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(SI w. 
(SI 
V agents as  candidates for fur ther  development and t y p  classification. 
a r e  high-boiling compounds having a high ordsr of percutaneous t m f - i t y .  

(C) 
the synthesis of various V agents i n  aqueous medium. 

(C) Results. 

The object of project  L-OB-03-016-OL is to s t d y  and inveatipt.e 
V agen’..a 

The object of the vork described i n  this repor t  vas to investigate 

EA 1517 (E), EA 166L (TIM), EA 1677, and UL lxll have been 
prepared i n  aqueous medium i n  55% to 65% yields  and a high degree of purity. 
An 8&% yield vas obtained i n  one run of EA 1701 using a 38g excess of 
N-(2-~hloroethyl)diiaopropylamine but the pur i ty  vas not  qui te  as high  qs i n  
previous runs whsrs no aiich excess was used. 

( c )  conclusions. 

1. The V agents of the general type I can be obtained in 
reasonably g o d  yield and a high degree of pur i ty  by the aqueous extraction 
method. 

2. If pur i t i e s  higher than 95% are not required, yields of W% 
of the theoret ical  can readi ly  be obtained by this rnethcd using a large 
excess of the d i a l b l a a i r l d i n l u m  chloride solution. 

(U) Recomendations. 

None, since vork under the  pro jec t  i s  continuing. 
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PRFPAFATICN CF V A G E W E  I N  AQUEOUS WIL:4 (C)  

I .  (5) IBTRODUCTION. 

A.  (S) wt. 

6) 
V agents as candidates for fur ther  development and type classif icnt ion.  
a r e  high-boiling compounds having a high order of percutaneous toxici ty .  

(C) 
the synthesis of various V agents i n  aqueous leedim. 

The object of project  L-Oe-OW16-OL 19 to study sld invest igate  
V agents 

The object  of the vork described in this report  vas t o  investigate 

E. (U) Authoritp. 

Authority for this uork vas the  1956 pfoject  program, 
Project L-O%O3-Ol6-OL, V-Agents. 

11. (S) HISTORICAL AND THEORETICAL. 

(SI 
of V agents of the general type I ,  

The final s teps  of the  various methods used i n  the preparation 

(1) 

where R, R', and R" are the same or d i f f e ren t  alkyl groubs, are i l l u s t r a t ed  
by the  following equations: 

RP(O)(OR')Cl + AaSCH2CH2NR; 4 I 

[RP(O)(OR')S]Na + ClCH2CH;NR$ --+ I 
RF'(0Rr)OCH2CH2NR~ + S + RP(OR')(S)OCH2CH2m(; 4 I 

RP(S) (c i l ' )c i  + H O C H ~ C H ~ N R ~  -+ RP(OR~) (S)OCH~CH~NR; +I 

(1) 

( 2 )  

( 3 )  

( L !  

(SI 
isomerization of the corrospnding thiono isomers vhich k d  been show previously 
i n  the case of 0,C-diethyl O-(2diethylaminoethyl) phosphorothioate t o  ?A, 1 5 @ P  
(VC) t o  proceed tkough  an intermediate cyclic azir idinium(ethylenimoni~!  i cn  
(1). 
cari.;.xl out i n  an i n e r t  anhydrous m e d i u m ,  such as benzen?, i t  uas ueomonsTated 

Hethcds 3 and 4 involve both the  formation and subsequent 

jlhile nethcd 2 can be regarded as a simple metathetical  reaction V ~ S J  
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I 
4 

5 1  Epstein, Mizhel, and L e v  (2: that the formation of compounds d the  type I 
(m i5oe and 1517 
and the dialkyl-N-(Z-chloroethyl)adne proceeds as an ionic  reaction according t o  
equation 5% 

i n  aqueous reaction mdium from the th io l  acid aai td  

(S) 
reaction medium on a 0.02-molar scaie  by mixing aqueous solutions of the sodium 
s a l t  of the appropriate t h io l  acid v i t h  an a lka l ine  aqueous solution of 
2-chlorotriethylamine. 
l iquid-liqcid extraction. T h i s  convement method which yields rcducts of a 
high degree of puri ty  wae subsequertly adapted b Ford-Moore (37 to the 
preparation of EA 1508, FA 1517, and fA 1661 (VM T on a 0.2.- t o  0,L-molar scale. 
However, agents of the type I with Ri = Me could not be prepared i n  t h i s  manner 
because of almost cmple te  dimerization i n  the aqueous medium. 

(C) 
representative V agents i n  1-mcle batches a r e  de3cribe.d i n  d e t a i l  i n  this report. 

111. (S) EXPERIMENTAL. 

Epstein e t  al .  (2) prepared EA 1508 and EA 1517 i n  aqueous 

The product was extracted as forsed by continuous 

The r e su l t s  of a study of the aqueous preparation of four 

A.  (U)  Materiala. 

O-E+,hyl methylphosphonothioate and 0-ethyl ethylphosphonothioate 
were prepared by the  procedure described by Canfield, Xagan. and Roffmnnn ( 4 ) .  

Z-Chlorotriethylamine waa prepared from commercially available 
2 .chlorotriethylamine hydrochloride (Michigan Chemical Coo) by treatment wi th  
exceas alknli and purified by d i s t i z l a t i o r .  
f ree  base a r e  b.p. I+7-490/15mm., L$* 1.L3U. 

8-('2-Chlcroe?,hyl)3iiso ropylamine was prepared as  follows: 
a s t i r r ed  solution of 5aO g. ( 4  moles P of idiisopropylaminoethanol i n  bo0 m l .  
of chloroform, cooled t o  IOF, was added 561 E. (1.7 moles) of Ihionyl chloride, 
keeping the pot temperature by a cooling bath between 100 and 20%. The first 
half of the thionyl chloride was added dropwise a t  a very slow r a t e ;  the 
reminder could be added much more rapidly. 
refluxed f o r  7 h r . ,  during which time the pot temperature rose from 59O t o  
760. The excess thionyl chloride awl solvent were removed under reduced 
pressuze, leaving a aolid residue. This residue was dissolved i n  500 ml. of 
water, f i l t e r ed ,  and made.basic by t.he addition a f  a colution of la0 g. of 
sodium hydroxide i n  300 dl. of vntar. The organic layer wae separated a d  
? i s t i l l &  t o  give the following fractiona: 

The physical constants for the 

To 

t h e  en t i r e  reaction mixture was 

2 



Fraction Boiling rsnge Amount 4 5  

w./m. 6 .  

1 To 5;/6.i 8.0 1.UO1 

2 5216.2 - 53.5/6 193.0 1 .UOL 

3 53.5/6 - 52.5/5 15L.0 1 o U O L  

4 5 i . 5 / 5  - 55/5.b 166.5 1 . U O 4  

Residue 5.5 I 
The combined f r ac t ions  2, ?, and L gave 513.5 E .  (7€% yield)  of N-(2-chloroethyl)- 
difsopropylamine. 

B. (U) Eouiument. 

The d i s t i l l a t i o n s  of the conpounds deszribed i n  this repor t  were 
carried out  in conventional glasa equipment. 
a t ta ined with e i the r  a Welch Duo-seal pump, series 1400, or a 'n'elch Duo-seal 
pump, s e r i e s  1,404. No diffusio2 pumps were used at any tine. The syntheses and 
extract ions were carried out  i n  a continuous l iquid-liquid extractor  b u i l t  t o  
specif icat ions as show i n  the accompanying dravini;. 

The reduced pressures noted were 

The removable reaction f l a sks  (A) were m d e  i n  several  capacit ies,  
The rncst used s ize  was from 300 m l .  t o  1 l i t e r ,  t o  suit the s i z e  run being wide. 

a 1-liter flask.  

The center re turn tube f o r  f r e sh  soivent had a fr i t td glass  t i p  
which served t o  break up the solvent flow i n t o  small droplets  i n  or2er t o  of fe r  
a greater  surface area f o r  extraction. 

In order t o  miairnize overheating of the  prcduct i n  the solvent 
recovery flank, the external tube ( B )  m s  heated w i t h  Clas-col e l ec t r i ca l  
heating tape avoidlng condensation of the solvent i n  the aide-arm. 

C.  (S)  PreDaration of EA 151.. 

A mixture of 203.2 g. (1 .5  males) of ; - c ~ l o r o t r i e t h ? l e ~ ~ n c  
(596  excess) and 250 d. of water adjusted to pH I3 h i t h  7 to E sodim kd-*?--iee 
pe l l e t s  ua8 s t i r r e d  a t  room temperature u n t i l  the o r p n i c  layer  hnd diss31-i? 
completely (about 1 .5  b.1- 
sodium hydroxide and 154.1 g. (1 so le)  of e thyl  ethylphosphonothicate Ya5 

A t  the same t i m e ,  a solution of LO go (1 z0lt-l s;: 

3 
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Fraction Boiling range 

OC./UUU. 

1 80/0.1 - 75/0.05 

prepared in e0 d. of water. 
t o  ECO ml.  with water, and extracted continuously with benzene for  L 
nitrogen. A f t e r  s tr ipping off the solvent 243 g. of crude product, 1$~'l.47W, 
waa obtained. 

The Bolutions were mixed i n  the extractor,  dil:ited 
W a r  

The f i r s t  d i s t i l l a t i o n  yielded the following f r a c t .  31 OP.5 : 

G5 Amount 

B .  

70.0 1. L774 

2 

3 

75/0.05 - 7l/0.03 101.9 i . 4 m  

n / o  03 34.0 1.LT7L 

The combined fract ions veighed 205.9 g. (81% yield). 
were obtained on r e d i s t i l l a t i o n  of the combined fract ions 1 t o  3: 

The folloving fractiona 
! 

I Fraction Boiling range Amount 

E3/0.125 - ??/i3.06 
77/0.06 - 75/0.0L 1.4773 

c 1 75/0.035 - 75/0.0& Lb.1 1 a 4773 

d 1 75/9.0/, - 73.5/0.04 48.5 1 e L77L 

e 73.5/0.04 - 75/0.05 12.1 1 I 477L 
* 

Fractions b, c, and d vere combined t o  give a 73% yield (lB3.s g. ) .  
Calcd. for  CloH2L02NFS: C ,  L7.W; A, 9.55; P, 12.23; N, 5.53; S ,  X.65. 

Fr3.d: C ,  L7.1; H, 9.4; P ,  12.5; N ,  5.45; S ,  12.73. Furity: 95%. Anine 
t i t r a t i o n :  99.2%. Free th io l  plus t h i o l  acid: C0,03$. P p o :  O.l;%. 

I tna lys l~ .  
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Fraction Boiling range 

0 
C./rnm. 

1 To 8/+/0.090 

In the same manner, a run wae made using 67 g. (0.495 mole) 
of 2 - c h l o r o t r i e t h y l ~ e  in io0 ml. of water and 76 g. (0.495 mole) of ethyl 
ethylphosphonothioate and 19.5 g. of sodium hydroxide in LO ml. of vater. 
a 27-hr. extraction with benzene, the ex t rac t  m a  evaporated under reduced 
pressure to give 79.0 g. of crude F4 1517. 
the following fract ions!  

A f t e r  

D i s t i l l a t i on  of this material gave 

A m o u n t  1-45 

E. 

13.0 i . ~ m  
2 8L/0.090 - 76/0.030 1 58.0 

r I 1 

10 477s 

g5 Fraction 1 Boiling range Amount ' 
~ 

oc./m. I ::5 I 
i . 4 m  1 

I 
a To 7g/O.OL5 

b 78/OeOL5 - 75/0.020 4e.o i 1,477E 
C 75/0.020 - 75/0.025 1 3.5 I 1.Lm 

The yield based on fraction 2 was 38%. C a l c d .  fo r  CloH- 0 NE: 

C, 47.a; H, 9.55; P, 12.23; N, 5.53; S, 12.65. 
P, 12.23; N, 5.55; S, 12.58. Purity: 95% Amine t i t r a t ion :  99.1%. Free 
thiol plus t h i o l  acid: Nil. Pyro: 0.5%. 

D. (S) R e m r a t i o n  of FA 1664. 

Analysis. 4 2 
Found: C, L3.7; H, 9.3; 

A mixture of 149 g. (1.1 moles) of 2-chlorotriethyismine 
(10% excess) and 200 ml. vater  adjusted to p9 13 with 7 to 8 sodium hpdroxide 
~-ll,ts vas s t i r r ed  un t i l  all the amine had dissolved. This solutJon was 
f i l t e r e d  and mixed w i t h  a solution of UO g. (1 mole) of ethyl methylphos- 
phonothioate and LO g. (1 mole) of sodium hydroxide in e3 d. of vater i n  

6 
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Fraction Boiling range Amount g5 - 
OC./Ulm. g. 

1 7E. 5/0.13 5.5 1.L7.9 

2 78.5/0.13 - 71/0.07 112.5 1.4790 

3 71/0 07 23.0 1.L790 I 
-I 

the extractor. 
n trogen, for 2 hr. The benzene was removed to yield 153 g. of crude product, 

!!5 1.4803. A second extraction for another 8 hr. yielded only an additional 
?g. of the c n d e  product. The crude iraterial -8 d i s t i l l e d  -,to yield 
three fractions:  

The mixture vaa then extracted continuously v i th  bmzene, under 

Fraction Boiling range Amount 

C . /cam. g. 
0 

a 73/0 09 L.2 

b 73/0.09 - 70/0.06 I U3.9  

C m/o.Oc, 15.9 
I 

. 

1.L707 

1. L7P9 

1.LSE9 

7 



completely. This so!.ution uas cooled, f i l t e r ed ,  and mixed u l t h  a ao;,.tjon of 
154.1 g. (1 mole) of e thyl  ethylphoaphonothioate aud 40 g. (1 mole) of sodium 
hydroxide i n  80 m l .  of uater in the  extractor. 'he mixture U a E  extracted 
continuously u i t h  benzene, under ni+sogen, for 4 
under reduced pressure. leaving 219.5 g. of crude 
second 4-hr. extraction yielded 6.5 g. of product, 
yielded the folloving fract ions on d i s t i l l a t i o n :  

Fraction 

1 

2 

3 

Boiling range I Amount 

0 
C /m. g. 

35/1 - 6 5 b - 5  1303 

50/0,2- 92/0.OE 2.7 

92/0.08 - 81/0.01 101.0 

45 

1.4532 

1.4732 

1. 4740 

1.4757 

1.4757 1 
The combined f rac t ions  3 ,  4, and 5 ueighed 186.7 g .  (66.5% yield).  
r ed i s t i l l ed ,  and f rac t ions  vere taken as  follous: 

They vere 

a" Fraction Boiling range 

0 
C./=. g. 

8 To 93/0.1 6.5 1.4733 

b %/O.l - W 0 . 0 3 5  L7.5 1-47W 

82/0.035 - 81/0.025 104.0 1,4756 I 
81/0.025 - 81/0.02' ' 23.5 1.L757 I 

C 

d 

?r.acLtln?a c and d uere combined to give 127.5 g .  of EA 1677 (45.5% yie ld) ,  
Analpis .  C ,  51.22; H, 10.03; P ,  11.01; N, Lo?€; S ,  
11-32. Found: C, 51.1; H, 9.9; P, l L 3 5 ;  N, 4.91; S ,  I L L S .  Chlorine: <O.l;< 
Purity: 91.5%. Amine t i t r a t ion :  96.48. Free th io l  pluz t h io l  acid: 0 . s .  

Calcd. fo r  G u A ~ ~ O ~ N P S Y  

8 



F. (9) Pro-tlon of EA 17oJ. 

A mixture of 209 g. (1.17 moles) of A-(2-chloroethyl)dii=o~=~:~i- 
amine (38% excess) and 400 ml. of water, adjusted t o  pH 13 with 7 to 8 sodium 
hydroxide pe l le t s ,  was s t i r r ed  a t  500 for 3 hr., during which time a l l  the amine 
had dissolved i n  t h e  water. 
a solution of 119 g. (0.85 mole) of ethyl methylphosphonothioate and 3 L  6 .  
(0.85 mole) of sodium hydroxide In 100 ml. of water i n  the extractor. The 
mixture was extracted c o n t i n m u l y ,  under nitrogen, f o r  6 hr. with benzene. 
Diat i l la t iOn of the crude meterial gaps four f ract ions:  

This solution was cooled, f i l t e r e d ,  and mlxed w i t h  

L 

Fraction Boiling range A m o u n t  n 25 
D - 

0 
C . h .  g= 

I 

1 52/0.27 - 93/0.23 5.5 1.4756 

2 93/0.23 - 77/0.09 72.0 1.4765 

3 77/0.09 - 72/0.01 1U.O 1.L77l 

4 72/0.01 - 75/0.035 22.5 1.4772 

a 

b 

Fractions 2, 3, and 4 were comb?.ned to give a 92% yield (208.5 9.1 of EB 1701. 
The combined fract ions vere r ed i s t i l l ed  to give the following cuts: 

oC./BEll. g. 

To 81/0.065 6.5 1.4758 

8~/0.065 - m/o.ou 176.0 1.L77.3 

Fraction Boiling range I Amount 1 $ 5  I 

C 'P/O.OU - 83/0.045 
d , 83/0.045 - 84/0.06 

11.5 1 . 4 ~ ~  I 
4.0 1.4773 i 

The combined f ract ions b, c,  and d (191.5 g.) represented an 84% yield of 
IU 1701. Analysis. Calcd. fo r  C11H2b02RPS~ C, 49.a :  H, 9.90; P, L1.70; 

9 



N, 5.24; S, U.99. Pound: C, 49.8; 8, 9.8; P, l l .531 A, 5.251 9, 11.88. 
94 2 2%. Amine titration: 98.9%. Free th io l  plus th io l  acid8 CO.03g. mor 
1.6%. 

Puritys 

A run vas made in the same manner using 180 g. (1.1 mole) of 
N-(2-chloroethyl)diiaoptopylamine with 400 ml. of water and U O  g. (1.9 nzle) of 
ethyl methylphosphonothioate. 
EA 1701. 
2.0 g. 

A 3-hr. continuous extraction gave 232 g. of crude 
An a d d i t i d  16-tu. extraction %creased the crlrle yield by only 

These extracts were combined and d i s t i l l e d  to give the following: 

Fraction 

1 

2 

3 

4 

5 

6 

7 

Boiling range 

OC./Ul& 

To 50/0.20 

90/0.20 - %/0.130 
86/0.130 - 81/0.060 
81/0.060 - 77/0.030 

n/oaow - n/o.oi5 
72/0.015 - 72/0.012 
n/o.012 - 70/0.010 

h u n t  

g. 

12 .5  

10.0 

14.0 

1.0 

57.5 

78.5 

23.0 

Fractions 4 to 7 were combined and redis t i l l ed ,  giving the following cuts: 

Fraction Boiling range 

0 
C./tllCi. 

To 75/0.080 3.0 1. L767 

75/0.080 - 7d0.0: I ;%; 1 1.4774 

7d0.040 - ?2/0.035 10 4774 

72/0.035 L. 5 I- 4 7 7 ~  

Fractions b to d were combined (yield is  578 theoreticsl) .  Analysis. Caicd. dr 



f o r  CllH26N02FS: C, 4 

i I 

W ;  H, 9.808 N, 5.24; P, ll.70; S, 1 ,39. Found; 

C ,  49.5; A, 9.9; N, 5.19; P, 11.68; S, 12.2. Purity; 97.5%. Bmine titration: 
99.6% Free t h i o l  plus th io l  acid: N i l .  -0: 0.9%. 

I V .  (S) DISCUSSION. 

The r e su l t s  of this study demonstrate that the synthesis of 
V agents of the type I from the appropriate dialkylaziridinium Ion and a eu!table 
a lkyl  alkylphoephonothloate ion according t o  equation 5 can be extended t o  the 
preparation of V agents with R2 = isopropyl, such a s  EA 1677 and FA 1701. The 
purity of the V agents obtained in this m e r  was found to be far be t te r  than 
that obtained by any of the a l te rna te  syntheses i l l u s t r a t ed  by equation 1 to L. 

r e  rted by Ford-Moore ( 3 )  could readi ly  be at ta ined by converting t h e  dialkyl- 
N-c-chloroethyl)amhe to the dialkylaziridinium chloride pr ior  to mixing w l t h  
the aqueous solution of the sodium salt of the t h i o l  acid,  and by using a con- 
s23erable excess of 'the aziridinium chloride. An &% yield of t w i c e 4 i s t i l l e d  
%A 1701 was thus obtained by employixg a 38% excess of N-(Z-chloroethyl)diiso- 
propylamine which was cyclized w i t h  alkali before midng w i t h  the aqueous 
solution of the sodium phosphonothioate. The resu l t ing  product showed a high 
degree of pur i ty  and was superior t o  samples of EA 1701 prepared by a l te rna te  
methods. While a large excese of the azlridinium ion did not have a deleterious 
e f fec t  on the puri ty  of the  resul t ing EA 1517, the pur i ty  of EA 1701 prepared 
with a 38% excess aziridinium chloride w a s  somewhat l e e s  than that obtained with 
an excess of only 10%. 

A considerable increase in t h e  yield of product over t h a t  

The crude nabrial obtain& by the aqueous extraction procedure 
In general, r e l a t ive ly  only had In all c a m s  a t  moat only a pale  yellow color. 

small foreruns resulted from the d i s t i l l a t i o n  of the crude product, while the 
d i s t i l l a t i o n  residues were extremely small  and represented maFnly the  holdup 
of the equipent .  I t  appears t h a t  the q d t y  of the  crude residue from the 
stripped benzene extracts  is a t  l e a s t  comparable with tha t  of the d i s t i l l &  
agents from a l t e rna te  procedures. 

During this study it vas noted t h a t  upen mixing of the c lear  
aqueous aairidlnium chloride aod sodium phosphonothloate solutions,  milkiness 
developed within a feu minutes, followed by separation of an oily layer  of the 
desired agent. The low eolubi l i ty  of EA 1701 in water may a l l o w ,  therefore, the 
i so la t ion  of the a g m i t  by simple separation of the layers and may not require an 
extraction procedure. 

V. (C)  CONCLUSIONS. 

1. The V agents of the general type I can be obtained in reasonat2.y 
good yield and a high degree of puri ty  by the  aqueous ex?raction method. 
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2. If purities higher than 95% are  not required, y i e ~ s  of 9% of 
the theoretical can raadily be obtainod bp t h i s  method using a large exceae of 
the dialkylaziridinium chloride solution. 

VI. (U) RECOMMENDATIONS. 

None, since vork undar the project is continuing. 
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