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Studies of reactions of dimethylphosphoramidic difluoride
with trans-2-(N,N-dialkylamino)cycloalkanols in the presence
of various sulfur-containing nucleophiles
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The reactions of dimethylphosphoramidic difluoride (1) with srans-2-(N, N-dialkyl-
aminojcycloalkanols were studied in the presence of various sulfur-containing nucleophiles
and Et3N. When O,0-diisopropyl thiophosphoric acid was used as a nucleophile, the
corresponding O, O-diisopropyl S-[2-(¥.N-dialkylamino)cycloalkyl] thiophosphates were ob-
taincd in satisfactory yields. The direction of this reaction in the presence of O-isopropyl
toluenephosphonothioic acid depends on the pK, of aminoalcohol, namely, the amount of
O-isopropyl tolylphosphonofluoridate that was formed along with O-isopropyl S-[2-(N,N-
dialkylamino)cycloatkyl] tolylphosphonothioates was increased as the pK, increased. The
reactions of compound 1 with frans-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 frans isomer. This fact supports the reaction mechanism, which we have
suggested previously and which invelves 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-diisopropyt S-{2-(N, N-dialkylamino)cycloalky!] thiophosphates,
O-isopropyl S-{2-(N,N-diatkylamino)cycloalkyl] tolylphosphonothioates, O-isopropyl
tolylphosphonofiuoridate, 2-(N,N-dialkylamino)cycloalkanethiols, bis{trans-2-(N,N-
diatkylamino)cycloalky!] disulfides, bis{rrans-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 dimethylphosphoramidic difluoride (1) with trans-
2-substituted cycloalkanols can be used for the synthesis
of various organic and organometallic compounds.!?
In particular, the reaction of compound 1 with frans-
2-(N-methy!l- N-ethylamino)cyclopentanol in the pres-
ence of O,0-diethyl dithiophosphoric acid and Et;N
(Scheme 1) afforded O,O-diethyl S§-{2-(N-methyl-
N-ethylamino)cyclopentyl] phosphorodithioate in quan-
titative yield.2

With the aim of studying the mechanism of this
reaction and extending the possibilities of its use for the
synthesis of organometallic compounds, we studied the
reactions of compound 1 with trans-2-(N,N-
dialkylamino)cycloalkanols in the presence of different
sulfur-containing nucleophiles. We used O, O-diisopropy!
thiophosphoric acid (2), O-isopropyl toluenephospho-
nothioic acid (3), thioacetic acid (4), and potassium
O-cthyl xanthate (5) as nucleophiles.

Scheme 1

HO

F I
MezN—ﬁ<F + Me—N—Et + (EtO),P—SH:NEl, —

trans

i
— (E10),P—S
Me—N—Et
Resuits and Discussion

As in the case of 0, 0-diethyl dithiophosphoric actd,
the reactions of rrans-2-( N, N-dialkylamino)cycloalkanols
6a—d with compound 1 in the presence of acid 2 and
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EtsN afforded the corresponding O, O-diisopropyl
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
Et;N. However, in the last-mentioned case the yield of
product 7b was only ~40%. '

Scheme 2
HO
Et,N
1+ + (PrO),P—SH ——
(CH,), !
trans-6a~d
O
— (Pr'O)z?’*-'S
{CH,},
R—N—R’
7a—d
a: R+ R™ = (CHys, n =1
b:R =R = Me, n =2
c:R+ R = (CHylyn =2
d: R+ R" = (CHyjg, n =2

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-methyl- N-phenylcyclohexyl)]
tolylphosphonothioate (8a) in satisfactory yield was ob-
served only in the reaction of compound 1 with rans-
2-( N-methyl- N-phenylamino)cyclohexanol (6e) in the
presence of EtyN (Scheme 3).

Scheme 3
HO ) /SH Et,N
1+ + Pro—p —
T e ™
Me—N-—Ph
trans-6e 3

i
—+ PiO—P—S

l‘\i—Me
Ph

8a

When the reaction was carried out with the use of
trans-2-( N, N-dimethylamino)cyclopentanol (6f: R =
R = Me, n = 1), O-isopropy! tolylphosphonofluoridate
(9) was detected along with the product of formal nu-
cleophilic replacement of the hydroxyl group, namely.

O-isopropyl S-(2-(N,N-dimethylamino)cyclopentyl)]
tolylphosphonothioate (8b). Compound 9 was the major
target product of the reaction of compound 1 with éb in
the presence of Et;N. According to the data of NMR
spectroscopy, the content of O-isopropyl S-[2-(N,N-
dimethylamino)cyclohexy!l] tolylphosphonothioate (8¢)
in the reaction mixture was no more than 10% with
respect to the content of phosphonofluoridate 9, and
only compound 9 and bis{rrans-2-(N ,N-dimethyl-
aminojcyclohexyl] disulfide (10a) were isolated in the
pure form (Scheme 4).

Scheme 4

1
|
l
NMe,, J 2

9 trans-10a

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 (pK, are <7, 9.03, and 10.16, respectively).

In most cases, the reactions of compound 1 with
trans-2-( N, N-dialkylamino)cycloalkanols in the presence
of sulfur-containing nucleophiles 4 and 5 that do not
contain the P atom aiso proceed ambiguously, which is
attributed to high reactivity of the products.

Thus, the reaction of compound 1, trans-2-(/N-ben-
zyl- N-methylamino)cyclohexanol (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 NMR spectroscopy and GLC-MS)
S-[2-(N-benzyl- N-methylamino)cyclohexyl] thioacetate
(11}, 2-(N-benzyl-N-methylamino)cyclohexanethiol
(12a), Me,NAc, the salt of difluorophosphoric acid 13,
and the salt of difluorothiophosphoric acid 14
(Scheme 5).

It can be suggested that thiol 12 and Me,NAc 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 with compound 1 in the
presence of E;N 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 reactions of trans-2-(N,N-
dialkylamino)cycloalkanols with compound 1 in the pres-
ence of acid 4 and Et;N (see Scheme 5) can be used for
the synthesis of 2-( N, N-dialkylamino)cycloaikanethiols.
In particular, we prepared thiol 12a by this procedure
(the vield was 61%). According to the data of GLC-MS,
the purity of compound 12a was >98%. A compound
which is apparently a product of intramolecular cycliza-
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. ) tained a small amount of S-[{2-(N,N-dimethylami-
Me—C—S HS no)cyclopentyi] O-cthyi xanthate (18) (Scheme 9).
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Scheme 6
N
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tion of thiol 12a (2-benzyl-3-methylperhydrobenzo-
thiazole) was detected as an admixture (<1.5%; MS (EI,
70 eV), m/z: 233 (M]*). It should be noted that some
2-(N, N-dialkylamino)cycloalkanethiols readily undergo
oxidation. Thus, in the case of cycloalkanol 6f, we
succeeded in isolating only bis{2-(N,N-dimethyl-
amino)cyclopentyl] disulfide (10b).

interestingly, unlike other amides of phosphorus ac-
ids, dimethylphosphoramidic 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
sait 13 and P, P’ -oxybis( O, O-diisopropy! thiophosphate)
(15) (Scheme 7).

Scheme 7
o . G 4
1 +2 ~—* (PrO),P~0—P(0Pr]), + ELNH-F,PO,
15 13

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

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

Scheme 9
[MezN 1 Me,N

.

1+6f+5~—>1 ] +

L —s 2 SH
10b 12b
Me, N
+ EO—C=NMe, + $—¢—OEt
S S

17 i8

The results obtained in this work demonstrate that
when salt § 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 5, S-di(aminocycloalkyl) dithiocarbonates
were formed. However, these thioesters reacted differ-
ently with Me;NH. In the molecule of cyclohexy!
thioester, the cleavage of the ester C—O bond predomi-
nated, while in the molecule of cyclopenty! 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. The parameters of the NMR spectra
are listed in Table 2.

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

The structure of molecule 10a is shown in Fig. [. 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 rrans
positions (the N(1)—C(1)—C(6)—S(1) torsion angle is
—46.8°). The C(3)—C(6)—S(1)—S(1a) and C(6)—S(1)—
S(la)—C(6a) torsion angles, which characterize the mo-
lecular conformation, are —53.9° and —82.5°, rcspec-
tively. All bond lengths and bond angles in the molecuie
are close to the standard values. The intermolecular
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distances are close to the standard values of the corre- The structure of molecule 16 is shown in Fig 2. The
sponding van der Waals contacts. molecule contains the cyclohexane and piperidine rings

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

Compo-  B.p./°C (p/Torr) np Found (%) Molecular
und p./° Calculated formula
(solvent) C H N P S
7a 125—126 (1072 1.4899 55.09 24 4.03 892 9.23 CH33NO3PS
— 5499 923 401 8.86 9.17
b 115—116 (1072) 1.4835 3220 94l 439 97t 999 C4H3oNO;PS
— 5199 935 433 958 991
e 120—121 (1072) 1.4940 5503 926 4.02 891 929  CuHy;NOPS
— 5499 923 401 8386 9.17
74 140—143 (1072) 15090 5633 948 387 860 889  C;HyNO,PS
- 56.17 943 385 852 882
8a * - 6536 197 349 771 7195 Cy;H;33,NO,PS
- 65.19 790 346 7.65 790
9 90—91 (1) - 5559 651 — 1443 — CgH 4FO,P
== 55.56 6.48 14.33
10a 153—155 (1) - 60.79 1015 887 — 2028  CHyN;S,
85 (hexane—Pr'OH, | : 9) 60.76 10.13 B8.86 20.25
10b 137138 (1073) — 5840 980 97 —~ 2234 CHyuNS,
= 58.33 9.72 9.72 22.22
12a 102—105 (3-107%) - 7172 908 607 — 1381  C;4Hy;NS
= 7149 894 596 13.62
16 - — 5875 918 1046 — 2105  CgHyN;S
78 (acetone—Pr'OH, t : 5) 58.69 9.5 9.78 22.38
* Oil.
Table 2. Parameters of the 'H and 3'P NMR spectra of the synthesized compounds
Compo-  §131p 5 'H (J/Hz)
und? (J/Hz)
Ta 25.6 1.3 (d, 12 H, (CMey);, /= 7): 1.55 (m, 12 H, (CHaly, (CH3)p); 2.5 (m, 4 H, N(CH,),);
2.7 (m, | H, NCH); 3.35 (m, 1 H, SCH); 4.6 (m, 2 H, OCH)
b 25.0 [2 (d, 12 H, (CMey)y, 7= 7); 1.9 (m, 8 H, (CHyy); 2.6 (s, 6 H, NMey);
2.7 (m, 1t H, NCH); 3.2 (m, | H, SCH); 4.5 (m, 2 H, (OCH),)
Te 242 1.1 (d, 12 H, (CMey)y, /= 7); 15 (m, 4 H, (CHy),); 1.6 (m, 8 H, (CHypy):
2.2 (m, 1 H, NCH); 2.4 (m, 4 H, N(CH3)9); 3.3 (m, 1 H, SCH); 4.4 (m, 2 H, (OCH)y)
7d 25.6 1.1 (d, 12 H, (CMey),, J = T7); 1.3 (m, 14 H, (CHj);, (CHy)5); 2.1 (m, 4 H, N(CHjy),);
23 (m, | H, NCH); 3.1 {m, | H, SCH); 43 {m, 2 H, (OCH),)
8a 428 13(d, 6 H, CMes, J = 7); 1.5 (m, 4 H, (CHp,): 1.7 (m, 4 H, (CHy)y): 2.1 (m, 3 H, CHy):

2.3 (s, 3 H, NCHy); 2.5 (m, I H, NCH); 3.1 (m, 1 H, SCH); 43 (m, I H, OCH);
7.5 (m, 5 H, Ph); 8.0 (m, 4 H, H arom.)

95 16.6 (br.d, 1.0 (d, 6 H, CMe,, / = 7); 2.1 (m, 3 H, CHy); 4.6 (m, t H, OCH); 7.2 (m, 4 H, H arom.)
J = 1059)
10a — 1.4 (m, 16 H, 2 (CH)9); 1.9 (s, 12 H, 2 NMey); 2.1 (m, 2 H, 2 NCH); 2.5 (m, 2 H, 2 SCH)
10b - 15 (m, 12 H, 2 (CHy)3): 2.1 (s, 12 H, 2 NMey); 2.2 (m, 2 H, 2 NCH); 2.5 (m, 2 H, 2 SCH)
12a — 1.5 (m, 4 H, (CHy)3): 1.8 (m, 4 H, (CH;)y); 2.2 (s, 3 H, NMe): 2.6 (m, 1 H, NCH):
3.5 (m. I H, SCH); 3.8 (m, | H, SH); 7.t (m, 5 H, Ph)
16 - 10—22 (m, 14 H, (CHy)e (CHpp; 15 (m, 5 H, CHN(CHy)y): 2.6 (m, | H, NCH):

3.5 (s, 6 H, NMe,); 3.95 (m, 1 H, SCH)

a The spectra were recorded in CDCl; (7Ta—d, 8a, and 12a) and in CD;0D (10a.b and 16).
b Without a solvent. '9F NMR for 9: § —61.0 (br.d, / = [055 H2).
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Fig. 1. Structure of molecule 10a.
Scheme 10 The bond lengths and bond angles are listed in Table 4.
The corresponding characteristics for compound 16 are
RN given in Tables 5 and 6, respectively.
2 (CH.,) o i The mechanism of the reaction of dimethylphos-
- 2 s phoramidic difluoride 1 with frans-2-(N, N-diatkylami-
2 (CH.) no)cycloalkanols through the formation of aziridinium
o RN 2'n cations followed by their opening under the action of
trans nucleophiles that are present in the reaction mixture
r (Scheme 10) is supported by the fact that compound 16
l / NE_R o) is the trans isomer.
e 0. G Q) | NS |+ N Based on the above-mentioned facts, it can be sug-
roorT L gested that compounds 7a—d, 8a, 12a, and 10b are also
R,N trans isomers.
CH %
( 2)n A C(g) A
:) 4
Nu !
trans C(8) 18

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(H—C(1)—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(1)—C(12) and C(6)—C(I)—S(1)—

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(1)—C(2)—N(1)—
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( 13)

P \C(IO)
. DN

C(7)r:\’*\/l.\C(I 1)

Fig. 2. Structure of molecule 16.
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Table 3. Bond lengths {d) and principal bond angles (w) in molecule 10a

Bond d/A Bond d/A Angle w/deg Angle w/deg
S(1)y—S(la) 2.042(1) C(4)—C(3) 1.526(6) S(la)y—=S(1)—C(6) 103.0(1) C(H—-C(a4)—C(5) 11044
S(H)—C(6) 1.832(4) C(5)—C(6} 1.526(5) S(H—C(6)—C(1) 107.5(2) CHY—C(5)—C(6) 110.8(3)
ClH—C)  1524(5) C(H—N(I)  1455(4)  S(1)—C(E)~C(5) 1138(2) C)—C(H—-N(1) 115.7(3)
CUH—C) 15298 C@—N(I) 1455(5)  C(1)—CQ—C(3) 110.9(3) C(6)—C(1)—N(1) 1115(3)
C()H)—C(3) 1.520(5) C()—N(1) 1.474(4) C(H—C(6)—C(5) 109.6(3) C(OH—N(D)=C(7) 112.5(3)
C(3)—-C(4) 1.510(6}) C(2)~C(3)~C(4) 112.0(4) C(H—N(1)—C(8) 114.7(3)

C(2)—~-C(1)—C(6) 108.8(3) C(N—N(H-—-C(8) 112.2(3)

Table 4. Fractional atomic coordinates (<104) and equivalent
thermal parameters (8.q) for compound 10a

Atom X y z ch/i\.2
SN 274(1) 970(2) 2935(0) 4.26(2)
C(1) —=53(2) —1544(6) 3879(1) 3.35(9)
C(2) —509(2) -3722(8) 4124(2) 4.6(1)
C(3) —-1543(3) =353(1) 3958(2) 6.3(2)
C(4)  —1868(3)  —3360(9) 3307(2) 5.7(1)
C(5) —1391(2) -1230(8) 3058(2) 4.7(1)
C(6) —356(2) —1517(6) 3217(1) 3.44(9)
C(7) 1244(3) ~721(9) 4661(2) 5.8(1)
C(8) 1433(3) —3588(8) 3902(2) 6.4(1)
N(I) 950(2) ~1417(6) 4054(1) 3.78(8)
Experimental

The NMR spectra were recorded on a Bruker-AC200
spectrometer (3'P NMR, 87.02 MHz, a 85% H;PO, solution
as the standard; 'F NMR, 188.31 MHz, Freon-12 as the
standard; 'H NMR, 200.13 MHz, Me,Si as the standard).

The GLC-mass spectrometric analysis was carried out on
an HP 5890 GLC-mass spectrometer (El, 70 eV) equipped
with a MSD 5972 mass-selective detector (an HP-3MS quarntz
capillary column (30 m x 0.25 mm); methylphenylsiloxane as
the stationpary liquid phase; the evaporator temperature was
250 °C; the detector temperature was 175 °C; the rate of
carrier gas (He) was I mL min™!; and the volume of the
sample was | mL).

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

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

A series of the initial compounds were synthesized accord-
ing to known procedures: for 1, see Ref. 3; for trans-2-(N N-
dialkylamino)cycloalkanols, see Ref. 3; 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.

0,0-Diisopropyl §-{2-(N,N-dimethylamino)cyclohexyi]
thiophosphate (7b). 4. Compound I (3.9 g, 0.03 mol) was
added to a solution of acid 2 (5.4 g, 0.027 mo!l) and
cycloalkanol 6a 3.9 g, 0.027 mol) in benzene (10 mL). The
reaction mixture was stirred at ~20 °C for 6 h and then at
70 °C for | h. Then the reaction mixture was washed succes-
sively with water and a solution of sodium carbonate and
extracted with benzene (2x15 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 1 (4.6 g, 0.036 mol) was added to a solu-
tion of acid 2 (6.0 g, 0.03 mol), Et;N (3.1 g, 0.03 mol), and
cycloalkanol 6a (4.3 g, 0.03 mol) in benzene (15 mL). The
reaction mixture was stirred at 80 °C for 6 h. Then the
reaction mixture was washed successively with water and a
sofution of sodium carbonate and extracted with benzene
{(2x15 mL). The combined organic extracts were dried over
MgSQO,. The solvent was evaporatcd, and the residue was
distilled off. Compound 7b was obtained in a yield of 5.3 g
(55%).

Compounds 7a, 7¢, and 7d were prepared as described
above. The IR spectra of compounds 7a—d (in CCly) have the
following characteristic absorption bands, v/cm™!: 2786—2801
(Boltzmann band); 1386 (Prl); 1244-—1249 (P=0); 985986
(P—0-C); 613—614 (P-S); 571—575 (P-S).

Bond d/A Bond d/A Angle w/deg Angle w/deg
S(1)—C(1) 1.821(3) CUO)—C() 1.518(3)  C(H—S(H)—C(12) 103.7(1) N(1)—C(2)—C(I) 112.8(2)
S(2)—C(12) 1.667(3)  S(1)—C(12)  1.767(3)  C)~N{)—~C(11) 112.6(2) C(D—C(3)—C(4) 1L1(3)
N(1)—C(7) 1.461(4)  N(I—C(2) 1.462(4)  C(12)—N(2)—C(13) 120.7(3) C(3)—C(4)—C(5) 110.7¢3)
N()—C(12)  1.341(4) N(OH—C(11) 1.461(8)  CUN-N2I-C(14)  116.1(3) C(4)—C(5)—C(6) 110.5(3)
N(2)~C(14)  1.442(5) N(2)—C(3) 1.462(5) S(D)—C(1)~C(6) 112.4(2) C(H—C(6)—-C(5) 110.1(3)
C(1)—C(6) 1.536(4) C(1)—C(2) 1.532¢(4)  C()—-C(1)~C(6) 109.6(3) N(H—C(7)—C(8) 110.1(3)
C(2)—C(3) 1.537(4) C(8)—C(5) 1.524(5) N{1)—C()—~C(3) 116.0(2) C(7)—C(8)—C(9) 111.2(3)
C(3)—C4) 1.522(5) C(7H—C(8) 1.521(5) C(H—C(~C(3) 107.5(2) C(8)—C(9)—C(10) 110.0(3)
C(3)—C(6) 1.523(5) C(9)—C(10) 1.5145  S(H-C(12)~C(2) 112.9(2) COH—CIMH—C(11)  111.2(3)
C(8)—C(% 1.511(5) C()—N{(H—C(7) 115.3(2) N(H—C{11)—C(10)  110.1(3)
C(MH—N()~C(i 1) 110.9(2) S(1H)—C(12)—S(2) 123.7(2)
C1)—N@)—C(14)  123.2(3) S(A)—C2)—=N@) 123.4(2)
S(1)—-C(H—C(2) 108.2(2)
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Table 6. Fractional atomic coordinates (% 10%) and equivalent
thermal parameters (B,,) for compound 16

Atom x ¥ b4 B.o/ A’
S(H 7916(1) L1741 9627(1) 4.2002)
S(2) 8615(1) 776(1) 12117(1) 4.97(3)
N(1) 5895(2) 2602(2) 8824(2) 2.98(6)
N(2) 8799(2) —-838(2) 10542(2) 4.30(8)
C(1) 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(1)
C(5) 8445(3) 4640(3) 11062(3) 5.5(1)
C(6) 8705(3) 3424(3) 10556(3) 4.6(1)
C(n 5181(3) 2216(3) 9570(3) 3.87(%
C(8) 4368(3) 1259(4) 8999(3) S
C(9) 3701(3) 1744(4) 7917(3) 5xh
C(l0) 4454(3) 2225(4) 7188(3) 4.6(1)
c(n 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(3) 11410(4) 5.7(1)
C(14) 8676(3) ~1265(3) 9409(3) S.A4(H

0-Isopropyl S-{2-(N-methyl- N-phenylamino)cyclohexyl]
tolylphosphonothioate (8a). Compound 1 (4.64 g, 0.036 mob)
was added to a solution of acid 3 (6.9 g, 0.03 mol), Et;N
(3.1 8, 0.03 mol), and cycloalkanol 6e (6.15 g, 0.03 mol) in
benzene (15 mL). The reaction mixture was stirred at 80 °C
for 6 h. Then the reaction mixture was washed successively
with water and a solution of sodium carbonate and extracted
with benzene (2% 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 dimethylphasphoramidic difluoride (1) with
trans-2-( N, N-dimethylamino)cyclopentanol (6f) in the pres-
ence of O-isopropyl toluenephosphonothioic acid (3) and Et3N.
Compound 1 (4.64 g, 0.036 mol) was added to a solution of
acid 3 (6.9 g, 0.03 mol), EyN (3.1 g, 0.03 mol), and
cycloalkanol 6f (3.9 g, 0.03 mol) in benzene (1S mlL). The
reaction mixture stightly warmed up. The reaction mixture was
stirred at 80 °C for 2.5 h. Then the reaction mixture was
washed successively with water and a solution of sodium
carbonate and extracted with benzene (2x15 mL). The com-
bined organic extracis were dried over MgSQ,. The solvent was
evaporated, and the residue was kept in vacuo using an oil
pump. According to the data of 3'P and 19F NMR spectro-
scopy, the resulting product consisted of compound 8b {80%;
5 31P 40.9 (s)| and compound 9 [20%; 6 3'P 16.4 (brd, J =
1030 Hz); & 19F —60.7 (brd, J = 1030 Hz)]. We failed to
separate these compounds by distillation under high vacuum.

The reaction of compound 1 with rrans-2-( N, N-dimethyl-
amino)cyclohexanol 6b in the presence of acid 3 and Et;N was
carried out analogously. According to the data of 3'P and
I9F NMR spectroscopy, the resulting mixture contained com-
pounds 7¢ {8 3P 42.8 (s)} and 12 [8 3'P 166 {brd, J =
1030 Hz): 8 '9F —61.0 (brd, / = 1030 Hz)) inaratioof § : 9.

Reaction of compound 1 with rans-2-(N,N-dimethyl-
amina)cyclohexanoal (6b) in the presence of acid 3. Compound
1 (4.64 g, 0.036 mol) was added to a solution of acid 3 (6.9 g,
0.03 mol) and cycloalkanol 6b (4.3 g, 0.03 mol) in benzene
{10 mL). The reaction mixture was stirred at ~20 °C for | h

and then at 70 °C for 2.5 . Then the reaction mixturc was
washed successively with water and a solution of sodium
carbonate and extracted with benzene (2x15 mL). The com-
bined organic extracts were dried over MgSQ,. The solvent was
evaporated, and the residue was distifled 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.
mfz: 216 [M]T. MS of 10a, m/z 191 [M—Me;NCgHqj*.
2-(N-Benzyl- N-methylamino)cyclohexanethiol (12a). Com-
pound 1 (7 g, 8.054 mol) was added portionwise to a solution
of acid 4 (3.4 g, 0.045 mol), EyN (4.6 g, 0.045 mol), and
cycloalkanol 6g (3.9 g, 0.045 mol) in benzene (50 mL). The
reaction mixture was stirred at ~20 °C for 2 h and then at
50 °C for 7 h. The sofvent was evaporated. According to the
data of GLC-MS, the mixture contained Me,NAc and com-
pounds 12a and 11. MS of L1 (EI, 70 eV), m/z 277 [M]*.
According to the data of 3'P and '*F NMR spectroscopy, the
reaction mixture contained also salt 14, which was not de-
tected by GLC-MS (6 31P 48.0 (d, J = 1080 Hz); § 19F ~34.5
(d, 7 = 1080 H2z)!}. Then the reaction mixture was hydrolyzed
with an alkaline solution (pH 12) at 60—70 °C for & days.
Product 12a was extracted with ethyl ether (2x20 mL). The
combined organic extracts were dried over MgSQO,. The sol-
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 12a
was obtained in a yield of 6.5 g (61%). MS, m/z 235 [M]*.

Reaction of compound 1 with thioacetic acid (4) in the
presence of Et3N. A solution of acid 4 (0.76 g, 0.01 mol),
Et;N (1 g, 0.01 mol), and compound 1 (1.3 g, 0.00 mol) in
benzene (5 mL) was kept for 1 day. According to the data of
3tp and 1%F NMR spectroscopy, the reaction mixture con-
tained tricthylammoninm phosphorodifiuoridate 14 {5 31P 47.7
(d, J = 1083 Hz); 8 YWF —34.5 (d, 7 = 1083 Hz)}} along with
the initial compound 1.

Reaction of compound 1 with 0, O-diisopropyl thiophosphoric
acid (2). Equimolar amounts of compounds 1 and 2 were
heated at 70 °C for 2 days. The precipitate that formed was
filtered off, washed with hexane, and dried in veocuo. Accord-
ing to the data of 3'P and 1®F NMR spectroscopy, the precipi-
tate was phosphorodifluoridate 13 {5 1P —~15.2 (1, J = 944 Hz),
5 I9F —82(d, / = 944 Hz)']. The residue was P,P-oxybis(Q,0-
diisopropyl thiophosphate) 158 3P NMR, &: 41.6 (s). MS,
m/z. 378 [M}™.

Bis{2-(N,N-dimethylamino)cyciopentyl] disulfide (108b).
Et;N (23 mL, 0.163 mol) and a solution of cycloatkanol 6f
(14.2 g, 0.11 mol) in benzene (20 ml) were added succes-
sively with stirring and cooling to a solution of acid 4 (12.4 g,
0.163 mol) in benzene (50 mL). Compound 1 (17.5 mlL,
0.163 mol) was added to the resulting mixture. The reaction
mixture was stirred at 60 °C for 7 h. Then the solvent was
evaporated. The residue was hydrolyzed with an alkaline solu-
tion at 60 °C for 20 h. The reaction mixture was extracted
with ethyl ether (2x50 ml). The combined extracts were dried
over MgSOy,, the solvent was evaporated, and the residue was
distilled off. Compound 10b was obtained in a yield of 8 g
(51%). MS, m/z 177 [M—Me,NCs;H 5},

S-(1rans-2-Piperidinocyclohexyl) N,N-dimethyldithiocarba-
mate (16). Compound 1 (25.8 g, 0.2 mol) was added dropwise
to a solution of salt § (29.5 g, 0.184 mol) and cycloalkanot 6d
(20.5 g, 0.12 mol) in MeCN (200 mL). The reaction mixture
warmed up to 80 °C. 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 (2x30 mL). The organic phase was dried over MgSQO..
and the solvent was evaporated. The residue was kept at 80 °C
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in vacwo (1072 Torr) until it crystallized out. Compound 16
was obtained in a yield of 9.9 g (30%) (the yicld after recrys-
tallization). 1R (KBr). v/cm™!: 2801 (Boltzmann band); 1256
(C=S); 1489 (C—N): 1449 (C—N), 1142 (C=S8). MS. m/z
198 [M—Me,NC(S)]™.

Reaction of compound 1 with trans-2-(N,N-dimethyl-
amino)cyclopentanol (6f) in the presence of potassium O-ethyl
xanthate (5). Compound 1 (7.7 g, 0.06 mol) was added
dropwise to a solution of salt 5 (9.9 g, 0.06 mol) and
cycloalkanol 6f (6.5 g, 0.05 nmiol) in MeCN (100 mL). The
reaction mixture was stirred at 50 °C for 7 h, and the solvent
was evaporated. According to the data of GLC-MS, the
resulting mixture containéd compounds 10b, 12b, 17, and 18.
MS of 17, m/z: 133 {M}*. MS of 18, m/z: 233 [M]*.

The resulting product was heated with dicthylamine at
50 °C for 8 h. After the removal of diethylamine, the residue
was distilled off. According to the data of GLC-MS, the major
fraction (b.p. 146 °C (1072 Torr)) consisted of compounds
10b (55.5%) and 12b (45.5%). MS of 12b, m/z: 144 [M—H[".

X-ray diffraction study of single crystals of 10a and 16.
The X-ray intensity data sets were collected on an automated
Enraf-Nonius CAD-4 diffractometer (Mo-Ka radiation, 0/26-
scanning technique, 8,,,, = 25°).

Crystals of 10a (M = 316.6) are monoclinic, a =
14.921(7) A, b =5.394(9) A, c =23417(6) A, = 101.15(3)°,
v = 1849.2(3.5) A%, space group C2/c, Z = 4, dy =
1.137 g cm™. A total of 1448 independent reflections were
measured of which 1048 reflections had {4, 2 o(/).

Crystals of 16 (M = 286.5) are monoclinic, ¢ =
12.470(2) A, b = 10.880 A, ¢ = 12.247 A, B = 101.62(3)°.
V= 1627.5(1.3) A3 space group P2,/c, Z = 4, d =
1.169 g cm™3. A total of 2396 independent reflections were
measured of which 2103 reflections had [ > o).

The structures were solved and the geometric and thermal
parameters of the molecules were refined using the SHELX-93
program package. All nonhydrogen atoms were refined aniso-
tropically by the full-matrix least-squares methods. The posi-
tions of the H atoms were located from the difference Fourier
synthesis and refined using the riding model. For both com-
pounds, the final vatues of the R factor was 0.037, and R, =
0.038.

This work was financially supported by the Interna-
tional Science and Engineering Center (Grant [25).
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