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Abstract: A stereospecific synthesis of P-chiral sulfenyl chlorides 6a,b has been
developed from P-chiral sulfenylamide 9a,b,c by a novel procedure employing
2Me;SiCl + 2EtOH as the reagent of choice. The sulfenylamides 9a,b,c were prepared
either by stereospecific reaction of the P-chiral 'nydrogen phosphinothioate 8a with
aminosulfeny} halides or acpcuauuu of a mixture of diastereomeric va,ﬂ C Dy
crystallisation. P-Chiral chlorides 6a,b were allowed to react with secondary amines
such as morpholine or dicyclohexyl amine. All these displacement reactions proceed
with almost complete stereochemical integrity at the phosphorus atom. These
observations support a synchronous mechanism of bond breaking and bond formation
during nucleophilic displacement at the dicoordinate sulfur atom. The same can be said
about the reaction of sulfenamides 9a,b,c with hydrogen chloride. © 1998 Elsevier Science

Lud. All rights reserved.

Derivatives of sulfenic acids of general formula RS-X 1 represent a wide range of
structures which are important in heteroatom chemistry. Representative groups R cover alkyl,
aryl, acetyl, amino, phosphoryl and thiophosphory! ligands. The leaving group X may include
groups like NR,, OR, SCN, halogens and CN. We focused our attention on molecules of the
type 1 where R represents phosphoryl RR"P(O)- and thiophosphoryl RR'P(S)- groups. The
leaving group X includes halogens, NR,, OR, SR and CN. Many of these structures are readily

available, relatively stable, useful as reagents and models for mechanistic studies."?

[ R e | ..

Disuifides of the formula [RR'P(O)S], 2 which contain two strongly electronegative

phosphoryl groups attached to the disulfide core have been recognized as pseudohalogen
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species.’ Both structure and properties of these compounds 2 resemble the well-known
>yanogen (SCN),. Therefore compounds RR'P(O)S-X (X=Br,Cl) 3 can be classified as
pseudohalogenohalogens. When R # R', compounds 2 and 3 have a P center of chirality and
can exist as enantiomers or diastereoizomers, which are available from corresponding chiral

phosphorus monothioacids.*

. Me;sSiX SO.Chp

Phosphorus dithioacids RR'P(S)SH 4 are achiral, and synthesis of P-chiral systems [RR'P(S)S],
5 and RR'P(S)S-X (X=Br,Cl) 6 requires different strategies to those described for compounds 3
and 5. This paper describes the efficient synthesis of the P-chiral systems 6 (X=ClI).

Reactions of compounds 3 and 6 with the majority of nt

simple alkane and arenesulfenyl halides.” We assumed that P-chiral thioxophosphorane-

of nucleophilic displacement reactions at the dicoordinate sulfur atom. In these models
stereochemical integrity at the P-chiral center is indicative for intermediates that are involved

in the displacement of ligand X at the dicoordinate sulfur center. The achiral nature of

6 Fantalanmbilic arthatitntinm ot Alnmemd na
Okuyama represents the state of the art in the field of n cleophilic substitution at dicoordinate
sulfur.

rap 4 £ mrmnnca mumluad e maialamediilin Aol o s ot o
One can postulate three types of process involved in nucleophi aispiacement at

dicoordinate sulfur. The first involves the sulfenium ion as an intermediate (Sy1 type):

slow

V
S +X——=RSY + X

A second process of the Sy2 type takes place with concerted bond formation and cleavage.
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A third mechanism in which a discrete intermediate of some stability can exist is an addition-

elimination (A-E).
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RSX + Y“——+[x-';l,§‘—Y];—————+ RSY + X
R

Most of the kinetic results obtained to date allow no clear-cut decision about whether the
bimoiecuiar mechanism is stepwise {(A-E mechanism) or synchronous (Sy2-type mechanismj.
In the intramolecular transestrification of a sulfenate ester, a hypervalent intermediate was
observed by spectroscopy and this pointed to a stepwise A-E mechanism. Many kinetic resuits
arc concerned with the effect of substituents on reaction rate, and do not allow differentiation
between A-E and Sn2 mechanisms. Both mechanisms should proceed through a similar
transition state. The best way to demonstrate an the A-E mechanism, if the hypervalent

intermediate 1s not detectable spectroscopicaily, is by systematic variation of the substrate

:, nucleophile

]

and reaction conditions. Nucleophilic substitution at dicoordinate sulfur
generally entails a trigonal bipyramidal intermediate (or transition state) in which the entering
and leaving groups occupy the two apical positions. The general conclusion from kinetic

studies is that an Sy1 type mechanism is less likely. The possibility of an ion-pair intermediate

uld not, h ver, xclu nth n of sulfenyl chlorides with amines
We decided to use P-chiral thioxophosphoranesulfenyl chlorides RR'P(S)S-Cl1 6 (X=Cl) as
a sterege amiral nraha foar dienlacamant raactinne ncecnrring at dicnardinata ocnlfiir Wa
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On the other hand, synchronous processes of bond breaking and formation should lead to
products with retained stereochemical integrity at the chiral phosphorus center. Such a resuit
should be observed for A-E and Sy2 mechanisms. In order to see whether this challenging
assumption was true, we first developed a convenient synthesis of diastereomeric P-chiral
thioxophosphoranesulfenyl chlorides of the type 6 (X=Cl) in which the l-menthoxy group
serves as the auxiliary source of chirality. Then we looked at the reaction of the diastereomeric

P-chiral sulfenyl chlorides 6 (X=Cl) with secondary amines.

Our plan was to synthesize the P-chiral diastereoisomeric thioxophosphoranesulfenyl chlorides
RR'P(S)S-C1 6 (X=Cl) from the corresponding thioxophosphoranesulfenamides
RR'P(S)-SNR"; 9. We took advantage of the high stability of these sulfenamides and their

tendency to crystallize easily. The first step was to synthesize compounds of the general
formula RR'P(S)H 8 and then to convert them by reaction with aminosulfenyl halides into the
thinvambhacmhacnnmacsii lfanmnmidac O
UIHTUAUPLIVUSPHIVEALITOULITLIIALLLIIUCS 7.

ions. Phenyldichlorophosphine when
allowed to react with /-(-)-menthol in pyridine solutions gave the crude O-/-(-)-menthyl-P-
phenylphosphonochloridite Rp,Sp-10a. The latter compound was converted into the hydrogen
O-[-(-)-menthyl-P-phenylphosphinothioate RpSp-8a by reaction with hydrogen sulfide. The

IR : s . ~ s ~ s s 1 *
overall yield, when both reactions were pertormed as a one-ilask procedure, was very high.

~—~——0 CsHsN ~——TN HaS \/_/‘T\

/ \\___\ + PhPCL, ———— / \\_‘ —_— \\_‘
HO-_ CsHs O CsHsN O-
N U N
Il

10a Rpsp=83
8a was obtained as a mixture of diastereomers SpRp.® The thick pale liquid was separated by
crystallisation from n-hexane. The crystalline diastereoisomer Sp-8a was filtered off (m.p. 58°-

60°C, 8°'P 63 ppm) and we found that the hexane solution remaining was composed of ca.

t Ot B r T O Q. S3D 209 i) and AN0. A~ € O (3D £ N T
diastereomer Kp-oa (0O° r 56 ppm) ana 2U% 0Of Sp0a (0" ¢ 05 ppmj. 1

" In schemes throughout this paper Men refers to the group /-(-)menthyl derived from /-(-)menthol.
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diastereomer seems be thermodynamically less stable and readily rearranges thermally, or

single diastereomer Sp-8a. At present we cannot give any r
epimerization. The absolute configuration of Sp-8a has been established by chemical
correlation and X-ray crystailography.

Hydrogen O-ethyl-O-/-(-)menthylphosphorothioate 8b, analogous to 8a but containing the

ethoxy ligand instead of the phenyl one, was prepared by a similar procedure.®

MenC, MeaQO S
i nPVaS ; Vall ' Y S YR SNPeys Wy | Et}N - \h et HZS [ \I'/
BtUrch vi-(-j-meninui —C-_—H—G—, r=ui EtN. C /f\
6 o’ t
Et 3N, CGeHe {0 H
- Y e
10b K,D,-8b
P
Attempts to separate the RpSp-8b mixture into single diastereomers failed.
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This type of reaction i1s known io procee
of Sp-8a with morpholinesulfenyl chloride proceeds in the presence of pyridine in almost

quantitative yield.

- _ el - ar — [«
MenU,,’.’. P/a i CsHN Menu,,_'_.- /o
g + -S- S -
AN ( P P NV
Ph H - P SN O
S _Ra R.-9a
P ad 14

The syrup obtained after separation of triethylamine hydrochloride could not be transformed

1 vy

into the crystaiiine form of Rp-9a. Eiementiai analysis and H and

«
Q
s}

showed it was of high purity. >’P NMR spectra showed clearly the structure and purit
diastereoisomeric 8a and 9a, and were found to be most convenient for analysing

diastereoisomers described throughout this paper.
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The mixture of diastereomers Sp-8a and Rp-8a (20:80) which remained after separation of

inesulfenyl chloride in benzene
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Sy(8a), R, (8a) (20% : 80%) it cmn - Re92), 5,(92) (20% : 80%)

hexylamine. Attempts to prepare the required dicyclohexylaminesulfenyl chloride
(CeHi1)2N-SCI by chlorinolysis of the disulfide [(C¢Hyi),-S], failed to give a product of
reasonable purity. In contrast bromolysis of this disulfide gave dicyclohexylaminosulfenyl
bromide of high purity. The bromid s condensed with S-8a in the presence of
OIS B DR et meemda i i A 1L 1 10 1 Ty a0
triethylamine to give crystalline dicyclohexylsulfenamide Rp-9¢ in almost quantitative yield
Ph S-N(CgHyy)
8 N EtsN ’,,".. ( ﬁlillh
Sp- a + BrS- (C6llll)2 p— /P\\
e 77N
Man S
AVA LAY
R,-9¢
The R configuration in Rp9¢ prepared as described above was established by X-ray

analysis and indicates unambiguously that the reaction proceeds with retention of
configuration at the chiral phosphorus center.’

The likely mechanistic scheme for the above reaction involves attack of electrophilic

R S R [ r S—NR;"| R S—NRz"
./ \P Br-S-NR;" l +/ _2 \P/ z
AN ~ P P, Br- /, a\\
8 12 9
Retention of configuration at the phosphorus center is in agreement with this scheme.

Synthesis of the ethoxy-/-(-)-menthoxy thioxophosphoranesulfenmorpholidates 9b was

successfully carried out by the same strategy used for compounds 9a and 9¢. Crude ethyl-/-(-)-
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menthylphosphorochloridite 10b was prepared from /-(-)-menthol and ethylphosphoro-
hydrogen ethyl-/-(-)-menthyl-
phosphonothioates RpSp-8b by reaction with hydrogen sulfide in the presence of
lamine. Our attempts to separate the mixture of diastereoisomers 8b failed. Luckily the
reaction of diastereoisomers RpSp-8b with morpholinesulfenyl chloride gave a crystalline
product RpSp-9b which was separated into pure diastereoisomeric sulfenamides Rp9b

and Sp-9b by crystallization from ethanol. They can be readily characterised by their *'P NMR

spectra which reveal the purity of the single diastereomer. The diastereoisomeric purity of

of the second diastereoisomer results in considerable depression of the melting point and lack
of sharpness. The absolute configuration of the sulfenamides 9b was established by X-ray

crystallography. '’

0, ]
\___, % 59 519 ppm
/ \s m.p. 82°C
MenO - /0
A d
Synthesis of Diastereomeric Thioxophosphoranesulfenyl Chlorides 6a,b.

Synthesis of thioxophosphoranesulfenyl chlorides 6, based on the reaction of sulfenamides 9

with hvdraoen chlaride hac heen decerihed hy Almaci !
¥YYiull 11 ul UEU]I A S oW Y Auu, 1140 UVl U IOVl I VG U 4L 2111iICAO1L
D o NTE 1t i) =) Fal | n e |
R S—-NR; s—Ci R Ci
N/ HCI N/ N/ e
Ny —_— e P + N +  other
/X excess /7 \ /\ products
R” oS R” ¢S R 11
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What is more, this reaction leads to 50:50 mixtures of diastereomers when applied to particular

nnnnnnnnnnnnnnn 1nnsanid es Thas avamanl S . R | ast
diastercomeric sulfenamides 9. For exampie, this occurred when diastereomer Krva was

allowed to react with hydrogen chloride.

XM

i
R, -9a > R,, S, - 6a + Ph(MenQO)P(S)C!
excess 11
118
ﬁﬁﬁﬁﬁﬁﬁﬁﬁ s 2ermrmbsrmbrnann Fonssa bt e o~ dle o 4Lt LTt 3 A% 01 Looal o at
nbumumg to ouri 1IVEstigatiuis 10Mnauoil o1 uie Uionocnioriaes 11 15 caused oy ine réaclion

of sulfenylchlorides 6 with hydrogen chloride. Our tentative explanation is based on the
assumption that the sulfur center is protonated and chloride anion subsequently attacks either

the sulfur or the phosphorus center.

H
R S—Cl R s-Q (*_l i Cl
Ned _HCLL NN \p/ + N 4 others
R'/ \S R/ ﬁlq’r\v!— '/>\S R'/ \S pl’Od\'lCtS
6 H o 11

The reversibility of the first step explains loss of stereochemical integrity of compounds 6. In
our previous studies we had noticed that chlorination of dithioacids of phosphorus proceeds

.1 o~ . ~ oLt 41 .2 aa 12 = ~ L1 e 2 ~ L1 5
with Tormation o thionochlorides 11.” Because of the achiral nature ot the assumed

intermediate, 11 must be formed as a mixture of the correspondin

secret is to allow sulfenamides 9 to react with trimethylchlorosilane (TMCS) in the presence of
ethyl alcohol.
R S—NR;" R S—Cl
N4 : . N4
/P'\\ + 2 Me;3SiCl + 2 EtOH ———3» /P'\\ + Ry"NH-HCI + 2 Me3SiOEt
Rv/ \‘S Rv/ \‘S
9 6

According to our observations trimethylchlorosilane does not react with amidates 9 to form

ethyl alcohol in the process leading to chilorides 6 can be

lanr) A
5‘ (@]

explained by the formation of hydrogen chloride in the reaction of ethyl alcohol with
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trimethylchlorosilane. This reaction is known to be extremely slow unless a suitable catalyst,
. PR SN i . | [« B p W e § ¢ i .
SUCK l ds> ULITICLILY ISUL VIL D dilla Cwurn lb assuimea 1o
be reversible, with the equilibrium strongly shifted toward the substrates, the sulfenamide may
act as hydrogen chioride scavenger.

ROH + Me;3SiCl

R OSiMe3 + HCI

in thic nracadiira nn avrace nf vdrnoan chlarida i nracent whisrh ~nnld offact
o 115 Liiio A VUVAABLEL 1IN vVAVWOO Vi i1 ul\ls\.«ll WilliVi I 10 l!l\:bhlll. YYlilw il voUuilui wviivwi
epimerization and formation of side products.
Anmamthan cmanilativia avanlanatian e hacad ~n tha assumpt tinm that tha tmismmntlaclalblacaciloma
LA1IULLICE leCLzul LIve c,\}ua auull 1D uaocu uUll uic DDUIIIIJL[UII tliat uic il lClllylblllUlUDllmlC
TMCS reacts with sulfenamides 9 to give the ammonium salt 13
R /,.S R /,.S
N s Megict = Y siMe; + O
R NsNrr R Ns—krr
9 13 | *
| EtOH
] S 24 S
\ 7 \. 7
P + MeSiOEt -———— P + MesSiNR," + HCI
RY  s—cl R’ ‘§ OFEt
[} ]
Vo
Cl"‘SlME3

Me;SiNR" + HCl——>Me;SiCl + R,"NH-HCI

The salt 13 reacts with ethanol to yield the sulfenic ester 14 which reacts smoothly with

.

regenerated TMCS to give the desired suiphenyi chioride 6. Both expianations account for the
very high stereochemical purity of diastereomeric sulfenyl chlorides 6 in the reaction with
TMCS in the presence of ethanol.

Thi:
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itageous method of synthesis of sulfenyl chlorides 6 secures high yield and
purity of simple compounds like diethoxythioxophosphoranesulfenyl chlorides 6 (R=R'=OEt)
as well as more complex systems containing P-chiral centers.

The sulfenyl chlorides Sp-6a, Sp-6b, Rp-6b are formed in almost quantitative yield from the

enamiditeec R..0a R. Op
A s LAl W -F I“, ‘lr - ‘4’

ARaria Pe -4
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“o/ \—/ 2MesiCl

Men()/ \S 2 EtOH \ 2 m\/_})

o N\ Ph, SCI — > R, -9,
R,-9a \ !
Men0” \\S > R,-9c
Ph, S-N(CgHj 1) 2 HN(CeH1 122
“t 2 Mesia / R,- 6a
I T f
Men0” g 2 EtOH [a]n™ - 129.38 ° (CoHy)
MenO S o
8 >'P=83.1 ppm
Rp - 9(!

[ 1™ - 93 ° (CeHy)
5°'P=91.3 ppm

MenQ S MenO, ,S 20 NH
"-..,_P/“ 2MeSiCl + 2 EtOH '—..__‘P/ /0 R -9
l:un/ \c N Fa -~ R OraAT P Y - run/ \o ~ P-
LU -1 - £ IMIepPIVULY, ) H-HCl L ol O3 |
R,-9b R,- 6b

[o ]p™ - 27.5 ° (CeHy) [ ]p7° - 89.5 ° (C4Hg)

§*'P =94 ppm ‘ §°'P =77 ppm

m.p.80 °C

MenQO SN b . MenQ, S 2 d Ma
-, ?/r 2 Me;SiC1 + 2 EtOH X 'r/’ L/ o ob
B0’ N 2Mesioks -d Nmna B N ?
\ 7 o »
S,-9b —/ S, - 6b
[a]p2 - 52.2 ° (CeHg) [ ]p? - 53.2 ° (hexane)
8°'P =92 ppm 8°'P =76 ppm
m.p.82 °C

Our assumption that the P-chiral sulfenyl chlorides 6 may serve as a stereochemical probe for
displacement reactions occurring at dicoordinate sulfur in this type of compound is fully
confirmed as regards their reactions with secondary amines. These displacement reactions
proceed with almost complete stereochemical integrity at the phosphorus atom. These
observations suggest a synchronous mechanism of bond breaking and bond formation during

nucleophilic displacement at the dico-ordinate sulphur atom. The same can be said of the
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reaction of sulphenamides 9 with hydrogen chloride. Even though the achiral nature of
dicoordinate sulphur precludes any direct investigation of the stereochemistry of nucieophilic
substitution at sulphenyl sulphur, our stereochemical results corroborate mechanistic views
derived from the kinetic studies. This result does not support either ionic or radical
mechanisms.

The stereochemical stability of the suifenyl chlorides 6 excludes halotropy or the

symmetrical structure of the

.S |— n Q _] Q

R 7° R, R, A
o I i G i—- o
R Nsa LR"/ g _I r? \*s
k-6 15 Sp -6

In conclusion: It has been demonstrated that the P-chiral sulfenyl chlorides 6a,b can be
prepared in a stereospecific way from the corresponding P-chiral sulfenamides 9a,b,c. The
latter compounds have been converted back stereospecifically into the P-chiral chlorides 6.
These results show that P-chiral sulfenyl chlorides 6a,b can be employed as stereochemical
probes for displacement reactions with amines at dicoordinate sulfur in this ty

compounds.

PERIMENTAL

The solvents were reagent grade and were distilled and dried by conventional methods before
use. 'HNMR spectra were recorded at 300 MHz with Bruker AC 200 and Bruker MSL-300

spectrometers for ca 10 (w/v) solutions at room temperature. The chemical shifts were

measured with respect to internal tetramethylsilane { TMS). Positive values are reported for
. 31 .
compounds absorbing at lower field than that TMS. "' PNMR spectra were obtained on the

2.\ » P == A b - 2 [N e . n . ndl -~ MTTA AT,

a Perkin -Elmer 241 MC polarimeter. Melting points were determined on a Boetius PHMK

apparatus and are uncorrected. Ethylphosphorodichloridite, was synthesized according to the

4]

described procedure .
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To a solution of 73.5g (500 mmol) the ethylphosphorodichloridite in 300 ml hexane, was
added dropwise with stirring at temperature -10°C , the solution of 78g (500 mmol) of /-(-)-

nol) in 300ml hexane. After the addition was compiete

C and next through the reaction solution a stream of dry
hydrogen sulfide was passed slowly for Shr at temperature 0-5°C. The triethylamine
hydrochloride was filtered off. The solvent was evaporated and the residual liquid was
fractionated. The oily liquid, 125 g, yield 94%, bp. 75°C/0.05 mmHg; *'PNMR (CDCl;) two
lines 60.0 ppm; 65.1 ppm , ratio (1:1); 'Jp.1 647 Hz ; Anal. Calcd. for Cy,H,50,PS : C, 54.52;

H, 9.53; P, 11.72; S, 12.10. Found: C, 54.45; H, 9,20; P., 11.86; S, 11.40.

Synthesis of Rp Morpholinosulfenyl [(-)p-menthan-3-yloxy] phenylthioxo-phosphorane
(92)

To a stirred solution of 2.96g (10mmol) of $»-8a’ and 1.0g (10mmol) of triethylamine in 50 ml

hexane was added at a temperature of -20°C the solution of 1.53g (10mmol) of

10rpl ulfenyl chloride in 5 ml hexane. The stirring was continued for 1lhr at room
temperature and the precipitated hydrochlorid s removed by filtration. The solvent was
evaporated and residual liquid was evaporayed at pressure 1-2 mmHg at 20°C for 1hr. The oily

7Hz); 0.83 ( d CH;CH,CH, 3H, 31,1_“ 7Hz); 0.76 ( d,CHs, *Jyy 6.5 Hz); [ o ]2 - 92.63 (c, 2.1,
benzene); Anal. Calcd. for C,0H3,NO,PS; : C, 58.08; H, 7.80: P., 7.49; S, 15.5. Found: C,
58.18; H, 7.78; P, 6.88; S, 13.76; N, 3.92.

Reaction of mixture (80:20) of RpSp Hydrogen O-/-(-)-menthylphenyl-phosphinothioate

( 8a ) with morpholinesulfenyl chloride

Under identical reaction conditions as was described for the synthesis of Rp-9a, the reaction

3lne n no /s Ol

the Rp isomer ~ P6 58.0 ppm and 20% of the
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isomer Sp (°'P$ 63.0 ppm) and morpholinesulfenyl chloride in hexane solution in the presence

of isomeric sulfenamides 9b, &°'P94.0 ppm and 92.1 ppm in ratio 1:1. After fractional

crystallization the 3.81g sample of 9b from ethanol, two products were separated : (i) 1.5g of
Sp-9b, mp.82°C; [a ]DZO -52.2 (c, 2.1, benzene); *'P NMR(C4Hy) 92.1 ppm; Anal.Caled. for

vvn‘nn el e

Ci6H3,NOsPS,: C, 50.38; H, 8.45; P, 8.12; §,16.77; N H

7. Found: C, 50.50; H, 8.21; P, 8.14;
(

3.67.
S, 16.85; N, 3.63; (ii) 1.2g of R»9b, mp. 85°C;[ a 12 -27.5 (¢, 2.5, benzene); *' PNMR(CgHy)
P,

“
\]

93.6; Anal. Calcd. for C;¢H3NO;PS,: C, 50.38; H, 8.45;

50.42: H, 8.51; P., 8.16; S, 16.39; N, 3.82. The abs

:T
O
=
(4]
(@]
=]
3
ooy

established by X-ray crystallography '°

Reaction of Rp-9a with excess of hydrogen chloride

The solution of 0.4ig { immoi ) of Rp-9a in 20mi hexane, was saturated at temperature -20°C
with dry hydrogen chloride at -20°C. The reaction mixture was filtered in the closed system
and anaiysed immediately by *' PNMR spectroscopy. The following compounds were identified
as a product of this reaction: sulfenyl chlorides Rg-6a, 5 83.1 ppm and Sp-6a & 81.2 ppm in 1:1

ratio, yield 30%; Rp and Sp-11a O-/-(-)-menthylphenylphosphono-chloridothioate 11a, 6 84.8

nd 8 RS2
a o

nnmMm
Pl aix Q.0

\D

disulfide 6 86.8 ppm and 5% of unidentified compounds & 87-91 ppm.
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Reaction of Rp-9a with chlorotrimethylsilane/ethanol R, O-I-(-)menthylphenylthioxo-
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C and then 2.16 g (20 mmoi) of freshly distilied
chlorotrimethylsilane. The morpholine hydrochloride was filtered off in the closed system. The

o3l

formation of only one organophosphorus product with chemical shift at §'P 83.1 ppm

(hexane) was confirmed by the 3p NMR spectrum of the reaction

1on solution. The solvent was

evaporated at a temperature below 5°C and 3.62 g, yield 100% of a yellow oily liquid was
obtained; [a]p** -129.38 (c, 2.1, benzene), 'H NMR (CDCl;) 8.08-7.4 (m, Ph, 5H); 4.85-4.07

(m, OCH, 1H); 2.51-2.24 (m, CH;CH3;CH, 1H); 1.74-1.01 (m, 9H); 0.98-0.71 (m,
in the crude form immediately after synthesis.

Reaction of the sulfenyl chloride Rp-6a with morpholine

s wmw ~F 101 o~

| D the reaction o 1 g el N
rrom tne reaction of 1.el g (o

P 83.1 with 0.8

~
/

g
(10 mmol) dry morpholine performed in 40 ml hexane at temperature 0-5°C, the sulfenamide

Rp-9a oily liquid of 2.06 g, yieid 100% was obtained. *'P NMR (C¢Hs) 91,3 ppm. Anal.calcd.
for C0H3,NO,PS,: C, 58,08; H, 7.80; P, 7.49; S, 15.50; N, 3.39. Found: C, 57.18; H, 7.78;

P, 6.98; S, 13.66, N, 3.90.

Reaction of sulfenyl chloride Rp-6a with dicyclohexylamine

To a solution of 1.81 g (5 mmol) Rp-62a in 40 m] hexane was added with stirrin

solution of 1.81 g (10 mmol) of dicyclohexylamine in 5 ml hexane. The hydrochloride was
d R

9¢ was purified
by crystallization from hexane-benzene (3:1), 2.5 g yield 98%, m.p. 99-100°C, [a]p”® +2,31°
(c 2.5, chloroforme), *'P NMR (CgHg) & 97.40 ppm. Anal.Calcd. for C,sHsNOPS,: C, 65.12;

H, 9.15; P, 6.29; S, 13.53; N, 2.71. Found: C, 66.23; H, 9.13; P, 6.10; S, 12.63; N, 2.76.
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Reaction of sulfenamide Rp-9¢ with chlorotrimethylsilane/ethanol

"'I ..&l..f\lﬁ-/"!/i N o~
WIUL V.19 g (\O,% 1oy v

amm amm o~ 1N [ PN
mmol) Rp-9¢

OO

781
(3,4 mmol) chlorotrimethylsilane performed at -15°C in 10 ml hexane, the sulfenyl chloride
Rp-6a *'P NMR (C¢He) 83.0 ppm, as a yellow oily liquid of 0.46 g, yield 96% was obtained.
[a]p®’- 130.28 (c, 2.2 benzene).

Ry O-Ethyl O-I-(-)-methylthioxophosphoranesulfenyl chloride (6b)

To a solution of 1.9 g (5 mmoi) of suifenamide Rp-9b in 40 mi hexane was added at room

Xt al

temperature with stirring 0.46 g (10 mmol) of absolute ethanol and ne

T TTTTTTTT T (=4 [S=BERN o - ST

-40°C, 1.08 g
(10 mmol) of freshly distilled chlorotrimethylsilane. The morpholine hydrochloride was
filtered off and in the solution, only one organophosphorus product with chemical shift at 6 77

ppm (hexane) was observed by >'P NMR spectroscopy. The solvent was evaporated and 1.65 g

)

o+
%,
1
>

.

reaction of this crude product with 0.87 g (10 mmol) of dry morpholine in 40 ml hexane at

0 a1 1N MU U5 IR ) o n N os0 vy, 31

0-5°C gave the 1.9 g, yieid 100% of the sulfenamide R,-9b, m.p. 85°C from absol. EtOH; " P

P
NMR spectrum (CDCl5) 94 ppm.

Sp O-Ethyl O-I-(-)-methylthioxophosphoranesulfenyl chloride (6b)
The solution of 1.9 g (15 mmol) of the sulfenamide S5-9b (5°'P 92 ppm) in 35 ml hexane was

treated with stirring at room temperature with 0.46 g (10 mmol) ethanol. To this solution was
added dropwise at -40°C 1.08 g (10 ol) of chlorotrimethylsilane. The precipitated
hydrochloride was filtered off and the solvent was evaporated off to 1.65 g, yield 100% of Sp-

6b as a yellow oil. *’P NMR spectrum (hexane) 76 ppm; [a]p” -53.2° (c, 3.9, hexane).
The product obtained was treated with 0.87 g (10 mmol) of morpholine in 40 ml hexane at
0-5°C. The solvent was evaporated and the crude S,-9b was recrystallized from ethanol, 1.9 g,

n TT N 0D 1 smzminas (] £Y 18 (~ D &
P NMR spectium \b6ll6} Fol PPN, (Gjp  -04.10 (G, 2.0,
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