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The Selective C-Mono-and C,C-Dialkylation of
Thiophosphorylacetonitriles and Reactivity of the

Products

NATALYA M. VINOGRADOVA, IRENE L. ODINETS, OLEG

I. ARTYUSHIN, KONSTANTIN A. LYSSENKO, PAVEL

V. PETROVSKY and TATYANA A. MASTRYUKOVA

A.N. Nesmeyanov Institute of the Organoelement Compounds, Russian Academy of
Sciences, Vavilova, 28, 117813 Moscow, Russia

The facile synthetic route to selective C-mono-and C,C-dialkyIation of thiophosphorylace-
tonitriles by primary haloalkanes under phase transfer catalysis conditions has been devel-
oped. Using under the same conditions unsymmetric a.co-dihaloalkanes results in different
linear and cyclic products depending on the alkylene chain length. 3-Halopropylsubstituted
thiophosphorylacetonitriles synthesized transform to mono-and bis-heterophosphacyclanes
under elevated temperatures.

Keywords: thiophosphorylacetonitriles; alkylation; phase transfer catalysis; unsymmetric ;
oc,(D-dihaloalkanes; 2-oxo-l,2-thiaphospharinanes; X-ray study

INTRODUCTION

It is known that classical methods of alkylation of compounds containing the activated

j methylene group usually afford a mixture of mono- and dialkylated products. However

when the method of phase transfer catalysis (PTC) is used the selectivity of the reaction

1 can be often achieved. Thus, the alkylation of dialkoxyphosphorylacetonitriles with

iodoalkanes proceeds as monoalkylation in Cf r^C^ ' and as dialkylation in the absence

of solvent!2] under ion-pair extraction conditions. Monoalkylation of the derivatives
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having dialkylamido groups at the P atom proceeds under the conditions of both ion-pair

extraction and PTC' '. As for thiophosphorylacetonitriles being the object of our

investigation the only one example of their alkylation under PTC conditions, namely

cycloalkylation by a,co-dibromoalkanes is known from literature'4!.

To develope the facile synthetic route to the novel C-mono- and C,C-dialkyl

(o-haloalkyl)substituted thiophosphorylacetonitriles 1, the alkylation of

thiophosphorylacetonitriles under PTC conditions has been thoroughly investigated.

(CH2)nHal

RESULTS AND DISCUSSION

We have found that the use of the different heterophasic systems allows to accomplish the
selective C-mono- and C,C-dialkylation of thiophosphorylacetonitriles 2 in the case of
primary alkyl halides. Thus C-monoalkylated products 3 were obtained in 87-95% yields
conducting the reaction in the presence of excess of 50%aq NaOH in CH2CI2 regardless
of the initial components ratio. In s. KOH/CH3CN system reaction leads solely to the
disubstituted derivatives 4 (93-100%). Alkylation of 2 in CHjC^ and in CH3CN in
tandem yields C,C-disubstituted compounds 5 bearing different alkyl groups. It should be
noted that secondary alkyl halides react with 2 in none of the above systems.

A: RHal

B: RHal

RlR2p(S)CH(R)CN
3 4 S

A: 50%NaOH/CH2Cl2-. B: S.KOH/CH3CN. cat. EtjPhCHjNCl (TEBA)

RUR2=OEi. OPr. Ph: Rl=Me. R2=OPr-i. OBu-iR. R'. R^Mc. Et. Pr. Bu: Hal=Br. I '

One could expect that unsymmetric ct,o-diha!oalkanes possessing different
electrophilicity of the terminal carbon atoms would interact with
thiophosphorylacetonitriles as primary alkyl halides. However the result of their reaction
with 2 under PTC conditions was established to depend mainly not on the heterophasic
system, but on the alkylene chain length. Thus the reaction with CICFy leads

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
3
7
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



ALK.YLATION OF TH1OPHOSPHORYLACETONITRILES 591

substantially to 6 (yield: A-50%, B-65%) while with Cl(CH2)2Br and Cl(CH2)4Br it
occurs as cycloalkylation (yield for 7: A-60%, B-70-100%) Besides 7 in the system A
15-25% of the monoalkylated product was obtained. Contrary to the other dihaloalkanes
CKCty^Br reacts with 2 in the system A like primary alkyl halides resulting in
3-chloropropylderivatives 8. The reaction with this reagent in the system B yields the
mixture of di- and cycloalfcylated products 9, 10. Bis(3-chloropropyl)thiophosphoryl-
acetonitriles 9 were synthesized using the excess of 50% aq. NaOH without solvent.

RlR2p(S)CHCN ,

8 (CH2)3C1

S)CU

CN

t cJ A o r B
(CH2)n

7

R'R2p(S)C[(CH2)3Cll2+

CN 9 \ / 10

A: 50% aq. NaOH/CfyC^/TEBA; B: s. KOH/CH3QVTEBA; C: 50%NaOHAvithout solv/TCBA

Rl=R2=OEt, OPr, Ph; R'=Me, R2=OPr-i, OBu-i; R'=Ph, R2=OEt

X-ray diffraction study of 1-diphenylthiophosphoryl-l-cyanocyclopentane 7 has shown
that statistic disorder in the crystal of this compound is observed with the conformers
ratio 7:3.

It should be noted that the increase of the substituent number results in the downfield
shift in the NMR 3 JP spectra (the cycloalkanes signals exist between that of the mono-
and dialkylated products ) making it easy to control the reaction course.
Secondary alkylation of methylsubstituted thiophosphorylacetonitriles 3 by ClfCtyjBr
leads to the mixture of compounds bearing both Br and Cl terminal atoms in nearly equal
ratio (58:42). With the other chlorobromoalkanes solely 3-chloroderivatives were
obtained.

Br(CH2)2Cl

CH3
I s. KOH/CH3CT

RlR2p(S)CHCN
3 cat. TEBA

R'RZP(S)C(CH3)CN

11 (CH2)2C1 +

RlR2p(S)C(CH3)CN

12 (CH2)2Bf

BF(CH2)DC1

3,4
)(

14 (CH2)nCl
Being distilled in vacuo 3-chloroalkyI derivatives 8 and 14 were found to afford

2-oxo-6-cyano-l,2-thiaphosphorinanes 16 (up to 70%) as an 1:1 equilibrium mixture of
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two diastereomers (A, B). The mutual diastereomer conversions were examined by means
of the NMR and X-ray studies.

R \
P(S)C(R3)CN

(CH2)3Hal

8.14

Hal

•R-1

-RHal

15 1 6

A(R.S:S.R);B(R.R:S. S)

R'=Me. Ph. OEt. OPr. OPr-i. OBu-i; R=Et. Pr, Pr-i. Bu-i; R=H. Me: Hal=Cl. I

The formation of 16 may be attributed to the intramolecular S-alkylation resulted in
1,2-thiaphosphacyclanium salt followed by dealkylation. The intramolecular S-alkylation
of non-functionalized analogs of the compounds under consideration was thoroughly
investigated in the work of T.A.Mastryukova et aU '.

Thermal rearrangements of bis(3-chloropropyl)substituted thiophosphoryl-
(phosphoryl)acetonitriles 18 result in bicyclic compounds 19 their structure being
confirmed by X-ray study.

(RO)2P(X)C[(CH2)3Cll2- - 1
] - 2 RHal
CN

18

X=O. S

N

19
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