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Selective C-mono- and C,C-dialkylation of thiophosphorylacetonitriles 
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Alkytation of thiophosphorylacetonitriles under phase transfer catalysis conditions in the 
50% NaOH/CH2CI 2 system proceeds as monoalkylation, whereas alkylation in MeCN with 
the use of solid KOH as a base gives a disubstituted product. The order in which the reagents 
were added as well as dilution of the reaction mixture affected substantially the yields of the 
target compounds. X-ray diffraction analysis of a single crystal of dibutyl(diphenylthio- 
phosphoryl)acetonitrile was carried out. 
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It is known I that classical methods of alkylation of 
compounds that contain the activated methylene group 
(phosphorus-substituted acetonitriles belong to these 
compounds) usually afford a mixture of products of 
mono- and dialkylation. However, when the method of 
phase transfer catalysis (PTC) is used, the selectivity of 
the reactions can be often achieved by changing the 
reaction conditions. Thus, monoalkylation of dialkoxy- 
phosphorylacetonitriles with iodoalkanes was carried out 
under the conditions of ion-pair extraction in CH2CI2 at 
45 ~ (1 h) in the presence of a 0.5 N NaOH solution 
(the yields of the products were 30--80%). z Mono- 
alkylation of the analogs of these compounds that con- 
tain dialkylamide groups at the P atom proceeded under 
the conditions of both ion-pair extraction (at 20 ~ and 
PTC (I0 tool.% of triethylbenzylammonium chloride 
(TEBA)) in the absence of a solvent)  C,C-Dialkylation 
of dialkoxyphosphorylacetonitriles proceeded under the 
action of chloro-, bromo-, and iodoalkanes in the con- 
ditions of ion-pair extraction without a solvent at 60 ~ 
in the presence of a 50% NaOH solution (the yields 
were 46--88%). 4 Alkylation with dibromomethane un- 
der these conditions yielded the product of cyclo- 
alkylation, namely, 1 -diethoxyphosphoryl- l-cyanocyclo- 
propane. 4 Cycloalkylation of phosphoryl- and thio- 
phosphorylacetonitriles with a,e~-dihaloalkanes under the 
phase transfer catalysis conditions (K2CO3/DMSO) has 
been studied in detail previously. 5,6 

With the aim of developing simple methods for the 
preparative synthesis of C-mono- and C,C-dialkyl-sub- 
stituted thiophosphorylacetonitdles, we studied their alky- 
lation under the PTC conditions. It was found that the 
reactions of thiophosphorylacetolfitriles (1) with bromo- 
and iodoalkaues in a mixture of 50% aqueous NaOH 

'~ Deceased. 

and CH2CI2 at 20 ~ using 5 tool.% TEBA* as a 
catalyst proceeded readily to form products of mono- 
alkylation (2) in high yields (83--93%, Table I). The 
ratio of the reagents under these condit ions had virtually 
no effect on tile direction of the reaction (Table 2; see, 
for example, runs 6 and 7). Only methylation of com- 
pounds 1 with a more than twofold excess of Mel 
afforded the product of dialkylation (3) in a yield of up 
to 15% (see Table 2, runs 1 and 2). The yields of 
monoalkyl-substituted thiophosphorylacetonitriles 2 were 
substantially affected by the amount  of the solvent used. 
Thus, when the reaction mixture was diluted, the reac- 
tion did not proceed to completion, and therefore, the 
yields of the target compounds decreased (cf Table 2, 
runs 3 and 4 and runs 5 and 61. 

50% NaOH/CH2CI ? 
R~R2p(S)CH2CN + R3Hal TEBA 

1 

R1R2p{S)CHCN 
I 
R 3 

2 
R T = R 2 = OBu n, Ph; R t = Me, R 2 = OPt', OBu'; 

R 3 = Me, Et, Bun; Hal = Br, I 

When the phosphoryl compounds R~R2P(O)CH2CN 
(R I and R 2 = OPt '~ or Ph) reacted with haloalkanes 
under  the condit ions that are op t imum for thio- 
phosphorylacetonitriles 1, the major direction of the 
reaction was also monoalkylation** (the yields of the 

* In the presence of other ammonittm salts as a catalyst under 
PCT conditions, the yields of con-~pounds 7, decreased (see 
Table 2, run /0). 
** According to the data of 31p NMR spectroscopy of the 
organic phase. 
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Table 1. Yields, physicochemical characteristics, and data of elemental analysis of  the RIRPP(S)C(RX)(Ra)CN compounds (2--4) 

Compo- R t R 2 R 3 R 4 Yield" M.p./~ nD 2~ Found (%) Molecutar 
and (%) (solvent) Calculated formula 

[B.p./~ (p/Torr)] C H N P S 

2a (BuO h Me H 90 (74) [145--150 (1)1 1.4740 50.55 L .71  s 1 t,9~ 1 2 , 0 5  CIIHnNO~PS 
50.17 8.42 L32 1136 t2. t8 

21} Me(OBu i) Me H 87 (65) b [I 17 (0.1)J 1.4918 47,14 7 . ~  -- [5 ,09_  [5.47 CsHI6NOPS 
46.81 7.86 15.09 15.62 

2c Ph 2 Me H 93 (81) 78--79(EtOH) -- 66,4~. 5.63 5.00 CjsHI4NPS 
66.42 5.17 5.17 

2d Me(OPr i) Et H 88 (76) [115 (0.1)1 1.4961 46.(ii "/,84 -- CgHI6NOPS 
46.82 7.86 

2e Me(OBu i) Et ft 90 (81) [115 (0.I)] 1.4920 49.14 ~ 6._.A9_ 13,89 14,68 CgHxsNOPS 
49.30 8.27 6.39 14.12 14.62 

2f Ph 2 Et H 84 (75) t35 (EtOH) -- 68,16 ~ 436 -- -- CI6HI6NPS 
67.35 5.65 4.91 

2g Ph 2 Bu H 83 (71) 93--94 (heptane) --  69,58 6,;50 4.48 CjsHp0NPS 
69.01 6.39 4.47 

3a (BuO)2 Me Me Quanti- [148-150(1)1 1.4719 52.3) 9,05 4.89 ~ 11,07 CI2H24NO2PS 
tative 51.96 8.72 5.05 11.17 11.56 
(80) 

3b c Ph 2 Me Me Quanti- 124 (EIOH) -- 67,06 ~ 486 10.6t~ 11.29 CI6HIoNPS 
tative 67.37 5 . 6 1  4 , 9 1  10.88 11.23 
(85) 

3c (BuO) 2 E~. Et Quanti- [130 (0.5)] 1.4750 54 61 9.07 4~_3._fi ~ 10,84 C~4H28NOpPS 
tative 55.06 9.24 4.59 I0.14 I0.50 
(77) 

3d Ph~ Et Et Quanti- 69 -70  (heptane) -- 6c),~38 6 78 4~3. 9_4.3~ !0  10' CIsHp0NPS 
tati'*e 68.98 6.43 4.47 9.88 1023 
(64) 

3e Ph 2 Bu Bu 51 (37) 101--102 (EtOH) -- 71.76 " / .82 ~ C22HpsNPS 
71.54 7.59 339 

4a Me(OPr i) Me Et Quanti- [126-128 (0.l)] 1 .4946 ~ ~ 6.37 13.79 1~5.07 C9ttIsNOPS 
tative 49.32 8.22 6.39 14.16 14.61 
(82) 

4b Ph 2 Me Et 85 (65) b 112--114 (EtOH) -- 6~.55 6.22 4,,~q Ct7HI~NPS 
68.23 6.02 4.68 

a According to the data of 31 p NMR spectroscopy (the yield of the purified product is given in parentheses). 
t, Purified by chromatography (40--100 silica gel, a hexane--acetone (21}) or pentane--ether (41}) mixtt, re was used as the eluentL 
e Published data: l* the yield was 33%, m.p. 125--127 ~ 

dialkylated products  were 15--20%).  However ,  the yields 
of  the target c o m p o u n d s  decreased substantially due to 
the c leavage o f  the P - - C  bond and hydrolysis of  
the alkoxy groups at the P a tom as a result of  which 
salts of  the  cor responding  phosphorus  acids of  the 
R I ( N a O ) P ( O ) C H p C N  and R I R ? P ( O ) O N a  types (these 
salts remained  in the aqueous  phase) were obtained. 
This is in ag reemen t  with the published data. 7 

The  K O H ( s o t ) / M e C N  system appeared to be most 
efficient  in the  prepara t ion  o f  products  o f  C,C-di- 
alkylation o f  th iophosphorytacetoui t r i les  3 (method A). 

It should be noted  that for all haloalkanes,  except  for 
Mel ,  the order  in which the reagents were added played 
a decisive role. Products  of  dialkylation 3 were obtained 
in high yields (84- -100%,  see Tables 1 and 2, runs 12 

R~R2p(S)CH2CN + R3Hal  

1 

KOH(sol)/MeCN 

TEBA 

- R'R P/s) R  
C N  

R I = R 2 = OBu  n, Ph; R ' = M e .  R 2 = OPC, OBu' ;  

R 3 = Me,  Et, Bun; Hal = Br,  ! 

and 1~ when dr , /powdered  K O H  was added pot~ionwise 
to a mixture of  the initial reagents (taken ill a 1 : R-~Hal 
ratio of  1.0 : 2,5) in M e C N ,  The reac t ions  with 
iodoalkanes gave products in the highest yields. How- 
ever, an increase in the alkyl chain length o f  the alkylat- 
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Table 2. Effect of the reaction conditions on the yields of the alkylation products 

Run RtR 2 R3tlal Reaction conditions 

1 : R3Hal l/solvent order in which the 
reagents were added 

Yield (%)" 

1 2 3 

1 (BuO) 2 Mel 1.0 : 1.2 

2 (BuO)2 Mel 1.0 : 2.5 
3 Me(OPt i) Mel 1 . 0 : 1 . 5  
4 Me(OPri) Ett 1.0 : 1.5 
5 Me(OPt') Mel 1.0 : 1.5 
6 Me(OPr i) Etl 1.0 : 1.5 
7 Me(OPt i) Etl 1.0 : 2.5 
8 Ph 2 Mel 1.0 : 1.2 
9 Ph 2 Etl [.0 : 1.2 
10 ~ Ph 2 Etl 1.0 : 1.2 
II Ph 2 Bnl 1.0 : 1.2 

12 Ph 2 EtBr 1.0 : 2.5 

13 Ph 2 Etl 1.0 : 2.5 
14 Ph 2 BuI ft.0 : 2.5 
15 Ph~ Bul 1.0 : 2.5 
16 Ph 2 EtBr 1.0 : 2.5 

/7  Ph 2 Etl 
18 Ph 2 BuBr 
19 Ph 2 CTH 15Br 
20 Ph 2 EtBr 

21 Ph 2 Mel 
22 Ph2 Mel 

1.0 2.5 
1.0 2.5 
1.0 2.5 
1.0 2.5 

1.0 1.2 
1.0 2.2 

I.D_lhe 50% NaOH/CH2._Q!2 mixture 
0.01 tool/10 mL Addition of RHal to a 

mixture of the reagents 
The same The same - -  

0.0t moI/20 mL The same 20 
The same The same 43 

0.01 tool/10 mL The same -- 
The same The same 12 
The same The same 13 
The same The same - -  

The same The same 5 
The same The same 31 
The same The same 5 

I n  t h e  K O H ( s o l ) / M e C N  svs tcp l  

I g/10 mL Portionwise addition of 16 
KOH to a mixture 

of the reagents 
(method A) 

The same The same - -  

The same The same i0 
1 g/40 mL The same 10 
I g/10 mL Rapid addition of RHal 12 

to a mixture of 
the reagents 

The same The same 4 
The same The same 14 
The same The same 14 
The same Slow addition of RHat 22 

to a mixtnre of 
the reagents 

| g/40 m L  Mixture of al l  reagents 50 
The same The same -- 

94 6 

85 15 
80 
57 

Quantitative 
88 
87 

Quamitative 
95 
69 
95 

- 84 

- Quantitative 
39 5t 
52 38 
33 55 

42 54 
66 2O 
69 17 
64 14 

50 
Quantitative 

a The yield according to the data of 31p NMR spectroscopy. 
t, Bu4NCI as a catalyst. 

ing reageqt  resul ted  in a decrease  in the  yield of  the 
target  p roduc t  (see Tab le  2, rt, ns 13 and 14). In this  
case, w h e n  the  r eac t ion  mix ture  was d i lu ted ,  the  yield of  
the  p roduc t  of  d ia lkyla t ion  3 also decreased  (see Table  
2, runs 14 and  15). A di f ferent  s i tua t ion  was observed 
w h e n  ha loa lkane  was rapidly added  to a mix ture  of  the  
init ial  c o m p o u n d ,  K O H ,  and  T E B A  in M e C N .  The  
reac t ion  yielded a mix tu re  of  p roduc t s  of  monoa lky la t ion  
2 and  d ia lkyla t ion  3. In this  case,  the  yields of  c o m -  
p o u n d s  2 increased  as the  l eng th  o f  the  alkyl radical  of  
the  a lky la t ing  reagen t  inc reased  (see Tab le  2, runs I6, 
I8, and  19) as well  as w h e n  iodoa lkanes  were used (see 

Table  2, runs 16 and  17). Slow add i t i on  of  ha loa lkane  
resul ted in an increase  in the  yield o f  the  p roduc t  of  
m o n o s u b s t i t u t i o n  2 (see Tab le  2, run 20)_ However ,  
a lkyla t ion  of  t h i o p h o s p h o r y l a c e t o n i t r i l e s  with more  elec-  
t rophi l ic  Mel  af forded d i m e t h y l a t e d  c o m p o u n d s  3 re- 
gardless of  the  o rder  in which  the  reagents  were added,  
the i r  ratio,  and  the i r  c o n c e n t r a t i o n s  i n  the  so lu t ion  (see 
Table  2, runs 21 and 22). 

Interes t ingly,  we failed to p e r f o r m  a lky la t ion  of  
phosphory lace ton i t r i l e s  u n d e r  t h e s e  cond i t i ons ,  and  only 
the  p r o d u c t s  o f  t he  c l e a v a g e  o f  t he  P - - C  b o n d ,  
R t R 2 P ( O ) O H ,  were ob ta ined .  

W h e n  the  reac t ion  was ca r r i ed  out  successively in 
CH2CI 2 and  M e C N ,  we s u c c e e d e d  in s y n t h e s i z i n g  
disubst i tu ted products  4 t h a t  c o n t a i n  d i f fe ren t  alkyl st, b- 
s t i tuents  at  the  cent ra l  c a r b o n  a t o m  ( m e t h o d  B). 

R1R2p(S)CHeC N I, R3Hal (50% N,aOH/CH2CI 2, TEBA) 
2. R4Hal (KOH(sol)JMeCN, TEBA) 

1 
R 3 
i 

b R ~ R e P ( S ) C C N  
I 

4 

R 1 = M e ,  R 2 = OPr ' ;  R 1 = R 2 = Ph ;  R 3 = M e ;  R 4 = Et 

It is known 8,9 tha t  genera l ly ,  a lky la t ion  with s econd-  
ary ha loa lkanes  proceeds  more  s lowly to form produc ts  
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Table 3. Selected parameters of the IH, 3ip, and 13C NMR spectra (,5, J /Hz) of compounds 2--4 

Corn- '5 3ip 6 IH 15 i3c 

pound CH C H ~ - - C - P  C H ~ - C - - P  P - C - - C N  P- -C(CN)- -C  
(24'pH/3JHH) b or - (JPH) -(JPH) (IJpc) 

(2JpH/3JH HA/3JH H B) c 

CN 
(3dpc) 

2a 87.2 

2b a 93.5 

91.3 

2c 47.2 

2d a 89.6 

88.1 

2e a 91.6 

89.8 

2f 45.0 

2g 45.6 

3a 93.6 

3b 55.1 

3c 92.8 

3d 53.3 

3e 53.4 

4a 98.2 

98.0 

4b 54.9 

2.66 (dq, 
J = 20.4/7.2) 

2.99 (dq, 
d = 12.4/7.3) 
3.04 (dq, 
J = 16.3/7.3) 

3.60 (dq, 
J = 14.2/7.2) 

2.54 (ddd, 
J = 13.3/11.1/4.1) 
2.64 (ddd, 
J = 18.8/11.2/4.2) 

2.25 (m) 

2.48 (ddd, 
d = 19.6/11.1/4.2) 

3.43 (ddd, 
d = 14.6/11.5/3.8) 

3.46 (ddd, 
d = [4.8/11.4/3.4} 

1.25 (dd, --  -- -- 
J = 19.0) 

1.56 (dd, -- 32.1 (d, 12.7 (s) 
J = 16.3) d = 67.3) 
1.58 (dd, 31.5 (d, 12.2 (s) 
J = 15.4) ./ = 66.6) 

1.54 (dd, --  29.90 (d, 12.2 (s) 
J = 16.4) ./ = 49.6) 

- -  1.53--1.67 (m, HA); e 
1.76--1.84 (m, HB) -- 

1.40 (d, 
J = 17.3) 

1.58 (d, 
d = t5.4) 

1.35 (d, 
J = 17.5) 
1.37 (d, 
d = 15.8) 

1.52 (d, 
.t = 16.1) 

1.60--1.68 (m, HA); e 
1.77--1.90 (m, HB) 

1.68--1.75 (m, HA); -- 
2.05--2.10 (m, Ht0 

1 . 6 2 - - 1 . 6 9  (m,  HA); - -  
1 . 9 7 - - 2 . 0 3  (m, H a) 

1..62--1.69 (m, HA); --  
1.97--2.03 (m, H~) 

117.8  (s) 

117.7 (d, 
J = 1.5) 

I 17.9 (d,  
d = 4.0) 

-- 33.6 (d, 21.9 (s) 123.0 (d, 
J = 49.7) J = 2.0) 

1.95 (HA, J = 13.0)f 38.0 (d, 26.9 (s) 121.3 (s) 
2.04 (HB, ] =  12.3) J = 49.0) 

1.59--1.65 (m, HA); e 41.3 (d, 16.7 (s, CH3--C--P) ;  119.6 (d, 
1.82--1.90 (m, H a ) d = 71.4) 26.4 (s,C_H2--C--P) J = 3.8) 

41.5 (d, 17.7 (s, CH3--C--P) ;  119.5 (d, 
J = 70.7) 25.3 (s, CH~--C--P)  J = 4.0) 

1.68--1.92 (m, HA); 38.8 (d, 18.1 (s, ~H3- -C- -P) ;  121.6 (s) 
1.94--2.14 (m, HB) J = 50.1) 26.5 (s, CH2--C--P)  

a The 3ip and IH NMR spectra were recorded in C6D 6 (2a,e, 3a,c,d) and CDCI 3 (2b--d,f,g, 3b--e,  4a,b); and the t3C NMR 
spectra were obtained in C6D 6 (2b, 3b,d) and CDCI 3 (2c, 4a,b). 
b For compounds 2a---r 
e For compounds 2d--g. 
a Two racemic mixtures of diastereomers in a ratio or 56 : 44. 

The signals of the methylene protons of the diastereomcrs overlap. 
f 2JHH = 14.3 Hz. 

in lower  yields c o m p a r e d  to the  c o r r e s p o n d i n g  react ions  
with p r imary  ha loa lkanes  bo th  u n d e r  the  classical condi -  
t ions  and  u n d e r  the  c o n d i t i o n s  of  phase  t rans fe r  cata ly-  
sis. It shou ld  be no ted  tha t  t h iophosphory l ace ton i t r i l e s  1 
did not  unde rgo  a lky la t ion  wi th  seconda ry  ha loa lkanes  
in any  of  the  a b o v e - d e s c r i b e d  systems.  W h e n  the  reac- 
t ion with d i p h e n y l t h i o p h o s p h o r y l a c e t o n i t r i l e  was carr ied 
out  in CH2CI 2, the  p roduc t  of  in te rac t ion  with the 
solvent ,  nmnely,  2A-b i s ( th iophosphory l )gh l t a ron i t r i l e  (5), 
was lb rmed  in a yield of  10%. 

Ph2P(S)CH2CN 50% NaOH/CH2CI 2 i i i  i 

PhP{S)CHCHgCHP(S)Ph 2 
I - I  
CN CN 

5 

The compositions and structures of compotil lds 2--4 
were conf i rmed  by the  da ta  o f  e l e m e n t a l  analysis  and 
IH, 31p, and  13C N M R  spec t roscopy  (Tables  1 and  3). 
In the 31p N M R  spect ra ,  the  8P signal shifts  downf ie ld  
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compared to unsubstitt~ted compounds I as thio- 
phosphorylacetonitriles 1 are alkylated, i.e., as the num- 
ber of  alkyl groups at the c~-C atom increases. For 
monoalkylated derivatives 2, z~SP = 5.3--11.0. For 
dialkyl-substituted products 3, AlP = 11.2--18.9. The 
maximum shift of the signal is observed for the deriva- 
tives of  d iphenyl th iophosphorylacetoni t r i le  (for 
Ph?P(S)CH2CN, 8P is 36.0~~ In the 13C NMR spectra 
of compounds 2--4,  the doublet of the central C atom 
and the signal of  the C atom of  the nitrile group also 
shift downfield in the course of alkylation of  the com- 
pounds, while the value of the spin-spin coupling con- 
stant ZJpc remains virtually unchanged. 

In the IH N M R  spectra of  monoalkylated products 
2, the signals of the methine proton appear as a doublet 
of quadruplets in the case of  R 3 = Me (2a--r or as a 
doublet of  doublets of  doublets when the number of 
carbon atoms in the alkyl substituent increases, which is 
attributable to the magnetic nonequivalence of  the pro- 
tons of  the methylene group of the substituents at the 
a -C atom. It should be noted that the value of the spin- 
spin coupling constant 3JpH is comparable with (and in 
some cases, are larger than) the value of  2JpH. 

Table 4. Bond lengths and bond angles in the structure of 3e 

Bond d / i  Bond d/~, 

P(I)--C(9) 1.822(3) C(7)--C(8) 1.385(4) 
P(I)--C(3) 1.822(3) C(9)--C(10) 1.389{4) 
P(I)--C(I) 1.899(3) C(9)--C(14) 1.400(4) 
P(I)--S(I) 1.9447(9) C(10)--C(II) 1.377(5) 
N(I)--C(2) 1.136{4) C(II)--C(I2) 1.382(5) 
C(1)--C(2) 1.470(4) C(12)--C(13) 1.382(5) 
C(I)--C(15) 1.543(4) C(13)--C(14) 1.382(5) 
C(I)--C(19) 1.563(4) C(i5)--C(16) 1.523(5) 
C(3)--C(8) 1.389(4) C(16)--C(17) t.5t4(6) 
C(3)~C(4) 1.390(4) C(17)--C(18) 1.500(6) 
C(4)--C(5) 1.394(5) C(19)--C(20) 1521(4) 
C(5)--C(6) 1.382(6) C(20)--C(21) 1.515(4) 
C(6)--C(7) t.383(5) C(21)--C(22) 1.520(5) 

Angle c0/deg Angle ~0/deg 

C(9)--P(1)--C(3) 105.7{I) 
C(9)--P(I)--C(I) I04.4(I) 
C(3)--P(1)--C(I) 108.6(1) 
C(9)--P{I)--S(1) 114.2(I) 
C(3)--P(1)--S(I) 112.9(I) 
C(I)--P(1)--S{I) 110.5(1) 
C(2)--C(t)--C(15) 111.9(2) 
C(2)--C(1)--C{19) 108.5(2) 
C(15)--C(1)--C(19} 113.5(2) 
C(2)--C(1)--P(I) 108.7(2) 
C(15)--C(I)--P(I) 108.9{2) 
C(19)--C(l)--P(l) 105.1(2) 
N(1)--C(2)--C(I) 178.2(3) 
C(8)--C(3)--C(4) 120.I(3} 
C{8)--C(3)--P(1) 123.4(2) 
C(4)--C(3)--P(1) 116.5(2) 
C(3)--C(4)--C(5) 119.2(3) 
C(6)--C(5)--C(4) 120.8(3) 

C(5)--C(6)--C(7) 
C(6)--C(7)--C(8) 
C(7)--C{8)--C(3) 
C( I 0)--C(9)--C(14) 
C(I0)--C(9)--P(I) 
C(14)--C(9)--P(I ) 
C(i l)--C(iO)--C(9) 
C(lO)--C(11)--C(12) 
C(l I)--C(12)-C(13) 
C( 14)--C( 13)--C(12) 
C( 13)--C(14)--C(9) 
C(16)--C(I5)--C(I) 
C( 17)--C( 16)--C(15) 
C(18)--C(17)--C(16) 
C(20)--C(I 9)--C(I) 
C(21)--C(20)--C(I 9) 
C(20)--C(21 )--C(22) 

119.5{3) 
120.4(3) 
119.9(3) 
119.3(3) 
119.0(2) 
121.6(2} 
120.4{3) 
120.3(3) 
19.7(3) 
20.7(3) 
19.6(3) 
16.7(3) 
13.9(3) 
13.8(4) 
17.3(3) 
11 3(3) 
12.8(3) 

In the case of different substituents at the P atom, 
the molecules of compounds 2 and 4 (2b,d,e and 4a) 
contain two asymmetric atoms ( a -C  and P). This is 
respoqsible for the presence of  two diastereomers, each 
is a racemic mixture of two enantiomers (in the 31p 
NMR spectra, two singlets correspond to these dia- 
stereomers). In the IH and 13C N M R  spectra, the 
numbers of the signals are doubled. Tile ratio of the 
enantiomeric pairs of  compounds 2 is close to the 
statistical value (56 : 44). 

The structure of  dibutyl(diphenylthiophospboryl)- 
acetonitrile (3e) in the crystal was established by X-ray 
diffraction analysis. The overall view of molecule 3e and 
the atomic numbering scheme are shown in Fig_ I. The 
bond lengths and bond angles are given in Table 4. The 
principal torsion angles are listed in Table 5. The geo- 
metric parameters of molecule 3e are close to the ex- 
pected values, ll The phosphorus atom has a somewhat 
distorted tetrahedral configuration: the bond angles at 
the P atom are in the range of  I04.4(1)--114.2(I)  ~ As is 
usually the case in the structures of  a-phosphorus-  
substituted o-haloalkanes, 12 the S = P - - C  angles are 
slightly larger than the C - - P - - C  angles (see Table 4). 
The P--S and P- -C  bond  lengths in the 
diphenylthiophosphoryl fragment ( P ~ S  is 1.9447(9) ,~, 
and P(I)--C(Ph) is 1.822(3) ~i) in dibutyl-substituted 
thiophosphorylacetonitrile 3e are close to the analogous 
values in the molecule of triphenylphosphine sulfide 

~ ~  c(13) 

(~  " c(~4- c(5) 

c(to) ~ ' -  } ] ( ) 

S(l) C ~  ) P(I) C(8) 

c(2) , ,  

/ \ c{~s) 

/ & 
L --CU'U 

Fig. I. Structure of the moleetfle of dibtaty1(diphenylthiophos- 
phoryl)acetonitrilc (3e). 
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Table 5. Principal torsion angles (z) in the structure of 3e 

Angle x/deg Angle r/deg 

C(9)--P(I)- -C(t) - -C(2)  
C(3)--P(1)--C(I)--C(2) 
S(1)--P(I)--C(1)--C(2) 
C(9)--P(I)--C(I)--C(15t  
C(3)--P(1)--C(I)--C(15) 
S(1)-P(1)--C(1)--C(15) 
C(9)--P(I)--C(1)--C(I9)  
C(3)--P(I)--C(I)--C(19) 
S(I) - -P(I) - -C(I) - -C(19)  
C(15)--C(1)--C(2)--N(I)  
C(19)--C(I)--C(2)--N(I)  

-43.4(2) 
69.0(2) 

-166.6(2) 
-165.5(2) 

-53_1(2) 
71.3(2) 
72.6(2) 

-175.0(1) 
-50.6(2) 

-106.7(4) 
19.4(5l 

P(I)--C(I)--C(2)--N(I)  133.12(9) 
C(9)--P(1)--C(3)--C(8) 84.8(3) 
C(1)--P(I)-C(3)--C(8)  -26.7(3) 
S(I)--P(1)--C(3)-C(8)  -149.6(2) 
C(9l--P(1)--C(3)-C(4) -94.9(2) 
C(I)--P(1)--C(3)-C(4)  153.5(2) 
S(t)--P(I)--C(3)--C(4) 30_6(3) 
C(1)--P(|)--C(9)--C(10) -97.5(2) 
S(I)--P(I)--C(9)--C(IO) 23.2(3) 
C(3)--P(I)--C(9)--C(14) -33.9(3) 
C(I)--P(I)--C(9)--C(14) 80.6(2) 

Angle z/deg 

S( I ) -  P( l ) -C(9)- -C(14)  
C(2 ) -C( I ) - -C(15 ) -C(16 )  
c ( ~ 9 ) - C ( 1 l - C ( 1 5 l - C ( 1 6 )  
C(l 2)-C(151--C(I 6)--P(1) 
C(l ) - -C( l  5)--C(16)-C(17l 
C(l 5)--C(I 6)--C( t 7)--C(18) 
C(2)--C(I l--C(19)--C(20) 
C(15)--C(I)--C(I  9)--C(20) 
P(1)--C(I)~C(!9)--C(20)  
C(I)--C(t9)--C(20)--C(2L) 

-158.6(2) 
42.4(4) 

-80.8(4) 
162.5(3) 

-177.9(3) 
69.7(6) 

-47.3(4) 
77.8(3) 

- 163.4(3) 
1763(3) 

C(19)-C(20)--C(21)~C(22)  -174.2(3) 

Ph3P=S (1.950(2) A and 1.817(6) A, respectively). Iz 
H o w e v e r ,  in m o l e c u l e  3e,  t he  P ( I ) - - C ( I )  bond 
(1.899(3) A) is substantial ly elongated.  For  example,  
the length of  the analogous bond between the P and C 
atoms of  the alkyl f ragment  in d iphenylphosphine  sul- 
fide Ph2P(S)AIk is 1 .815 (5 )A  (AIk = (CH2)3OH).  13 
Apparently,  the P( I ) ~ C ( I  ) bond in the molecule  of  the 
compound  under  study is e longated due to the steric 
repulsion between the phenyl rings and the cyano group. 

The  thiophosphoryl  and cyano groups are in the 
mutual ly  ant iper iplanar  or ienta t ions  (the S ( I ) - - P ( I ) - -  
C( I ) - -C(2)  torsion angle is - 166.6(2)~ The orientat ion 
of  the phenyl rings relative to the thiophosphoryl  group 
is character ized by the S( I ) - -  P (1 ) - -C(3 ) - -C(8 )  and 
S( 1 ) - -  P( I ) - - C ( 9 ) ~ C (  I 0) torsion angles ( -  14%7(2) ~ and 
23.2(3) ~ , respectively).  It should be noted that the butyl 
substituents in molecu le  3e adopt  different conforma-  
tions. Thus, the C( 19)C(20)C(21)C(22) fragment adopts 
the  t ransoid  c o n f o r m a t i o n ,  and the  second  butyl 
group,  C(5 )C( t6 )C(17 )C(18 ) ,  adopts  the trans-gauche 
c o n f o r m a t i o n  ( the  C ( 1 ) - - C ( 1 5 ) - - C ( 1 6 ) - - C ( 1 7 )  and 
C ( 1 5 ) - - C ( 1 6 ) - - C ( 1 7 ) ~ C ( 1 8 )  to r s ion  angles  are 
- 177.9(3) ~ and 69.7(6) ~ respectively).  

Analysis o f  the crystal packing of  molecules  3e dem-  
onstrated that the in te rmolecu la r  and in t ramolecular  
distances correspond to the normal  van der Waals inter- 
actions. 

To  summar ize ,  we have developed simple attd con-  
ven ien t  me thods  for the synthesis  o f  C - m o n o  and 
C, C - d i a l k y l - s u b s t i t u t e d  t h i o p h o s p h o r y l a c e t o n i t r i l e s ,  
which allow one  to prepare these compounds  in high 
yields. The s t ructures  of  the resulting compounds  were 
established. 

Experimental 

The NMR spectra were recorded on Bruker WP:200SY 
and AMX-400 instruments in CDCI 3 and CrD 6 relative to 
SiMe 4 (IH and L3C) and a 85% H3PO 4 solution (3~p); the 
concentrations of the solvents were 0.05--0.2 tool L -1. Inilial 
compounds I were prepared by the reaction of the correspond- 
mg phosphorylacetonitriles with the Lawesson's reagent ac- 
cording to a procedure developed previously, t~ 

C-Moooaikyl-substituted thiophosphorylacetonitriles (2a--g) 
(general procedure). A mixture of an 50% aqueous solution of 
NaOft (0_06 tool) and TEBA (5 .mo1.%) was added to a solution 
of thiophosphorylacetonitrile I (0.01 moo in CH2CI 2" (10 mL). 
Haloalkane (0.015 mol) was added slowly with stirring to the 
reaction mixture. After completion of addition, the reaction 
mixture was stirred at 20 oC for 3 h. Then H20 (10 mL) was 
added. The organic layer was separated, and the aqueous layer 
was extracted with CH2CI 2. The combined extracts were dried 
with Na2SO 4. The solvent and the volatile products were distilled 
off in vacuo. The residue was distilled or recrystallized. The 
constants, yields, and data of elemental analysis of compounds 
2a--g are given in Table I. 

C,C-Dialkyl-substituted thiophos0horylacetonitriles (3a--e) 
(method ,eL A solution of thiophosphorylacetonitrile I (0.01 
mol), haloalkane (0.025 tool), and TEBA (200 nag) in MeCN 
(10 mL) was stirred for 5 min. Finely powdered dry KOH (0.025 
tool) was added portionwise. After completion of addition, the 
reaction mixture was stirred at 20 ~ for 3 h and concentrated 
in vacuo. Then H20 (10 mL) was added to the residue, and the 
mixture was extracted with benzene. Further workup was carried 
out as described previously. The constants, yields, and data of 
elemental analysis of compounds 3a--e are given in Table 1. 

C, C-Alkyl(alkyl')-substituted thiophosphorylacetonitriles 
(4a,b) (method B). A 50% aqueous solution of NaOH (0.06 moo 
was added to a solution of thiophosphorylacetonitrile 1 
(0,01 moo and TEBA ([00 rag) in CH~CI 2 (t0 mL). Then Mel 
(0.02 molin the case of R I = Me and R 2 = O P r  i and 0.012 tool 
in the case of R | = R 2 = Ph) was added slowly with stirring. 
After completion of addition, the reaction mixture was stiffed for 
3 h. Then H20 (10 mL) was added. The organic layer was 
separated, and the aqueous layer was extracted with CH2CI 2, 
The combined extracts were dried with Na2SO 4 and concen- 
trated in vocuo. A solution of solid KOH (0.015 moo in MeCN 
(10 mL) was added to the reaction mixture, and then a solution 
of haloalkane (0.0t5 moll in MeCN (I mL) was added 
portionwise with stirring. The reaction mixture was stirred for 
2.5 h and concentrated. Then H~O (8 mL) was added, and the 
reaction mixture was extracted with benzene. The combined 
extracts were dried with Na2SO 4 and concentrated. The residue 
was distilled in vacuo or recrystallized. 

Reaction of fliphenylthiophosphorylaectonitrile with cyclo- 
hexyl bromide. A 50% aqueous solution of NaOH (0.06 moo 
was added to a solution of  diphenyithiophosphorylacetonitrile 

* In the case of solid diphenylthiophosphorylacetonitrile, 5 mL 
of the solvent were taken per 0.5 g of the compound under the 
conditions of both mono- and dialkylation. 



966 Russ. Chem.Bull., Vol. 47, No. 5, May, 1998 Odinets  et al. 

Table 6. Coordinates of nonhydrogen atoms (x 104) and 
equivalent thermal parameters (UeqX 103) in the structure 
of 3e 

Atom x y Z Ueq/ A 2 

P(1) 1808(1) 8186(I) 1886(1) 25(I) 
S(l) 2938(t) 8785(I) 243(I) 38(t) 
N(1) -1242(3) 6101(3) 4294(2) 37(1) 
C(I) 777(3) 6489(3) 2215(2) 27(1) 
C(2) -346(3) 6274(3) 3394(3) 29(1) 
C(3) 3052(3) 7839(3) 2769(2) 27(1) 
C(4) 4341(3) 8648(3) 2338(3) 34(1) 
C(5) 5330(4) 8439(4) 2978(3) 43(l) 
C(6) 5054(4) 7429(4) 4022(3) 43(1) 
C(7) 3777(4) 6618(4) 4437(3) 40(I) 
C(8) 2763(3) 6833(3) 3823(3) 33(l) 
C(9) 267(3) 9499(3) 2444(3) 28(I) 
C(10) -376(4) 10500(3) 1688(3) 35(I) 
COt)  -1584(4) 11469(4) 2090(3) 43(1) 
C(12) -2156(4) 11469(4) 3248(3) 43(1) 
C(13) -1511(4) 10488(4) 4005(3) 42(1) 
C(14) -312(4) 9496(4) 3617(3) 34(1) 
C(15) 1998(4) 5195(3) 2072(3) 34(1) 
C(16) 1405(5) 3689(4) 2626(4) 52(1) 
C(17) 2670(6) 2473(4) 2489(5) 54(1) 
C(18) 237t(5) 3714(6) 3175(6) 66(1) 
C(19) -137(4) 6834(4) 1348(3) 35(1) 
C(20) -1423(4) 5864(4) 1609(3) 34(1) 
C(21) -2270(4) 6387(4) 740(3) 38(1) 
C(22) -3667(4) 5536(4) 1040(4) 44(I) 

(0.01 tool) and TEBA (50 nag) in CHzCI 2 (20 mL). Then 
cyclohexyl bromide (0.015 mot) was added. The reaction 
mixture was stirred for 3 h, and H20 (8 mL) was added. The 
reaction mixture was extracted with CH2CI 2. The combined 
extracts were dried with Na2SO4, concentrated, and washed 
with hot benzene. The residue was recrystallized from a 
CH2CI2--C6H 6 mixture. Compound 5 was obtained in a yield 
of 0.25 g (10%), m.p. 256~257 ~ Found (%): C, 66.11; 
H, 4.53; N, 5.28; P, 1t.92_ C29Hz~,tN2P2S 2. Calculated (%): 
C, 66.14; H, 4.59; N, 5.32; P, 11.76. 3tp NMR, 8:48.7  
(Me;~CO); 45,6 (CH~.CI2). IH NMR (CD2CI2), 8:2.28 (m, 
2 H, CH]); 4.0 (ddd, 2 H, CH, 2,/pH = 12.9 Hz, 3JHH = 
6.7 Hz, ,/rill = 8.7 Hz); 7.18--8.04 (m, 20 H, C6H5). 
t3C NMR (CD2C12), ,5:25.6 (t, CH 2, 2./pc = 1.9 Hz); 34.9 
(dd, CH, IJpc = 46.8 Hz, 3./pc = 10.6 Hz); 115.7 (d, CN, 
2gpc = 1.5 Hz). MS, re~z: 527/2 [M+H] ' ,  526/5 [M]*. 

X-ray diffraction study of dibutyl(diphenylthiophosphoryl)- 
acetonitrile (3e). Single crystals of 3e were prepared by crys- 
tallization from EtOH. X-ray diffraction study was carried out 
on an automated four-circle Syntex P2 t diffractometer (Mo-KcL 
radiation, graphite monochromator, 0/20 scanning technique, 
20 < 50 ~ ) at -80  ~ Crystals are triclinie, a = 9.267(2) A, 
b = 9.639(2)A,  c = 12 .797(3)~,  a = 73.82(2)% 13 = 
68.79(2) ~ , y = 80.50(2) o, V = 1020.9(5)A 3, M = 369.48, 
space group PI, dcaJc -- 1.202 g c m  -3, F(000) = 396, tt = 
0.241 mm -I. Of a total of 3985 measured reflections, ]727 

independent reflections were used in calculations and the 
refinement. 

The structure was solved by direct methods and refined 
anisotropically by the full-matrix least-squares method based 
on F 2. The hydrogen atoms were revealed from the difference 
electron density syntheses and were included in the refinement 
with isotropic thermal parameters. The final values of the R 
factors calculated with the use of 2856 reflections with I > 
2or(/) were as follows: R 1 = 0.0547; wR~ = 0.1348, GOF = 
1.061 using 3424 measured reflections. All calculations were 
carried out on an iBM-PC/AT computer using the SHELXTL 
PLUS program package (version 3). The coordinates of the 
nonhydrogen atoms and isotropic thermal parameters are given 
in Table 6. 

This work was f inancially suppor ted  by the Russian 
Foundation for Basic Research (Project  Nos. 96-03-32992 
and 96-15-97298).  
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