and re-
moved by line 7 1o the second extraction step 8 and treated
with squeous caustic solution introduced by line 9 in
an amount sufficient to convert less than the total quan-
tity of the phenols contzined in the residue o the corre-
sponding phenates. The uadissolved phenol residue after
caustic treatment is removed by line 10,

The phenate extrzct solution is separated and rzmoved
by line 11. If desired, the phenate extract is sieam
distilled in zone 12 1o improve the color of the 2,4,5-tri-
chlorophenol. Stcam distilled phenai  exwrzer is re-
moved by Jine 13 and acidified by means of 2 minersl
acid in zone 14 and 2,4,5-trichlorophenol] is removed by
line 15.

It is advantageous to Bse an aqueous caustic solotion
extracting agent coantzining not more than about 10%
by weight of caustic since the employment of mare con-
centrated caustic solutions results in dissolvicg 2 signifi-
cant proportion of unneutralized phenols by the result-
ing aqueous phenate solution. Water should be added,
therefore, to the 2queous extracting solution prior 1o or
during each extraction, if required, to adjust the phenate
concentration 10 not mors than about 15% by weight
to insure the separaticn of the unneutrz:.zed phenols as
a separate phase which may be removed from contact
with the agueous phase.

The caustic used in thc extraction process will ordi-
narily be sodiumi hydroxide but other alkali metal hydrox-
ides, particularly potassium hydroxids, may also be vsed.
The amount of caustic employed in the first extraction
step preferahly Is sufficient to dissolve all of ths 2,3,6-
trichlorophenol and cther extranesous phencls preszat and
at least about 1 or 2% of the 2,4,5-trichlorophenol. The
proportion of caustic uscd in the first extraction is thus de-
pendent on the purity of the original crude 2,4,5-trichlo-
rophenol. This in twrn depends on the purity of the
1,2,4,5-tetrachlorobanzene employed to produce the crude
2,4,5-trichlorophenol.  Less pure 2.4,5-trichlorophenol re-
quires a greater amount of caustic in the firs: extrac-
tion step than when the crude trichlorophenol contains a
smaller proportion of impurities. With very impure mix-
tures, the caustic may amount to suflicient 10 extract s
much as one-third to one-hall of the phenols present.
The amount of caustic used to extract the residse from
the first extraction step will range from abour 25% 1o
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about 95% of that requircd to extract the phenols pres-
znl as water-soluble phenates.

Steam distillation before acidification of the crude
1,4,5-trichlo-ophenate sclution resulting from the hy-
drolysis is extremely bencficial in thzt it removes some
of the caustic inscluble impurilies which otherwise are
concentrated in the residual materials, making phase sep-
aration after each extraction progressively more difficult.
Steam distillution thus reduces the proportion of remain-
ing crude trichiorophengl to be reworked or discarded
aud further permits taking a larger heart cut of the crude
product by caustic extractioz in the second step znd the
recovery of a larger proportion of 2.4,5-trichlorophenol
of the desired degree of purity. Steam distillation of the
2,4,5-trichlorophbenol obtaired by acidification of the sec-
ond extieclion is also advantagzous in improviag the color
of the purified product.

While the extraction process of my invention is car-
ried out at temperatures at which the trichloropheno! is
iiquid, 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-
tively Jow temperatures, the phenols may be precipitated
as solids and remnved by filtration. Alternatively, at
clevatzd temperatures the trichlorophenol products may
be obtained as liquids. The purity of the crude trichloro-
pherol and of the final products determines the limiting
temperatures below which acidificaion of the extracts
must be carried cut in order to obtain ths products as
solids. However, all the operations are preferably car-
ried out between about 20° and 80° C.

Example

A crude 2,4,5-trichlorophenol product (M. P. 60° to
62° C.) is obtained by acidifying the crude alkaline
solution resulting from the caustic hydrolysis of 1,2,4,5-
tetrachlorobenzene and contains about 97% of 2,4,5-tri-
chlorophenol, 1% of 2,3,5-trichlorophenol and ahout 2%
of trichleroanisole and other impurities. The crude phe-
nol is then extracted at about 70* C. with an amount of
5% aqueous sodivm hydroxide calculated to convert about
5% of the phenols present to. the corresponding sodium
phenates. ‘The extract solution after separation from un-
dissolved phesols yields an impure product contzining
vpon acidification substantially all of the 2,3,6-trichloro-
pbecol and a few per cent of the 2,4,5-irichlorophenol
of the original charge. -
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The separated trichlorophenol residue from the first
extraction is then treated at about 70° C. with an amount
of 5% aqueous sodium hydroxide calculated to convert
about 90% of the original charge, czleulated as 2,4,5-
trichlorophenol 1o sodium 2,4,5-rrichlorophenate.

After agitating and separatingz at zbout 70° C., the un-
dissolved portion is removed and is ccmbined with the
crude trichlorophenols obtained by acidifying the first
extract. Steam distilling the second extract solution be-
fore acidification aids materizlly in removing undissolved
naterials and results in an improvement in color of the
2,4,5-trichlorophenol obtaiged by subsequeat acidification
of the extract. The second cxtract solution, with or with-
out the steaming operztion, is thea 2cidified by the use
of mineral acid, for example sulfuric or hydrochloric
acid, at 60° C. The liquid 2.4,5-trichloropheno! formed
is separated from the aqreous sait solution, steam dis-
tilled, dried, and crystallized. The crystallized product
has a melting point in excess of 65° C., is water-white in
color, and is in excess of 99% purity.

I claim:

A process for the recovery of 2,4,5-trichloropheno! from
crude mixtures thereof obiained by caustic hydrolysis of
1,2,4,5-tetrachicrobenzene, which comprises extracting
the crude 2,4,5-trichlorophenol at a temperature at which
the mixtnre is in the liquid state with aqueous caustic so-
lution in an amount calculated 1o coavert the contami-
nating chlorophenols and a minor proportion of the
2,4,5-trichlorophenol present to the corresponding phe-
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
phenate solution, extracting the separated residue at tem-
perature at which the residue is liquid with aqueous caus-
tic solution in an amcunt calculated to copvert less than
the total quantity of the phenols contained in the residue
to the corresponding phenates, separating the resulting
phenate extract solution from the remaining undissolved
residue, and acidifying the extract solution to recover
2,4,5-trichlorophenol.
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Qur inventoa relates to the production ef 2.4,5-
tiichlorophesol by czustic hydrolysis of 1,2,53<2=zchlo-
rolenzene and in particular relates 1o the puricar
e crude 2,4,5-tricklorophenol preduct so defrad,

In the caustic bidrolysis of 1,2,4,5-terrachizchenzene
nUDErous conia dng products are formed. X=thancl,
for example, which may be used as a solvzzr for the
hydrolysis reaction. tends to cause some proZiction of
trichlorcaniscle zmd  dichlorodimsthoxyberz=e. The

rasence of the vsuel small amounts of other ==wchloro-
beozene isomers. such as 1,2,3,4-tztrachlorcherzage, as
impurities in the svmmetrical 1,2,4,5-tetrachloxcoenzens,
causes the prediction of undesired position iscmers of
2,4,5-richlorophenol.

At the present time there exists a substaniz! demand
for a high purity 2,4,5-trichloropheno} prode= which is
net satisfied by the crude derived by the caustic Bvdrolysis
1,2,4,5-tetrachlorctenzene. The demznd & in par-
tar, for 2 product having a meldng point ¢var 65° C.
L in the moltep state has 2 color from wiZ= 10 near
whitz. The product must aiso bs completely saivble in
caustic soiution, . & 0.1 N NaGH, and shon) Ze at Jeast
©6% puze.

Caustic insolublas, such as trichlercanisole 2= dichlo-
redimethoxybenzess, may be removed to som= 2xiznt by
steam distillation zlthough their complete r==cwal re-
guires ipordinately lzrge amounts cf steam. Cer im-
‘purities, however. such as the positon isomzs of 2,4,5-
trichlorophenc}, -are more difficult to saparate beanse of
tieir similar chemizal and physical propertiss

%'e have d'scevered that a high purity 2,4.5-ichioro-
phenol product 1tg the above specificetio= ay be
recovered from &2 zde product obtzined by £ caustic
Tydrolysis of 1,2,4,5-¢s1achlorobenzane. Wet=ve found
in perticular thas the solution of crude sodiv= 2,4,5-tri-
chicrocphenaie which is recovered from the c==stic hy-
drolysis of 1.2 4,5-tetrachlorobenzzne may b saparaied
from the wndesirablz contamiparts noted 2osv= by a
st2p-wise neutralizzHon process.

The process of our invention thus essenti2liT reguires
nentralizing crude 2.4,5-trichiorophernate sol:Sen by ad-
didon of minzrel acid thereto in an amour? s==cient to
reuatralize excess alkalinity of the sclution and 2 minor
preportion of the phenates presznot. The =z=orelized
phecates are relcasad as the free pheaols wiics separate
irom the dilute aguzous nixture as ¢ separatt p=z:, i €.
when the total phenate-phenol conczatration is 2ot more
ihan 2hout 10%: by weight. Thus, we con ~te the
eddition of wzter, when required, o adjust tw xhegate-
phenul copcentreiion to not more than 10% bt weight,
either prior to the first nsutralization siep or imm=drately
thereafter, whareby the resulting phegols are phase: ou
znd then may be szparated from the agueous phxse which
conains the remaining unneutralized phenates.

The agneous phenaie phase separzied from @ phenct
phase is further peviralized by th2 addition &f mineral
acid but in an amocunt sufficient only for recovsry as the
frez phenols of substantially less than the to:zl of the
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with ths zce drawing which comgprises a flow
sheei itiusirating the essential features of the applicants’
process.

In the drawing an aqueous solution of crudz 2,4,5-tri-
calorophiznate obtained by the ceustic hvdrolvsis of

achlorobenzene is introduced to zonzs 1 of the
1 where it is contacied and pardally neutralized

2z2d upon the insclubility -of phencis in aguaous
havingz a phenol-phenate concentradon of not
180% by veeight. The zguscus phenate
hen subjecied to a sccond partiz! pepiratiza-
by ar adcitional -quantity of mineral acid.

The agqueou
a second phasz scparation of phenol in zens 4. The

z from this ssparation contzins residus
phenate which can be recovired as crude phenol and

recycled. The phenol laver from the separztion cf zoms
4 is {he product, substantially pure 2,4,5-trickicrophenol.

The pheaols pracipiteted in the first neutralizeyion step,
2lthough they may be rélatively impure, ere suitzble Yor
use os crude trichloropherol. The phesztes remaining
in solution sfter the second neuiralization step ‘may ‘be
recoversd 25 the free phesois by compiete meuirzlization
and are also usaful as-crode-trichlorophenol |

The amount -of acid employsd in the first neniysiiza
tion steps rzngss from &n amount suificlent o pauwaliz
the excass ‘nity and to spring free es littiz o5 about
i or 2% of the phenstas present Tp-to an zmouxnt stif-
cient to spring frees 2s much o5 a third eor = Laif of tbe
phenstes pres=nt. The amournt of acid edd=d to neu-
tralize the sguecus pbase separgied from the first nen-
tralization stzp may razge from about 25% to about 90
or 95% of that tequired to spring the phanaiss preseat
ac the coitespending phenols. The particujer choice of
proportion of acid added is largely depsndent upon the
pority of the original crude 2.4,5-trichlorophenate sofu-
tice. I turn, the purity of this solution dspends largely
agon the parity of the 1,2,4,5-tetrachlozobznrens =2m-
ployed io produce the crude 2,4,5-tsichicrophanate sclu-

;

‘ton. Morza impure 2.4,5-trichloraphenats solutions re-
-qguire a grestar amotat -of acid in tie frst asutrzhzation

step and’ a lesser amount in the second peutrelization
step. Gegerslly, any mineral acid, such &s suifuric or
Gydroctloric acid, is saitable. .

We bave found that a pretreatment of the 2.4,5-trickio-
rophenate salution, such as by steam disiéllarion 1o remave
som: of th2 caustic insoluble impurities, is extrzinely
bepeficiz! in that it Jowers the required amsunt of acid
for the first step of neuiralization and permiis a greater
amornt of acid to be employed in the second neutrliza-
tion step, thus permmtiing highly increesed vislds «of the
recoversd high purity products.  Stezm disilletion ¢f the
product of the sscond peutralizatioa is also advasm
as the coler of the pure 2,4,5-trichlorephenst product is
thus improved.

Our process is conveniently cerried out at any tompera-
ture at whizh the phenate solution is in the lignid state,
preferably Sztween about 20° and about 89° C. The
most important aspect of femperalure is whether the
pheanis ar2 1o be phased out &s £olids or liguids; for e
taxperzture at which the process is carried out must of
course be sslectsé having in mind whether 2 liyuid-solid
or a Bguid-liquid ssperatioz is contemplaied.
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.ol obtained bv zcidifying the
122 caustic hvdraiysis of 1,2,4.5-
ing tha foilowirz analysis:

____________ 207
(Thecretical 198.5)
icklorophenol, wt mercent ___. $7.0 infm-rad}
by L  percent ... 1.0 {infra-red)
blorcanisole, wi z2rcent ___
. =1L percenot .

E-incaloro
frie
Tic

1.0 {iafra-rcd)
1.0 (zpprox.)

the amount ¢i zqueous hy-
neutrelize the slight excess of

ion ol the free phenols fram

3 on, which was then decanted.
Thz phenol laver was washed frze of phenztes with wa-
ter znd the washings zdd=3 to the agueous phenate laver.
Afizr steam distillation o szparate color bedies the sep-
tef phenol containad 995 7.4,5-trichlorophenol by
-red zpelysis, was completely soluble iz 0.1 NaOH
1, meiied at 64-63* C. and had a p=utral equiva-

2gzzo0us phenute soi

: equel amount of Lvdrochloric acid was added to
residual phenate solztion. The free phenol which
esarated therefrom scmtained 100% 2,4.5-trichloro-
7 infra-rad asehrss, was completely soluble in
i sotutfon, mali=d at 65-65.5° C., khad a neutral
of 201, and was water white in the molten

%2 remaining phenztes, ressulting in precipitation of

Example II
In this exempls crude shanate solution, prepared as in

, was acidifiad step-wise foliowicg the proce-
Erzmple I emploxing first 10% of the acid the-
v required to peizrzlize the slicht excess alkalin-
a!l the phepates przsant as the free phenols, then
> aud then 10%. The steam distillatica step was
i z2nd suifcient wzs=r was added bzfore the first

> by weizht The £t cut of phenols recovered was

in elkeli insoluble corganics containing omy 67%
rfichlorophenol by icfra-red analysis. The center
cct ves 99.5% 2.4.5- aud G.5% 2,3.6-trichiorophenol by
eed apzlysis and maied at 65.5-66° C. The third

acless otherwise noted.
Exzmple Il1

103 parts of crude 2.4,5-trichloropheno!l. having the
vsic 2s in Example I, are reacted with 20 parts
: hydrexide in 930 parts water znd 53 pans of
as froy a previovs baztch to produce about 10%
-2ighit phenate soluten. 109 of the phenates are
zsed out by addidion of 10% of HCI (37% conc.)
smagically requi=3 for complete nevtralization.
nels are separated by filtration and washed with
water, recoverirg 35 parts washings which are
i the rreparatior of the 10% phezzte solution

eguent batch, The impure 2,4, 5-trichloro-

cut was obizinzd by completely nentralizing-
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Zzation to lower tke phenate concentration to about

e0

@

-richiorophenol.
flirzte, including 60 parts washi=zs,
Y

=z treated with HCO! (37% oo=2)

spring fres (& fning phepates as the phenals The
phenols which phzse out are seperated by filtretion ead
are recovered for szls as cride wichlorephenols. 11 g

hal{ the last group of phenols do wot phase out and ramzin
dissolved in the fizete of the third peutrabizztios stzp.
They aiso may ba racoverzd for crude sales.

Exampis IV

250 paris of cruéz 2,4.5-trickioropkerol of the s=me
apalysis as itat ¢ ved in Txzmple 1 eze rexcizd with
50 parts sodium hydrozide in 250 parts water, 245 pets
HCl (37% corc.} arz added to spring free a porttos of
the phenates as 2 phenols. 2000 parts water arz then
added to phese out tha phencls which are separated Tom
the aquecus pherzie phese by filation. The phendls ers
washed and 16 paris recovered as crude trichlozoshzasl
The washings, combmed with the aqueous flizts, zre
freated with 100 paris HCl (37% ccpce.) to phess oot
212.9 parts of 2,4.5-irickloropheno! which is washzd and
steam distiiled 1o recover 165.6 parts pure 2,4,5-5 <50~
phenol. chisd
trate, are forther treatss with 27.2 parts HC (37% coac)
to recover 3.2 parrs of crude tricklorophenol. :

We claim: .

" 1. A process for the production of 2,4,5-frickls
from aqueens mixizrss of crode 2,4,5-trichioro
obtained by cazsiic hydrolysis of 1,2,4,5-tsirag
zzne, which comprizes adding mineral acid to th: mud
7,4,5-trichloropheneis mixture in amoust sofFcizst to
neutralize excess atialinity 2nd a minor proporfaa of
the phenates pres2at, which form corresponding phesols,
separating the phenols as separate phase from
aqueous mixturz hzving a phenol-phenate content ot not
more than zbezt 1052 by weizght, adding minerat =i to
the separzted sguzons phase in an antount sufficizor to
convert less thau 122 tctal guantity of remzining phesarss
to corraspondizg phenols, and separating 2,4.5-
phenol from the agoeons phase.

‘2. A process for the recovery of 2,4,5-trichloronbenol

pti iy
de=

roie
s

from crde mixtares thereof chizined by caustic hydol.

vsis of 1,2,4,5-tetrachiorobenzens, which comprises z£dig
agueous czsiic snizton to crudz 2.4,5-trichloroghanai to
convert glf phenals prasent to the corresponding phenzies,
adding minera! acid to the crude 2.4,5-trichlom
mixture in amoust szficient to neutralize excass elkelimity
and & mizcr proportion of the pheneates presect. which
form correspoadme phenols, separating the phesols as
& stparaie phzsz fFom dilute 2gvecus mixture beving a
phenol- 12 conient of no! more thas aboot (0% by
weight, add minezal acid to the separsted zgmesus
phase in an emauat scfiicient to convert less

total quentity of memsining phonates to the corraspond-
ing phensls, and sssaraling 2,4,5-tricklorophens! fros

the agusous shase,

n3
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This {nvention relatas to a process for prepar-
ing 2,4.5-trichioro phenol, and more espacially
to a process whereln 1,2 4,5-tetrachloro benzene
is subjected to alkaline hydrolysis in the presence
of ethylene- or propylene glycol (propane-
dlol-1,2).

2,4,5-trichioro phenoi har been prepared from .

1,2,4,5-tetrachloro benzene by hydrolyzing the
latter with alkali in the présence of methyl al-
coho), the process being conducted uander con-
siderable pressure, of the order of 600-300 pounds
per square Inch. Scgecial pressure equipment is
required for conducting such a prosess. 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 foregolng
disadvantages and provides a process fcr making
2,4,5-trichlorc phenol from 1.245-{etrachlore
benzene which can be conducted with cheaper
and simpler 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-
dlum hydroxide. potessium hydroxide and lith-
fum hydroxide, in ethylene glycol or propylene
g'vcol, or a mixture thereof, at elevated te:mpera-
tures while stirring the contents. The ietra-
chlero ber\_zene is then added and the mixture is
hezted for a few hours, normally 3—4 hours being
gufficlent. The end point of the reacticn can be
cdetermined easily by taking a sample of rhe re-
action mixture and diluting it with water. 1If
the sample is water soluble or practically entirely
soiubl2 in the water, the reaction may be con-
sldered to have been cor-pleted. The desired

naenol may be isclated in aacordance with khown
rrocedures. For exam;

=, the reaction mixture
maYy be cooled alter the iest as above shows sub-
stantial compietion of the reaction, and then
ac.dified with a mineral acid such as hydro-
chloric acid. The p.ecipitated alizali metal chlo-
cide s fltered off. The f{iltrate is poured into
water, causing the 2.4,8-trichloro phenol to pre-
cipitate. ‘The phenol Is extracted with benzene
and the benzene extract is distilled to remove the
cenzene and yicld the phenol. The ajgueous
layer remaining after the benzscne extraction
is (ractionelly distilled to remove the glycol
employed.

Tha proportions of the Ingredients used may
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be varled. The alkall metal hydroxide is used in

-amounts equivalent to at least 2 iols of hydrox-

ide pe:s mol of tetraschloro benzene. 2-3 mols of
hydroxide per mol of tetrachloro benzene gives
excellent results. Higher amcunts of “hydroxide
may be employed, but are unnecessary.

With regard to the amount of glycol wh.f'h
should be.employed in our process, we find that
exceilent results are obtained when about 750
grams of the glyccl per 215 grams (1 mcl) of the
tetrachloro benzen€ zre used. Larger amounts
of glycol may bhe used, but in such cases no ad-
vantageous results follow. Amounts less than
450 grams of glycol per 216 grams of tetrachloro
benzene are not recommended, as yield and qual-
ity of the desired phenol are adversely affected. -

The temperature range a{ which the hydrol-
ysis may be effected is between about 160* C.
and 200° C., the praferred range being between
about 170° C. and 180° C. Higher temperatures
are obtainable when propylene giycol s empioyed
than is the case when ethylene glycol is empioyed.

A special advantage of this process is that it
can be conducted at atmospheric pressure, under
reflux. However, if desired, the contents may
be heated In & closed system, whereby a slight
oressure Is huilt up, amounting however to not
more than 15 to 20 pounds per square inch, and
not necessitating the use of any speclal pressure
equipment in the plant.

The invention is illustratad by the following
examples without however limiting the same to
them,

Exzample I

60 grams of sodiurn hydroxide flakes {(95%
NaOH) were dissolved in 500 grams of ethylene
glycol in a 2 liter three-necked flask provided
with stirTer and an alr condenser. The contents
were heated to 150° C.-160° C,, this step requir-
ing aboui 20 minutes. 142 grams of 1,2,4 5-tet-
rachloro benzene were rapidiy added to the so-
lution, and the mixture was heated to 170° C.—-
140° C. (Inside temrcerature), and maintained at
that temperature range for 4 hours. 10 granss of
telrachloro benzene sublimed In the air con-
denser and were recovered. A sample of the re-
action mixture gave a clear solution when dis-
solved 1n 10 times its weight of water.

-The reaction mixture was allowed to coal:
dry hydrogen chloride wsas passed info it until it
became gcid to litmus. The slight excess of hy-
drogen chloride wes neutralized by the addition
of a small erount of sodium bicarbonate. After .
cooiing again to about 20° C., the salt was Sltered - -
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£y suction and the salt cake was weshed witk
20 cc. of lsopropyl alcohol. 6§09 cc. of waler were
addad to the filtrats resulticg in a hottom layer
of mrecipitated trlcnioro phenol and a top layer
of ditiite zthylene glyccl. The entire mixture was
. axtrected with 460 ca. of benzene, then with 160
cc. of benzene spd Arally with 80 cc. of benzene.

The combined benzene extracts were shaken.
with 200 cec. of water anGg the weater layer weas

separated and added to the diiute ethylene glycol.
The washed combined benzene exiracts were
dried by means of anhydrous sedium sulfate, fil-
‘tered, gnd distilled. After remcvel of the bern-
zene, the residue was distilied at a pressure of 4
rmam. of mercury.. 108 grains of-3,4,b-trichioro
wheno!l, bofitng at 18:° C.-185° C., arnd bhaving a
Louegv,.r.w eoint of 63.3° C. (unecs: y-;ectﬁ‘ were
tzined.

-ne ethylene glycol can be recovered bv dis-
tiliaticn of the aforementiened dilute ethylens
glycal. The waier and lsoprcpyl alcohol were re-
moved (n & fractioneticg still at e pressure of 90
mm. of mercury, the temperature being carried
up to 56° C. The ethrlene glyccl was then dis-
tilled under high vscuum (3 mm.), 233 grams
of the glycol boillng at 80° C. heing recovered.
In order to remove practicaily ail of the ethyl-
ene glycol from the small amount of salt re-
msining in the distiliing flesk, the temperature
was raised so that some glycol, boiling from 20°
C. to 120* C., was cbtalned.

2zample I

[

13

20

28

30

72 grams of 1,24,5-tetrachloro benzene wers. -

stirred and heated to 100-200° C. with a solution
of 30 grams of sodium hydroxide in 250 grams
of propylene glycol, the heat treatment being
cotducted for 6 hours. 24 grams of concentrated
sulfuric acld (93% HzSO«) were added to the re-
actlcn contents afier they were cooled to room
temperature (about 25> C.). The entire ccn-
tents were poured into 1000 ce. of water. The
solid mater{al was taen fltered and washed with
500 cc. of water an4d Anally disscived in 200 cc.
of benzene. The benzane solution was dried with
anhydrous sodium sulfate end then. filtered. -

After removal of the benzene by distillation,
the residue was distled under & high vacuum
(5 mm.), 45 grams of 2,4,5-trichlore phenol being
obtained thereby.

The foregoing {llustrates the practicz of this in-
vention, which however, 18 not to be limited
thereby but Js £o be constriied as broadly as per-
missible in view of the prior art and llmited solely
ty the sppsuded claims.

We claim:

1. The process for preparing 2,4,5-trichloro-
phenol, which comprises healing at 160°-200° C.
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in {he range of iktatl of the simosphere up to 20
pounds p=5 sgquare inch and for a tio.e suZlcient
to substanflally complete the conversion inte
2,4,5-trichicraophencl

2. The process for preparing 2,4,5- trichloros--
phenol, which ccmpilses heating at 180°-200° C.°

in the following proportions: I gram melecular
Jwelznt of -,‘.,-ﬁ tetrachloro benzene and at least
2 gram mmocliecWial Welghts of an alkalli metal hy-’
droxide in the presence of at least 450 grams of
ethylene giycol, the reaction heing conducted
under g pressure ‘withia the renge of that of the
atmmosphere up fo 20 pounds per square icch

‘end for & time sufiiclent to substantiily com- .

plete tz:n ccuversicn into 2,45-trichlorophenol.

T cess -cr prepe:L.g 2,4,5-tcichlgro-
-200° C.
in tke Ic_.n'.rl_ng ,.ru;:ofhons 1 gram molecular
weight of 1,2,4,5-tetrechloro benzene snd at least
2 gram melscular weighls of sodlum hrdroxide
in the presence of at least 450 graros of ethylene
glycel, the reaction belrg conducted under a
pressure within the range of that of the atmos-
phere up to 20 pounds per squere inch and for a
tlme sutficient to substantially complete the con-
version into 2,4.5-trichlorophenol.

-4, The process for prenaring 245-tr1ch10ro- '

pherol, which comprises heating at 170°-186° C.
in the following proportions: 1 gram molecular
weight of 1,2,4,5-letrachloro benzene and 2-3
gram moelecular weights of sodium hydroxide in

the presence of 750 grafns of ethylene glycol, the :
reasction baing conducted uinder atmospheric pres- /

sure and for a time sufficient to substantially
compiete thc_: conversica Into  2,4,5-trichloro-

.phenol. .
5. The process for preparing 2,4,5- t.ricb.loro—'
phenol, which comprises Seating at 170°-180° C. -

in the following proportions: 1 gram molecular
weight of 1,2,45-tetrachloro bepzene and 2-3
gram molecular welghts of sodium. hydroxide in
the presance of 750 grams of propylene glycol,
the reacticn being conducted under stmospheric
pressure gad for a time suficlent fo substan-
tially complete the conversion into 2,4,5-tr chloro~
phenol.

EDWARD JOSEPH NILAWITZ.

WILLIAM 8. QUMP.
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in the following provortions: 1 gram moleculer

welght of 1,3,4,5-tetrachloro benzene and at least
2 gram molecular welghts of an alkalf metal
hvdroxide in the presence of at.least 450 grams
of at least one material from the group.consist-
ing of ethylene glycol and propylene giycol, the
reaction being conducted under g pressure with-
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1

PROCESS FOR THE PURIFECATION GF CRUDE
2,4,5-TRICHLORCFHENOL

BACKGROUND OF THE INVENTION

. The conventional industrisl method for preparing
2,4,5-trichlorophenol involves the reaction of 1,2,4,5-

trechlorobenzene with methyl alcoholic or aqueous
methyl alcoholic sodivm hydroxide. The crude product
which is available comzncrcia]ly is about 94% 2,4,5-tri-
chlorophenol and about six percent impurities which
are primarily dichlorophenols aad dxchloromcthoxy-
phenols.

The germsacide known as Hexachlorophene ® (bis-
[3,5,6-trichloro-2-kydrosyphenyljmethane), is prepared
by condeasing 2,4,5-trichlorophsnol with formalde-
hyde. In order to get a germicide of high purity, it is
desirable to start with a 2,4,5-trichlorophenol of high
purity. Since the dicblorophmok and dichloromethox-
vohenols present in the commercial grade 1,4,5-tri-
chilorophencl wiil aiso react with .o-xra:dcnyde it is
desirable to remove them prior to the condensation.

SUMMARY OF THE INVENTION

It is the surprising and unexpected finding of this
invention that major impurities in the crude product
(ca. 949 2,4,5-trichiorophernol and ca. 5.5% dichloro-
phenols+dichloromethoxyphienols) cen be reacted
with formaldehyde under conditions wherein the unde-
sired 5.5% of the impurities react to form condensation
products, but the 2,4,5-trichlorophenol does not react to

25

2
only a margingl, if any, improvement as io the purity of
the recovered material.

By contrast, at sulfuric acid concentrations between
55% and 75% there is a surprising sclectivity demon-
strated with the formaldehyde reaction pnmanly with
the dichlorophenol and methoxydichlorophenol impu-
rities and not with the 2,4,5-trichlorophenol. It is pre-

ferred to work at the center of this range of concentra-

tions, i.e. at concentrations of 6096 to 70%.

The temperature renge is less critical than the acid
conceniration, 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
and the formaldehyde resulting in a2 poorer grade of
recovered 2,4,5-trichlorophenol

At temperatures exceeding 93° C. the reaction ap-
pears to be less selective and lower yields of recovered
2,4,5-trichlorophencl sre obiained. Temperatures in the
range of 70° C. to 90° C. are, ihicrefore, preferred. It is
especially preferred to work in the middle of this range
at tempzrsturtes-of from 75° C. (0 85° C.

The rezaction should, of course, be run until all of the
impurities to be removed have condensed with the
formaldehyde. Under the preferred conditions, this
normzlly occurs from five to eight hours. It is preferred
hkowever, to follow the reaction by a suitable analytical
too! such as gas liguid chromatography..

The purified 2,4,5-trichlorophenol can be separated.

. from the heavier condensation products by methods

form Hexachlorophene. The unreacted 2,4,5-trichloro-

phenol can then be separated from the condensztion
products to provide 99.5% pure 2,4,5-trichlorophenol
in high yield.

The critical parameters in this process sppear to be
the coacentration of sulfuric acid, the reaction tempera-
ture and the time the reaction is allowed to run.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The method disclosed herein depends upon the &bil-
ity to judiciously choose reaction conditions wherein
the undesirable impurities will form condensation prod-
ucts with the formaldehyde while the 2,4,5-trichloro-
phenol will not.

The form of the formaldchyde is not critical. Formal-
dehyde added as a 379% aqueous solution or formzlde-
hyde added as paraformaldehyde are both suitable.

The nature or amount of excess of the formaldehyde
used does not appear to be criticsl. Although stoichiom-
etry demands only ona mole of forrnaldehyde for every
two moles of phenalic impuzity to be condensed, it is
preferred to edd em excess of several fold since the
reagent is economical and &1 excess doss not have a
detrimental cffect on the purification process.

An amount of formaldehyde greater thsn 1 mole per
mole of impurity to be removed would be suitable with
an amount of 2 to' 5 moles/mole preferred. About 3
moles per mole is especially preferred.

The concentration of the sulfuric acid sppears to be
the most critical factor. When the swiuric acid concen-
tration is 50% or less, the yields of 1ecovered 2,4,5-tri-
chlorophenol were lower and the improvement in the
purity was only marginal. When the concentration of
sulfuric acid is 80% or greater, the 2,4,5-trichloro-
phenol reacts rapidly with ihe formuiZzehyde and the

. result is a lower recavery of 2,4,5-trichlorophenol and
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‘known in the art, i.e. by extraction and/or distillation.

A number of suitable extraction solvents will dissolve
the tricldorophenol, but not the less soluble bis-phenols.
Suitable for this purpose are the alkane solvents such as
pentane, hexane, heptane and the like.

It is preferred to separate the lower boiling trichloro-
pkenol from the higher boiling condensation products
by = distillation, preferably a steam distillation or vac-
uum sicam distillation.

LUSTRATION OF THE PREFERRED
EMBODIMENTS

A number of examples are provided herein to illus-
trate the preferred embodiments of this invention. They
are included for the purpose of illustration only and
should not be construed as Limiting. They arc intended
to embrace any equivalents or obvious extensicns which

are known or should be known to a person skilled in the

art
The purity of the 2,4,5-trichlorophenol was deter-

mined by vapor phase chrometography using a § in. X6
fu stainless steel column packed with 4% FFAP on
100/120 mesh chromsorb W, acid washed, DMCS. A
flarme ionization detector wes used.

The commercial technical grade 2,4,5-trichloro-
phenol that was purified in these examples wes pur-
chased from vendors who are in the business of manu-
facturing and selling this material and was analysed by
gas liquid chromatography as follows:

2,5-Dichloro-4-methoryphenol

2,4,5-Trichlorophenol M40 = 0.2%
2,4/2,5-Dichlorophenal 10 £ 0.3%
2,3,6/2,4,6-Trichlorophenol 03 + 0.3%
2,4-Dichlorophenol 0! £01%
4,5-Drichloro-2-methoxyphenol

) 46 £ 0.7%

= —— O R S e
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3
-continued
2,4-Dichloro-S-methoxyphenol

The term technical grade TCP refers to a commer- $
cially available product similar to that described sbove
end which is sbout 94% 2,4,5-trichlorophenol. This
termo (technicel grade TCP) when used hereinafler re-
fers to such a commercially available product.

EXAMPILE]

‘Sulfuric acid (903 grams of 93% H1S04) was diluted
by slowly adding it to cold water (347 g) which wes
cooled and stirred during the addition. Technicel grade
TCP was added and the reaction mixture heated to and
subsequently maintained at §0° C.

Aquecus formaldehyde (14.0 g of a 37% solution)
was sdded slewly over a period of four hours. The
reaciics mixture wzs maintainegd gt 80° C. for &n 2ddi- 20
tionz! twe hours. )

The reaction mixture was diluted by adding sbeut
630 ml water and the product isolated viz a steam distil-
letion. .

There was obtzined 205.5 g of 2,4,5-trichlorophenol 25
which was 99.5%% pure. This represents an 87.7% re-
covery of the 2,4,5-trichlorophenol in the starting mate-
rial.

The purified product analysed as follows:

10
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2,4,5-Trichlorophenol 9.5

2,4/2,5-Dichlorophenol -
2,3,6/2,4,6-Trichlorophenol [1X]
3,4-Dichlorophen -
4.5-Dichloro-2-m yphenol 35
2,5-Dichloro4-methoxyphenol ) 0.2

2,4-Dichloro-5-methoxyphenol

EXAMPLE 11 &0
Example I was repeated, substituting 5 g of paraform-
aldehyde for the 14 g of 37% squeous formaldehyde.
The paraformaldehyde was added portionwise over a
30 minute period.
Pure 2,4,5-trichlorophienol (200.9 g, 85.5% yield, 45
99.6% pure) was recovered.

EXAMPLE III

Example I was repeated excepting that 21 g of aque- so
ous formaldebyde was used.

Pure 2,4,5-trichlorophencl (200.9 g, 85.5% yield,
99.7% pure) was recovered. '

EXAMPLE IV

The process of Example II was repeated using & hot 5
heptene extraction in place of the steam distilletion.

There weas 190.6 g of 2,4,5-trichlorophenol recovered
(91.1% yield, 98.3% pure).

EXAMPLE V

Example I was repeated excepting thet a temperature

60

of 100° C. was used. There was 167.1 g of 2,4,5-tri-

chlorophenol recovered (71.0% yield, 99.6% pure).
This is considerably less than obteined in Example 1 65
illustrating the fact thst temperatures in excess of 90° C.
result in lower recovery of the desired product.

4

EXAMPLE VI

Exzmple II was repeated excepting that a sulfuric
acid concentration of 50% was used. Product recov-
ered was only 96.2% pure. This illustrates the poor
results obtained st low acid concentrations.

EXAMPLE VII

Example I was repeated and followed by gas liquid
chromatography to illustrate the shorter reaction times
result in a product of lower purity.

After 1 hr 94.7% pure 2,4,5-trichlorophenocl recover-

able.

After 2 hrs 95.1% pure 2,4,5-trichlorophenol recov-
erable.

After 4 hrs 98.7%5 pure 2,4,5-trichlorophenol recov-
erable.

After 6 hrs. 99.5%5 pure 2,4,5-trichlorophesol recov-
crable.

EXAMFLE VII
Example I wes repeated and the 2,4,5-trichloro-
phenal wes reccvered viz 2 vacuum steam distillation.
There was recovered 208.0 g (88.5% yield, 99.3%
pure).
EXAMPLE IX

Example I wes repeated excepting that the concen-
tration of ths sulfuric acid used was §0%. The 2,4,5-tri-
chlorophenol reacted with the formaldehyde to form a
bis-phenol. This example illustrates the failure of the
purification process if the concentration of acid gets too
high.

We claim:

1. Process for the purification of technical grade TCP
which comprises treating the technical grade TCP with
formaldehyde in the presence of 55% to 75% sulfuric
acid at a temperature beiweea 70° C. and 50° C. and
separating purified TCP? therefrom.

2. A process according to claim 1 wherein the puri-
fied TCP is isolated by a distillation or an extraction.

3. A process accerding to claim 2 wherein the puri-
fied TCP is isolated by a steam distillation or a vacuum
steam distillation.

4. A process accerding to claim 1 wherein 60-70%
sulfuric acid is use<. .

5. A process sccording to clzim 4 wherein the tem-
perature is between 75° C. and 85° C.

6. A process according to clairs § wherein the prod-
uct is isolated by a distillation or an extraction.

7. A process sccording to claim 6 wherein the prod-
uct is isoiated by a distillation.

8. A process according to claim 1 wherein there is
used:

(2) two to five raolar equivaleats of formaldehyde

() 60% to 7056 sulfuric acid;

(c) a reaction temperature of 75° C. to 85° C;

(d) a steam distillation or vacuum steam distillation
for the isolation of the purified 2,4,5-trichloro-
phenol.

9. The process of claim 8 wherein the reaction time is

5 to 8 hours.

10. The process of claim 9 wherein aqueous formalde-
hyde is used. . :

11. The process of claim 9 wherein paraformaldehyde
is used.
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Technetium 8958

F. Manske, Ed. (Academic Press, New York, 1968) pp
597-626.

OH.

Granular amorph powder, mp 121-124°. {a]§j +95.7 (¢
= 4.59 in ethanol). Sol in ether, chloroform, alcohol; prac-
tically insol in water, petr ether. Undoubtedly responsible
for the poisonous properties of the yew. Fatalities among
domestic animals due to yew poisoning are not uncommon
today. ; Human fatal symptoms are those of gastrointestinal
irritation, cardiac and respiratory failure.

Taxine A, CysH,;NO,,, mp 204-206". [a], — 140" (CHCL,).

8955, Taxodione. 4b,5,6,7,8,8a- Hexahydro-4- hydroxy-
45,8,8-trimethyl-2-(1-methylethyl)- 3,9-phenanthrenedione;
11-hydroxy-13-isopropylpodocarpa-7,9(11),13-triene-6,12-
dione. C,HyOy mol wit 314.43. C 76.40%, H 8.34%, O
15.26%. Isoln of naturally occurring (4)-form from Taxo-
dium distichum Rich, Taxodiaceae: Kupchan et al., J. Am.
Chem. Soc. 90, 5923 (1968). Structure: eidem, J. Org. Chem
34, 3912 (1969). Total synthesis of the racemate: Mori,
Matsui, Tetrahedron 26, 3467 (1970); T. Matsumoto ef al,
Bull. Chem. Soc. Japan 44, 2766 (1971); 50, 1575 (1977); D.
L. Snitman, R. J. Himmelsbach, Tetrahedron Lerters 1979,
2477; R. V. Stevens, G. S. Bisacchi, J. Org. Chem. 47, 2396
(1982). Total synthesis of the (4-)-form: T. Matsumoto et
al., Bull Chem. Soc. Japan 50, 266 (1977). Antitumor activ-
ity studies: Hanson et al. Science 168, 378 (1970).

Golden plates from methanol. mp 115-116". [a]¥ +56°
(c = 1in CHCly). uv max (methanol): 320, 332, 400 nm
(e25,000, 26,000, 2000). ’

THERAP CAT: Antincoplastic.

8956. Tazettine. Sekisanine; sekisanoline; ungernine.
C,H,,NO,; mol wt 331.26. C 65.24%, H 6.39%, N 4.23%, O
24.14%. From Narcissus tazetta L., Lycoris radiata Herb.,
Ungernia sewerzowi (Rgl.) Fedtsch., and other Amaryllida-
ceae: Spith, Kahovec, Ber. 67, 1501 (1934). Structure and
stereochemistry: Ikeda er al, J. Chem. Soc. 1956, 4749. Abs
config: Highet, Highet, Tetrahedron Lerters 1966, 4099.
Synthesis: Hendrickson et al, J. Am. Chem. Soc. 92, 5538
(1970); Tsuda et al, Tetrahedron Letters 1972, 3153. Bio-
synthesis: Fales, Wildman, J. Am. Chem. Soc. 86, 294
(1964). Identity with sekisanine and sekisanoline: Ikeda et
al, loc. cit. Stereospecific total synthesis: Hendrickson er
al, J. Am. Chem. Soc. 96, 7781 (1974); S. Danishefsky et al,
ibid. 102, 2838 (1980); 104, 7591 (1982).

Consult the cross index before using this section.
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Crystals, mp 210-211° (evac tube); racemate reported as
mp 237-238" (Tsuda) and mp 175-176" (Danishefsky). [a]F
+ 150.3° (82 mg in 2 ml chloroform). Sol in methanol, etha-
nol, choroform. Sparingly sol in ether.

Hydrochloride, crystals, mp 206", water soluble.

Methiodide, crystals, dec 220° (evacuated tube).

8957. TCDD. 2,3,7,8- Tetrachlorodibenzofb,e]1,4)dioxin;
2,3,78-tetrachlorodibenzo- p-dioxin; 2.3,6,7-tetrachlorodi-
benzodioxin; dioxin; TCDBD. C,H,C1,0; 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, g.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 Zasshi 79, 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-
vances in Chemistry Series 120 (A.C.S., Vashington, D.C.,
1973) pp 126-135. Crystal structure: F. P. Boer et al, Acta
Crystallogr. 28B, 1023 (1972). Toxicity and metabolism
studies: R. J. Kociba er al. Toxicol. Appl Pharmacol. 35,
553 (1976); 3. Q. Rose er al, ibid. 36, 209 (1976); A. Poland,
A. Kende, Fed. Proc. 35, 2404 (1976). Environmental deg-
radation: D. G. Crosby, A. S. Wong, Science 195, 1337
(1976). Review of carcinogenicity studies: I[4ARC Mono-
graphs 15, 41-102 (1977). Comprehensive reviews of forma-
tion, chemistry, and toxic and environmental effects: Chlo-
rodioxins— Origin and Fate, E. H. Blair, Ed., loc. cit. 141 pp;
Environ. Health Perspect. 5, 313 pp (1973); R. D. Kim-
brough, Crit Rev. Toxicol 2, 445-498 (1974); A. Poland, J.
C. Knutson, Ann. Rev. Pharmacol Toxicol. 22, 517-554
(1982). See also: Dioxin— Toxicological and Chemical As-
pects, F. Cattabeni ef al, Eds. (Wiley, New York, 1978) 222
pp; special issue, Chem. & Eng News 61 (June 6, 1983).

Ccl [ C1

Cc1 o C1

Needles, mp 295" (Tomita); crystals from anisole, mp
320-325" (Sandermann). LD, 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, (976
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 Victnam during the
1960's, has also been implicated as the causative agent of
various symptoms described by veterans exposed to the
defoliant, see C. Holden, Science 205, 770 (1979).

Caution: Extremely potent, low molecular weight toxin.
Toxic effects in animals include anorexia, severe weight loss,
hepatotoxicity, hepatoporphyria, vascular lesions, chioracne,
gastric ulcers, teratogenicity and delayed death. Industrial
workers exposed to TCDD have developed chloracne, por-
phyrinuria and porphyria cutanea tarda. See Poland,
Kende, loc. cit, C. D. Carter et al, Science 188, 738 (1975).
This substance has been listed as a carcinogen by the EPA:
Second Annual Report on Carcinogens (NTP 81-43, Dec.
1981) pp 226-227.

8958. Technetium. Tc; at. wt (longest-lived isotope) 98;

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 “masuriurn”; the existence of -

masurium has never been confirmed by isoln of the element.
Element no. 43 is the first artificially produced element.
Named 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, Segré, Nature 140, 193 (1937); eidem, J.
Chem. Phys. 5, 712 (1937); Cacciapuoti, Segré, Phys. Rev. 52,
1252 (1937). The most commonly available isotope, ¥Tc,
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Tazettine. Sckisanine; sekisanoline; ungernine.

34, . ENO,. mol wt 331.37. C 65.24%, H 6.39%, N 4.23%,
orl, M. Mapy " From Narcissus 1azetta L., Lycoris radiata Herb.,
to et al, Buj] sewerzowi (Rgl.) Fedisch., and other Amarpllida-
177); D. LiSait th, Kahovec, Ber. 67, 1501 (1934). Structure and

).
(Al Chent
Can. J. .

V. Steven:

emistry: lkeda et al.. J. Chem. Soc. 1956, 4749:
ifig: Highet, Highet, Tetrahedron Letiers 1966,

thesis: Hendrickson et al, J Am. Chem. Soc. 92,
70); Tsuda et al., Tetrahedron Letters 1972, 3153.

is: Fales, Wildman, J. Am. Chem. Soc. 86, 294
Identity with sekisanine and sckisanoline: lkeda et
‘cit  Stereospecific total synthesis: Hendrickson er
“dmi. Chem. Soc. 96, 7781 (1974); S. Danishefsky er al,

Total"

Hanson

s, mp 210-211" (evac tube); racemate reported as
%:238" (Tsuda) and mp 175-176" (Danishefsky). [a]}
{82 mg in 2 ml chloroform).
i:choroform. Sparingly sol in ether.

hloride, crystals, mp 206°, water soluble.
dide. crystals, dec 220° (evacuated tube).

Tazobactam,. [25-(2a,3B,5a)]-3-Methyl-7-0xo-3-
riazol-1-ylmethyl)-4-thia-1-azabicyclo{3.2.0]hep-
orboxylic acid 4,4-dioxide; 28-{(1,2,3-1nazol-1-yl)-
-2a-methylpenam-3a-carboxylic acid 1,1-dioxide;
i CL-298741. C,H,;N,O,S; mol wt 300.30. C
H 4.03%, N 18.66%, O 26.64%, S 10.68%. B-Lac-
;nhibitor. Prepn: R. G. Micetich er al, Eur. pat.
446; eidem, U.S. pat. 4,562,073 (1984, 1985 both
0); R. G. Micetich er al. J. Med. Chem. 30, 1469
[Pegradation in solution: T. Marunaka ef al, Chem.
L 36, 4478 (1988); in solid state: . E. Matsushima
4593. B-Lactamase inhibiting activity in com-
with clavulanic acd and sulbactam, g.¢.v., vs aer-
R. Jacobs er al, Antimicrob. Ag. Chemother. 29,
vs anaerobes: P. C. Appelbaum er al, ibid. 30,
LC determn in biological materials: T. Marunaka
cChromatog. 431, 87 (1988). Clinical trial in combi-
th piperacillin, g.».. 1. M. Gould ef al, Drugs Exp.
17, 187 (1991).

(o}
H o]
AV
. S/ N
o™
N "CH,
O [o} '|. g/
COOH

M salt, C,,H,,N,NaO,S, YTR-830, CL-307579.
B0Us solid, mp > 170" (dec).

b\nanon of sodium salt with piperacillin sodium,
re, Tazncin, Zosyn.

Tebuconazole

Sol in methanol,

Consult the Name Index before using this section.

| i ! s e
/ \-(io’l_-{’/li 1 ;f»:‘,e/,( ud[-AJL

THERAP CAT: In combination with g-lactam antibiotics as
antibactenal.

9252. TCDD. 23,78 Tetrachlorodibenzofb,e]{1,4]diox-
in; 2,3,7,8-tetrachlorodibenzo-p~diorin; 2,3,6,7-tetrachlorodi-
benzodioxin; dioxin; TCDBD. C,,H,C1,0,; 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 (2,4,5-trichlorophenol. g.v.) and phen-
oxyherbicides (2.4-D and 2.4,5-T. g.q.v.), chlorinc bleaching
of paper pulp and combustion of chlorine-containing waste.
Prepn: W. Sandermann, Ber. 90, 690 (1957); M. Tomita er
al., Yakugaku Zasshi 79, 186 (1959), C.4. 53, 13152d
(1959). Crystal structure: F. P. Boer er al, Acta Crysiallogr.
28B, 1023 (1972). Toxicity and metabolism: B. A. Schwetz
et al, in Chlorodioxins-Origin and Fate, E. H. Blair, Ed.,
Advances in Chemustry 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). Comprchensive re-
view of formnation, chemistry, and toxic and environmental
effects:  Chlorodioxins—Origin and Fate, loc. cit. 141 pp;
Dioxin— Toxicological and Chemical Aspects. F. Cattabeni 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-
Tetradichlorodibenzo-p-dioxin (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 carcinogenicity: J. Huff er al.
Ann. Rev. Pharmacol. Toxicol 34, 343-372 (1994).

a [0) Ci

a O Cl

Needles, mp 295" (Tomita), crystals from anisole, mp 320-
325" (Sandermagn). LDy, in male, female rats (mg/kg):
0.022, 0.045 orally (Schwetz).

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. 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
syndrome, gastric ulcers, immunotoxicity, hepatotoxicity,

hepatoporphyria, vascular lesions, chloracne, teratogenicity,

fetotoxicity, impaired reproductrive performance, endome-
triosis and delayed death. " Industrial workers exposed to
TCDD have developed chloracne, porphyrinuria and por-
phyria cutanea tarda. See Poland, Kende, loc cit.; C. D.
Carter et al, Science 188, 738 (1975). This substance may
reasonably be anticipated 10 be a carcinogen: Seventh An-
nual Report on Carcinogens (PB95-109781, 1994) p 369.

9253. .Tebucomazole. (t)-a-{2-(4-Chlorophenyl)ethyl]-
a-(1,1-dimethylethyl)-1H-1,2,4-triazole-1-ethanol; (RS)-1-(4-
chlorophenyt)-4,4-dimethyl-3-(1H-1,2,4-trazol-1 -ylmethyl)-
pentan-3-ol; ethyltrianol; fenetrazole; terbuconazole; terbu-
trazole; BAY HWG 1608; HWG-1608; Corail; Elite; Foli-
cur; Horizon; Lynx; Raxil; Silvacur. C,4H,,CIN,O; mol wt
307.82. C 62.43% H 7.20%, Cl 11.52%, N 13.65%, O
5.20%. Ergosterol biosynthesis inhibitor. Prepn: G. Holm-
wood ef 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, 462 (1989).
Photodegradation: H. Wambhoff er al, Z Naturférsch. 49b,
280 (1994). GC determn in plant material, soil and water:
W. Maasfeld, Pflanzenschutz-Nachr. Bayer (Eng. Ed.) 40, 29
(1987). Review of chemistry and biochemistry: D. Berg er
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12601 Twinbrook Parkway
Rockville, MD 20852
Tel: (800) 227-8772 or (301} 881-0666
Fax: (301) 816-8148
Web: www.usp.org
E-mail: custsve@usp.org

USP 15 AN INDEPENDENT, NON-GOVERNMENT, not-for-profit organ-
ization that promotes the public health by establishing state-
of-the art standards and developing programs to ensure the
quality of medicines and related healthcare technologies and
practices,

A 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 US. government, the pharmaceutical industry, and
other consumer organizations.

Major:]
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USP STANDARDS ARE KNOWN WORLDWIDE as an assurance of high
guality.

USP-NFE: 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. The latest annual edition, USP 26-NF 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.
They 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.

Pharmacopetal Fortm: USP’s Pharmacopeial Forum (PF) and
PF Online complement USP-NF. PF and PF Online feature pro-
posed revisions to USP-NF, as well as revisions that become
official and hinding before the next USP-NF edition is pub-
lished. PF and PF Online also request public review and com-
ment on proposed revisions.

PLAINTIFF'S

EXHIBIT
s
The Standard of Quality ™ Vool “rm

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 also help 3
companies meet GMT’ and 15O training raquirements.

Dictary Supplement Verification Program: USP's Dietary
Supplement Verification Program is designed to add clarity and
value to products by helping consumers make informed ch-ic-
es. The program verifies that qualified products con:ain;
declared ingredients in declared guantities and are manuface.
tured under GMPs. )

Medmarx Patient Safety Solutions: USP’'s Medmarx is a
national medication error reporting database and system fo
data analysis designed to improve patient safety and redu
costs. More than 300 hospitals and health care organizations
have enrolled and collectively have submitted over 300,00
anonymous mediction error records, making it the l2 zestam
database of its kind. E:
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Hercules 7531 o

PESTICIDE DICTIONARY

Action/Use

ACTION: Volatile insecticide in controlled release strip formulation.
Acts by fumigant action on trapped insects. Inner reservoir automati-
3 cally replenishes the insecticide to maintain effective concentration in
il 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.

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 contact with eves, skin,
and clothing. Always wash hands with soap and water after handling.
Emergency Guidelines
FIRE EXTINGUISHING MEDIA: CO,, powder, foamn. 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-
rated clothing. Ingestion, induce vomiting. Inhalation, remove from
exposure. Give oxygen if breathing labored.
EMERGENCY TELEPHONE: 717-764-1191 (Hercon Environmental
Corp.).
Hercules 7531 — see Herban*.
Hercules 8573 — see Azak™.
Hercules 14503 — see Torak™.
Hercuies AC 528 — see Dioxathion.
Hercules AC 5727 — see UC 10854.
Heritage® — see Azoxystrobin.
Herkol* — see Dichlorvos.
HETP
Chemistry
COMPOSITION: Ethyl polyphosphates containing 12-20% tetraethyl
pyrophosphate. Also known as hexa-ethy! tetraphosphate.
Actmn/U se

_r‘ CTION: Insecticide.

JSE: TEPP is the insecticidal component of HETP, and is the material
‘now in production.
Safety Guidelines
HANDLING AND STORAGE CAUTIONS: HETP acts as 2 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 a&lso may be dangerous. Possesses no phytotoxicity at normal
concentrations.
See TEPP.
Hexablanc® Insecticide (BHC) — Discontinued by Rhone-Poulenc.
Hexachloroacetone
Identification
COMMON NAME: Hexachloroacetone (ISO}; HCA (WSSA).
CODE NUMBERS: CAS 116-16-5; SHA 043701.
Chemistry
COMPOSITION: 1,1,1.3.3,3-hexachloro-2-propanone (CAS & and 9CI).

CCl—C-CCh
Hexachloroacetone
Action/Use
ACTION: Nonselective herbicide.
Safety Guidelines

SIGNAL WORD: CAUTION.

TOXICITY CLASS: III.

TOXICITY: (Rat): Oral LDy, 3550 mg/kg.

Hexachlorobenzene

Identification

COMMON NAME: Hexachlorobenzene (ISO, BSI).

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/Gordon).
Chemistry
MPOSITION: Hexachlorobenzene (IUPAC and CAS).
.k tion/Use
ACTION: Seed protectant.

Safety Guidelines
SIGNAL WORD: CAUTION.
TOXICITY CLASS: V.
TOXICITY: (Rat): Oral LD,, 40,000 mg/kg. May cause slight irritation
ta 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
COMMON NAME: Hexachlorophene (INN, USP USAN); hexachlo-
rophane (BAN).
EXP. CODE NUMBERS: G-11.
OTHER CODE NUMBERS: CAS 70-30-4; SHA 044901.
FORMULATORS' TRADE NAMES: Seribak™.
DISCONTINUED NAMES: Hexalint*, Hexaphene* L.V., Hexide*,
Isobac*, Nabac* (Webb Wright Corp.).
Chemistry
COMPOSITION: 2,2-methylenebis(3,4.6-trichlorophenol) (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 LD,, 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 AID: Get immediate medical aid. Eves, flush with water. m,
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: Hexacanazole (ISO draft, ANSI, BSI).
CODE NUMBERS: CAS 79983-71-4.
FORMULATORS' TRADE NAMES: Canvil* (VAPCO).
Chemistry
COMPOSITION: (RS)-2-(2,4-dichlorophenyl)-1-(IH-1,2,4-triazol-1-yl)}-
hexan-2-ol (IUPAC). ]
PROPERTIES: White crystalline solid with no odor. Melting poini
111°C. Soluble in a range of organic solvents.

Cl
CH\CHaCHaCH;
|

Cl (I:—OH
CH,

N—N
L )

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.
PREMIXES: 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 LD,, 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.

Information is presented herein for preliminary planning only.
Exclusive reliance must be placed on information/directions supplied by manufacturer.

1997 Farm Chemicals Handbook
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EXHIBIT
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HESPERIDIN
ACTA PHARMACAL

¢ ASHLAND CHEMICAL COMPANY
DNP INTERNATIONAL CO., INC.
FREEMAN INDUSTRIES, L.L.C.
KADEN BIOCHEMICALS GMBH
KINGCHEM INC.
MAYPRO INDUSTRIES, INC.
Pharmline, Inc.

- STAUBER PERFORMANCE INGREDIENTS, INC,
F.H.Taussig, Inc.

+ . p,L.Thomas & Ca., Inc.

HESPERIDIN COMPLEX

.. ARROW CHEMICAL INC.

@ ASHLAND CHEMICAL COMPANY

Belmoant Chemicals Inc. :

BOTANICALS INTERNATIONAL, INC., DIV. 7/
OF ZUELLIG BOTANICALS, INC.

1AL

. Dtv, : CPB INTERNATIONAL, INC.

-FREEMAN INDUSTRIES, L.L.C.

GENERICHEM CORP.

H. INTERDONATI, INC.

RiA International

SELTZER CHEMICALS, INC.

STAUBER PERFORMANCE INGREDIENTS, INC.

HESPERIDIN METHYL CHALCONE
FREEMAN INDUSTRIES, L.L.C.

EXABROMOCYCLODODECANE

% BERJE INC,
1,2,5,6,9,10-HEXABROMOCYCLODODE-

. CANE .

" ALBEMARLE CORP.(FORMERLY ETHYL CHEM-

.. ICALS GROUP}
+ Great Lakes Chemical Corp.

Chemicals & Related Materials

HEXACHLOROACETONE See Hexachloro-2-
Propanone

HEXACHLORO CYCLOPENTADIENE
VELSICOL CHEMICAL CORP.

HEXACHLOROCYCLOTRIPHOSPHAZENE
ESPRIT CHEMICAL CO.

HEXACHLOROETHANE
FABRICHEM, INC.
HUMMEL CROTON INC.
Neuchem Inc.

Service Chemical, Inc.
Skyline international

HEXACHLOROPHENE
International Commaodities Export Corp.

% e SPECTRUM BULK CHEMICALS, DIVISION

OF SPECTRUM QUALITY PRODUCTS,
INC.

h HEXACHLOROPHENE, DIOXIN-FREE

Inchema, Inc.

HEXACHLORO-2-PROPANONE (Hexa-
chloroacetone)
WACKER CHEMICALS {USA), INC.
WACKER-CHEMIE GMBH

1H,1H,9H-HEXADECAFLUORO-1-
NONANOL
OAKWOOD PRODUCTS

n-HEXADECANE

@ SPECTRUM BULK CHEMICALS, DIVISION
OF SPECTRUM QUALITY PRODUCTS,
INC.

HEXADECANEDIOIC ACID

® SPECTRUM BULK CHEMICALS, DIVISION
OF SPECTRUM QUALITY PRODUCTS,
INC.

TRACTS.-
CTLIST.

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!
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Polydatin . 7438

THERAP CAT: Poloxamer 182LF as pharmaceutic aid; 188
as cathartic.

7433. Polyamine-Methylene Resin. Resinat; Exorbin.

Phenol condensation product with polyamines. An ion-
exchange resin specially purified for medicinal use.

— _
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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 N hydrochloric acid is con-
sumed by 0.2 g of the resin.

THERAP CAT: Antacid.

7434, Polybasite. 8Ag,S.5b,S,—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 30% H,SO, at 0-5" and keeping it cold for 21 hrs.
Dilution of the mixture with H,O precipitates the product:
Faith, J. 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. LDy 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, g.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);
2:. 1. )DiCarlo et al, Environ. Health Perspect. 23, 351-365

1978).

Firemaster BP-6, major component is 2,2°,4,4°,5,5 - hexa-
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 lacident” 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-
chlor; Phenoclor; Pyralene; Santotherm. 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, /nd. 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 contaias biphenyls (12), tripheny!s
(54) or both (25, 44); the last two digits give the weight
percent of chlorine in the mixtere (e.g. Aroclor 1242 con-

Consult the cross index before using this section.

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
Crit. Rev. Toxicol 2, 445-498 (1974);, National Conference on
Polychlorinated Biphenyls, Nov. 19-2), 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. S (Interscience, New York, 2nd ed., 1964)
pp 289-297: O. Hutzinger et al, The Chemistry of PCB's
(CRC Press, Cleveland, Ohio, 1974) 269 pp; . W. Lloyd ez
al., J. Occup. Med. 18, 109-113 (1976). Review of carcino-
genicity studies: Z4RC Monographs 18, 43-103 (1978).

X X X X
8283
X X X X )
X = H or Cl

Aroclor 1242, clear, mobile liquid; av. number Cl/mole-
cule: 3.10. d¥ 1.381, d}*5 1.392. Distillation range 325-
366" Flash point (open cup) 348-356°F. nf 1.627-1.629.
Dielectric constant (1000 cycles) 5.6 (25%, 4.9 (1007).

Aroclor 1254, light yellow, viscous liquid; av. number
Cl/molecule: 4.96. d§* 1.495; d}5% 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%.
LDy, orally in weanling rats: 1295 mg/kg, Kimbrough, loc.
cit.

Aroclor 1260, light yellow, sgft, sticky resin; av. number
Cl/molecule: 6.30. d§° 1.555; d}*3 1.566. Distillation range
385-420. No open cup flash point to boiling. nf 1.647-
1.649. Dielectric constant (1000 cycles) 4.3 (25%; 3.7 (1007).
LDy, orally in weanling rats: 1315 mg/kg, Kimbrough, loc.
cit.

Caution: Toxic effects in humans include chloracne, pig-
mentation of skin and nails, excessive eye discharge, swelling
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 er al, in
EPA-560/6-75-004, 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 + hemato-
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- Hydroxy- 5-[2-(4- hydroxyphenyl)eth-
enyllphenyl-8-D-glucopyranoside; 3-hydroxy-S5-(p-hydroxy-
styryl)phenyl glucoside; 3,4',5-trihydroxystilbene-3-8-D-
glucoside; resveratrol-3-8-mono-D-glucoside; piceid. Cyp-
H;;,04 mol wt 390.40. C 61.53%, H 5.68%, O 32.79%. Isoin
from fresh root of Polygonum cuspidatum Sieb. & Zucc,,
Polygonaceae, and structure: Nonomura et al. Yakugaku
Zasshi 83, 988 (1963).

Trihydrate, crystals, mp 225-226". [a]§ —74.9" (¢ =
1.709 in ethanol).

OH
/

o-B-g—glucuse,
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9450

9450. 1,1,2-Trichloroethane. Vinyl trichloride. C,H,Cly;
mol wt 133.42  C 18.00%. H 2.27%. Cl 79.73%. CH,Ci-
CHCI,. Prepd by caralytic chlorination of ethane or e¢thyl-
ene: Joseph, U.S. pat. 2,752,401 and Pve. U.S. pat. 2,752,-
402 (both 1956 to Dow); Reynolds, U.S. pat. 2,783,286
(1957 to Olin Mathieson).

Nonflammable liqmd pleasant odor; dI® 1.4416; solidif
—35% bp 113-114% af 1.4711. Insol in water; misc with
alcohol, ether, and many other organic liquids. LDy, orally
in rats: 0.58 mi/kg. H. F. Smyth et al. 4m. Ind. Hyg. Assoc.
J. 30, 470 (1969).

USE: Solvent for fats, waxes, natural resins. alkaloids.
Caution: Icritating to eyes. mucous membranes, and, in high
concns, narcotic.

9451, 2,2,2-Trichloroethanoi. Trichloroethyl alcohol.
C,H,CL10; mol wt 149.42. C 16.08%, H 2.02%, Cl 71.19%,
0 10.71%. CCl,CH,OH. Prepd by reduction of the corres-
ponding ester, acxd chloride, or acid with lithium aluminum
hydride: Sroog ef al, J. Am. Cherm. Soc. 71, 1710 (1949).
Manufacture by reduction of chioral hydrate with an amine
borane: Chambcrlzun. Schechter, U.S. pat. 2,898,379 (1959
to Callery Chem.).

Hygroscopnc liquid, ethereal odor At Jow remps it crys-
tallizes in rhombic tablets. mp at 18% bp 151-153% d38 1.55.
Sol in about 12 parts water; miscible with alcohol or ether.
pH of ag soln is 5-6, but on prolonged contact with water
some free acid is formed. Keep well closed and protected from
lighrt. LDy, orally in cats: 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; Trlene; Trichloran; Trichlo-
ren; Algylen; Trimar; Triline; Tri; Trethylene; Westrosol;

Chlorylen; Gemalgene; - Germalgene. C;HCl;;, mol wt
131.40. C 18.28%, H 0.77%, Cl 80.95%. CCl,=CHCL

Usually prepd from sym-tetrachloroethane by elimination of
HCI (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 Indusrrial 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. df 1.4904; dI5 1.4695: d® 1.4649.
Vapor density: 4.53 (air = 1.00). Solidifies ar —84.8".
bpygo 86.T% bpeyy 67.05 bpm 48.0% bpjpe 31.4% bpg 20.0%
bpy —1.0% bpy, —12.4% bpy —22.8% bp,, —43.8" nY
1.47914; nf,’ 145560 Pracncally insol in water; misc with
ether, alcohol, chloroform. Dissolves most fixed and volatile
oils. Slowly dec (with formn of HCI) 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. LDy, orafly in rats: 4.92
mi/kg; LC (4 hrs) in rats: 8000 ppm, Smyth et al, 4m. Ind.
Hyg. Assoc. J. 30, 470 (1969).

Caution: Use with adeguate 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 industres. In degreasing, in
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1,2-Trichloroethane

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. CCLF: mol wt 137.38. C 8.74%, Q1 77.43%, F
13.83%. Prepn: Henne, Organic Reacrions 2, 64 (1944).
Manuf: Faith, Keyes & Clark’s Industrial 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. Non-
Nammable. d}’* 1.494; d, 5.04 (air = 1). mp — 111" bpra
23.7% bpeg 6.8" bpyg — 9.1 bPye —23.0% bpgp —32.3%
bpy —39.0% bp,, —49.7% bp,, —59.0% bps —67.6% bpy,

—B4.3". Crit temp 198" crit prss 43.2 atm (635 lblsq inch,
abs). nj$* 1.3865. Dipole moment 0.45. Practically insol in
water. Sol in alcohol, ether, other, organic solvents. Less
toxic than carbon dioxide, but decomposes iato harmiul
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.

Nore: Consult Jatest 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. Cg-
H,CI;NO;; mol wt 242.44. C 29.72%, H 0.83%, Ci 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.

OR
c1 NO,

cl
c1

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,H,Cl,0; mol wt 197.46. C 36.49%, H 1.53%, O 8.10%, Q1
53.87%. Prepd by treating 1,2,4,5-tetrachlorobenzene with
methanolic NaOH in autoclave at 160° for several hrs: Har-
rison ef al, J. Chem. Soc. 1943, 235; Agfa, Ger. pat. 411,052
(1925); Chem. Zentr. 1925, 1, 2411.

OR
C1

cl
c1

Needles from alcohol or ligroin. Strong phenolic odor.
mp 67°. Sublimes. bpg 248" bpyg 253°. Weak monobasic
acid. K at 25° = 4.3 x 10-% Soly (3'100 g of solvent at
25%): acetone 615; benzene 163 carbon tetrachloride 51;
ether 525: denatured alcoho! formula 30, 525; methanol 615;
liquid petrolatum (at 50°) 56; soybean oil 79; toluene 122;
water <0.2. LDy, orally in rats: 0.82 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
(87100 g solvemt at 257); acetone [63: denatured alcohol
formula 30, 186; ethylene glycol 33; methanol 241; water
113. pH of satd aq soln 11.0-13.0.

Complex with tnisobutyl phosphate, C HyCIOP, Tri-
chlorex. Prepn: Bouillenne-Wallrand er a).‘. Fr. pat. M149
(1961 1o Pechiney). Liquid. bp,,, 94-103°

Use: Fungicide, bactericide.

9456. 2.4,6-Trichlorophenol.
H,Cl,0: mol wt 197.46. C 36.49%,

Dowicide 2S; Omal. C,-
O 8.10%, H 1.53%. Cl

Consult the cross index before using this section.
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Hexadimethrine Bromide 4578

USE: As reagent for pyrophosphoric acid, for the estima-
tion of phosphate.

4571, Hexaborane(10). Hexaboron decahydride; boro-
hexane. BgH,,; 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. 1, 725 (1962). d° 0.69. Slowly
dec at room temp. Hydrolyzes in water after long heating.

4572, Hexacarbacholine Bromide. 2,2'-[1,6- Hexanedi-
ylbis(iminocarbonyloxy)}bis{N,N,N- trimethylethanaminium]
dibromide; choline bromide hexamethylenedicarbamate;
hexamethylenedicarbamic acid choline bromide diester;
hexamethylene-1,6-bis(carbamoylcholine bromide); N.N’-
hexamethylenebis[(2-carbamoyloxyethyl)trimethylammoni-
um bromide]; BC 16; Imbretil. C,H,,Br,N,O;; mol wt
536.38. C 40.31%. H 7.52%, Br 29.80%, N 10.45%, O
11.93%. Preparation: Schmied efal, Austrian pat. 185,371
(1956); Ger. pat. 1,021,842 (1958 10 Oesterreichische Stick-
stoffwerke).

+
NHCOOCH,CHy—N (CHJ)J

(CHZ)G 2Br

COOCHZCHZ_E (CHJ)3

Crystals from ethanol, mp 174-176".
THERAP CAT: Skeletal muscle relaxant.

4573. Hexachlorobenzene. Perchlorobenzene; Anticarie;
Bunt-cure; Bunt-no-more; Julin’s carbon chloride. CyClg
mol wt 284.80. C 25.30%, Cl 74.70%. Not to be confused
with benzene hexachloride, see Lindane. 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).

Ccl

C1

Needles. d® 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, Narure 189, 499 (1961).

4574, Hexachloroethane, Carbos hexachloride; perchlo-
roethane. C;Clg mol wt 236.74. C 10.15%, Cl 89.85%.
CCLCCL,. 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-
chlorophenol]; 2,2'-dihydroxy-3,%,5,5,6,6'-hexachlorodi-
phenylmethane; bis(3,5,6-trichloro-2-hydroxyphenyl)meth-
ane; G-11; AT-7; Bilevon; Dermades; Exofene; Gamophen;
Hexosan; pHisohex; Surgi-Cen; Surofene. C,3H,ClO;y; mol
wt 406.92. C 38.37%, H 1.49%, 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 conced sulfuric acid:
Gump, U.S. pat. 2,250,480 (1941 to Burton T. Bush). Im-

e ettt e,

Consult the cross index before using this section.

proved procedures: U.S. pat. 2,435,593 (1948) and 2,812,-
365 (1957 to Givaudan).
T ———r

OH OH
c1 CH2 3 cl

cr
C1 Cl

S

Crystals from benzene, mp 164-}65+—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
carths. Phenol coefficient ~125 (monopotassium salt). In-
compatible with Tweens from bacteriological point of view.

Monophosphate, Hepadist.

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 50, 229 (1972).

USE: Chiefly in the manuf of germicidal soaps.

THERAP CAT: Anti-infective, topical; detergent.

THERAP CAT (VET): Anthelmintic (flukicide).

4576. Hexacyclonate Sodium. I-(Hydroxymethyl)cyclo-
hexaneacetic acid sodium’ salt; sodium 3,3-pentamethylene-
4-hydroxybutyrate; sodium g,8-pentamethylene-y-hydroxy-
butyrate; B,8-pentamethylene-y-hydroxybutyric acid sodi-
um salt; Gevilon; Neuryl. CHNaO;; mol wt 194.21. C
55.66%, H 7.78%, Na 11.84%, O 24.71%. Prepn: Van Wes-
sem, Sakal; Shavel er al, U.S. pats. 2,960,441; 3,007,940
(1960; 1961 to Warner-Lambert).

r

HOCH, _CHpCOONa

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. CpH O, 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 alc:
Oshima, Hayashi, J. Soc. Chem. Ind. Japan 44, 821 (1941).

“IICOO(CHZ) ‘SCHJ
OH

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-
yl-1,6-hexanediamine polymer with 1,3-dibromopropane;
polymer of N,N,N'.N’-tetramethylhexamethylenediamine
and trimethylene bromide; poly(N,N,N',.N'-tetramethyl- N-
trimethylenechexamethylenediammonium dibromide); Poly-
brene. (C,3H,Br;N,),.

CH, city
,: —NI-(CHy ) y—N"-{Clly ) y— }

| | 2ur-

ciiy CHy

White, hygroscopic, amorphous polymer. Soluble in wa-
ter up to 10%. pH of 1% saline soln 5-9. Stable in soln and
when autoclaved. Polymers with mol wt of 5000-10,000
have LDy, i.v. in mice of 25-40 mg/kg. Ref: Kimura et al,
Toxicol Appl. Pharmacol 1, 185 (1959).
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. 2,4,5-T. (2,4,5-Trichlorophenoxyjacetic acid; Es-
245; Trioxone; Weedone. C,H(Cl,0;; mol wt 255.48.
§1%, H 1.97%, Cl 41.63%, O 18.79%. Post-emergence
. ide. Prepd from 2.4,5-trichlorophenol:  Pokorny, J.
Chem. Soc. 63, 1768 (1941); from benzenchexachloride:
o ibid. 74, 3890 (1952). Acuvity: C. L. Hamner, T. B.
oy, Science 100, 154 (1944). Contains trace levels of
D, g.v.. as 2 contaminant: I. Smith, Science 203, 1090
9), Chem. & Eng. News 59, 6 (Jan. 5, 1981). Toxicity:
Rowe. T. A. Hymas, Am. J Vet Res. 15, 622 (1954).

0. -COOH

Cl

stals from benzene, mp 153°. d% 1.80. Soly in water
. 238 mg/kg. Sol in alcohol. Forms water-soluble
m and alkanolamine salts. Commercial products are
g@ally in the form of amines or esters, often in mixture
2,4-D. LDy, orally in mice, rats: 389, 500 mg/kg
Hymas).
tion: Potential symptoms of overexposure in animals
& ataxia; skin irritation, acne-like rash. See NIOSH Pocket
Wgle 10 Chemical Hazards (DHHS/NIOSH 90-117. 19%0)

- In March 1985 the E.P.A. terminated all registra-
or the use of this herbicide on rice fields, orchards,
ape, rangeland and other noncrop sites. This follows
70 action of the Department of Agriculture halting
use of the pesticide on all food crops except rice: Chem.
. News 63, 6 (Mar. 25, 1985).

Formerly as herbicide.

5. Tabernanthine. I3-Methoxyibogamine. CyH -
£ mol wt 31044. C 77.38%, H 8.44%, N 9.02%, O
%. Indole alkaloid isolated from root of Tabernanthe
Baill., Apocynaceae: Delourme-Houdé, Ann. Pharm.
4, 30 (1946); Dickel et al, J. Am. Chem. Soc. 80, 123
)., Also in Tabernaemontana and Stemmadenia spp.;
lly found in ibogaine mother liquors: Walls et al,
edron 2, 173 (1958). Isoln from genus Conopharingia.
taceae:  Renner, Prins, U.S. pat. 3,008,954 (1961 1o
y). Structure: Bartlett et al. J. Am. Chem. Soc. 80, 126

Mass spectrum: Biemann, Friedmann-Spiteller,
, 4805 (1961). Derivs: Taylor, U.S. pat. 2,877,229
o Ciba). Interaction with benzodiazepine receptors:
rouvin ef al., Eur. J. Pharmacol 140, 303 (1987).

CHy

es or shiny leaflets from ethanol, mp 213.5-215".
Xames at 160° (0.005 mm pressure). [a]} —40° (acetone).
bEA 6.04 in 80% methylcellosolve. uv max (cthanol): 228,

247299 nm (log € 4.53, 3.64, 3.77). Sol in alcohol, benz-
ther, chloroform. Practically insol in water.
Vdrochloride, CpH;N,O.HCl, crystals from water, dec
¥2T, [a]¥ —66* (methanol, Dickel, loc. cit.); mp 210°
; 76.5" (methanol, Delourme-Houdé). Sol in water.
30l in chloroform than ibogaine hydrochloride.

9196, Tabun. Dimethylphosphoramidocyanidic acid,
&ler; ethyl N-dimethylphosphoramidocyanidate; di-
lamidoethoxyphosphoryl cyanide; GA. C,H,,N,0,P;
,. 162.13. C 37.04%, H 6.84%, N 17.28%, O 19.74%, P
0%, Military nerve gas; prepd from dimethylamido-
phoryl dichloride and sodium cyanide in the presence
b nol:  Holmstedt, Acta Physiol Scand. 25, Suppl. 90,
{1951). The synthesis of dimethylamidophosphoryl di-

Tachysterol

9198

chloride is also described by Michaclis, 4nn. 328, 129
(1903). Alternate synthetic route: B. C. Saunders, Some
Aspects of the Chemistiry and Toxic Action of Organic Cam-
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.

[o]
IF!
H,c/\o// SN

N |
CHs

CH,

Liquid. Fruity odor reminiscent of bitter almonds. d
1.077. mp —50°. bp,g 2407 bp,, 120% bp, 100-108°. ¥
1.4250. IR absorption: Acta Chem. Scand. 5, 1179 (1951).
Readily sol in organic solvents. Miscible with water, but
quickly hydrolyzed. Bleaching powder (chlorinated lime)
destroys Tabun, but gives rise to cyanogen chloride. Ex-
tremely poisonous! LDy, i.p. in mice: 0.6 mg/kg (Holm-
stedt). The lethal dose for man may be as low as 0.01
mg/kg, Chern. & 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. (1a,38-5Z,7E,24R)-9,10-Secocholesta-
5,7,10019)-triene-1,3,24-triol; 1a.24(R)-dihydroxycholecalci-
ferol; la,24R-dihydroxyvitamin Dy; TV-02; Bonalfa. C,-
H,Oy mol wt 416.64. C 77.84%, H 10.64%, O 11.52%.
Bioactive, synthetic vitamin D, analog; exhibits antiprolifer-
ative effect. on keratinocytes. Prepn: T. Takeshita er al,
Ger. pat. 2,526,981; eidem, U.S. pat. 4,022,891 (1976, 1977
both to Teijin); M. Morisaki er al, J. Chem. Soc. Perkin
Trans. I 1975, 1421; K. Ochi ef al, ibid. 1979, 165. Pharma-
cology: T. Matsunage et al, J. Dermarol 17, 135 (1990).
Clinical evaluation in psodasis: M. J. P. Gerritsen et al,
Brit. J. Dermarol 131, 57 (1994). Review: M. Nishimura er
al, Eur. J. Dermatol 3, 255-261 (1993).

CH,

White solid. uv max (ethanol): 265 nm.
THERAP CAT: Antipsoriatic.

9198. Tachysterol. (38,6E,22E)-9,10-Secoergosta-
5(10),6,8,22-tetraen-3-0l. CrH,O; mol wt 396.66. C
84.79%, H 11.18%, O 4.03%. From ergosterol or lumisterol
by ultraviolet irradiation: Windaus ef al, Ann. 492, 226
(1932); Ann. 499, 188 (1932); Dimroth, Ber. 70,1631 (1937).
From calciferol by adsorption on acid clay: "Thibaudet,
Compt. Rend. 220, 751 (1945). From precalciferol: Velluz,
Goffinet, U.S. pat. 2,847,426 (1958 to UCLAF). Structure:
Grundmann, Z Physiol. Chem. 252, 151 (1938); Thibaudet,
loc. cit. Stereochemistry of the tachysterol system: Inbof.
fen, Ber. 88, 1424 (1955); Verloop, Rec. Trav. Chim. 76, 689

Consult the Name Index before using this section.

(1957); Delaroff et al, Bull Soc. Chim. France 1963, 1739.
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Tebuconazole 9253

THERAP CAT: In combination with 8-lactam antibiotics as .

(s 8 8 o antibacterial.
\gatﬁﬁz\sg; ::t / o~ 9252. TCDD. 2,3,7,8-Tetrachlorodibenzo(b,e){1,4]diox-"
 not uncommon.- B l 0 CH, in; 2,3,7,8-tetrachlorodibenzo-p-dioxin; 2,3.6,7-tetrachlorodi-
trointestinal irritatiog . benzodioxin; dioxin, TCDBD. C,;H,CI,O, mol wt 321.97.
- °:~ HsC CH, > N C 44.77%, H 1.25%, Cl 44.04%, O 9.94%. Highly toxic
R == contaminant; produced as a by-product during the manuf of
15)4b,5,6,7,8, 8a-Herahopod chlorinated phenols (2.4,5-trichlorophenul, ¢.v.) and phen-
-methylerhyl)-3,9-p oxyherbicides (2,4-D and 2,4,5-T, g.q.%.), chiorine bleaching
ropylpodocarpa-7,%1, of paper pulp and combustion of chlorine-containing waste.
| wt 314.42. C 76.40%2 S Prepn: W. Sandermann, Ber. 90, 690 (1957); M. Tomita er
id quinone methig, amite solid al., Yakugaku Zasshi 79, .186 (1959), C.A. 53, 13152d
oln of naturally ocoy White ) Ant . R . (1959). Crystal structure: F. P. Boer ez al.. Acta Crystallogr.
um Rich, Taxodiaceg, THERAP CAT: Antiacne; antipsonatic. 28B, 1023 {(1972). Toxicity and metabolism: B. A. Schwetz

emm. Soc. 90, 5923
L 34, 3912 (1969).:5F

&:-.9250. Tazettine. Sekisanine; sekisanoline; ungemine. | ef al, in Chlorodioxins-Origin and Fate. E. H. Blair, Ed,,
L H,NOg: mol wt 331.37. C 65.24%, H 6.39%, N 4.23%, | Advances in Chemistry Series 120 (A.C.S.. Washingion,
From Narcissus tazetta L., Lycoris radiata Herb., | D.C., 1973) pp 55-69; A. Poland, A. Kende, Fed. Proc. 35,

woto et al. Bull .C. v rnia sewerzowi (Rgl:) Fedisch., and other Amaryllida- | 2404 (1976). Environmental degradation: D. G. Crosby,
1977); D. L.: Snitmaa; - Spith, Kahovec, Ber. 67, 1501 (1934). Structure and | A. S. Wong, Science 195, 1337 (1976). Comprehensive re-
R. V. Stevens, G. Sit.ccochemistry: Ikeda er al, J. Chem. Soc. 1956, 4749. | view of formation, chemistry, and toxic and environmental
12). Total synthesis.« bs config: Highet, Highet, Tetrahedron Letters 1966, | cffects: Chlorodioxins—Origin and Fate, ioc. cit. 141 pp;
Bull. Chem. Soc, Japai' 4099. Synthesis: Hendrickson ef al, J. Am. Chem. Soc. 92, | Dioxin—Toxicological and Chemical Aspects. F. Cattabeni er
L, Can. J. Chem: : 18 (1970); Tsuda er al, Tetmahedron Letters 1972, 3153, | al, Eds. (Wiley, New York, 1978) 222 pp; special issue,

es: Hanson et al. 2 Bosynthesis:  Fales, Wildman, J. Am. Chem. Soc. 86, 294 Chem. & Eng. News 61 (June 6, 1983). Review of toxicol-

: ;i {1964). Identity with sekisanine and sekisanolinc: lkeda er | Ogy and human exposure: Toxicological Profile jor 2,3,7,8-
loc. cit. Stereospecific total synthesis: Hendrickson et | Tetradichlorodibenzo-p-dioxin (PB89-214522, 1989) 135 pp;
. Am. Chem. Soc. 96, 7781 (1974); S. Danishefsky et al, | of receptor binding and mechanism of toxicity: J. P. Whit-
102, 2838 (1980); 104, 7591 (1982). lock, Jr., Ann. Rev. Pharmacol. Toxicol. 30, 251-277 (1990):
. of epidemiological data: L. Tollefson. Regul Toxicol. Phar-
macol. 13, 150-169 (1991); of carcinogenicity: J. Huff ez al.,
Ann. Rev. Pharmacol, Toxicol. 34, 343-372 (1994).

a (o} Cl

[«] (o] ct

. Needles, mp 295° (Tomita); crystals from anisole, mp 320-
Crystals, mp 210-211° (evac tube); racemate reported as | 3257 (Sandermann). LDy in male, female rats (mg/kg):
7237-238" (Tsuda) and mp 175-176" (Danishelsky). [«]F | 0-022, 0.045 orally (Schwetz).

mp 115-116. 150.3" (82 mg in 2 ml chloroform). Sol in methanbl, Nore:_ An industrial accident during the manufacture of
anol): 320, 332,. ol, choroform. Sparingly sol in ether. 2,4,5-trichlorophenol in Seveso, Italy on July 10, 1976
S “Hydrochloride, crystals, mp 206°, water soluble. caused the release of an estimated two to ten PO\-"_\dS of
:Methiodide, crystals, dec 220° (evacuated tube). TCDD into the environment. Concentrations as high as

(1H-tetrazol-5-yl)pl
1 3'-(1 H-tetrazol
t; Tazanol: " CpyH
3% N 24.21% O
Prepn: Japan.
96, 217856a:(1
t al, Japan J. Ph
es on pharmacolo
I-Forsch. 38,.70-92

51.3 ppm TCDD were found in some samples: R. Rawls,
9251. Tazobactam. (25-(22,38,5a)]-3-Methyl-70x0-3- | D. A. O'Sullivan, Chem. & Eng. News 54, 27 (Aug. 23.
H-1,2,3-triazol-1-ylmethyl)-4-thia-1-azabicyclo[3.2.0}hep- | 1976); A. Hay, Nature 262, 636 (1976).

-2-carboxylic acid 4,4-dioxide; 28-[(1,2,3-triazol-1-yl)- TCDD, as a contaminant created in the manufacture of
giethyl]-2a-methylpenam-3a-carboxylic acid 1,1-dioxide; Agent Orange, a widely used defoliant in Vietnam during the
TR-830H; CL-298741. C,;oH,;N,O,S; mol wt 300.30. C | 1960's, has also been implicated as the causative agent of
E90.00%, H 4.03%, N 18.66%, O 26.64%, S 10.68%. 8-Lac- | various symptoms described by veterans exposed to the de-

ase inhibitor. Prepn: R. G. Micetich er al, Eur. pat. | foliant, see C. Holden, Science 205, 770 (1979).

L 97,446; eidem, U.S. pat. 4,562,073 (1984, 1985 both Caution: Toxic effects in animals include the wasting
aiho); R. G. Micetich er al, J. Med. Chem. 30, 1469 | syndrome, gastric ulcers, immunotoxicity, hepatotoxicity,
7). Degradation in solution: T. Marunaka et al, Chem. | hepatoporphyria, vascular lesions, chloracne, teratogenicity,
t Bull. 36, 4478 (1988); in solid state: .E. Matsushima | ferotoxicity, impaired reproductrive pedformance, endome-
al;"ibid, 4593. B-Lactamase inhibiting activity in com- | triosis and delayed death. - Industrial workers exposed to
m with clavulanic acid and sulbactam, g.q.v., vs aer- | TCDD have developed chloracne, porphyrinuria and por-
‘M. R. Jacobs er al, Antimicrob. Ag. Chemother. 29, | phyria cutanea tarda. See Poland, Kende, loc. cit; C. D.
(1986); vs anaerobes: P. C. Appelbaum et al, ibid. 30, | Carter er al, Science 188, 738 (1975). This substance may
HPLC determn in biological materials: T. Marunaka | reasonably be anticipated to be a carcinogen: Seventh An-
al, . Chromatog. 431, 87 (1988). Clinical trial in combi- | nua! Report on Carcinogens (PB95-109781, 1994) p 369.

ion with piperacillin, g.v.: I. M. Gould et al, Drugs Exp. :
Res. 17, 187 (1991)? TuEs SXp 9253. . Tebuconazole. (%)-a-{2-(4-Chlorophenyl)ethyl]-
a-(1,1-dimethylethyl)-1H-1,2,4-triazole-1-ethanol; (RS)-1-(4-
chlorophenyl)-4,4-dimethyl-3-(1.H-1,2,4-triazol-1-ylmethyl)-

) l;‘_c\>\ //0 pentan-3-ol; ethyltrianol; fenetrazole; terbuconazole; terbu-
ihydro-4, 4-dimeth P .S trazole; BAY HWG 1608; HWG-1608; Corail; Elite; Foli-
dinecarboxylic' & N/N\\ cur; Horizon; Lynx; Raxil; Silvacur. C,¢H;,CIN,O; mol wt
iochroman-6-yetayt N cHy N 307.82. C 62.43%, H 7.20%, C! 11.52% N 13.65%, O
NO,S; mol wt 351422 g . \§/ 5.20%. Ergosterol biosynthesis inhibitor. Prepn: G. Holm-
10%, S 9.12%.-., COOM wood £t al., Eur. pat. Appl. 40,345; eidern, U.S. pat. 4,723,-
.. S. Chandrara 984 (1981, 1988 both to Bayer). Synthesis of enantiomers:
t. 5,089,509 (19 =B ) 3. Kaulen, Agnew. Chem. Int Ed. Engl 28, 462 (1989).
cs in rats: P--_H- ; § - Sodium salt, C, H,,N,NaOS. YTR-830, CL-307579. | Photodegradation: H. Wamhoff et al, Z Naturforsch. 49b,
" (1994). Clini it Amorphous solid, mp > 170 (dec). 280 (1994). GC determn in plant matenial, soil and water:
Esgleyes-Ribot 2% -CO!pbination of sodium salt with piperacillin sodium, | W. Maasfeld, Pflanzenschutz-Nachr. Bayer (Eng. Ed.) 40, 29
). ~Rocilline, Tazocin, Zosyn. (1987). Review of chemistry and biochemistry: D. Berg et

Consult the Name Index before using this section. Page 1555
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2,4,5-T. (2,4,5-Trichlorophenoxy)acetic acid; Es-
145; Trioxone; Weedone. CyHCl,0y; mol wt 255.48.
619, H 1.97%, C1 41.63%, O 18.79%. Post-emergence
rcsde. Prepd from 2.4,5-trichlorophenol: Pokorny, J.
" Chem. Soc. 63, 1768 (1941); from benzenehexachloride:
, ibid. 74, 3890 (1952). Activity: C. L. Hamner, T. B.
. Science 100, 154 (1944). Contains trace levels of
D. ¢.v. as a contaminant: J. Smith, Science 203, 1090
). Chem. & Eng. News 59, 6 (Jan. 5, 1981). Toxicity:
Rowe, T. A. Hymas, Am. J. Vet Res. 15, 622 (1954).

2,4-D.
cn: : jo\/t:ooH
Cl Cl
tals from benzene, mp 153" d3} 1.80. Soly in water
238 mg/kg. Sol in alcohol. Forms water-soluble
um and alkanolamine salts. Commercial products are
y in the form of amines or esters, often in mixture
4-D. LDy orally in mice, rats: 389, 500 mg/kg
Hymas).
aution: Potential sympioms of overexposure in animals
staxia; skin irritation, acne-like rash. See NIOSH Pocket
to Chemical Hazards (DHHS/NIOSH 90-117, 1990)

: 1n March 1985 the E.P.A. terminated all registra-

or the use of this herbicide on rice fields, orchards,

tane, rangeland and other noncrop sites. This follows

970 action of the Department of Agriculture halting
 of the pesticide on all food crops except rice: Chem.
ng. News 63, 6 (Mar. 25, 1985).

Be: ‘Formerly as herbicide.

9195. Tabernanthine. 13-Methoxyibogamine. CogH -
mol wt 310.44. C 77.38%, H 8.44%, N 9.02%, O
[$%.. .Indole alkaloid isolated from root of Tabernanthe
aill., Apocynaceae: Delourme-Houdé, Ann. Pharm.
‘4, 30 (1946); Dickel et al, J. Am. Chem. Soc. 80, 123
8).:. Also in Tabernaemontana and Stemmadenia spp.;
ound in ibogaine mother liquors: Walls er al,
dron 2, 173 (1958). Isoln from genus Conopharingia,
dceae: Renner, Prins, U.S. pat. 3,008,954 (1961 to
y). ‘Structure: Bartlett et al, J. Am. Chem. Soc. 80, 126
8)." Mass spectrum: Biemann, Friedmann-Spiteller,
, 4805 (1961). Derivs: Taylor, US. pat. 2,877,229
0 Ciba). Interaction with benzodiazepine receptors:
rouvin er al, Eur. J. Pharmacol 140, 303 (1987).

es or shiny leaflets from ethanol, mp 213.5-215".
¢es at 160° (0.005 mm pressure). [a] —40° (acetone).
.04 in 80% methylcellosolve. uv max (ethanol): 228,
299 nm (log « 4.53, 3.64, 3.77). Sol in alcohol, benz-
er, chloroform. Practically insol in water.

Ydrochloride, C,0H,(N,0.HCI, crystals from water, dec
T. [a] —66" (methanol, Dickel. loc. cit.); mp 210°,
—76.5" (methanol, Delourme-Houdé). Sol in water.
30l in chloroform than ibogaine hydrochloride.

4 _96- Tabun. Dimethylphosphoramidocyanidic acid,
€ster; ethyl N-dimethylphosphoramidocyanidate; di-
ylamidoethoxyphosphoryl cyanide; GA. CgH,,N,O,P;
W 162.13, C 37.04%, H 6.84%, N 17.28%, O 19.74%, P
: .  Military nerve gas; prepd from dimethylamido-
NEL Phoryl dichloride and sodium cyanide in the presence
o e(t nol: Holmstedt, Acta Physiol. Scand. 25, Suppl. 90,

1951). The synthesis of dimethylamidophosphory! di-

Tachysterol

Consult the Name Index before using this section.

9198

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.

o]
|

P _C
He” o7 SN

HJ
N

Ne

. CHy

Liquid. Fruity odor reminiscent of bitter almonds. d
1.077. mp —50°. bpqg 240% bp,y 120% bp, 100-108°. n¥
1.4250. IR absorption: Acta Chem. Scand. 5, 1179 (19515’.
Readily sol in organic solvents. Miscible with water, but
quickly hydrolyzed. Bleaching powder (chlorinated lime)
destroys Tabun, but gives rise to cyanogen chloride. Ex-
tremely poisonous! LDg i.p. in mice: 0.6 mg/kg (Holm-
stedt). The lethal dose for man may be as low as Q.01
mg/kg, Cherm. & Eng. News 31, 4676 (1953). .

Caution: Potent cholinesterase infijbitor. 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, (1a,38-5Z,7E,24R)-9,10-Secocholesta-
5,7,10(19)-triene-1,3,24-triol; 1a,24(R)-dihydroxycholecalci-
ferol; la.24R-dihydroxyvitamin Dy TV-02; Bonalfa. Cjp-
H,Oy mol wt 416.64. C 77.84%, H 10.64%, O 11.52%.
Bioactive, synthetic vitamin D, analog; exhibits antiprolifer-
ative effect on keratinocytes. Prepn: T. Takeshita er al,
Ger. pat. 2,526,981; eidem, U.S. pat. 4,022,891 (1976, 1977
both to Teijin); M. Morisaki er al, J Chem. Soc, Perkin
Trans I 1975, 1421; K. Ochi er al, ibid. 1979, 165. Pharma-
cology: T. Matsunage et al. J. Dermarol 17, 135 (1990).
Clinical evaluation in psoriasis: M. J. P. Gerritsen ef al,
Brit J. Dermaiol 131, 57 (1994). Review: M. Nishimura et
al, Eur. J. Dermatol 3, 255-261 (1993).

CH,

HO™

White solid. uv max (ethanol): 265 nm.
THERAP CAT: Antipsoriatic.

9198, Tachysterol. (38,6E,22E)-9,10-Secoergosta-
5(10),6,8,22-tetraen-3-0l. C,H,Oi mol wt 396.66. C
84.79%, 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).
From calciferol by adsorption on acid clay: Thibaudet,
Compt. Rend. 220, 751 (1945). From precalciferol: Velluz,
Goffinet, U.S, pat. 2,847,426 (1958 to UCLAF). Structure:
Grundmann, Z Physiol. Chem. 252, 151 (1938); Thibaudet,
loc. cit. Stereochemistry of the tachysterol system: Inhof-
fen, 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

9450. 1,1,2-Trichloroethane. Vinyl! trichloride. C,H,Cly;
mol wt 133.42. C 18.00%, H 2.27%, Cl 79.73%. CH,CI-
CHCl;. 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; d° 1.4416; solidif
—35% bp 113-114% nP 1.4711. Insol in water misc with
alcohol, ether, and many other organic liquids. LDg, 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-Trichloroethanol, Trichloroethyl alcohol.
CHCLO; mol wt 149.42. C 16.08%, H 2.02%, Cl 71.19%,
010.71%. CC,CH,0H. 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. 2,898379 (1959
to Callery Chem.).

Hygroscopic liquid, ethereal odor. At low temps it crys-
tallizes in rhombic tablets. mp at 18% bp 151-153" d23 1.55.
Sol in about 12 parts water; miscible with alcohol or ether.
PH of ag solnis 5-6, but on prolonged contact with water
some free acid is formed. Keep well closed and protected from
light LDy, orally in rats: 600 mg/kg, Handbook of Toxicol-
ogyvol, 1, W. S. Spector, Ed. (Saunders, Philadelphia, 1955)
pp 302-303.

THERAP CAT: Hypnotic, anesthetic.

9452, Trichloroethylene. Trichloroethene; ecthinyl tri-
chloride; Tri-Clene; Trielene; Trilene; Trichloran; Trichlo-
ren; Algylen; Trimar; Triline; Tni; Trethylene; Westrosol;
Chlorylen; Gemalgene; Germalgene. HCl,, mol wt
131.40. -C 18.28%, H 0.77%, Cl 80.95%. CCl,=CHClL
Usually prepd from sym-tetrachloroethane by elirnination of
HQ (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 Induswrial Solvents (Elsevier, New
York, 1965) pp 189-212. )

Nornflammable, mobile liquid. Characteristic odor resem-
bling that of chloroform. dj 1.4904; d}® 1.4695; d]° 1.4649.
Vapor density: 4.53 (air = 1.00). Solidifies at —84.8".
Py 86.7% bPag 67.0% bpyy 48.0% bpyg, 31.4% bp, 20.0%
bpy —1.0% bp,, —12.4% bp; —22.8% bp;, —43.8% nff
1.47914; nf 1.45560. Practically insol in water; misc with
ether, alcohol, chloroform. Dissolves most fixed and volatile
oils. Slowly dec (with formn of HCI) 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-
chlorocthylene may contain other stabilizers such as tn-
ethanolamine stearate and cresol. LDg, orally in rats: 4.92
ml/kg; LC (4 hrs) in rats: 8000 ppm, Smyth ef 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. Fousd 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
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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. CCLF; 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-Interscience, New
York, 4th ed,, 1975) pp 325-330.

Liquid at temps below 23.7. Faint ethereal odor. Non-
flammable. d}’2 1.494; d2} 5.04 (air = 1). mp — 111" bp,,
23.7; bpyy +6.8% bpyy —9.1% bpyyy —23.0% bpg, —32.3%
bpg —39.0% bpyy —49.7% bp,y —59.0% bps —67.6% bpy,
—84.3" Crit temp 198%; crit press. 43.2 atm (635 Ib/sq inch,
abs). n}#51.3865. 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. Cq-
H,C1,NOy; 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 concd nitric
acid: Kohn, Fink, Monatsh. 58, 73 (1931); Harrison er al,
J. Chern. Soc. 1943, 235.

OR
C1 NO,

c1
c1

Pale yellow crystals from petr ether, mp 92-93° )
USE: To combat the sea lamprey, an ecl-like fish which
attacks trout, especially in the Great Lakes region.

9455, 2,4,5-Trichlorophenol. Collunosol; Dowicide 2.
C4H,C1,0; 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 ef al, J. Chem. Soc. 1943, 235; Agfa, Ger. pat. 411,052
(1925); Chem. Zentr. 1925, 1, 2411.

R
C1

c1
(23§

Needles from alcohol or ligroin. Strong phenolic odor.
mp 67°. Sublimes. bp,, 248" bpag 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. LDy orally in rats: 0.82 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 163; denatured alcohol
formula 30, 186; ethylene glycol 33; methanol 241; water
113. pH of satd aq soln 11.0-13.0.

Complex with triisobutyl phosphate, CHyClOP, Tri-
chlorex. Prepn: Bouillenne-Wallrand et a}., Fr. pat. M149
(1961 to Pechiney). Liquid. bpyq, 94-103°.

Use: Fungicide, bactericide.

9456. 2,4,6-Trichlorophenol. Dowicide 28; Omal. C;-
H,CI,O: mol wt 197.46. C 36.49%, O 8.10%, H 1.53%, Cl

Consult the cross index before using this section.



9450 1,1,2-Trichloroethane

9450. 1,1.2-Trichloroethane. Vinyl trichloride. C,H,Cly
mol wt 133.42. C 18.00% H 2.27%. C 79.75%. CH,Ci-
CHCl,. Prepd by catalytic chlorination of ethanc or ethyl-
ene: Joseph. U.S. pat. 2,752,401 and Pve, U.S. pat. 2,752,-

402 (both 1956 to Dow); Reynolds. U.S. par. 2.783.286 .

(1957 10 Olin Mathieson).

i dry cleaning. In the manui of organic chemicals. pharma-

Nonflammable liquid; pieasant ndor: d3 1.4416; solidif .

~35% bp i13-114% nF 1.471). Insol in water; misc with
alcohol, sther, and many other organic iiquids. LDy, orally

in rats: 0.58 ml/kg, M. F. Smyth eral, Am. Ind Hyg Assoc

J. 30, 470 (1969).

USE: Solvent for fats, waxes. natural resins. aikaioids.
Caution: Irritating to eyes. mucous membranes, and, in high
concns, narcotic.

9451. 2,2,2-Trichloroethanol. Trichloroethyl alcohol.
CZH,CIJO mol wt 14942, C 16.08%, H 2.02%, Cl 71.19%,
0O 10.71%. CCl,CH,OH. Prepd by reduction of the corres-
ponding ester, acid ch)onde. or acid with hithium aluminum
hydride: Sroog et al, J Am. Chem. Soc. 71, 1710 (1949).

Manufacture by reduction of chioral hydrate with an amine :
borane: Chamberlain, Schechter, U.S. pat. 2,898,379 (1959 !

to Callery Chem.).

Hygroscopxc hiquid, ethereal odor. At low Lemps it crys-
tallizes in rhombic tablets. mp at 18" bp 151-153% 43} 1.55.
Sol in about 12 parts water; miscible with aicohol or ether.
pH of aq soln is 5-6, but on prolonged contact with water
some free acid is formed. Xeep well closed and protecred from
lightt LDy, orally in rats: 600 mg/kg, Handbook of Toxicol-
ogyvol. 1, W. S. Spector, Ed. (Saundefs. Philadelphia, 1955)
pp 3G2-303.

THERAP caT: Hypnotic, anesthetic.

9452. Trichloroethylene, Trichloroethene; ethinyl tri-
chloride; Tri-Clene; Trielene; Trlens; Trichloran; Trichlo-
ren; Algylen; Trimar; Triline; Tri; Trethylene; Westrosol;
Chlorylen; Gemalgene; Germaigene. CHCly; mol we
131.40. C 18.28%, H 0.77%, C! 80.95%. CCl,=~CHCL
Usually prepd from sym-tetrachioroethane by elimination of
HCI (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 Poni). Review of mfg processes: S. A.
Miller, Chem. Process Eng. 47, 268 (1966); Faith, Keyes &
Clark’s Industrigl 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 Solvenrs (Elsevier, New
York, 1965) pp 189-212.

Nonflammable, mobile liquid. Characteristic odor resem-
bling that of chloroform. df 1.4504; di¥ 1.4695; df® 1.4649.
Vapor density: 4.53 (air = [.00). Solidifies at ~84.8".
bpgy B6.7°: bpegy 67.0% bDyge 48.0% bpygg 31.4% bpg 20.0%
bpy —1.0%5 bp,, —12.4% bp, —22.8% bpy _a3s; ng
1.47914; ng 1. 45560, Practically insol in water; misc with
ether, alcohol, chloroform. Dissolves most fixed and volatile
oils. Slowly dec (with forman of HCI) by light in the presence
of moisture. Trichloroethylene for medicinal purposes may
contain some thymol or ammonium carbonate (not more
than 20 mg/ 100 mli) as a stabilizer. Industrial grades of tri-
chloroethylene may contain other stabilizers such as tri-
ethanolamine stearate and cresol. LDy, orally in rats: 4.92
ml/kg; LC (4 hrs) in rats: 3000 ppm. Smyth er al. Am. Ind.
Hyg. Assoc. J. 30, 470 (1969).

Caution: Use with adeguate 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: Moderzate exposures can cause symp-
toms similar to alcohol inebriation. Higher concas 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 hepatoceffular carcinomas 1n National Cancer [nsti-
tute cests on mice: Chern. & Eng. News 54, 4 (Apr. 5, 1976).

USE: Solvent for fats, waxes, resins, vils, rupber, paints.
and varnishes. Solvent jor cellulose esters and =thers. Used
for soivent extraction in many industnes. in degreasing. in
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ceuticals, such as chloroacetic acid.
THERAP CAT: Analgesic (inhalation).
THERAP CAT (VET): Inhalant anesthetic.

9453. Trichlorotluoromethane. Trichloromonofluoro-
methane; fluorotrichloromethane; Freon 11i Frigen 11;
Arcton 9. CCLF: mol wt 137.38. C 874%. Cl 77.43%. F
13.83%. Prepn: Henne, Urganic Reactions 2, 64 (1944).

Manui: Faith, Keyes & Clark’s Jndustrial 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. Non-

ﬂammable. d}’™? 1.494; 4%, 5.04 (air = 1). mp — 111" bpyg

13.7% bpyq ~6.8% bpyg ~—9.1% bpgg —23.0% bpg —32.3%
DDy —-390 bpyy —49.7; bn,o —~39.0% bpy —67.6" bpy,
—84.3" Crit temp 198" crit press. 43.2 atm (,635 1b/sq inch,
abs). a5 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
maternials by flames or high heat.

USE: In refrigeration machinery requiring a refrigerant ei-
fective at negative pressures. As aerosol propellant. Cou-
tion: May be narcotic in high concentrations.

Nore: 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-trichtoro-6- mtrOphcnol Dowlap. C,-
H,Cl,NO,. mol wt 242.44. C 29.72%, H 0.83%, Cl 43. 8710.
N 5.78%, O 19.80%. Prepd by dissolving 2,4,5-trichloro-
phenol in glacial accuc acid and treating with concd nitric
acid: Kohn. Fink, Monarsh. 538, 73 (1931); Harrison er al,
J. Chem. Soc. 1943, 235,

CH

[ IP - N0,

A c1
c1

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.
C4H,C1,0; mol wt 197.46. C 36.49%, H 1.53%, O 8.10%, Q
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, 1, 2411.

o2}
C1

[s2}
c1

Needles from alcohol or ligroin. Strong phenolic odor.
mp 67°. Sublimes. bp,g 248%. bp,ygy 253°. Weak monobasic
acid. K at 25" = 4.3 x 10-% Soly (/100 g of solvent at
25%): aceione 515; bepzene 163; carbon tetrachioride 51;
cther 525: denatured alcohol formula 30, 525; methanol 615;
liquid petrolatum (at 50%) 56; soybean oil 79; toluene 122;
water <0.2. LDy, orally in rats: 0.82 g/kg, Deichmann,
Fed. Proc. 2, 76 (1943).

Sodium saft 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 zivcol 33; methanol 241: water
113. pH of satd aq soln 11.0-13.0.

Complex with trisobutyl phosphate. CyH,CIOP, Tri-
chlorex. Prepa: Bouillenne-Walirand et al, Fr. pat. M149
(1961 1o Pechiney). Liquid. bp,, 94-103°

use: Fungicide, bactericide.

9456, 2.4,6-Trichlorophenol. Dowicide 25; Omal. C,-

i H,C1L,0: mol we 197.46. € 36.49%. 0 3.10%. H 1.53% Q

Consuit the cross index before using this section.



