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Reactions of sulfenamides with alkynes
in the presence of phosphorus(v) oxohalides
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The reactions ol alkvies with arylsultfenamides activated with phosphiorus oxohalides giving
rise to arv! B-hadovinyt sulfides were investigated. The reactions with acetylene, oct-1-yne. and
oct-d-yne are rans-stereospecific. whereas the reaction with pheayiacerviene aftorded a
mixture of ¢is- and rens-addition products. The addition to unsymoretrnicad atkynes vielded a
minture of Markovnikoft and anti-Markovnikoft isomers whose ratio depends on the solvent.
Products of addition o oct-t-yie in the presence of catalytic amounts of acids underwent

isomerization.
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Sulfenylation of unsaturated compounds has long
been used in organic svnthesis. Generally, the clectro-
philic addition of sultur(ir) compounds to alkenes pro-
ceeds in high viclds, The mechamism of this rcaction has
been studied in detail ina scries of works, whereas tiw
clectrophilic addition to alkynes nas been investgated to
@ jesser extent. The use of sulfenyl chlorides. !— ™ thiols
in the presence of metal-compley catalysts, 1318 sulnur
dichioride.'7 Q-sulfenyl arvisultonates, '™ complexes of
arenesulfenanilides with boron trifluoride 1%=23 and
arvisulfenamides activated by sulfuric anhvdride®6 as
sulfenylating reagents was described in the literature.

Nowadays, the addition of sulfenyl chlorides to un-
saturated  compounds is commonly used for ¢hioro-
sutfenvlation of the latter. The reactions of sulfenyl
chlorides with unsaturated systems have been thoroughly
studied. Thus, the reaction mechanism. the Kinetics. and
the stercochemistry of the process were described in

detail 228 However, this procedure has a number of

substantial drawbacks. viz.. sulfenyl chlorides are un-
stable compounds and decompose o form the corre-
sponding disulfides. In addition, sultenyt chiorides react
slowly with olefin systems and cven more slowly with
acetvlenic systems. The addition of sulfenyl bromides at
multiple bonds does not nccessanly give the desired
results due to the tact that degradation of sulfenyl bro-
mide to form disuifide procecds more rapidly than its
addition to the multiple bond.2%-3% Because of this. no
sufticiently convenient and simple procedures for the
areparation of B-bromovinyl sulfides arc avaitable.
Presently, the use of weak electrophiles, for exampte.
of esters and amides of sulfenic acids activated by Lewis
acids, as sulfenylating reagents 1s acquiring inergasing
importance.  Previously.3! we have developed o new
procedure for halosulfenvlation of olefins with sulfen-
amides activated by phosphorus oxohalides (POCI; or

POBry). This procedure has o number of obvious advan-
tages. vz, sulfenamides are stable compounds, phos-
phorus oxohalides are readily accessible. and the viclds
are nearly quantitative. As part of our continumg stud-
jes, in the present work we imvestigated the reactions of
sulfenamides, which were activated by phosphorus
oxohalides. with a serics of acetylenic substrates.

Results and Discussion

We assume the following mechanism of activation of
sultenamides. Inidally, POCl: (or POBr;) acts as Lewis
acid and attacks the nitrogen atom of sutfenamide. Then
the phosphorus—halogen bond is ¢lcaved and the result-
ing intermediate reacts with the unsaturated substrate o
form aryl B-halovinyl sulfides (1—17).

{t should be noted that the intermediate is. appar-
ently. neither a pure episulfonium ion nor sulfuranc,
These two structures reflect only the possible tmiting
forms of the intcrmediate whose structure may depend
on the solvent, the substituents at the multiple bond of
the substrate, and the structure of the ininal sulfenamide.

The data on the viclds of the reaction products and
the isomer ratios are given in Table 1.

As expected, the rates of the addition of sultenamides
to accrvienes are substantially lower than the rates ot the
addition to olefins. Thus, the reactions involving olefins
were completed in 13—20 min at —40 °C. whercas the
reactions with acctylenes proceeded at room temperature
and the reaction time varied from 1.5 to 24 h depending
on the structures of the substrate and the reagent.

Acceptor substitucnts at the triple bond cause a de-
crease in the reaction rate and in the yiclds of the
products in contrast to donor substitucnts, which im-
prove these characteristics. Thus, the reactions with
phenylacetylene were completed in 20-—24 h. whereas

Published in fovestiva Akademii Nouk. Seriva Khimicheskaya, No. H1, pp. 1874— 1880, November. 2000
1066-3283/00,/491 1-1846 $25.00 < 20080 Kluwer Academic/Plenum Publishers



Reaction of sulfenamides with alkynes

Russ. Chem. Bull., Int. Ed., Vol. 49, No. 11, November, 2000 1847

ArS\ (I?
ArSNR, + POHal, — lﬁl—“P“Hal -
2 :.4
Hal  Hal
ArS (I) |C|)
> N—P—Hal —> AS_ | PumiHal —S2oo
R,/ = NSO
2 £ N Hal Hal
Hal  Hal R,
0 o}
5 'p'
| cay
3~ < ’a R, < Hal
Ar \N Hal® Hal Ar +N7 pyg- Hal
IR N o 1
e K /
/é\(/ /é\x’/
) o
ArS
\ Il
— C=y, + /P LvWiHal
/ Hal RN Hal
1—17

the reactions with oct-4-yne containing two donor sub-
stituents at the multiple bond were completed in {—1.5 h.
The reaction with acetylene proceeded rather slowly
(3—=3.5 h) and is characterized by a low vield compared

1o those obtained in the reactions with substituted
alkynes.

[n the case of sulfenamides containing acceptor sub-
stituents in the benzene ring n the ortho and para posi-
tions with respect to the sulfur atom, the reaction rates
and the vields of the products were higher than thosc
achicved 1 the cases of phenyl- and tolvlsultenamides.

It should be noted that the main rcaction was accom-
panicd by the side process of conversion of sulfenamide
into disulfide. which also affected the viclds of the
reaction products. Thus, the reactions of sulfenamide,
phosphorus oxohalides. and alkynes taken in an cquimo-
lar ratio afforded aryl B-haloviny! sulfides in approxi-
matcly 30% viclds, and the reaction mixtures always
contained the unconsumed alkvne because a portion of
sulfenamide decomposcd to disulfide. We succeeded in
increasing the vields of the halosulfenvlation products to
63—90% by using a 1.3-fold oxeess of a sulfen-
amide—-phosphorus oxohalide mixture in the casc of
substituted alkvnes. To the contrary. the reaction with
acetylene was carried out with an excess of alkyne and,
hence. the yield was 16% (with respect to sulfenamide).

Most of the published data are indicative of the
trans-addition of sulfenyl chlorides,-3=38 sultur dichlo-
ride., V7 O-sulfeny! -arvisultonates ¥ sulfenanilides acti-
vated with BF;. 1921 gnd sulfenamides activated with
SO, 26 v acetvlencs. However, some rescarchers re-
ported that they obtained products of cis-addition of aryt

Table 1. Yiclds of the products of the reactions of sultenantides with alkynes in the presence of phosphorus(y) oxohalides

Vam\ crg  Tal R? AS R? ArS Hal
AraN O + PQOHal. + R'—FT=—R? ~—— & + =
Nt ot H‘HSN R')zzj\rml H'Hg:
a b [~
£ (aM) &M Z (M)
Alkyne POMals. Sultenamide. Product Total Rato of
Q! ——RT Hal Ar _\i:'ld the products (%)
{°¢)
a b ¢
H Py Cl 3-0,NCH, ! 86 70 30 -
1 32 58 12 —
2-0-NCH,y 2 03 36 44 —
Pl 3 25 15 63 24
Br 4-0.NCH, 4 h 30 S 19
2-0.NCyH, 5 88 S8 12 —
Ph 6 35 b 33 16
H CoHy s Ci 4-0,NCeH, 7 70 79 2 -
2-05NCH, 8 90 70 30 -
Br 4-0-NCyH, 9 | 7* ¥ b —
2-0,NC 10 h 67 33 —
CiH> C;H; Cl 4-0,N B 70 100 - —
2-0.NC, H 12 77 ] - —
P 13 27 (D] -
4 14 26 100 — —
Br 4 15 67 100 — —
2 16 67 100 — -
H H Ci 4 17 16 100 - -

Note: M are Markovaikoft addition products and aM uare anti-Markovnikoff addition products.

* E1OAC was used as the solvent.

** Products d and e were obtained along with products @ and b {sce the exiy.
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sulfenyt chiorides 1o phenylacetviene®? and that the
rans-addition products were isomerized to the corre-
sponding cis-addition products upon boiling in benzene?
or in the presence of the initial sulfenyl chloride ' We
sugeested that in the case under study. the addition of
sulfenamides activated with phosphorus oxohalides to
acetvlenes procceded srans-stercospecifically (which has
been unambizuously confirmed for olefing3'y.

In the case of acetvlene, the rrans configuration of
the addition product can be judged tfrom the spin-spin
coupling constants for olefin protons in the 'H NMR
spectrum. Thus, these constants are 13.2 and 6—12 Hz
for 1-chloro-2-(p-nitrophenylthiolethvlene 4a and the
cis isomer, vespectively.3?

To obtain more convincing evidence tor the rrans
configurations of the products, which we obtained in the
reactions with substituted acctylencs, we performed the
nuclcar Overhauser effect eaperiment for a mixture of
isomeric B-chloro-(o-nitrophenylthiojoct-t-ences 8a and
8. Thus. irradiation of the olefin proton in 8b (at
5 6.29) led to an increase in the intensity of the signal for
the aromatic proton in the ortho position with respect to
the vinvlthio group (at § 8.22), whereas the intensitics off
the signals for the allvlic protons remained unchanged.

NO,
H H
s N\
\
H oy Cl
oA
i\/

£ adduct 8b

This result indicates that the oletin proton in 8b is
spatially remotie from the alkyl radical and is located in
pronimity to the thioary! substituent, which supports our
suggestion that the products have trans configurations.

in the case of unsvimmetrical substrates. (wo
regroisomers, iz, Markoveikoft and anti- Markovnikotf
addition products, can form. Actuallv, the '"H NMR
spectra of the products of the reactions of oct- 1-yne with
sulfenamides in the presence of POCl; or POBrj have
two singlets at 8 6.0—7.0 with ditferent intensitics whase
chemical shifts ditfer by 0.2—-0.5 ppm. These signals
correspond to the olefin protons of two isomers. The
assignment of the signals was made based on the pub-
lished data 810

The reactions with oct-1-yne gave anti-Markovnikotf
(£)-isomers as the major products (except for products
9a and 9b: scc below). This fact is not surprising becausc
i s known that anti- Markovnikoff products arc formed
under conditions of kinctic controi and these products
can undergo isomerization upon storage to form morc
thermodynamically stable Markovnikoff products.3?
However, we did not observe isomerization of the rcac-
ton products upon their storage tor two months at 20 =C
as well as on boiling in chloroform.

The reactions with phenviacetylene afforded cis iso-
mers of arvl B-halovinyl sulfides along with the
rrans-addition products. This fact is in good agreement
with the published data on the formation of the
cis~addition products in the reactions ot sultenyl hatides
with phenviacetylene =714 OF four possible addition
products, only Markovaikoft cis-addition product 4e can
readily eliminate HHal. To establish the structures of the
isomeric compounds, a mixture of 4a—c¢ was treated
with an alconolic solution of atkali. According to the
data of "H NMR and [R spectroscopy. the reaction
mixture obtained after such treatment did not contain
compound 4c¢ and contamed a new compound bearing
the C=C fragment. We assigned structure 18 to the latter
compound. Apparently. the msignificant decrcase in the
content of isomer 4b is associated with the possibility of
cis-climination of HBr from this compound.

Br Ph ArS Ph ArS Br Kow
H * /’_‘\\ T >—::< ElOH
H SAr H Br H Ph
4a 4b 4c
£ (aM) E (M) Z (M)
— 4a + 4b + ArS—===—Ph
E (aM) E (M) 18

Ar = 4-0,N-CgH,

With the aim of studving the effect of the solvent on
the ratio between the Markovnikoft and anti-Markov-
nikolf isomers. we cried out the reaction ol p-nitro-
phenylthiomorpholine with phenylacetylenc in cthyl ac-
ctate in the presence of POCH;. In this case. the 1a: Ib
isomer ratio changed to 38 12, wiiuch s in good
agreement with the published data on the cffect of the
solvent on the isomer ratio in the case ol addition of
sulicnyl chiorides to acetvienes. This suggests that the
ratio between the Markovnikott und anti-Markovnikoft
products in the reaction under consideration depends on
the sotvating ability of the solvent, as in the case of
sulfenyt chlorides. 5

Isomerization of products of addition of sulfenamides
to oct-1-vre. Chromatographic separation of the products
of the reaction between p-nitrophenylthiomorpholine and
oct-1-ync in the presence of POBry gave two fractions.
One of these fractions contained a mixture of 1.2-addition
products, viz., (E)-1-bromo-2-(p-nitrophenylthio)oct-1-
ene (9a) and (£)-2-bromo-1-(p-mtrophenylthio)oct-1-cne
(9h). the Markovniko!f somer prevaiting. To the contrary,
the rverse ratios of isomcers a and b were observed i all
other reactions of sulfenamides with oct-1-yne.

The "H NMR spectrum of the sccond fraction has a
triplet at 8 6.6 with the intensity of 1.0 H. a triplet at
3 6.3 with the ntensity of 0.33 H, two singlets (at & 4.11
and 4.09) with the total intensity ot 3.02 H. and three
groups of multiplet stgnals in the high-ficld region along
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with signals for the protons of the p-nitro-substituted
benzene ring. The triplets at & 6.6 and 6.3 belong to the
olefin protons of two isoners 9d and 9e. respectively.
The shape of the signal and the spin-spin coupling
constant (7.3 Hz) arc indicative of the presence of the
CH group adjacent to the double bond. The singlets in
the region of 8 4.10 belong., apparcntly, to the protons at
the carbon atems bearing substituents (—SAr or —Br).
the ratio between the intensities of these signals and the
integral intensity of the signals for the olcfin protons
being 2 ¢ 1. In addition. the absence of splitting of the
two-proton signals is indicative of the absence of vicinal
protons. Buased on the above-considered data, the fol-
lowing four structures 9d,e may be proposcd:

ArS Hal

Hal H ArS H

Hal ArS

ArS H Hal - H

We suggesied that the double bond in the products of
1.2-addition 1o oct-1-vie that initiaily formed migrated
under the actton of small amounts of acids, which were
present as impuritics in phosphorus oxobromide. As a
result, the reaction under consideration afforded four
rather than two isomeric bromosulfides as the final
products (Scheme 1),

To wveritv this suggestion, we decided to find out
whether other 1.2-addition products, tor example, iso-
meric chloro{p-nitrophenyithiojoct-1-enes 7a and 7h.
also undergo isomerization. A mixturc of 7a and 7h
(taken in a ratio of 79 1 21) was refluxed in chloroform
for 3 h after which no compounds other than the imtial
reagents were detected in the solution by TLC. How-
cever, new compounds were found (by TLC) in the
reaction mixture within 30 min after the addition of
catalvtic amounts of p-toluencsulfonic acid to a solution
of 7a and 7b in chioroform.

Basced on the data of 'H NMR spectroscopy. it can
be concluded that refluxing of a mixture of compounds 7a
and 7b in chloroform in the presence of p-tolucnesulfonic
acid afforded compounds 7d and 7e. which are structur-
ally similar to compounds 9d and 9e isolated in the

H  SC,H,NO,-4 H e
-+ -
CKCly
Cl CeHig 4-O,NCH,S  CH,,
7a 7h
Cl C.H,,
e o

4-0.NC;H,S H
7d,e

reaction of {p-nitrophenylthio)ymorpholine with oct-1-yne
in the presence of POBry. This tact provides evidence in
favor of the fact that the double bond in products of
1.2-addition to oct-1-yne migrates under the action of
catalvtic amounts of acids.

Based on the intensity ratio of the signals i the 'H
NMR spectrum. it was establishied that compounds
7a,b,d,e were present in the mixture in a ratio of
9:20:42: 29 To put it differently, the total amount of
the resulting products 7d + 7e (715%) was cxactiy cqual
{x1%) to the amount of compound Ta consumed
(79 = 9 = 70%). whereas the amount of the initial
componciit 7b remained unchanged (£1%), ie. exclu-
sively the anti- Markovnikoft E-isomer underwent isomer-
ization resulting in a mixture ol l-chloro-2-(p-nitro-
phenvithiojoct-2-enes. This process can be deseribed by
Scheme 2.

The signals in the '"H NMR spectra were more
accurately correlated with the structures of the pair of
compounds 9d and 9¢ and the pair of 7d and 7e bascd on
the published data on the chiemical shifts of the oletin
protons in trisubstituted cthylences. The literature data
along with the data tor compounds 7d,e and 9d,e arc
given in Table 2.

These data indicate that the signal for the proton in
the rrans position with respect to the substituent con-
taining the fonge electron pair is observed at lower ficld
than the signal for the proton in the cis position with
respect to this substituent. By analogy, the assignment
made by us scems 1o be more probable. Thus, the signal
for the olefin proton in compounds 9d and 7d containing
the proton in the rrans position with respect to the
arvithio group should be observed at tower ficld than the
signal for the olefin proton in compounds 9e and 7e

Scheme 1
O,N 7N S—N (O POBry; + CgHy—===—H
H SCsH4-4-NO, H Br Br CsH,
/
Br CeHyg 4-0,NCgH,S CgHig 4-O,NCgH,S H
9a 9b 9d,e
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Scheme 2

H H SAr

Ar = 4-O,N-CsHy

containing the proton in the ¢is position with respect to
the arvithio group.
The reaction discovered by us is most similar to the

migration of the double bond in products of addition of

thiols to terminal alkvnes in the presence of metal-
complex catalvsts reported in 1999 1 Thus, the reactions
of alkynes containing the propargylic hvdrogen atoms
with thiophenol in the presence of the patladium catalyst
{PACI(PhCN)») afforded primarily Markovnikofl addi-
tion products. viz.. 2-(phenylthioalk-t-cnes. In the re-
actions with the complex of thioplienol using the cataiyst
PA(SPI)CHPHSH),, (m = 1 or 1), alkvnes underwent
isomernization through the carbocationic intermediate to
form 2-(phenyvlthio)alk-2-cne.

Theretore, the reactions of arvisulfenamides with
alkynes in the presence of phosphorus oxohalides can
serve as a convenicnt procedure for the synthesis of aryl
B-haloviny! sultides. The migration of the double car-
bon—carbon double in the rcaction products opens up
new synthetic possibilities.

Experimental
The "H NMR spectra were recorded on o Varian VXR-400

instrument operating at 400 MHz, The '*C NMR spectra were
measurcd on a Varian-XR-300 anstrument operating  at

Tahie 2. Chemical shifts of the protons of trisubstituted ethylencs

Compound S Compound 3
Ph H Cl H
6.09" 595+
Cl Me Ph Me
Ph H Ph Me
322+ +.67*
MeQ Me MeO H
Ci H Ci C.H,,
ArS C.H,, 0060 ArS H 6.30
7d e
Br H Br CeH,,
ArS C.H,, 665 ArS H 6.36
9d 9e

* The daty published previously.®

Cl H Cl CH,,

100 MH:. The 1R spectra were obtained on a UR-20 instru-
ment i thin films, The melting points were determined in
open capitlaries on o block. The melung and boiling points
were not corrected.

Reactions of suifenamides with atkynes in the presence of
phosphorus(v) oxohalides. A ~olution ot phiosphorus(vy oxohulide
{15 mmoly in anhydrous CH,Cl was sfowly added with intense
stirring to a solution of subfenamide (1.3 mmoly i the same
solvent at =20 °C and the reaction mixture was stirred for
10 mm. Then a solution of alkvae (1 mmoly in anhyvdrous
CH,Cy was slowly added and the mixture was stirred unid
alkyne was completely consumed (the course of the reaction
wils monitored by TLC on Situfol plates with a fixed silica gel
Layer), The sotvent was removed on a rotary evaporator and the
residue was sepacated on a chromatography colunmm with Si0,
(a1 3 CHCEH:—light perroleum nuxiueee as the cluent).

Mixture of 1-chloro-(£)-2-(p-nitrophenylthio)-2-phenyi-
ethylene (la) and t-chloro-(£)-2-(p-nitrophenytthio)- I -phenyt-
ethylene (Ib), Ry = 0.22 (CHChi—light petroleum, 1 0 1),
THONMR (CDCI;). & RO04 (do 2 HD ta 3-0N—CHy /=
92 H2): 796 (d. 2 HL b 3-O-N=Co by /= 9.2 Hz): 7.58—7 53
(m. 2 Ho L 4-O5N—=C My 750 1d0 2 HL M 4-O3N—=C H,.
Jo= 92 Mz 740=720 (m. la + b Ph): 696 501 HL I
HC=) 6.68 (5. 1 H. th HC=) R (thin filmy, viem™ ! 1340,
1320 (=NQO3; 16053(C=C). For the mixture. found (%) C, $7.90:
H. 3350 CuH hCINO,S. Caleutated (%) CL 57630 H. 3,45,

Mixture of 1-chloro-(£)-2-(o-nitrophenylthio)-2-phenyt-
ethylene (2a) and 1-chloro-(£)-2-(o-nitrophenylthio)-1-
phenylethylene (2b). Ry = 0.29 (CHCH;—light petroleum, |1 3)
THONMR (CDClo, 8 806 (d. | FL 2a0 2-03N—=CyHy. J =

93 Hzy: 8.08 (4. 1 FL 2b: 2-0,N—C M, J = 9.3 Hz): 7.64 (1,
[ H, 2a: 220,N—C,H,. / = 9.3 Hz): 759 (1. | H. 2a
2-0:N— c,m /= 9.1 Hoy: 7.56=7.34 (m. 10 H. 2a + 2b: Ph):
7307 (d, 1 HL 2b 2-05N—=Colly. J = 9.0 Hz) 7.27 (1.1 H. 20
2-0.N— c[,HJ ./ = 93 Hzy 7.08—=7.12 (m. 2 H. 2a + 2b
2-0N=C,Hy: 7.06 (s. 1 H. 220 HC=): 664 (s. | H. 20

HC=). "7C NMR (CDCiy), & 135.32—135.17 (2 C. 2a + 2h
SClarom)): 134.32: 134.20—134.06 (2 C): 135.85—133.25¢2 Cy:
12947 (2 C): 12931 129.06—128.76 (3 C). 1254812843
(2 Cy 1282412816 (4 C): 126.38—126.03 (2 O 12594~
1237244 C): 124.89: 11897 IR (thin film). v/em ™' 1340, 1520
(—=NO>): 1600 (C=C). For the mixture. found (%) C, 37.44:
H. 338 C3HCINO,S. Calevlated (%2): C, 37.63: H, 345,

Mixture of 1-chloro-(£)-2-phenyl-2-phenylthiocthylene
(3a). 1-chloro-(£)-1-phenyl-2-phenylthioethylene (3b), and
I-chloro-(Z)-1-phenyl-2-phenylthioethylene (3¢). Ry = 0.35
(CHCH—light petroleum. 12 3). "H NMR (CDCly), 8 7.28—
724 om. 13 H, 3a + 3b + 3c: SC HOD 720712 (m. 153 H.
3a + 3b + 3¢ Phy: 6.68 (5. ) H. 3a: HC=); 6.36 (s. | H.
3b- HC=): 6.52 (5. | H. 3¢: HC=).

Mixture of (£)-1-bromo-2-(p-nitrophenylthio)-2-phenyl-
ethylene (d4a), (£)-1-bromo-2-(p-nitrophenylthio)-t-phenyl-
ethylene (4b), and (Z)-1-bromo-2-(p- nitrophcnvllhio)-l-
phenylethylene (d¢). R = 0.29 (CHCl;—light petroleum, 1 : 3).
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fH NMR (CDCI3). & 8053 id. 2 H. 4e: 4-O3;N—CHy. J =
8.7 Hz): 7.98 (d. 2 M, du 4-0-N—=CH,y S = 8.7 Hz): 7.95 (d.
2 H. 4b 4-O.N—C My, J = 87 Hz): 7.57-7350 (m. 4 H.
b + d¢: 3-O-N—C H ) 748 (d. 2 H. 4a: 4-0-N—-CH; J —
8.5 Hz): 7.40—7.33 (m. 10 H, 4b + de: Ph); 7287 24 (m.
SH.da: Pl 703 (s FHL da, HC=): 703 (s, | H, 4b: HC=);
6.89 (s. 1 H. 4c; HC=). IR (thin filnn, v/em™b 1345, 1320
(--NOs). 1603 (C=C).

Mixture of (£)-1-bromo-2-(so-nitrophenylthio)-2-phenyi-
ethylene (3a), and (£)-1i-bromo-2-(o-nitrophenylthio)-1-
phenylethylene (Sh), R = 026 (CHCl;—light petrolcum. 1 3).
THONMR (CDCli). 6 831 (do |t H, Sb: 2-0aN—CHy. /=
5.9 Ho: 816 (do T H. 5a: 2-0:N—CHy. J = 89 Hz): 7.62 (1
1oHL 3a: 2-O-N=C My, J = 89 Hz): 7533 . | H, 5b:
2-0,N=CH,. /=89 Hz): 7.52—7.34 (m. 10 H. 5a + 3b: Ph):
=742 (mo 4 HL 5a + 5b: 2-05N—CoH: 688 (5. 1 H.
Sa: HC=): 6.63 (s, 1 H. 3b: HC=). IR (thin film). v/cm ™'
1340, 15323 (—=NO5), 1600 (C=()

Mixture of (£)-1-bromo-2-phenyl-2-phenylthioethylene
{(6a). (F)-lI-bromo-1i-phenyl-2-phenylthioethylene (6b), and
(£)-1-bromo-1-phenvi-2-phenyithioethylene (6¢), R = 1.33
(CHCl;—light petroleum, 11 3). 'H NMR (CDCly), 6: 7.29—
743 (m, 15 M. 6a + 6b + 6¢: SC,Hs); 7.10—=7.03 (m. 5 H.
6a + 6b + 6c: Ph) 087 (s. 1 H, 6a: HC=): 6.67 (s. | H.
6b: HC=); 656 (s, | H. 6c: HC=).

Mixture of 1-chloro-(£)-2-(p-nitrophenylthio)oct-1-cne
(7a) and 2-chloro-( £)-1-(p-nitrophenylthio)oct-1-cne (7b).
Ry = 047 (CHCli~-light petroleum. 12 3). "H NMR (CDCHy).
Si812(d. 4 H.Ta+ 7 4-O-N=C H,, J =92 Hz); 7.32(d.
4 H, Ta + Tb 3-0-N-C H,. J = 92 Hz); 662 (5. | H.
Ta: HC=y 632 (st B 7h: HC=) 260 (1. 2 0L T HC(3). J =
ThHzy 240 (10 2 HL 7a HC3), J = 7.2 Hz); 160 (m, 2 H.
7h: HCA: 150 (m, 2 H 7ar HCE))y: 135120 (m, 12 M
Ta + Th: HC(3), HC(6). HCi7)): 0.83 (1, 6 H. Ta + 7b: HC(S).
J= 700 Hzy IR (thin film), viem™! 1340, 1320 (—NO»); 1603
(C=C}). For the mixture, found (%) C. 5634 H. 6.40.
CraHCINOSS. Calcviated (41 C. 36.09: H. 6.05.

Mixture of 1-chloro-( £)-2-{o-nitrophenylthio)oct-1-ene (8a)
and 2-chloro-( £)-1-(o-nitroplienylthio)oct-1-ene (8b). R = .44
(CHCly—tight petrofeem. |0 35 '"H NMR (CDCly), & 8.22 «d.
1 H. 8h: 2-O.N—~C M, J = 94 Hz): 820 (d. 1 H.
84: 2-0-N—CHy /= 9.3 Hz) 757 (00 L H, 8b: 2-05N—CHy.
J=94 Hzy: 753 ¢ T HL 8a: 2-0,N—C H,. /= 9.4 Hz): 741
(. 1 H, 8a: 2-O,N—C H,. J =94 Hz): 7.32-7.26 (m. 3 H.
8a + 8h: 2-OaN—C H 6 TH (s, 1 H. 8a: HC=): 029 (s, | HL
8b: HC=): 2.69 (1. 2 H_ 8 HC(3). J = 7.1 Hzy: 239 (1. 2 H.
8a: HC(3). /= 7.1 Hz): .60 (m. 2 H, 8b: HC(4)): 1.50 (im, 2 H,
8a: HC(d); 1.35—1.20 im. 12 H, 8a + 8b: HC(3). HCw6),
HC(7)): 0.83 (1. 6 H. Ba + 8b: HC(R), J = 6.9 Hz). C NMR
(COCH), 8 1617135940 13332 13371133452 O 12842
(2 C): 127.86: 126.68; 126.12: 126.07: 125.62 (2 C); 125.49:
116,30, 31.66; 3144 (2 C): 2875 (2 Cy: 28.22: 27.37, 272X
2248 (2 C): 1399 (2 C). IR (thin film). v/em™!: 1340, 1530
{(—=NQOy). 1600 (C=C). For the mixture, tound (%) C. 57.23:
H. 6.00. Ci4H (CINO-S. Calculuted (%) C. 56.08. H. 6.05.

Mixture of (£)-1-bromo-2-(p-nitrophenylthio)oct-1-ene
(9a) and (F)-2-bromo-1-(p-nitrophenylthio)oct-1-ene (9b).
R = 0.46 (CHCl—hght petrolcum. 12 3). TH NMR (CDCly.
8 805 (d. 4 H, 92 + 9b: 4-0:N~CcHy. J = 8.7 Hz): 734 (d.
4 H. 93 + 9h: 4-O.N—-CHy. J = 8.7 Ho 677 (5. 1 H.
9a: HC=):6.35(s. | H.9b: HC=): 2.69 (1, 2 H, 9a: HC(3). J =
75 Hzy: 246 (t, 2 H 9 HC(3). J = 7.2 Hz): 1.63~1.15 (.,
16 H. 9a + 9b: HC(4), HC(S), HC(6), HC(™)): 085 1. 6 H.
9a + 9b: HC(8). J =06.2 tiz).

Mixture of (Z)-1-bromo-2-(p-nitrophenyithio)oct-2-ene
(9d) and (£)-1-bromo-2-(p-nitrophenylthio)oct-2-cne (Ye).

P ~d

[99]

- = 0.28 (CHC L —light petroteum, 1@ 3). '"H NMR «CDClR).
8 %11 (d. 4 H,9d + 9e: 3-O-N—CoHy, J = 9.1 Hz); 7.31
(d. 4 H, 94 + 9¢: 4-O-N—=CH,. /= 9.1 Hz): 6.65 (1. 1 L
9¢. HC=. /=75 Hn, 636 (1. | H.9d: HC=_J =173 Hz). 4.11
(so 2 H.%9er HLCehy): 408 (502 H, 9d: HHC(): 230 om. 4 H
9d + 9¢: =C—CHy 1.56—1.22 (m, 12 H. 9d + 9e: HC{3).
HC(6), HC(7)): 3.94--0.85 (m. 6 H, 94 + 9¢: HC(S). IR (thip
filmy, v/em ' 13400 1320 (—NQs). 1600 (C=Cy. For the
mixture of 9d and 9e. found (%) C. 47.87. H. 3.99.
C 4 H i BrNOSS. Caleulated (%): C. 48,83 H. 3.27.

Mixture of (£)-l-bromoe-2-(o-nitropheaylthie)oct-1-ene
(10a) and (£)-2-bromo-1-(o-nitrophenylthio)oct-1-ene (10h).
Ry = 0.57 (CHCl—light petroleum, 1 3). '"H NMR (COCh). &
8.22(d. 1 H.10b: 2-O5N-—-CpHa  J = 8.8 Hz): 819 ¢d. [ HL 10a:
2-03N=-CyHy. /= 89 Hz): 757 (104 H, 10h: 2-0,N—CHy.
J=83 Hzy 753 (o HL 10w 2-O9N-=CHy /= 8.1 Hzy 742
(d, VT H, 10a: 2-0,N—=CyH,, J = 8.3 Hz): 7.33=7.26 (m, 3 H.
10a + 10b: 2-O,N--C M0 6.9 s, t H, 102 HC=): 633 s,
LA BOb: HC=): 278 (1. 2 H, 10b: HC(3). /= 7.2 Hzy 2.48 1.
2H. W0a HC). /= 7.0 Hey 1.39 dmy 2 HO10b: HCd): 1.49
{(m, 2 H. 10a: HC(4)): 1.33—1.19 (m, 12 H, 10a + 10b: HC(3).
HC6), HC(7): 0.84 (1. 6 M. 102 + 10b: HC($). /= 7.2 Hz), IR
(thin film). vzem™t 1340, 1330 (=NO3y). 1600 (C=C). For the
mixture. found () C. 47760 H, 5020 CiH4BrNO,S. Caleu-
lated (%); C. 48.83: H, 3.27

4-Chloro-{ F)-3-(p-nitrophenyltthio)oct-4-cne {11). R = 0.36
(CHCl—light petrofeum. 1:3). TH NMR (CDCl), 8842 and
7.24 (both d, cach 2 H. 3-O-N-C H, J = K8 Ha: 272 and
244 (both t, cach 2 H, HC(3), HC(0). J = 7.4 Hz): 161 and
1.55 (both m. cach 2 H. HC2), HC(7)): 0.89 ¢1. 6 H. HCi ).
HC). J = 7.2 Nz). "C NMR (CDClay. & 14601 ¢t C.
SCraron)): 14425 126,762 1263 (2 C): 126,43 12414 (2 O
3924 (0 CoCon: 3670 ¢ CoCe3y 2020 =2019 2 CL a7
Ci2y: 1361316 (2 C. C. Coy). IR ¢thin fdmg, v/em ™
1340, 1520 (=NO): 1605 (C=C). Found (%) C, 360,350 H. 6.27.
CiH xCINOSS. Caleulated (%) €. 36.09: H. 6.05.

4-Chloro-( £)-5-(o-nitrophenylthio)oct-4-ene (12). A, = 0.36
(CHCly-=light petroleum, 1:3). "H NMR {CDCl4. 6: 8.23 and
7.22 (both d, cach 1 H. 2-0sN—~CoHy, /= 7.8 Hz); 7.52 and
7.27 (both . cach 1 H, 2-0.N—=CH,. /= 7.8 Hz): 275 and
2.38 (both t. cach 2 H. HC(3), HC(6). / = 7.7 Hz): 1.63 and
1,35 (both m. ¢ach 2 H, HC(2), HC(7)): 0.90 and 0.87 (botir t.
cach 3 H, HC(hH. HCIS), J = 7.1 Hzy. B'C NMR (COChy,
o 14578 (1 C. SCraronn): 143280 136.48: 133.51: 12796
127.74: 12623 125.12: 39.09 (} C. Cc6)): 3699 (1 C. C3ne
2020192 CC7). C» 1361318 (2 C. Cigy. Celn.
IR (thin filmy. viem ™ 13400 1330 (—NO,). 1600 (C=C).
Found (%) C. 36250 H, 6.26. C 4 H [, CINO,S. Caleulated (%):
C. 36.09: H. 6.05.

4-Chloro-( £)-5-(phenylthio)oct-d-ene (13). R, = (.36
(CHCl—light petroteum, | @ 3). 'H NMR (CDCly). &
7.29—7.14 (m. 3 H. Ph); 2.78 and 2.37 (both t. cach 2 H.
HC(3). HC6). J = 7.3 Hz): 1.62 and 1.52 (both m. cach 2 H.
HC{2), HCTN: 093 and 1.83 (both t. cach 3 H., HC(,
HC(8). /= 7.2 Hz). Found (%): C. 65.48: H. 7.39 C,;H,,CIS.
Calculated (%e): C. 63.99: 1. 7.32.

4-Chloro-( £)-5-(p-methyiphenyithio)oct-4-ene (14). K. =
0.29 (CHCly—tight petrolcum. 1 : 3). "H NMR (CDCly,
§: 7.90 and 7.39 (both d. cach 2 H. 4-H;C—~C 1, J = 8.7 Ha):
290 and 2.43 (poth 1, cach 2 H, HC(3), HC6). J = 7.3 Hzi:
248 (503 HHC—CeHyp: 163 (m, 4 HOHC), HCTn: 106
(t. 6 H. HCth, HC(8), /= 7.2 Hz).

(£)-4-Bromo-5-(p-uitrophenylthio)oct-4-ene (15), R, = 0.42
(CHCl;~light petrofeam, 1:3). 'H NMR (CDCl3). 8: 8,12 and
7.24 (both d, cach 2 H. 4-O0,N—=CH, . J = 8.9 Hz): 2.84 and
2.46 (both 1, cach 2 H. HC(3). HCi6). J = 7.5 Hz), 1.61—1.50
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tm. 4 H, HC 2, HCMD)y: 089 (1, 6 H. HC(D, HCS), J = 3.N. Kharasch and S. ). Accony. J. Am. Chem. Soc.. 1933,
7.3 Hz) IR (thin film). v/em™ ! 1340, 1520 (—=NO2). 1603 75. 1081,
(C=C). Found (%) C, 30,08 H. 6.01. C 4 H (BrNO,S. Caleu- 4. F. Montanart, Gazz. Chim. lral.. 1956, 86, 41}6.
lated (%): C. 48.83: H. 3.27. 30F Montanari, Gazzo Chim. lial , 1936, 86, 735.
(£)-4-Bromo-5-(o-nitrophenylthio)oct-4-ene (16). R = .45 6. F. Montanari and AL Neecini, Guzzo Chime Tral.. 1937,
(CHCH~tight petroleum. 123 TH NMR (CDCly). 8: 8.23 and 87, 1061,
7.21 (both d. cach 1 H. 2-0,N—=C, Hy. J = 89 Hz) 752 and 7.H. G Viche and S, Y. Delavarenn. Chem. Ber.. 1970,
7.27 (hoth tocach | HL 2-0-N=C H . J = 89 Hz): 285 and 103, 1210.
2.40 tboth 1. cach 2 H. HCe3), HC(6). J = 7.5 Hz): 1.62 und $ONL Kharasch and Co N. Yionnios, Jo Ore. Chem.. 1904,
1.53 (both m, cach 2 H. HCi2), HC(7)): 0.90 and 0.87 tboth 1. 29. 1190,
cach 3 H. HC(ly, HCiS), 4 = 7.3 Hz). YC NMR (CDCHy), 9.G. H. Schmid and M. Heinota, Jo Ame Chem. Soc.. 1965,
G 138.09 (4 C.SChrom)): 136,35, 13356 (2 Cy: 12977 127,99 90. 3460.
126.26; 12517 41,42 (F C. Cro): 3995 1 C. Ci3): 21.96— 10. V. Calo. G. Mellont, and G. Scorrano, Terrafiedron Let..
20.24 (2 C. G, C2py: 13.68—1310 (2 C. Ci8y. Con. IR, 1963, 4399,
viem™h 13431530 (= NOy. 1605 (C=C). Found (%): C, 48.69: 1V Caloo Go Melloni, and G. Scorrano, J. Chem. Soc. (C),
H. 541 C4H | BrNO>S. Caleulated (%1 €. 48830 H. 5.27. 1968, 13349,
1-Chioro-(£)-2-(p-nitrophenylthio)ethylene (17). R, = (.76 12.V. Calo, G Mcltoni. and G. Scorrano. J. Chem. Soc. ().
(CHCL—light petrofeum, |2 2. "H NMR (CDCy). 6 8,16 and 1968, 1344,
7.36 (both d. cach 2 H, 4-0,N—C(Hy. J = 9.2 Hz): 6.68 and 13V Calo. G, Mcellont, and G. Scorrano. J. Ore. Chem., 1969,
6.39 (both d. cach I H, HC=_J = 131 Hz). IR (thin Hlny. 34. 2020,
viemT 13400 1320 (—-NOs): 1603 (C=C). Found (%) C. 44.15: 14. G, Caporzi, G. Romeo, Vo Lucchini, and G. Modena,
H. 2.80. CH,CINO,S. Caleutated (78): C, 44550 HL 278, S Chem. Soc.. Perkin Trans. 101983, 831
Isomerization of t-chloro-(£)-2-(p-nitrophenylthio)oct-1- 15U, Koelle, €. Rictmann. 4. Tjoc. T. Wagner. and U, Englert.
ene (7a) and 2-chloro-{ £)-1-(p-nitroghenylthio)oct-1-ene (7h) Organomerallics, 1995, 14, 703,
in the presence of p-tolucnesutfonic acid. A mixture of 7a and 16, A Ogawa. T, theda. Ko Kimurasand T, Hirao, J. Ame Chem
Th (0.2 g, the vatio was 79 0 21 was dissolved in CHCH, Soc.. 1999, 121, 5108,
(10 mb). Then p-toluenesulfonie acid (0,05 ¢) was added to the 17T ) Barton and R AL Zika, J. Org. Chrem 1970, 35,1729,
solution. The musture was rettuxed tor 3 h and then passed 18, G. Capozzy, G Mclloni, and G, Modena, J. Chem. Soc
through o column packed with aluminum oxide. The solvent (Cy. 1970, 2617
was removed on o rotary evaporator. A minture of 1-chioro-( £)- 19. L. Benan, P C. Monteveeehi, and P Spagnoto, J. Chem
2-(p-mitrophenyithioroct--cae (7a) (9%, 2-chloro-()-1-(p- Soc., Chem. Convmun., 1987, 103,
nitrophenyithioyoct-1-cne (7b) (20%), 1-chloro-{£y-2-(p- 200 L Benati. P Co Monievecchi, and P. Spagnolo. Teira-
nitrophenyithioyoct-F-ene (7e) (29%), and 1-chloro-14)-2-(p- hedron. 1986, 42, 1145,
nitrophenylthioloct-2-cne (7dy (427%) was obtamed. 4 NMR 21 L Benati, P Co Monteveechs, and P Spagnolo. J. Chem
(CDCEH). & I8=8.08 tm. 8 H, 7a + 7b = Td + Te: Soc.. Perkin Trans. 1. 1989, 113,
F-O,N—=CeHy 736727 (m. § H, Ta = 7h + 7d + Te: 22 L. Benati, PoCo Monteveechis and P Spagnolo, Gozl
4-0-.N—=C Hp 662 (s, 1T HL 7a: HC=):6.01 (1.1 H. Te: HC =, Chim. fral., 1989, 119, 906,
J= T2 Hzy 636 (10 L HLOT7d HC=0 /= 7.8 Hz 6,32 0 | HL 23, L Benati, P Co Monteveechi, and . Spagnolo. J. Chem.
Th: HC=) 419 (s, 1 H. 7d: HCebn 416 0 1 HL Te: HLCe): Soc.. Perkin Trans. 1. 1985, 2261,
26000 2 HOThe HCGY, J = 7.5 Hzy 249 (1, 2 HL 74 HC4). 240 L. Benatio PoCo Monteveechis and P Spagnolo. Terra-
JET 2402 H, Ta: HCG). /= 72 H 232 (1. 2 H, Te: hedron Len.. 1988, 29, 2381,
HC. J=T75Hn 163105 (m. 28 H, 7a + 7b + 1d + Te: 25 L. Benati. P C. Montevecehis and P Spagnolo. Gezz
HC@H . HC). HCo), HCON: 093083, 12 H. 7a + Tb + Chim. Jial.. 1991121, 387.
Td + Te: HC(R). J = 6.2). 26. A, G. Rutateladze. NS, Zelirov, and No V. Zyvk, Sulfur
Elimination of HBr from a mixture of (£)-1-bromo-2-(p- Reporrs. 1992, 11, 233,
nitrophenylthio)-2-phenylethylene (4a), (£)-1-bromo-2-(p- 27N S Zefirov. VoA Smit. 10 Vo Bodrikov, and M. Z.
nitrophenylthio)- [ -phenylethylene (4b), and (Z£)-1-bromo-2-(p- Krimer, Dokl Akad. Nuuk SSSR. 1978, 240, 858 | Dokl
nitrophenylthio)- 1 -phenylethylene (4¢). A mixture of da—c Chem. . V978 (Engl. Transif.
(0.25 ¢ the ratio was 30 0 3119y was retluxed with a 20% 28. Yu. G. Gololobov and N b, Gusar™. Sulfenilkiloridy
alcoholic solution of KOH (1) mil) for 3 h and then poured | Suifenyl Chlorides), Nauka, Moscow, 1989, 175 pp. tin
into ice water. The oil was separated and the aqueous Liver was Russian).
extracted with cther. The oil and the cthereal extracts were 29.R. C. Fusson, C. C. Price. R. A Bauman, O. H. Bullet,
combined and dricd over KOH. In the 'H NMR spectrum. the W, R. Hatchard, and E. W, Maynert. J. Org. Chem.. 19906,
signals of compound 4e disappeared and the intensities of the . 469,
signals of compound 4b decreased. 1R (thin film), v/em™': 30N Kharasch, €. M. Buess. and S0 1. Steashun, J. Am. Chen.
13431330 (—=NO5). 1605 (C=C). 2210 (C=(). Soc.. 1932, 74, 3422,
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