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CONFIDENTIAL 

ABSTRACT 

Object. 

The object of project 4-08-03-016-02 (formerly 4-08-03-005) is 
to obtain information on the corrosivenessÿ methods of stabilisation and 
detection, and other chemical and physical properties of GB, 

The object of the vork described in this report vas to prepare 
a series of phosphorus-containing compounds as part of a broad research 
program, directed toward the discovery of agents of greater toxicity than those 
already known« The geometric isomers (cis and trans forms) of certain aceto- 
acetic ester phosphonates were to be identified and the chemistry of these 
compounds studied. 

Résulta. 

Two methods of preparation of 2 -e th oxy car bony 1-1-me thy 1 vinyl 
3-methylcyolohexyl methylphosphonate, E4 1576, were developed. 

The reaction of the sodium salt of etbyl acetoacetate with 
3-methylcyolohexyl methylphosphonochloridate at 80¾. produced a 90% trana-ltó 
cis mixture. 

The reaction of ethyl acetoacetate with the ohloridate in the 
presence of triethylamine produced a 90/1 cl8-10¾ trans mixture. 

The els isomer or labile form of EA 1576 was converted to the 
trans isomer or stable form by heat alone, or by heat in the presence of 
tributylamine or a catalytic amount of the sodium salt of ethyl acetoacetate. 

Tentative designation as the gig isomer of the labile form of 
EA 1576 and as the trans isomer of the stable form was based on heat behavior 
of both formq, and correlations to a compound, of similar structure, capable of 
existing only in the gig configuration. 

The anhydride of 3-methylcyclohexyl hydrogen methylphosphonate, 
obtained as an impurity in the preparation of EA 1576^ was reconverted to EA 1576 
by heating the reaction mixture in the presence of a small amount of the sodium 
salt of ethyl acetoacetate. 

The compound, 2-methoxycarbonyl‘=l<=cyclopentenyl 3-methyl¬ 
cyclohexyl methylphosphonate, closely resembling EA 1576 and capable of existing 
only in the gis configuration was prepared for use in infrared spectral studies. 

The trans or stable form of 2“methoxycarbonyl-l-methylvinyl 
cyclohexyl methylphosphonate, EA 1671, was prepared and isolated by fractional 
crystallization, as a pure white crystalline solid of m.p, 43^Co 
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CONFIDENTIAL 

CttœlwlPBfl. 

1. The conditions of p. 7 give either a 90% cia-lO^ trans or 90$ 
tran8-10¾ oia mixture of M 1576 in approximately 90$ purity* 

2* The labile form of EÂ 1576 is tentatively designated the sdA 
isomer and the stable form the ¿QUlfi isomer* These designations are based on 
the stability to heat and correlations with a similar compound which is 
capable of existing only in fiifi form. The structural formulas follow! 

H3C\p^° o h2c ch2 

h3c-hc^/Ch2 

c*c 

H H 

Sifi EÄ. 1576 

C02C2h5 

H 

H3C\ 

0/P^0 
yic 

CHf \ 
nch2 

I I 
HoC-HC 0¾ 

X 

co2c2H5 

H H 

Trans EA 1576 

3, The stable isomer of Ik 1576 is more toxic in comparison with the 
labile isomer than was believed prior to this investigation* 

4, The stable form of 2-methoxycarbonyl-l-methylvinyl cyclohexyl 
methylphosphonate, EA 1671, is tentatively designated as the trans since it 
showed the same characteristic infrared bonds as the stable form of EA 1576 
and its infrared spectrum contained no bond attributable to the isomer* 
It is the most highly toxic of the series prepared to date. 

5* The labile forms of 2-alkoxycarbonyl-l-methylvinyl 
alkylcyclohexyl methylphosphonates may be converted to the stable forms by 
heating them for 1 hr. at 100°C. in the presence of a small amount of the 
sodium salt of the corresponding alkyl acetoacetate. 

RggomfflflftUgM. 
None, since the work was done under a continuing project. 
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STUDIES INVOLVING THE GEOMETRIC STRUCTURES OF CERTAIN 
2-ALK0nCARB0NYL-l-METHYLVINYL CYCLOHEXYL METHYLPHOSPHONATES (C) 

I. INTRODUCTION. 

A. Object. 

The object of project 4-08-03-016-02 (formerly 4-08-03-005) 
is to obtain information on the corrosiveness, methods of stabilizati n 
and detection, and other chemical and physical properties of GB. 

The object of the work described in this report vas t° 
prepare a series of phosphorus-containing compounds as Pertofa broad 
research program, directed toward the discovery of agents of greater 
toxicity thanthose already known. The geometric isdmers (sifiandigBfi 
forms) of certain acetoacetic ester phosphonates were to be identified 
and the chemistry of these compounds studied. 

8« Authority. 

Authority for this work was contained in the project programs 
for fiscal years 1954 and 1955, Project 4-08-03-005, later renumbered 
4-08-03-016-02, G Agents (U); the latter was approved 9 December 1954 by 

CCTC Item 2962. 

II. HISTORICAL AND THEORETICAL. 

Previous work (l, 2) in the search for phosphorus containing 
compounds of greater toxicity than those previously known led to the 
discovery of several agents exhibiting a high M ,¾ 
these, cyclohexyl 2-methoxycarbonyl-l-methylvinyl methylphosphonate, EA 1671, 
and 2-mShoxywrbonyl-l-methylvinyl 3-methylcyclohexyl methyiphos^ionate, 
EA 1598, were the most toxic compounds found. 2-Ethoxycarbonyl-l-methylvinyl 
3-methylcyclohexyl methylphosphonate, EA 1576, was a]j0 q^® 
because of its ease t>f. preparation, was chosen as a model compound for the 
purpose of studying the properties of these compounds} starting materials 

were readily available. 
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BjCs^ .0 

\0 
l/H 
A OH, 

H,ci XC% 

HjC 

C1CHCO2CH3 
o/PNo N 

^0¾ 

H H 

HoC xCH2 
I I 2 

h3c“hcn ¿*2 

A 

CHc 
C sCHCOgCH^ 

EA 1671 EA 1598 

H^Cs^ 0 

o^P\0 

A1* 0H3 
H2Ç 0¾ 

H3C-HCn /ch2 

/CN 
H H 

C 2CHCO2C2H5 

EA 1576 

sinee these compounda were of intereat aa poaaible chemical warfare asenta an 
numbflT^nf58 î° P1*0?61^1®8 111 8 more detailed manner. 

th ^ °í f0ll0wing general formula w®r® synthesized in order to study the effect of changea in R and R«» 

HoC— * 0 

R(K 

/C=C\ 
/c%Ri 

H 

These ccapou^s were comenlently prepared In about 90* purity. Only a few 
X dSt9» SlnC« ^ ^ obtain«! a^ytLÄ 

HI. EXPERIMENTAL, 

A. Material«. 

j T5? “s^Pbospbonle dichloride used in these studies was 
i7 Îhî ^s10“» Cbemical and Radiological laboratories. 

Amy Chemical Centerÿ Mä. The methyl acetoacetate was obtained from Carbide 
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and Carbon Chemicals Division, New York, N. Y. All other materials used were 
purchased from ordinary commercial sources. 

8. Equipment. 

Standard laboratory pyrex glassware was used in all experiments. 

e)iiMiei»»fre ifi. C, Preparation of Some Phosphorus-Containing Cc 

1. The preparation of 2-Methoxycarbonvl-4-cvclopentenyl 
l-Methvlcvclohexyl Methylphoephonate. EA 1659. 

Methylphosphonic dichloride (13.3 g* $ 0,1 mole) and triethylamine 
(10,1 g*. 0.1 mole) Were dissolved in 200 ml. of benzene and 3-methyl- 
cyclohexanol (11.4 g., 0.1 mole) was added slowly while stirring. The reaction 
was exothermic and cooling was necessary to maintain a reaction temperature or 
10O_]^oc The reaction mixture was then Allowed to wann to room temperatura 
and it was stirred for an additional hour. Triethylamine- (lO.l g., 0.1 mole) 
wás dissolved in the reaction mixture and 2-carbethoxycyclòpentatone U4.2 g., 
0.1 mole) was then added slowly while stirring and cooling. The reaction 
temperature was maintained at 35°C. After stirring for an addition^ hour at 
room temperature, the mixture was washed with a 5Í aqueous sodium hydroxide 
solution (five 100-ml. portions) and then water (five 100-ml. washings). The 
solvent was removed by distillation at reduced pressure and the residue was 

distilled at 80°C. at 5 x 10“5 mm. Hg.of pressure in a falling-film-type 

molecular still. A yield of 22 g, (69.5*) was obtained. 

2, The Preparation of Cyclohexvl 2-MethoxvcarbonVl-l-Taethylvinyl 
Methvlphosphonate„ EA 1671. 

Methylphosphonic dichloride (33.2 g., 0.25 mole) and tri¬ 
ethylamine (25.3 g., 0.25 mole) were dissolved in 200 ml. of benzene and 
cyclohexanol (25 g., 0.25 mole) was added slowly while stirring. The reaction 
was exothermic and cooling was necessary to maintain the reaction temperature 
at 10o-15°C. After stirring the reaction mixture at room temperature for an 
additional 2 hr., triethylamine (25.3 g.» 0.25 mole) was added and then methyl 
acetoacetate (29 g., 0.25 mole) was added slowly while stirring and cooling. 
The reaction temperature was maintained at 20°C. After stirring for an 
additional 2 hr. at room temperature and standing overnight, the mixture 
containing the crude material was washed with a 5%aqueous sodium 
hydroxide solution (four 100-ml, volumes) and then with water (four 100-ml. 
washings). The solvent was removed by distillation at a reduced PJ*688^® 
and 2.8 g. of the sodium salt of methyl acetoacetate was added. The mixture 
was heated at 100°C. for 1 hr. and dissolved in 200 ml, of benzene. Tais 
solution was washed with a 5* aqueous sodium hydroxide solution (four potions 
of 100 ml. each) and water (four 100-ml. quantities). The solvent was then 
removed by distillation at a reduced pressure and the residue was distilled at 

gOOC, at 10”^ mm. Hg of pressure in a falling-film-type molecular still, A 
yield of 30,1 g. (43.6*) of the crude trans product was obtained. 
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<»*w.+aii4 a HP°n C00^n8 in a dry ice-acetone bath, the product partially 
iSt^boîelh« Cry8ÎaîB v;re collected by filtration Zà verebben vaLed 

^+?!iî ng The liquid was allowed to cool very 
ranidlv w fîi+ÎÎ«7 cryjJallize* At this point, the crystals were removed7 
onPÎdÎLÏr ^J-t^t10;* Tb® crystals collected in such a manner were then pressed 

C.1Ä9 0¾6^ “d w5ich-'“1^d-it430c- 
P, 11.2. Pj 11.2. Found: C, 52.2; H, 7.9; 

3. 

«nine (101 . dichlorld. (132.9 g., 1.0 mol.) and trlathyl- 
rí le; Were ^88°17^ in 1 liter of benzene contained in a 
3-1. reaction flask equipped with an outlet at the bottom of the flask. 

th. 3-MéthyIcyclohexanol (1U.2 g., 1.0 mole) was added slowly to 
necesM^o Jhe reaction exothermic and cooling ws 
an addition!^nnt?in^?e4r!îCïi0? te“Perature at 35°C. After stirring for 
?h Ä 30 min., triethylamine (101 g., 1.0 mole) was added and then 

coSlint ^ tatexi130:1 g#> 1#0 mole^ added slowly while stirring and 
3*? ruction temperature was maintained at 35°C. After stirring 

sodium Wdioiid!1 3? ^n° » the reaction mixture was washed with a 5% aqueous 
*y<W*e solution (eight 150-ml. quantities) followed by water (eiSt 

reaction flask and*T+e benzene solution was then removed from the 
eaction flask and the solvent was removed by distillation at a reduced 

£!>*£?• A yj!“ of 238.7 g. (78.4*) of the ortf.lSïo* 
material was obtained. Anal. Caled, for CuHoc0cP? 07 55 3- HS V P 
10.2. Found: C, 55.9; H, 8.3; P, 10.1. U 25 5 5 5#3, ’ #3, ?t 

The Reparation of the Trans-Isomer of 2-Ethoxycarbonyl-1- 
agiazinuyi ?-Methylcvcloheyyi Methyluhosphonatfl. fXT 

YviAne And +K Sráium metal (3,45 g#> 0.15 mole) was added to 300 ml. of 
xylene and the mixture was heated and stirred vigorously until the melted 

dispersedo Etbyl scetoacetate (19.5 g., 0,15 mole) was added and 
the mixture was warmed and stirred until the sodium had completely reacted 
lt r,Sta?ding Tfnight* the vdxt}aQ was heated to 80°C. and 3-methyl- # 
^ o0?ieX7Lm! hylpï°fph0n?Chl0ridate added rapidly. The reaction mixture 

8^°V8d immediately after the last addition was complete. Aft» 

(six 150-mieIportións) * ? aqUe0US SOdiim solution U } foUowed by water (six 150-ml. treatments). The 
It La (79 Srnfe?red ^ at a reduced Pressure. A yield of 

of„th® crude W traßg-lO^ sXè material was obtained, 
nal Caled, for C^H^P: C, 55.3; H, 8.3; P, 10.2. Founds C, 54.8; 

“# ».v; P, 10,5. 
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5* The Conversion of Cia EA 1576 to XTMfl 71 1<î7^ 

The oifl-trana mixture of 2-ethóxycarbonyl-l-methylvinyl 
3HnethÿIcyclohexyl methylphoephonate (190.3 g., 90Jt ¿ig-lOJÉ trena) vea treated 
with 7.6 g. of the sodium salt of ethyl acetoacetate and heatéd in an oil hath 
to 100°C. for 1 hr. The mixture was then dissolved in 200 ml. òf benzene and 
washed with a 5$ aoueous sodium hydroxide solution (five 200-ml, quaatities) 
followed by water (five 200hb1. treatments). The solvent was removed by 
distillation at a reduced prèssufe and the residue was submitted for infrared 
examination. A yield of 141.0 g. (74*l£) was obtained. The infrared spectrum 
of this material showed it to be approximately a mixture of 90$ trans~10$ cia 
isomers. 

IV. RESULTS. 

A. The Geometric Isomers of EA 1576 and Their Toxicity. 

Toxicity tests revealed that some samples of EA 1576 were up 
to ten times more toxic than others, and thus the toxic component of these 
preparations was studied more thoroughly and- attempts were nade to isolate 
it in a pure state, 

2-Ethoxy carbonyl-1 Hnethylvinyl 3-methylcyclohexyl methyl- 
phosphonate, EA 1576, is capable of existing in two geometric structures. 

%c\ 
o' 

h2C/ nch2 

h3c-hcx /ch2 

ch: 
./ CsC. 

■c^2h5 

H 

H3C\p^° 

H 
l/H >C*C\ 

H2CACh2 CH3 C°2C2H5 

h3c-hcn ¿m2 

hAh 

Cifi I Trans II 

The possibility of one isomer being more toxic than the other was investigated, 
and it appeared from the infrared spectra of several samples that the two 
isomeric forms were responsible for these variations in toxicity. Shell 
Development Company, Emeryville, Calif,, has also shown that two forms exist in 
similar compounds (3). 

In efforts to determine which form was the more toxic, it was 
found that the less toxic foxm could be converted to the more stable toxic form 
by several methods, all of which involved heating the less toxic or labile form. 
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^le fo™ with tributylamine at 150^0. for one hour, or heating 
it with the sodium salt of ethyl acetoaoetate for one hour at 100¾. gave 

ÎÎÏ T% ?onversion t0 «table form. Heating without a catalyst 
fuLÎW0 b+îf8 gave conversion, while heating to 500C. for a 

^rÍ^T.rfnfhí#ín?0nth8t,gaV® a ^ conversion. Distillation at IO6OC. at a 
f^+w n.wl005 a ^ conversion and upon redistillation no 
rurther change vas detected. 

B. ■Xto IBfrar?d ?P?ctrft of EA 1576 and Related Compounds. 

Fi » S+«j®^ Up to point> the filfl and trans assignments of 
EA 1576 and related compounds were completely dependent upon the above 
chemical and physical evidence, it was decided to study the infrared spectra 
of such compounds in a more vigorous attempt to prove their structure. 

. .. + . 2-Methoxycarbonyl.l-cyclopentenyl 3-methylcyclohexyl methyl- 
III> 8?eAbelow» Prepared, since it closely 

resembled EA 1576 and can exist only in the ¿g form. 

H3C\p/° 

°U XoVc==c/C^3 
A i I 

%0 CH2 H2Cs /¾ 

H3C-HC. \ iH2 X 
H H III 

h"nh 

Table 1 shows the characteristic infrared bands for EA 1576 and structure III 
The spectra of both the labile and stable forms are quite similar, except in' 
the 8,0^-9.Op region. Both show absorptions in the C=C region (6.0Qu-6.0^i)( 

MlSLl 
Infrared Spectrum Absorptions 

EA 1576 
labile form 

EA 1576 
Compound III 

8,2$i (strong) 

8.^i (medium) 

8086p (weak) 

8.8^2 (strong) 

8.0^2 (medium) 

8,2$2 (weak) 

8.2fyi (strong) 

8.7)2 (medium) 

BeBOp. (medium-strong) 

None at 8.Ip 

None at 8.86p 
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*î 8,82í- ^°11 not present in the epectrun of a 1576 
ni semed to confim the etruotn^prertomlT ’ 

f b?! Si* i,a,erv Oonrereely, the etehle iecaer would neceBsarllT 
UMWnS^w* ?" ir« the infomation thus obUined, the 
«SÄT ”” »»algued etructureeT^ n ’ 

o-PN 

H2/ 
H 

0¾ 
OH, 

H2CX CH-CHj 

HXH 

Cie U 1576 

H3C^p^° 

^0. H 
\fi >OioC 
A 0h3 x 

?% 3 
co2c2h5 

H2Cs 

/CN 
H H 

II 

Trana EÀ 1576 

C* S«Pgryl Rewltg of the Preparation of Several Phosphor»«. 
Containing Compoundw. 

Xu 4 ,5í? methods of preparation were originally employed to 
synthesize EA 1576. After isolating the product by each method and subjecting 
îî tLÎnffar?Î-8Jectrftl examination, the conditions were found whereby either 
the vT Sia-10$ or 90$ trans-10l mixtures could be obtained in 
approximately 90$ purity. The following equations indicate the methods 
employed to produce the desired forms: 

h3°\ -° 

^-Cl 

X %C CHg 

H H 

CH-CH- 

CH^C ( :0 )^200262^ 

^C2H5^3N 
HoC - 0 

P 

H 

h2c A CH- 
C:C C02C2H5 

CHr 

H3C.HC CH2 
_/Cv 

\h 

+ (C2H5)3N*HC1 

H H 

Approx. 90$ da 
Approx. 10$ trans 
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H3C \ 0 
.P 

CK XC1 

H0C nCH2 

ÍCH3C(0)iCHC(*0)0C2H5r Na+ 

H2C^ /CH-CH3 

/c\ 
H H 

apoc.. HjCv ^0 

0- xo 

H3C.H0 /¾ 

^C*C\ 
/ x 
ch3 

H 

C02C2h5 

Approx. 90$ trana 

Approx, 10$ els 

These reactions may be carried out using methyl phosphonic dichloride as a 
starting material and the chloridate is not isolated. As an example/ 
cyclohexyl 2-methoxycarbonyl-1-methylvinyl methylphosphonate, EA 1671, is 
prepared in a single operation without the isolation of an intermediate. 

01x° ♦ H,cr xci 
V0H 

%</ XCHo 
I I 

ttjC 0¾ 

rCxH 

(c2h5)3ii 
¥\p^° 

0/ XC1. 

r\ 
h2c ch2 

h2c ch2 
/cn 

H H 

(c2h3)3n + 

CH3C(:0)CH2C02CH3 

H3C\-X° 

,H 
„/C02CH3 

X 
H2C/ CH2 CH3 

C:C 
H 

H2C (¾ 

A 
H H 

[CH3C(0):CHC(í0)CH33" Na 

HoC 
3 

o/ X0. H 
l/H 

/C. / xC05CH, 
h2c ch2 ch3 ¿ J 

H2C 0¾ 

H H 

Qia ea 1671 Trans EA 1671 
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>»d 'whe^SbífStó*»«1? li“7"1*111118 »t«t« which la par, 
exhibit, th. ^ t0“»«1««», thi. «UriS 
week band .t 8.2%. f^ “ «W. butT 

ÄM sä th.^ w 

>nd etudlí. ladlcÄ îtTtitl 

Phosphonate, EA2^^13-«ethylcyclohexyl methyl- 
of inteiaedíates. * in ft aÍML1&r Danner without the isolation 

D* lhe Ptirlflnn^Qp Qf M 2^ 

purified by vas^^tiTa^a^iS Î?! crude P**«^ ia partially 
water, TMs washine DroeadSfl qüh?ïî 8odium hydroxide solution followed by ^ 

acids, and other water soluble* i^ritHs^c^uid1^1^6 hydrochlorlde» iree 
introduction of an uiKiesirable in ÂS^tT81'16 ** ^ 

a relatively str^band*^^«^ nn î?6 Waíedt5product quite often shoved 
anhydrides absorb^ (approx? 10 ¿f810? th® p-0-J linkage of phosphonate 
U which i. present ITTn ^l cîuS bî^o^^ “%*** 

ä?rSed15Ä? ÄH ^ 
approximately 90Í trän« ^ r 0^tainfd a^ter such treatment shoved 
of structure IV, ^ tely 10^ iacner and the complete absence 

V. 

h3c 

w u 

y 
h2cx nch2 

I I 
h2c chn 

n-C\ CH3 B H 

I 
0. ,H 

CH3 

V 
h2c/ NCH5 

i i2 
H2°vA 

X 0H3 
H H 

IV 
DISCUSSION. 

gflect of Heat and Ultraviolet on Cla-j 
Isomerization, 

— '’S-X.Ä.SÄ S.-ÄS-ÄTw“ 
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í8 'î**11* ot hi&** energy content than the 
uätS Í? fH0!81' th8 ^ forM tand 10 exhibit heats of coabuation (4) which are higher than their corresponding trans 
i;08"?8- ^eT the influence of heat, the labile fora my bTconwtSd to 
the étable farm (5), Since the less tadc form of EA 1576 is converted to 
the more toxic form upon heating, it appears that the toxic isomer is of a 

configuration00^811*' i80“er ifl non,ftlly expected to have the 

4 Ä Casida (6) recently reported a study of the cia-trane 
V 2"®fthoxycarbonyl-l-oethylvinyl phosphate structure 
V and diethyl 2-ethoxycarbonyl-l-methylvinyl phosphate structure VI, 

CH3\/> 

CHoO^ 

h3c 
/C=CHC02CH3 

c2h5o/ no, 

HoC- 

V VI 

ÏLfT*1 th8t ^8 “J1*8 ^oxic l8°aer was less soluble in water than the less 
toxic isomer. He also found that exposure to ultraviolet irradiation 

!ïït!Htîiîhei?OrÎ4tîflÎC4i80B,er lnto th8 1888 b0*18 Isomer. He further 
ultraviolet inmdiation should produce a mixture of isomers wit! 

the more «table ¿Oju configuration predominating, thus coming to the 
t0m M and the »or« 

, addition of energy to the stable form converts it into the labile 
ôbteiír11??0 irradiation 18 dually the best procedure for 

f?m* 8inc8 0th8r “»thods such as chemical reactions 
0n A A ^ l8ad to the stable form (5). On the basis 

8videnc8» It appears that Casida »S filg form exhibit! 
properties v^hieb would lead one to believe that it actually has a trana 

B. B4.1576 labile and Stahl« ?grM 

TTT Í 1118 1)8818 of bbe information obtained from the spectrum of 
structure III, it seems reasonable to believe that the weak band at 8.86u 
found in the spectrum of gig EA 1576, is due to the jaSM isomer îhieh i? 
t£üniAai«S iîpuîit7i anî y88^ ^ at 8.2%i, found in the spectra of 
ISBfig EA 1576, is due to gig EA 1576 which is present as an impurity. 

Assuming this to be the case, it would appear that the da 
isomer is even less toxic than had been previously supposed, and that much oJ 

7 "7 * attrlbut*d to th* iOfig i.o«S vhl^h 
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C. Hole of tha Sedia» Salt of Aertoaogtlfl Eater. 

Since the filfi isomer is obtained, even when the reaction 
employing the triethylamine as a hydrogen chloride acceptor is carried out at 
80°C., it appears that in this reaction the ¿ifl isomer is preferentially 
formed and even though heat is applied, in this instance, it is not sufficient 
to yield an appreciable amount of the trana material. However, if EÂ 1576 is 
produced by the reaction employing the sodium salt of ethyl acetoacetate, the 
product is approximately 9056 trans when carried out at 80¾. lower reaction 
temperatures resulted in an increased amount of the isomer. It appears 
that the sodium salt of ethyl acetoacetate acts as a catalyst in the formation 
of the trans isomer of EA 1576, 

D. The 10.au Band: Origin of Anhydride Impurity. 

The band which is quite often found at 10.in preparations 
of EA 1576 has tentatively been assigned to the presence of the anhydride of 
3-methyleyclohexyl hydrogen methylphosphonate structure IV, 

f r 
HjC — P — 0 — P — CHj 

V 
h2c ch2 

h2° OH, 

hAh 
CH- 

I 

V 
h2<¡ Ç% 
%0 CH-GHj 

hAh 

IV 

It is believed that this impurity is introduced during the washing procedure 
through a reaction of any unreacted chloridate present according to the 
following equations 

HoC 

0^ XC1 

W >2 + «q. NaOH 

H2C CH-CH3 

H H 

HoC 3U\,/V 
OH 

H2| X 
c% 

HjO OB-OHj 

H H 

+ NaCl 

CONFIDENTIAL 



CONFIDENTIAL 

0X NC1 

¿rH 
H2C CH2 

I I 
H2Cv /08-0¾ 

h^nh 

hov° 
nch3 

l” 

h/ X0H2 

,0 

A 

h^c—: — o — *—ch3 

Ov./8 
A OH- 

I 
H,C 

I 

8A /08^ 
A^3 

V 
82<V 

1 
9¾ 

+ HCl 

H2Cn /CH-CH3 

A 
VI. CONCLUSIONS. 

1. The conditions of p. 7 gite either a 90%jiß-10% ism or 9°* 
trana-10% fiifi aixtnre of Ei 1576 in approximately 90% purity. 

2. The labile form of Ei 1576 is tentatively designated the ÂÍ£ 
isomer and the stable form the trans isomer. These designations are s 
the stability to heat and correlations with a similar compound ^chis 

orSi.ttnronl7 in fiii *>». Th. .tructur.1 fomO*. follow. 

HoG 
l3°\pAu 

0/ X0. 

H3C\pA 

Ho(T CH2 
I ‘ 

ctí^ 
C:C 

/C02C2H5 0 

K HjjC' CH2 

^CiC^ 
H 

CH3 C02C2H5 

h3c-HC 0¾ 

A 
H3C-HC^ ch2 

X 
H H 

Cis EA. 1576 
Trans EA 1576 

3. The stable isomer of EA. 1576 is more toxic in comparison with the 

labile isomer than was believed prior to this investigation. 

i The stable form of 2-methoxycarbonyl-l-methylvinyl cyclohexyl 

and its infrared spectrum contained no bond attributable to t S_fi 
It is the most highly toxic of the series prepared to date. 

5 The labile forms of 2-alkoxycarbonyl-l-methylyinyl 

saaiÄÄÄrÄÄ rsÄw 
sodium^salt of the corresponding alkyl aoetoacetate. 
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VII. RECOMMENDATIONS. 

None, since the work vas done under a continuing project. 
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