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with trans-2-(N,N-dialkylamino)cycloalkanols in the presence 
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The reactions of dimethylphosphoramidic difluoride (1) with trans-2-(N,N-dialkyl- 
amino)cycloalkanols were studied in the presence of various sulfur-containing nucleophilcs 
and Et3N. When O,O-diisopropy[ thiophosphoric acid was used as a nucleophilc, the 
corresponding O,O-diisopropyl S-[2-(N.N-dialkylamino)cycloalkyl] thiophosphates were ob- 
tained in satisfactory yields. The direction of this reaction in the presence of O-isopropyl 
toluenephosphonothioic acid depends on the pK a of aminoalcohot, namely, the amount of 
O-isopropyl tolylphosphonofluoridate that was formed along with O-isopropyl S-[2-(N,N- 
dialkylamino)cycloalkyl] tolylphosphonothioates was increased as the pK a increased The 
reactions of compound 1 with trans-2-(N,N-dialkylamino)cycloalkanols and thioacetic acid 
afforded 2-(N,N-dialkylamino)cycloalkanethiols, certain of which were readily oxidized to 
the corresponding disulfides. In the case of potassium ethyl xanthate, the composition of the 
reaction products depends on the nature of aminoalcohol. X-ray diffraction analysis of 
S-(2-piperidinocyclohexyl) N,N-dimethyldithiocarbamate demonstrated that this compound 
exists as the trans isomer. This fact supports the reaction mechanism, which we have 
suggested previously and which involves the formation of aziridinium cations followed by 
their opening under the action of nucleophilic agents. 

Key words: dimethylphosphoramidic difluoride, reactions with trans-2-(N,N-dialkyl- 
amino)cycloalkanols; O,O-diisopropyl S-[2-(N,N-dialkylamino)cycloalkyl] thiophosphatcs, 
O-isopropyl S-[2-(N,N-dialkylamino)cycloalkyl] tolylphosphonothioates, O-isopropyl 
tolylphosphonofluoridate, 2-(N,N-dialkylamino)cycloalkanethiols,  bis[trans-2-(N,N- 
dialkylamino)cycloalkyl] disulfides, bis[trans-2-(N,N-dimethylamino)cyclohexyl] disulfide, 
S-(trans-2-piperidinocyclohexyl) N,N-dimethyldithiocarbamate, synthesis; X-ray diffraction 
analysis. 

Previously, we have demonstrated that the reactions 
of  d imethy lphosphoramid ic  difiuoride (1) with trans- 
2-substi tuted cycloalkanols  can be used for the synthesis 
of  various organic  and organometal l ic  compounds,  t,2 
In particular,  the react ion of  compound 1 with trans- 
2- (N-me thy l -N-e thy l amino )cyc topen tano l  in the pres- 
ence of  O,O-diethyl  di thiophosphoric  acid and Et3N 
( S c h e m e  I) a f forded  O,O-d ie thy l  S - [ 2 - ( N - m e t h y l -  
N-e thy lamino)cyc lopenty t ]  phosphorodithioate  in quan- 
titative yield, z 

With the aim of  studying the mechanism of this 
reaction and extending the possibilities of  its use for the 
synthesis o f  o rganometa l l i c  compounds,  we studied the 
r eac t i ons  o f  c o m p o u n d  1 with trans-2-(N,N- 
dia lkylamino)cycloalkanols  in the presence of  different 
sulfur-containing nucleophiles.  We used O,O-diisopropyl 
th iophosphor ic  acid (2), O-isopropyl to luenephospho-  
nothioic acid (3), th ioace t ic  acid (4), and potassium 
O-ethyl xanthate  (5) as nucleophiles.  
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0 
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Res u l t s  and D i s c u s s i o n  

As in the case o f  O, O-diethyl di thiophosphoric  acid, 
the reactions of  trans-2-(N, N-dialkylammo)cyctoalkanols  
6a - -d  with compound  1 in the presence of  acid 2 and 
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Et3N afforded the corresponding O,O-di isopropyt  
thiophosphates 7a- -d  in 55--70% yields (Scheme 2). 
An analogous result was obtained when the reaction of 
compound 1 with 6b was carried out in the absence of 
Et3N. However, in the last-mentioned case the yield of 
product 7b was only -40%. 

Scheme 2 
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a: R + R" = (CH;z) 5, n = 1 
b: R = R" = Me, n = 2 
c: R + R' = (CH2) 4, n = 2 
d: R + ~t' = (0FI2)5, rl = 2 

7a---<l 

Therefore, the reaction under study is common to 
thiophosphoric and dithiophosphoric acids. 

A somewhat different situation was observed in the 
case of phosphonothioic acid 3. The selective formation 
of O-isopropyl S-[2-(N-methyI-N-phenylcyclohexyl)l 
tolylphosphonothioate (Sa) in satisfactory yield was ob- 
served only in the reaction of compound l with trans- 
2-(N-methyl-N-phenylamino)cyclohexanol  (6e) in the 
presence of  Et3N (Scheme 3). 
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When the reaction was carried out with the use of 
trans-2-(N,N-dimethytamino)cyclopentanol (61": R = 
R ' =  Me, n = l),  O-isopropyl tolylphosphonofluoridate 
(9) was detected along with the product of formal nu- 
cleophilic replacement of the hydroxyl group, namely, 

O-isopropyl S-[2-( N,N-dimethylamirlo)cyclopentyl)] 
tolylphosphonothioate (8b). Compound  9 was ttle major 
target product of the reaction of  compound 1 with 6b in 
the presence of Et3N_ According to the data of NMR 
spectroscopy, the content of O-isopropyl S-[2-(N,N- 
dimethylamino)cyclohexyll  tolylphosphonothioate  (8c) 
in the reaction mixture was no more than 10% with 
respect to the content of phosphonofluoridate 9, and 
only compound  9 and bis[trans-2-(N,N-dimethyl- 
amino)cyclohexyl] disulfide (10a) were isolated in the 
pure form (Scheme 4). 

Scheme 4 
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Conceivably,  the difference in the behavior  of 
aminocycloalkanols in the reaction under study (see 
Schemes 3 and 4) is associated with their basicity be- 
cause the amount of phosphonofluoridate 9 formed 
increases as the value of pK~ increases in the series 6e, 
6f, and 6b (p/k~ are <7, 9.03, and 10.16, respectively). 

In most cases, the reactions of compound I with 
trans-2-(N,N-dialkylamino)cycloatkanols in the presence 
of sulfur-containing nucleophiles 4 and 5 that do not 
contain the P atom also proceed ambiguously, which is 
attributed to high reactivity of  the  products. 

Thus, the reaction of  compound !, trans-2-(N-ben- 
zyI-N-methylamino)cyclohexano|  (6g: R = Me, R" = 
CH?Ph, n = 2), and acid 4 in the presence of  Et3N 
afforded a reaction mixture that contained (according to 
the data  of N M R  spec t ro scopy  and G L C - M S )  
S-[ 2-( N-benzyI- N-methylamino)cyclohexyt] thioacetate 
(1 t ) ,  2 - ( N - b e n z y l - N - m e t h y l a m i n o ) c y c l o h e x a n e t h i o l  
(lZa), Me2NAc, the salt of diftuorophosphoric acid 13, 
and the salt of d i f l u o r o t h i o p h o s p h o r i c  acid 14 
(Scheme 5). 

It can be suggested that thiol 12 and MelNAc were 
formed as a result of interaction of product 11 with the 
Me~NH that appeared in the mixture. It should be 
noted that acid 4 slowly reacted ~ i th  compound I in the 
presence of Et3N to form salt 14 (Scheme 6), which is, 
apparently, the cause of the presence of  salt 14 among 
the reaction products. 

In some cases, the react ions  of  trans-2~(N,N- 
dialkylamino)cycloalkanols with compound I in the pres- 
ence of acid 4 and Et3N (see Scheme 5) can be used for 
the synthesis of 2-(N,N-dialkylamino)cycloalkanethiols .  
In particular, we prepared thiol  12a by this procedure 
(the yield was 61%). According to  the data of G L C - M S ,  
the purity of compound 12a was >98%. A compound 
which is apparently a product of  intramolccular cycliza- 
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tion of thiol 12a (2-benzyl-3-methylperhydrobenzo- 
thiazole) was detected as an admixture (<1.5%; MS (El, 
70 eV), re~z: 233 [M]+). It should be noted that some 
2-(N, N-dialkylamino)cycloalkanethiols readily undergo 
oxidation. Thus, in the case of eycloalkanol 6f, we 
succeeded in isolating only b is[2-(N,N-dimethyl-  
amiqo)cyclopentyll disulfide (10b). 

Interestingly, unlike other amides of phosphorus ac- 
ids, dimethytphosphoramidic difluoride 1 is rather stable 
in acidic media. For example, compound 1 reacted with 
acid 2 at an appreciate rate only upon heating to form 
salt 13 and P,P'-oxybis(O,O-diisopropyl thiophosphate) 
(15) (Scheme 7). 

Scheme 7 
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The reaction of compound 1 with 6d in the presence 
of salt 5 afforded S-(trans-2-piperidinocyclohexyl)  
dimethyldithiocarbamate (16) as the major product 
(Scheme 8). 

However, when this reaction was carried out with the 
use of cyeloalkanol 6f, 2-(N,N-dimethylamino)cyclo- 
pentanethiol (12b), the product of its transformation 
10b, and ethyl thiocarbamate (17) were obtained as the 
major products. In addition, the reaction mixture con- 

Scheme 8 
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trans-5 
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rained a small amount of S-[2-(N,N-dimethylami-  
no)cyclopentyll O-ethyl xanthate (18) (Scheme 9). 
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The results obtained in this work demonstrate that 
when salt 5 is used as a nucleophilic agent, the compo- 
sition of the reaction products depends on the nature of 
the aminoalcohol. We believe that in both cases, the 
corresponding S,S-di(aminocycloalkyl) dithiocarbonates 
were formed. However, these thioesters reacted differ- 
ently with Me2NH. In the molecule of cyclohexyt 
thioester, the cleavage of the ester C--O bond predomi- 
nated, while in the molecule of cyclopentyl thioester, 
the cleavage of the C--S bond predominated. 

The physicochemical constants of the compounds 
synthesized by us and the data of elemental analysis are 
given in Table 1, Tile parameters of the NMR spectra 
are listed in Table 2. 

The structures of bis[trans-2-(N,N-dimethylami- 
no)cyclohexyll disulfide 10a and S-(trans-2-piperidino- 
cyclohexyl) N,N-dimethyldithiocarbamate 16 were tin- 
ambiguously established by X-ray diffraction analysis. 

The structure of molecule 10a is shown in Fig. 1. In 
the crystal, molecule 10a is located on the crystallo- 
graphic twofold axis passing through the midpoint of the 
S--S bond. The cyclohexane rings of the molecule adopt 
a chair conformation. The S and N atoms are in irons 
positions (the N(I)- -C(1)--C(6)--S(1)  torsion angle is 
-46.8~ The C(5)--C(6)--S(1)--S( la)  and C(6)--S(1)--  
S(la)--C(6a) torsion angles, which characterize the mo- 
lecular conformation, are -53.9  ~ and --82.5 ~ respec- 
tively. All bond lengths and bond angles it~ the molecule 
are close to the standard values. The intermolecular 
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dis tances  are close to the  s tandard values of  the  corre-  
spond ing  van de r  Waals  contacts .  

Tile s t ructure  of  molecu le  16 is s h o w n  in Fig 2. Tile 
molecule  con ta ins  the c y c l o h e x a n e  and  p ipe r id ine  rings 

Table 1. Physicochemical constants and the data of elemental analysis of the synthesized compounds 

Compo- B.p./~ (p/Ton') nD 25 Foutld (%) Molecular 
und M.p./~ Calculated formula 

(solvent) C H N P S 

7a 125--126 (10 -2) 1.4899 55.009_ 9,24 4 .03 .  8.92 ~ CI6H32NO3PS 
-- 54.99 9.23 4.01 886 9.17 

7b I 15--116 (10 -2) 1.4835 52.20 ~ 4.39 ~ 9_~_9_ CL4H30NO3PS 
-- 51.99 9.35 4.33 9.58 9.91 

7c 120--121 (10 -2) 1.4940 55.o3 9.26 4.02 8.91 9.~_29. C16H32NO3PS 
-- 54.99 9.23 4.01 8.86 9.17 

7d 140--143 (10 -2) 1.5090 56.33 ~ ~ ~_~60 ~ CtTtt34NO3PS 
-- 56.17 9.43 3.85 8.52 8.82 

8a * - -  65.~36 7._9_7_ 3.49 7.71 7.95 C22HnNO2PS 
-- 65.19 7.90 3.46 7.65 7.90 

9 90--91 (1) -- ~ 5 . 5 9  6._51 -- 14.43 - -  CmHI,FO2P 
..... ~ 55.56 6.48 14.35 

10a 153--155 (I) -- 60.7~9 10.1~ 8.87 -- 20.9,28 Ci6H32N2S2 
85 (hexane--PrtOH, 1 : 5) 60.76 10.13 8.86 20.25 

lOb 137--138 (10 -3) --  58,40 9_~__0 9.79 -- 22.2~ Ct4H28N2S2 
-- 58.33 9.72 9.72 22.22 

12a 102--105 (3- 10 -3 ) -- 71,72 ~ 6.07 -- ~ CI4H21NS 
- -  71.49 8.94 5.96 13.62 

16 -- --  58,75 9.18 10,16 -- 21.05 Ct4H26N2S 
78 (acetone--priOH, 1 : 5) 58.69 9.15 9.78 22.38 

" O i l .  

Table 2. Parameter~ of  the tH and 31p NMR spectra of the synthesized compounds 

Compo- 8 31p 8 IH (J/Hz) 
urtd a (J/Hz) 

7 a  2 5 . 6  

7b 25.0 

7c 24.2 

7d 25.6 

8a 42.8 

9 b 16.6 (br.d, 
J = 1055) 

IOa  

lOb 

1 2 a  

16 

1.3 (d, 12 H, (CMe2)2, J = 7): 1.55 (m, 12 H, (CH2) 4, (CH2)2); 2.5 (m, 4 tt,  N(CH2)2); 
2.7 (m, I H, NCH); 3.35 (m, 1 H, SCH); 4.6 (m, 2 H, OCH) 

1.2 (d, 12 H, (CMe2) ~, d--- 7); 1.9 (m, 8 H, (CH2)4); 2.6 (s, 6 H, NMe2);  
2.7 (m, 1 H, NCH); 3.2 (m, I H, SCH); 4.5 (m, 2 H, (OCH) 2) 

1.1 (d, 12 H, (CMe2) 2, J = 7); 1.5 (m, 4 H, (CH2)2); 1.6 (m, 8 H, (CH2)4); 
2.2 (m, 1 H, NCH); 2.4 (m, 4 H, N(CH2)2); 3.3 (m, 1 H, SCH); 4.4 (m, 2 H, (OCH b)  

1.1 (d, 12 H, (CMe2) 2, J = 7); 1.3 (m, 14 H, (CH2) 2, (CH2)3); 2. l (m, 4 H, N(CH2)~); 
2.3 (m, 1 H, NCH); 3.1 (m, 1 H, SCH); 4.3 (m, 2 H, (OCH) 2) 

1.3 (d, 6 H, CMe 2, d = 7); 1.5 (m, 4 H, (CH2)2); 1.7 (m, 4 H, (CH2)2); 2_1 (m, 3 H, CH3); 
2.3 (s, 3 H, NCH3); 2.5 (m, I H, NCH); 3.1 (m, I H, SCH); 4.3 (m, 1 H, OCH); 
7.5 (m, 5 H, Ph); 8.0 (m, 4 H, H atom.) 

1.0 (d, 6 H, CMe 2, I = 7); 2.1 (m, 3 H, CH3); 4.6 (in, I H, OCH); 7.2 (m, 4 H, H atom.) 

1.4 (m, 16 H, 2 (CH2)4); 1.9 (s, 12 H, 2 NMe2); 2.1 (m, 2 H, 2 NCH); 2.5 (m, 2 H, 2 SCH) 

1.5 (m, 12 H, 2 (CH2)3); 2.1 (s, 12 H, 2 NMe2); 2.2 (m, 2 H, 2 NCH); 2.5 (m, 2 H, 2 SCH) 

1.5 (m, 4 H, (CH2)2); 1.8 (m, 4 H, (CH2)2); 2.2 (s, 3 H, NMe); 2.6 (m, I H, NCH); 
3.5 (m, 1 H, SCH); 3.8 (m, I H, SH); 7.1 (m, 5 H, Pb) 

1.0--2.2 (m, 14 H, (CH2) 4, (CH2)3); 1.5 (m, 5 H, CHN(CH2)~): 2.6 (m, I H, NCH): 
3.5 (s, 6 H, NMe2); 3.95 (m, I H, SCH) 

o The spectra were recorded in CDCI 3 (7a--d, 8a, and 12a) and in CD3OD (10a,b and 16). 
b Without n solvent. I9F NMR for 9:,5 -61.0 (br.d, J = I055 Hz). 
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Fig. i. Structure of molecule 10a. 
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linked through the N- -C  bond. The S(I) atom of the 
planar thiocarbamate fragment is in the trans orientation 
with respect to the N atom of the piperidine ring. The 
S( I )--C(I ) - -C(2) - -N(  1 ) torsion angle is 46.9 ~ The ori- 
entation of the thiocarbamate fragment with respect to 
the cyclohexane ring is described by the C(2)--C(1)--  
S(I )--C(12) and C(6)- -C(  I)--S( l ) - -  
C(12) torsion angles ( -  161.6 ~ and 77.2 ~ .,-; 
respectively). The piperidine ring is ro- 
tated with respect to the cyclohexane 
ring by 66.1 ~ (the C( I ) - -C(2 ) - -N( I ) - -  
C(7) torsion angle). The intermolecular 
distances are close to the corresponding 
standard values of the van der Waals 
contacts. The atomic coordinates of 
compound 10a are given in Table 3. 

c(14) .... , 

.-, " .. : . / "  N (2) :.~i!,;:.",~ S(2) 

~<"C( [ 3) 

The bond lengths and bond angles are listed in Table 4. 
The corresponding characteristics for compound 16 are 
given in Tables 5 and 6, respectively. 

The mechanism of the reaction of dimethylphos- 
phoramidic difluoride 1 with trans-2-(N,N-dialkylami-  
no)cycloalkanols through the formation of aziridinium 
cations followed by their opening under the action of 
nucleophiles that are present in the reaction mixture 
(Scheme 10) is supported by the fact that compound 16 
is the r isomer. 

Based on the above-mentioned facts, it can be sug- 
gested that compounds 7a--d, 8a, 12a, and 10b are also 
trans isomers. 

.~.~, :- 
C(9)  /" 

"W"  

L') t-..; 
~, /% :% 

. . . .  x 

\ c(3  

/: \ 
S(l) C(ll :~ ,C(4) , . .  

c(12) _ ~ s  C(5) 

C(6) '-:- 

Fig. 2. Structure of molecule [6. 
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Table 3. Bond lengths (d) and principal bond angles (~) in molecule 10a 

Bond ,,l/A Bond d/~ Angle co/deg Angle co/deg 

S(I ) - -S( la)  2.042(I) C(4)--C(5) 1.526(6) 
S(I)--C(6) 1.832(4) C(5)--C(65 1.526(5) 
C(1)--C(2) 1.524(5) C(7)- -N(t )  1.455(4) 
C(I)--C(6)  1.529(4) C(8)--N(1) 1.455(5) 
C(25--C(3) 1.520(5) C( I ) - -N( I )  1.474(4) 
C(3)--C(4) 1.510(6) 

S(ta)--S(1)--C(6) 103.0(I) C(3)- -C(4)- -C(5)  110.4(4) 
S(I)- -C(6)--C(I)  107.5(2) C(45--C(5)--C(6)  110.8(3) 
S(I)--C(6)--C(5) 113.8(2) C(2 ) - -C( I ) - -N(1)  115.7(3) 
C(I)--C(2)--C(3) 110.9(3) C ( 6 ) - - C ( I ) - - N ( I )  111.5(3) 
C(t)- -C(6)--C(5)  109.6(3) C(1) - -N(1) - -C(7)  112.5('3) 
C(2)--C(3)--C(4) 112.0(4) C(1 ) - -N( I ) - -C(8 )  114.7(3) 
C(2)--C(1)--C(6) 108.8(3) C(7 ) - -N( I ) - -C(8 )  112.2(3) 

Table 4. Fractional atomic coordinates (• 104) and equivalent 
thermal parameters (Beq) for compound 10a 

Atom x y z Bcq/, ~,2 

S(I) 274(I) 970(25 2935(0) 4.26(2) 
C(I) -53(2)  -1544(6) 3879(1) 3.35(9) 
C(2) -509(2)  -3722(81 4124(2) 4.6(1) 
C(3) -1543(3) -353( I )  3958(2) 6.342) 
C(4) -1868(3) -3360(9) 3307(2) 5.7(1) 
C(5) -1391(2) -1230(8) 3058(2) 4.7(1) 
C(65 -356(2)  -1517(6) 3217(1) 3.44(9) 
C(75 1244(3) -721(9)  4661(2) 5.8(1) 
C(85 1433(3) -3588(8) 3902(25 6.4(I) 
N(I)  950(2) -1417(65 4054(1) 3.78(8) 

Experimental 

The NMR spectra were recorded on a Bruker-AC200 
spectrometer (3tp NMR, 87.02 MHz, a 85% H3PO 4 solution 
as the standard: 19F NMR, 188.31 MHz, Freon-12 as the 
standard; IH NMR, 200.13 MHz, Me4Si as the standard). 

The GLC-mass spectrometric analy'sis was carried out on 
an HP 5890 GLC-mass spectrometer (El, 70 eV) equipped 
with a MSD 5972 mass-selective detector (an HP-5MS quartz 
capillary column (30 m x 0.25 mm); methylphenylsiloxane as 
the stationary liquid phase; the evaporator temperature was 
250 ~ the detector temperature was t75 ~ the rate of 
carrier gas (He) was 1 mL rain-I;  and the voh,me of the 
sample was I mL). 

The values of pK a were determined according to a known 
procedure. 4 

A series of the initial compounds were synthesized accord- 
ing to known procedures: for 1, see Re(. 3; for trans-2-(N,N- 
dialkylamino)cycloalkanols, see Re(. 5; and for acids 2 and 3. 
see Refs. 6 and 7. The other starting compounds and solvents 
were commercial products and were purified before use. All 
procedures described below were carried out under an atmo- 
sphere of argon. 

O, O-Diis0propyl S-[2-(N,N-dimethylamino)cyclohexyl] 
thiophosphate (7b). A. Compound 1 (3.9 g, 0.03 mol) was 
added to a solution of acid 2 (5.4 g, 0.027 tool5 and 
cyeloalkanol 6a k3.9 g, 0.027 tool) in benzene (10 mE), The 
reaction mixtt, re was stirred at ~20 ~ for 6 h and then at 
70 "C for I h. Then the reaction mixture was washed succes- 
sively with water and a solution o f  sodium carbonate and 
extracted with benzene (2• mL). The combined organic 
extracts were dried over MgSO 4. The solvent was evaporated, 
and the residue was distilled off. Compound 7b was obtained 
in a yield of 3.5 g (40%). 

B. Compound ! (4.6 g, 0.036 tool) was added to a solu- 
tion placid 2 (6.0 g, 0.03 tool), Et3N (3.1 g, 0.03 tool), and 
cycloalkanol 6a (4.3 g, 0.03 tool) in benzene (15 mL). The 
reaction mixture was stirred at 80 ~ for 6 h. Then the 
reaction mixture was washed successively with water and a 
solution of sodium carbonate and extracted with benzene 
(2x 15 mL). The combined organic extracts were dried over 
MgSO4. The solvent was evaporated, and the residue was 
distilled off. Compound 7b was obtained in a yield of 5.3 g 
(55%). 

Compounds 7a, 7e, and 7d were prepared as described 
above. The IR spectra of compounds 7a--d (in CCt4) have the 
following characteristic absorption bands,  v/era-I: 2786-- 280 I 
(Boltzmann band); 1386 (pri); 1244.--1249 (P=O); 985--986 
(P--O--C);  613--614 (P--S); 571--575 (P--S). 

Table 5. Bond lengths (d) and bond angles (co) in molecule 16 

Bond d/A, Bond d/A Angle ~0/deg Angle o~/deg 

S(I ) - -C(I )  .821(3) 
S(2)--C( 125 .667(3) 
N(I) - -C(7)  .461(4) 
N(2)--C(12) .341(4) 
N(2)--C(14) .442(5) 
C( 1 )--C(6) .536(4) 
C(2)--C(3) 1.537(4) 
C(35--C(4) 1.522(5) 
C(5)--C(6) 1.523(5) 
C(8)--C(9) 1.511(5) 

C(t05--C(11) 1.518(5) 
S(15--C(12) 1.767(3) 
N(I) - -C(2)  1.462(4) 
N( I ) - -C( I  1) 1.461(4) 
N(2)--C(13) 1.462(5) 
C(1)--C(2) 1.532(4) 
C(4)--C(5) 1.524(5) 
C(7)--C(8) 1.521(5) 
C(9)--C(I0)  1.514(5) 

C(I)--S(1)--C(12) 103.7(1) 
C(2)--N(I)--C(115 112.6(2) 
C( |  2)--N(2)--C(13) 120.7(3) 
C(13)-N(2)- -C(14)  116,1(3) 
S(1)--C(I)--C(6) 112.4(2) 
C(2)--C(1)--C(6) 109.6(3) 
N(I )--C(2)--C(3) [ 16.0(2) 
C(1 )--C(2)--C(35 107.5(2) 
S(I)--C(125--C(25 112.9(2) 
C(2)--N(I )--C(7) 115.3(2) 
C(7)--N(I) - -C(I  1) 110.9(2) 
C(I 2)--N(2)--C(I 4) 123.2(3) 
S(I ) - -C(I) - -C(2)  108.2(2) 

N(1)- -C(2)- -C(1)  112.8(2) 
C(2)- -C(3)- -C(4)  l I 1.1(3) 
C(3)- -C(4)- -C(5)  110.7(35 
C(4)- -C(5)- -C(6)  tl0.5(3) 
C( I ) - -C(6) - -C(5)  t 10.1(3) 
N( I ) - -C(7) - -C(8)  110.1(3) 
C(7)- -C(8)- -C(9)  111.2(3) 
C(8)--C(9)--C(105 110.0(3) 
C(9)--C( I 0)--C( 11 ) 111.2(3) 
N(I ) - -C(I  I)--C(10) 110.1(35 
S(I) - -C(I  2)--S(2) 123.7(2) 
S(2)--C(I 2)--N(2) 123.4(2) 
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Table 6, Fractional atomic coordinates (• 104) and equivalent 
thermal parameterS (Beq) for compound 16 

Atom x ), Z B~q/A 2 

S(I) 7916(1) 1174(I) 9627(I) 4.20(2) 
S(2) 8615(1) 776(I) 12117(1) 4.97(3) 
N(I) 5895(2) 2602(2) 8824(2) 2.98(6) 
N(2) 8799(2) -838(2) 10542(2) 4.30(8) 
C(I) 7658(2) 2657(3) 10214(3) 3.42(8) 
C(2) 6831(2) 3357(3) 9338(2) 3.20(8) 
C(3) 6559(3) 4565(3) 9875(3) 4.17(9) 
C(4) 7580(3) 5346(3) 10244(3) 5.4(I) 
C(5) 8445(3) 4640(3) 11062(3) 5.5(1) 
C(6) 8705(3) 3424(3) 10556(3) 4.6(I) 
C(7) 5181(3) 2216(3) 9570(3) 3.87(9) 
C(8) 4368(3) 1259(4) 8999(3) 5.1(l) 
C(9) 370t(3) 1744(4) 7917(3) 5.2(1) 
C(10) 4454(3) 2225(4) 7188(3) 4.6(I) 
C(II)  5261(3) 3153(3) 7809(3) 3.97(9) 
C(12) 8491(2) 286(3) 10808(3) 3.64(9) 
C(13) 9295(3) -1704(~) 11410(4) 5.7(1) 
C(14) 8676(3) -1265(3) 9409(3) 5.4(~) 

O-lsopropyl S- [ 2- (N- methyl- N-phenylamiuo)cyclohexyl] 
tolylphosphonothioate (8a). Compound I (4.64 g, 0.036 tool) 
was addr to a solution of acid 3 (6.9 g, 0.03 moO, Et~N 
(3.1 g, 0.03 tool), and cycloalkanol 6e (6.15 g, 0.03 ,'nol) in 
benzene (15 mL). The reaction mixture was stirred at 80 ~ 
for 6 h. Then the reaction mixture was washed successively 
with water and a solution of  sodium carbonate and extracted 
with benzene (2x 15 mL). The combined organic extracts were 
dried over MgSO4. The solvent was evaporated, and the 
residue was kept in vacuo with the use of an oil pump. 
Compound 8a was obtained in a yield of 5.3 g (90%) as an 
yellow oil. 

Reaction of dimethylphusphoramidie difluoride (1) with 
trans-2-(N,N-dimethylamino)cyclopentanoi ( 60  in the pres- 
ence of O-isopropyl toluenephosphnnothioic acid (3) and Et3N. 
Compound I (4.64 g, 0.036 moo was added to a solution of 
acid 3 (6.9 g, 0.03 moO, Et3N (3.1 g, 0.03 mol l  and 
cycloalkanol 6f (3.9 g, 0.03 tool) in benzene (15 mL). The 
reaction mixture slightly warmed up. The reaction mixture was 
stirred at 80 ~ for 2.5 h. Then the reaction mixture was 
washed successively with water and a solution of sodium 
carbonate and extracted with benzene (2• mL). The cont- 
bined organic extracts were dried over MgSO4. The solvent was 
evaporated, and the residue was kept in vacuo using an oil 
pump. According to the data of 31p and 19F NMR spectro- 
scopy, the resulting product consisted of eompotmd 8b [80%; 
~5 31p 40.9 (s)[ and compound 9 [20%; 3 31p 16.4 (br.d, J = 
1030 Hz); 6 JgF -60.7 (br.d, I = 1030 Hz)]. We failed to 
separate these compounds by distillation under high vacuum. 

The reaction of compound I with trar~s-2-(N,N-dimethyl- 
amino)cyclohexanol Oa in the presence of acid 3 and EtIN was 
carried out analogously. According to the data of 31p and 
19F NMR spectroscopy, the resulting mixture contained com- 
pounds 7e [8 .lip 42.8 (s)] and 12 [8 31p 16.6 (br.d. J = 
1030 Hz); 8 19F -61.0 (br.d, J = 1030 Hz)] in a ratio of I : 9. 

Reaction of  compound 1 with trans-2-(N,N-dimethyt-  
amino)cyclohexano! (6b) in the presence of acid 3. Compound 
! (4.64 g, 0.036 tool) was added to a solution of acid 3 (6.9 g, 
0.03 tool) and cycloalkanol 6h (4.3 g, 0.03 moo in benzene 
(10 mL). The reaction mixture was stirred at -20 ~ for I h 

and then at 70 ~ for 2.5 h. Then the reaction mixture was 
washed successively with water and a solution of sodium 
carbonate and extracted with benzene (2x 15 mL). The com- 
bined organic extracts were dried over MgSO 4. Tile solvent was 
evaporated, and tile residue was distilled off. Compounds 9 
and 10a were obtained in yields of 3.4 g (52%) and 1.3 g 
(27%, the yield after recrystallization), respectively. MS of 9, 
re~Z: 216 [MJ § MS of 10a, m/z.: 191 [M-Me~NC6HgJ § 

2-( N-BenzyI- N-methylamino)cyclohexanethiol (12a). Com- 
pound 1 (7 g, 0.054 tool) was added por~ionwise to a solution 
of acid 4 (3.4 g, 0.045 tool), Et3N (4.6 g, 0.045 tool), and 
cycloalkanol 6g (9.9 g, 0.045 tool) in benzene (50 mL). The 
reaction mixture was stirred at -20 ~ for 2 11 and then at 
50 ~ for 7 h. The solvent was evaporated. According to the 
data of GLC-MS, the mixture contained Me2NAc and com- 
pounds 12a and !I. MS of 11 (El, 70 eV), re~z: 277 [M] +. 
According to the data of 31p and 19F NMR spectroscopy, the 
reaction mixture contained also saIz 14, which was not de- 
tected by GLC-MS [6 31p 48.0 (d, J = 1080 Hz): ,5 19F -34.5 
(d, Y = 1080 Hz)tl. Then the reaction mixture was hydrolyzed 
with an alkaline solution (pH 12) at 60--70 "C for 6 days. 
Product 12a was extracted with ethyl ether (2x20 mL). The 
combined organic extracts were dried over MgSO 4. The sot- 
vent was evaporated, and then hexane (50 mL) was added. 
The precipitate that formed was filtered off, the solvent was 
evaporated, and the reside was distilled off. Compound l ]a  
was obtained in a yield of 6.5 g (6t%). MS, re~z: 235 [M] +. 

Reaction of compound I with thioacetic acid (4) in the 
presence of Et3N. A solution of acid 4 (0.76 g, 0.01 mol l  
Et3N (1 g, 0.01 tool), and compound 1 (1.3 g, 0.0l tool) in 
benzene (5 mL) was kept for I day. According to tile data of 
31p and 19F NMR spectroscopy, the reaction mixture con- 
tained triethylammonium phosphorodifluoridate 14 [,5 31p 47.7 
(d, J = 1083 Hz); ~5 19F -34.5 (d, J = 1083 Hz)Jl along with 
the initial compound 1. 

Reaction of compound 1 with O,O-diisopropyl thiophosphorie 
acid (2), Equimolar amotmts of compotmds I and 2 were 
heated at 70 ~ for 2 days. The precipitate that formed was 
filtered off, washed with hexane, and dried in vacuo. Accord- 
ing to the data of 31P and 19F NMR spectroscopy, the precipi- 
tate was phosphorodifluoridate 13 [a 31p -15.2 (t, J = 944 Hz); 
~5 19F -82 (d, J = 944 Hz)tl. The residue was P,P'-o• 
diisopropyl thiophosphate) 15. 8 3tp NMR, ~: 41.6 (s). MS, 
re~z: 378 [MI +_ 

Bis[2-(N,N-dimethylamino)cyclopentyl] disulfide (10h). 
gt3N (23 mL, 0.163 tool) and a solution of cycloalkano[ 6[ 
(14.2 g, 0.tl  too0 in benzene (20 mL) were added succes- 
sively with stirring and cooling to a solution of acid 4 (12.4 g, 
0.163 tool) in benzene (50 mL). Compound I (17.5 mL, 
0.163 moo was added to the resulting mixture. The reaction 
mixture was stirred at 60 ~ for 7 h. Then tile solvent was 
evaporated. The residue was hydrolyzed with an alkaline solu- 
tion at 60 ~ for 20 h. The reaction mixture was extracted 
with ethyl ether (2x50 mL). The combined extracts were dried 
over MgSO4, the solvent was evaporated, and the residue was 
distilled off. Compound 10h was obtained in a yield of 8 g 
(51%). MS, re~z: 177 [M--Me2NCsH~7] +. 

S-(trans-2-Piperidinocyelohexyl) N, N-dime thyldithiocarba - 
mate (16). Compound 1 (25.8 g, 0.2 tool) was added dropwise 
to a solution of salt 5 (29.5 g, 0.184 tool) and cycloalkanot 6d 
(20.5 g, 0.12 mol) in MeCN (200 mL). The reaction mixture 
warmed up to 80 ~ Then the reaction mixture was stirred at 
70 "C for 9 h. The solvent was evaporated, and the residue 
was washed with an alkaline solution and extracted with ethyl 
ether (2x50 niL). Tile organic phase was dried over MgSO~. 
and the solvent was evaporated. The residue was kept at 80 "C 
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in vacuo ( t0  -2 Torr) until it crystallized out. C o m p o u n d  16 
was obtained in a yield o f  9.9 g (30%) (the yield after recrys- 
tallization). IR (KBr).  v / c m - t :  2801 (Boltzmann band);  1256 
(C=S) ;  1489 ( C - - N ) ;  1449 (C- -N) ;  1142 (C=S).  MS. re~z: 
198 [ M - M e 2 N C ( S ) ]  +. 

Reaction of compound ! with trans-2-(N,N-dimethyl- 
amino)cyelopentanoi (60  in the presence of potassium O-ethyl 
xanthate (5). C o m p o u n d  1 (7.7 g, 0.06 mot) was added 
dropwise  to a so lu t ion  of  salt 5 (9.9 g, 0.06 tool) and 
cycloalkanol 6f  (6.5 g, 0.05 tool) in MeCN (100 mL). The 
reaction mixture was stirred at 50 ~ for 7 h, and the solvent 
was evaporated.  According to the data of  G L C - M S ,  the 
resulting mixture conta ined  compounds  10b, 12b, 17, and 18. 
MS of  17, re~Z: 133 [M] +. MS of  18, re~z: 233 [M]*. 

The  resulting product  was heated with die thylamine at 
50 ~ for 8 h. After the  removal o f  diethylamine,  the residue 
was distilled off. According to the data of  G L C - M S ,  the major 
fraction (b.p. 146 ~C (10 -2 Tort))  consisted o f  compounds  
10b (55.5%) and  12b (45.5%). MS of  12b, m/z: 144 ( M - H I  e . 

X-ray diffraction study of single crystals of 10a and 16. 
The X-ray intensity data sets were collected on an au tomated  
Enra f -Nonius  C A D - 4  diffractometer  ( M o - K a  radiation, 0/20- 
scann ing  technique,  0.,~ x = 25~ 

Crys ta l s  o f  10a (M = 316.6) are m o n o c l i n i c ,  a = 
14.921(7) A, b = 5.394(9) A, e = 23.417(6) A, t3 = 101.15(3) ~ , 
V = 1849.2(3.5) A 3, space  group C2/c, Z = 4, dealt = 
1.137 g c m  -3. A total o f  1448 independent  reflections were 
measured of  which 1048 reflections had lhk t >- <~(I). 

Crys ta l s  o f  16 (M = 286.5) are m o n o c l i n i c ,  a = 
12.470(2) A, b = 10.880 A, c = 12_247 ,,k, 13 = 101.62(3) ~ , 
V =  1627,5(1.3) A 3 space  group P21/c, Z = 4, dealt = 
1.169 g c m  -3. A total of  2396 independent  reflections were 
measured o f  which 2103 reflections had lhk l >_ o(l). 

The structt~res were solved aild t h e  geometr ic  and thermal  
parameters of  the molecules were refi ned using the SH ELX-93 
program package. All nonhydrogen  a t o m s  were refined aniso-  
tropically by the fidl-matrix leas t - squares  methods.  The  posi- 
t ions of  the H atoms were located f rom the difference Fourier  
synthesis  and refined using the r id ing model.  For both com-  
potmds,  the final values o f  the R fac tor  was 0.037, and R w = 
0.038. 

T h i s  work  was  f i nanc i a l l y  s u p p o r t e d  by t h e  I n t e r n a -  
t iona l  S c i e n c e  a u d  E n g i n e e r i n g  C e n t e r  ( G r a n t  125).  
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