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Iodosulfenylation of olefins with sulfenamides in the presence of metal iodides 
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Reactions of arytsulfenamides, ar2,lsulfenates, thiobisamines, and dithiobisamines with 
olefins in the presence of zinc. tin01), tin0v}, antimony(m), or magnesmm iodides were 
investigated. In the case of cage olefins, the reactions afford mixtures of 1.2-iodosulfides and 
diiodides, the ratio between which depends on the type of iodine-containing Lewis acid. 
lodosulfides were obtait:ed in the highest yields in the reactions of cage olefir~s upon activation 
with zinc or tin(~0 iodides. In the case of olefins prone to the Wagner--Meerwein rearrange- 
ment (bicyclo[2.2.11heptanes) or to the addition--elimination reaction (camphene), the 
corresponding products formed. A reaction mechanism is proposed 

Key words: iodosulfenylation, iodosulfides, metal iodides, sutfenamides, sulfenates, 
thiobisamines, dithiobisamines, electrophitic addition. 

In this work, we report the results of  studies of  
iodosulfenylation o f  olefins with sulfenamides and 
sulfenates in the presence of zinc, magnesium, tin61), 
tin(w), or an t imony(m)  iodides (Scheme I). 
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The reactions performed by us demonstrated that 
aDlsulfenamides and arylsulfenates act as electrophilic 
iodosulfenylating reagents in the reactions with alkenes 
in the presence of metal iodides. The reactions proceed 
at room temperature in chloroform or dichloromethane 
to form mixtures o f  products whose structures depend 
essentially on the choice of the initial olefin. It was 
found that twice the molar amount of zinc iodide was 
required, Apparently, this is due to the fact that one 
mole of  the activating agent is trapped by the amide that 
formed in the course of  the reaction. The remaining salts 
were used in equimolar  amounts. The reactions in the 
presence of  tin(iv) iodide were carried out upon cooling 
with ice. 

R e s u l t s  and D i s c u s s i o n  

R e a c t i o n s  w i th  n o r b o r n e n e .  N o r b o r n e n e  is a conve- 
nient model olefin for studying various electrophilic 
addition reactions because it provides information on 
the iodosulfenylating reagent in regard to several aspects. 
First. the rigidity of  the norbornane skeleton prevents 

the substituents at positions 2 and 3 from being located 
in antiperiplanar positions. In the case of  iodosutfides, 
this implies that lhe anchimeric assistance to the elimi- 
nation of  the iodine atom provided by sulfur is hindered. 
Therefore, the number of possible side processes de- 
c reases. 

Second, the stereochemistry of  the addition product 
unambiguously testifies to a species that acts as the 
electrophile. ]'he abundant published data provide evi- 
dence that the attack of the electrophite occurs predomi- 
nantly (in most cases, exclusively) from lhe sterically 
less hindered exo side1: 

7 

1 ~  ~-" | 2 

5 3 

Third, the fact that the cation generated in the first 
stage of  electrophilic addition can undergo the Wagner-- 
Meerwein rearrangement makes it possible to estimate 
the effective electrophilicity of the reagent, l which, in 
turn, allows one to judge its structure and the structure 
of  the intermediate. 

The reactions of arylsulfenamides and arylsulfenates 
with norbornene in the presence of  metal iodides al- 
forded mixtures of 2,3- and 2,7-iodosulfides l a - - e  and 
2a--e,  respectively (Scheme 2), in 50--70% total yields 
(Table I ). 

Based on the ratio of the isomers, viz_, unrearranged 
(1) and rearranged (2) products, new sulfenylating sys- 
tems can be regarded as reagents with moderate (zinc 
and tin iodides as activating agents) and low (magne- 
sium and antimony iodides) effective electrophilicities. 
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Scheme 2 
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All the  reagen ts  under  s tudy are inferior  in the 
a m o u n t  o f  the  rear ranged produc t  to sul fenylat ing re- 
agents p repa red  using ac t iva t ion  of  su l fenamides  and 

sulfenates  wi th  sulfuric anhydr ide .  Previously ,  3 when  
s tudying e lec t rophi l ic  sul fenyla t ion,  it has  been  c o n -  
c luded tha t  the  dif ference in the  ra t io  be tween  the  
un rea r r anged  and  rearranged p roduc t s  (1 a n d  2, respec- 
tively) is a t t r ibu tab le  to the d i f ference  in the  s t ruc ture  of  
the in te rmedia tes .  This  signifies tha t  the  i n t e rmed ia t e s  in 
su l famato -  and  su l | bna tosu i f eny la t i on  r e a c t i o n s  (7a) are 
more polar  than  those in the r eac t ions  u n d e r  s tudy (8). 
In regard to the  e lect rophi l ic i ty ,  the  r eagen t s  o f  the first 
group c o r r e s p o n d  to a reagent  based  o n  the  P y ' S O  3 
complex,  3 W h e n  ac t iva t ion  was ca r r i ed  ou t  wi th  the use 
of  the Py - SO 3 complex ,  the r e a r r a n g e m e n t  p roduc t  was 
ob ta ined  in lower yield than  that  o b t a i n e d  wi th  the use 

T a b l e  I. Products of the reactions of sulfenic acid derivatives with norbornene in the presence of metal iodides 

Activated Product 
compound 

Yields of products (%) with the use 
or" different activating agents 

Znl 2 Snl,  Snl 4 Sbl 3 ,Mgl? 

r-M ++ 
I 

( l a )  4 8  - -  - -  - -  3 6 "  

(2a) 8 

,+, 

I 

(Ib) 37 59 35 62 80 

1 

(2b) 25 0 15 8 0 

NO 2 
I 

<lc) 51 65 40"" 

PhSOEt 

02N 

la 
2a 

(2c) 14 11 -- 

55 61 77"* 18 0 
[8 0 -- 7 0 

* Diphenyl disulfide was isolated as a by-product in 35% yield. 
** 2.3-exo-endo-Diiodobicyclo[2.2. l lheptane (6) was isolated as a by-product in -15% yield. 
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of sulfuric anhydr ide)  Based on this fact, it was con- 
cluded that the pyridine molect,le is involved in zhe 
intermediate complex (7b). Analogously, it can be pro- 
posed that the reactions involving activation with zinc or 
tin iodide proceed through a structurally similar inter- 
mediate (8). The intermediate of ehlorosulfenylation 
with sulfenyl chlorides (7c) is the least polar compound 
of all the compounds under study. As a consequence, 
the addition of sulfenyl chlorides is not accompanied by 
rearrangements. Activation with magnesium iodide gave 
the same result. This suggests that the polarity of inter- 
mediate complex 8 based on this Lewis acid is similar to 
the polarity of complex 7e. The complex with antimony 
iodide is intermediate in polarity between complexes 7b 
and 7c. 

Ar Ar / OSO2X- 

7a 7b 

Ar Ar 
/ / 

MI n 
7c 8 

X = OAIk, NAIk 2 

As expected, the effective electrophilicities of the 
reagents based on sulfenates are higher than those of the 
reagents based on sulfenamides, and the effective elec- 
trophilicities of the reagents based on sulfenamides con- 
taining an acceptor substituent in the ring are higher 
than those without such substituents. 

With the aim of extending the scope of the new 
reagents, we performed iodosutfenylation of norbomene 
with sulfenamide 5 in acetonitrile in the presence of zinc 
iodide and lithium perchlorate. In this process, unlike 
bromosulfenylation in the presence of phosphorus(v) 
oxobromide, 4 the doping effect was observed. Thus, the 
ratio between the 2,3-isomer (unrearranged) and the 
2,7-isomer (rearranged) changed from 3 : 1 to 1 : 1. It 
can be suggested that in the case of activation with 
phosphorus compounds,  an intermediate complex of the 
reagent with alkene dissociates completely to give the 
bromide anion and an organic cation, due to which the 
addition of LiCIO4 has no polarizing effect on the 
intermediate. At the same time, in the case of activation 
with zinc iodide, the iodine atom in the intermediate 
complex is either covalently bound to the metal atom or 
involved in a compact ionic pair. Hence, the transfor- 
mation into a more polar form can occur under condi- 
tions of doping addition. 

It should also be noted that the use of magnesium 
iodide as the activating agent led to radically different 
results. Thus, activation ofsulfenamides gave rise only to 
unrearranged products, whereas sulfenates oxidized io- 
dide to free iodine. 

Reactions with cyelohexene. To verify the suggestion 
that sulfenylation in the presence of metal iodides pro- 
ceeds through a bridging intermediate, we studied the 
reaction with cyclohexene (Scheme 3). 

Scheme 3 
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The reaction proceeding through a three-membered 
intermediate complex of type 8 would be expected to 
afford exclusively the trans isomer of iodosulfide 9. The 
stereochemistry of the latter tbrmed in the reaction was 
established based on the data of the previous s tudy)  In 
the cited work, it was demonstrated that the structure of 
the compound under investigation can be judged from 
the change in the width of the signals for the protons of 
the substituents in the LH NMR spectra recorded in 
solvents with different polarity (the co effect). It was 
found that the widths of both signals decrease on going 
from a more polar solvent (CDCI 3) to a less polar 
solvent (C6H6), which is indicative or the formation of 
trans-iodosulfide. 

Unexpectedly, the reaction of sulfenamide 3 with 
cyclohexene in the presence of zinc iodide gave rise to 
1,2-bis(phenylthio)cyclohexane (10). The structure of 
the reaction product was established by mass spectrom- 

Scheme 4 
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etry. The mass of the molecular ion (m/z 300) corre- 
sponds to the molecular  tormula C~sH20S 2. The 
[M * I ] /M ratio (21.9%) implies the presence of about 
eighteen carbon atoms in the molecule. The [M + 2]/M 
ratio (10.7%) suggests the presence of two sulfur atoms. 
The scheme of degradation confirms the proposed struc- 
ture of the resulting product (Scheme 4). 

Elimination of the SPh radical (m/z 109) followed by 
liberation of the PhSH molecule (m/z 110), giving rise to 
tile cyclohexenyl carbocation (m/z 81, t00%), confirms 
the presence of two phenylthio groups in the molecule. 
The formation of a peak with m/z 123 in the course of 
degradation suggests the 1.2-arrangement of these sub- 
stituents. 

To elucidate the mechanism of format ion of 
bis(sulfide) 10, we performed an independent synthesis 
of this compound involving the preparation of chloro- 
sulfide I1, the replacement of the chlorine atom by the 
iodine atom according to the Finkelstein reaction, and 
the reaction of the resuhing iodosulfide 9a with zinc 
iodide (Scheme 5). 

Scheme 5 
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As a result, we isolated a compound which, accord- 
ing to the data of NMR and IR spectroscopy, was 

identical to that prepared previously. This fact along 
with the fact that we obtained a small amount of 
iodosulfide 9a expected in the reaction with Znl 2 proved 
that bis(sulfide) l0  can be generated from the initially 
formed ~3-iodosulfidc under the reaction conditions. 

In both reactions, 1,2-diiodocyclohexane (12) was 
obtained as a by-product. These data suggest the exis- 
tence of a number of equilibria with the intermediate 
formation of iodonium and episulfonium ions or the 
corresponding ionic pairs. Under the reaction condi- 
tions, these equilibria are shifted to the right toward 
symme'trical products (Scheme 6). 

On the whole, the reactions with cyclohexene afforded 
1,2-addifion products in moderate yields (]'able 2), which 
is attributable to the occurrence of the above-mentioned 
processes of formation of diiodides and disulfides. Tin(u) 
iodide as the activating agent proved to be best suited for 
performing these reactions. However, even in this case, 
the yields were no higher than 48%. whereas the above- 
described two-step synthesis involving the Finkelstein 
reaction afforded the major product in a total yield of 
>70%. Hence, the reagent proposed by us has a syn- 
thetic significance primarily for the preparation of 
iodosulfides based on cage olefins in which the replace- 
ment is hindered (particularly, for the preparation of 
rearranged products). 

Reactions with camphene. Electrophilic addition to 
camphene (Scheme 7) can give rise to products of the 
Wagner--Meerwein rearrangement (A) and addition-- 
elimination reactions (B). 

h is known that the rearrangement of the carbon 
skeleton of camphene requires a higher effective electm- 
philicity than that required for the rearrangement of the 
norbornane skeleton. For example, sulfenylation under  
conditions of activation of sulfenates 6 or sulfenamides 3 
with the Py-SO 3 complex did not afford rearranged 
products. When zinc iodide was used as Lewis acid, 
exclusively addi t ion--el iminat ion products were obtained 
(13, Table 3). 

For comparison, we carried out sulfenylation of cam- 
phene with N-(phenylthio)morpholine under conditions 
of activation with sulfur trioxide and also obtained ex- 
clusively an addi t ion--el iminat ion product (13a). This 
casts doubt upon the correctness of the use of the term 

Scheme 6 
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Table 2. Products of  the reactions of sulfenic acid derivatives with cyclohexene in the presence of metal iodides 

Activated Product 
compound 

Yields of products (%) with the use 
of different activating agents 

Znl 2 Snl.., Snl4 Sbl 3 Mgl 2 

C}-s- o ,,, C•"•I (9a) 6 41 0 0 12 
Pn 

~ , S P h  (I0) 48 0 0 0 0 
SPh 

32 0* 0 0 55 

,,i I 

NO2 02 N 

(9c) 20 

* Dia@ disulfide, which is a product of degradation of the starting sulfenamide, was isolated as a by-product. 

"efl'ec~'ive e lect rophi l ic i ty"  lbr the descr ip t ion o f  the ratio 
o f  the products  obtained in the react ions  with cam-  
phene. 

This fact can  be explained takmg into account  the 
peculiarity o f  the reactions with camphene .  In the latter 
case, in contras t  to the reactions of  no rbo rnene  in which 
two addit ion products  are compared ,  one  o f  the products 
is formed upon  abstraction of  the proton from the ini- 
tially formed carbocat ion.  Consequent ly ,  the result o f  
the reaction should  be affected by the basicity of  the 
medium. 

Scheme 7 
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Table 3. Products of the reactions of sulfenic acid derivati',es 
with camphene in the presence of Znl 2 as the activating agent 

Activated Product Yield (%) 
compound (ratio between 

E and Z isomers) 

3 " ~  (13a) 76 
SPh (15  I) 

' 

5 ~ S - ~  (13r 

02N 

PhSOEt 13a 

48 
(6:  I) 

33 
(7: I) 

54 
(7 : I) 
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Analogously, the term "effective electrophilicity" is 
apparently inapplicable for the description of other pro- 
cesses involving addit ion--el imination as a competitive 
process, tbr example, the formation of nortricyclanes 
upon addition to norbornene. 

The isomers of the resulting vinyl sulfides were iden-. 
tiffed based on the results published previously. 6 In the 
cited work, I H N MR spectral studies were performed 
with the use of the nuclear Overhauser effect (NOE) and 
it was demonstrated that the proton at the double bond. 
which gives a signal at higher field, corresponds to the E 
isomer. 

Noteworthy are the unusual ratios between the E and 
Zisomers of the reaction products (from 6 : I to 12 : I). 
In most of the known reactions of electrophilic reagents 
with camphene,  this ratio varies from I : I to 3 : I. This 
fact is indicative of the high selectivity of the reagent, 
which may be due to large steric hindrances in the 
transition state. An even higher selectivity of the reac- 
tion with sulfuric anhydride results apparently from the 
fact that the high activity of the complex of sulfenamide 
with sulfuric anhydride makes it possible to perform the 
reaction upon substantial cooling. 

React ions  wi th  3 ,6 -d imethoxybenzonorbornadiene  
and h e x - l - e n e .  In some cases, the reactions with 
3,6-dimethoxybenzonorbornadiene and hex-l-ene af- 
forded diiodides (15 and 16) rather than the expected 

Table 4. Products of the reactions* ofao.lsutfenamtdes (ArSNR2) 
with 3,6-dimethoxybenzonorbornadiene and hex- I -one 

ArSNR2 t**/h Product Yield (%) 

3 24 "~.~_..df~'~-~l (14a) 35 
MoO 

MoO 

24 ~ 1  
1 

(15) 36 

(16) 86 

36 ~ I  

Me(; 

(14b) 

15 

51 

13 

* CHzCI 2 was used as the solvent. 
** The reaction time. 

iodosulfides 14 (Table 4). However, taking into account 
the reactions with cyclohexene (see above), these results 
can be attributed to the rearrangement of the initially 
formed iodosulfenylation products. 

lodosulfenylation in the presence of zinc iodide can 
proceed through a series of equilibria which involve the 
formation of episulfonium and iodonium cations and 
give rise to {3-iodosulfides along with [3-disulfides and 
/3-diiodides, respectively (Scheme 8). In addition, the 
reactions can aflbrd products of the Wagner--Meerw'ein 

Scheme 8 
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rearrangement as well as addition--elimination pro- 
ducts. Probably, 3,6-dimethoxybenzonorbomadiene and 
hex-l-ene are systems in which the above-considered 
equilibria are shifted toward the predominant formation 
of diiodides. 

To account for the formation of diiodides in the 
reactions with 3,6-dimetho• we 
proposed three versions. 

I. Unstable sulfenyl iodide ArSI is initially formed. 
This compound rapidly decomposes to give disulfide and 
iodine and the latter adds to alkene to form diiodide: 

2 ArSI = ArSSAr + I~, 

1 

I 

However, additional studies demonstrated that the 
reaction of 3 ,6-d imethoxybenzonorbornadiene  with 
iodine gave rise to a mixture of at least three isomeric 
diiodides, whereas exclusively one isomer was obtained 
under the condi t ions  of the reaction ofsulfenamide with 
zinc iodide. Against this mechanism is the fact that the 
reaction mixture did not contain diaryl disulfide. 

2. If the attack of the electrophile in the case of 
3,6-dimetho• occurs exclusively 
from one side (only from endo or only' from exo), the 
opposite configurations of {he reaction products can 
serve as proof of our suggestion. Thus, the rearrange- 
ment should afford ,s and anti-iodide (in the 
case of the "exo-attack") and conversely (in the case of 
the "endo-attack") {Scheme 9). 

To verity this suggestion, we, carried out special 
NMR studies of products 14b and 15 that formed in the 
reaction of 3 ,6-d imethoxybenzonorbornadiene  with 

N-(nitrophenylthio)morpholine in the presence of zinc 
iodide. 

The IH NMR spectrum of diiodide 15 has two 
signals for the protons at the C(10) atom. One of these 
signals is observed as a doublet of doublets (,3 2+10, 
J = 14 and 8 Hz) and the second signal is observed as a 
doublet of doublets of doublets (6 2.86, J = 14, 3.8, and 
3.8 Hz). The value J = 8 Hz for the signal for the proton 
at 8 2.10 demonstrates that this proton is in the trans 
position with respect to the iodine atom, and the ab- 
sence of the third spin-spin coupling constant fwith 
the proton at the C(I) atom) is indicative of its 
endo-arrangement. Consequently, the iodine atom at the 
C(9) atom has an exo-configuration. Analogously, it can 
be concluded that the iodine atom in compound 14b 
adopts an e.vo-configuration. 

The configuration of the iodine atom at position II 
was established by studying NOE in the IH NMR 
spectrum of compound 15. This spectrum has three 
multiplets at 6 4.08, 3.88, and 3.60 along with the above- 
mentioned signals at 6 2.10 and 2.86 and the signals for 
the methoxy groups and aromatic protons, the signals fl~r 
two protons coalescing into a multiplet at 8 3.60. For the 
protons giving signals at ~ 2.10 and 2.86, NOE is 
observed only for the signal at fi 3.60 (~9%). From this tt 
follows that the signals lbr the HC(9)i and HC(4) 
protons coalesce into this multiplet. At the same time, 
the absence of NOE tbr the remaining two signals (at 
8 4.08 and 3.88) indicates that the proton and the iodine 
:atom at C( I i )  are in the anti and s.vn orientations, 
respectively, without regard to a particular signal belong- 
ing to the proton at the C(I I) atom. 

1he signals in the NMR spectrum of compound 14b 
were identified by the IH--IH double resonance method. 
We managed to perform additional irradiation at the 
frequency of the proton at 6 3.68 {HC(1)) onty with 
simultaneous irradiation of the signal at ,5 3.71 (HCS or 

S c h e m e  9 

MeO 

~ S A r  
MeO 18  

/ \ 

MeO 
15 

MeO 

MeO 

ArS 
MeO 

MeO 

b 

MeO ~ SAr 

MeO 17 

/ \ 

MeO MeO 
14b 

Note. a, endo-Attack; b, exo-attack, 
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Scheme !0 

M e o  

Note. a, endo-Anack; b, e.ro-attack. 

MeO MeO SAr 

MeO MoO 
17 14b  

MeO MeO 

MeO MoO SAr 
18 19 

HC(8)). In this case, the spin-spin coupling constant 
J = 1.5 Hz for the signal for the proton at 8 3.59 (HCI), 
the spin-spin coupling constant J = 3.5 Hz for the signal 
at 8 2.75 (exo-HC(lO)),  and both spin-spin coupling 
constants Y = 1.5 Hz for the signal at 8 4.05 (HCS or 
HC(S)) disappear. Additional irradiation at the fi'equency 
of the proton at 8 2.75 (exo-HC(lO)) led to the disap-. 
pearance of the spin-spin coupling constants J = 15, 4.7, 
and 3.5 Hz in the signals for the protons at 8 2.05 
(endo-HC(lO)), 3.59 (HCI),  and 3.68 (HC(I)), respec- 
tively. These facts allow us to make the assignment of all 
the signals except lbr two signals at 8 4.05 and 3.71. In 
the spectrum recorded with the use of NOE at the 
frequency of the proton at 6 4.05. only a response in the 
region of the signals at 5 3,71 and 3.68 was observed. 
Hence, two conclusions can be made. First, the absence 
of the Overhauser effect at the HCI proton makes it 
possible to unambiguously assign the signal at 6 4.05 to 
the HCS proton (and, correspondingly, the signal at 
,5 3.71 to the HC(8) proton). Second, the absence of 
response lbr the proton at 6 2.75 (exo-HC(10)) provides 
evidence for the anti orientation of the HCS proton and, 
consequently, for the .2vn orientation of the arylthio 
group. 

Therefore, it was established that the substituent at 
position 11 in both products is in the syn orientation. 
Based on this fact, the mechanism assuming attack of 
the electrophile exclusively from one side of the double 
bond was rejected, and a third mode of tbrmation of 
diiodide was suggested to account for the configurations 
of the resulting compounds. 

3. According to this mechanism, the attack of the 
electrophile (ArS +) can occur both from the endo- and 
exo-sides of the double bond (Scheme 10). The exo-attack 
results in the formation of episulfonium ion 17, which 
undergoes immediate rearrangement to form iodosul- 
fenylation product 14b. The attack of the electrophile 
from the endo-side affords episulfonium ion 18. In the 

latter case, the attack of the nucteophile giving rise to 
1,2-addition product 19 proceeds more rapidly than the 
rearrangement. 

Then, compound 19, which is unstable under the 
reaction conditions, reacts with zinc iodide to give 
diiodide 15 (Scheme 11). 

Scheme i ! 
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In this case, the competitive attack of Lewis acid at 
the iodine atom results in the reversible formation of ion 
18 rather than giving rise to stable rearranged products. 

Therefore, the ratio between products 14 and 15 in 
the reactions of 3,6-dimethoxybenzonorbornadiene with 
sulfenamides in the presence of zinc iodide allows one to 
judge the ratio between the rates of the endo- and 
exo-attacks of the electrophile. 

In the case of the reaction with hex-l-ene,  the 
resulting iodosulfide unde~oes rapid rearrangement to 
tbrm the most stable Markovnikoff isomer (20b), in 
which the formation of the complex at the sulfur atom is 
sterically less hindered, resulting in the predominant 
formation of diiodide (Scheme 12). 

Scheme 12 

/%•"• I 
SAr 

20a 

I 
16 

J 
~ SAr 

I 
20b 

Reaction with norbornadiene. We chose norborna- 
diene as the model diene for iodosulfenylation. As ex- 
pected, stereoisomeric nortricycla.nes 21 and 22 were 
obtained as the major reaction products (Table 5). 

Therefore,  norbornadiene  behaves as a typical 
homoconjugated diene system to give 1,4-addition prod- 
ucts. / 'he formation of diiodides (22a and 22b) agrees 
with the results obtained previously 7 in the reaction of 
norbornadiene with the PI3--ReNCI system. 

Reactions of thio- and dithiobisamines. Thio- and 
dithiobisamines, like sulfenates and sttlfenamides, react 
with alkenes upon activation with Lewis acids to form 
addition products, via., 13,[3"-disubstituted dialkyl sul- 
fides and disulfides. Thus the use of POCI 3 and POBr 3 
as act ivat ing agents made it possible to prepare 
bis(13J3"-haloalkyl) sulfides and disulfides 8 in one step 
(.Scheme 13). 

With the aim of extending this method of activation 
of sulfenamides and sulfenates to a new class of com- 
pounds, we carried out reactions of addition ofthio- and 
dithiobis(morpholine) to norbornene in the presence of 
metal iodides. It should be noted that the yields in these 
reactions (Table 6) were, on the average, lower (t0--50%) 
than those obtained in the reactions of sulfenic acid 
derivatives and the formation of rearranged products was 
not observed. Diiodides were obtained as by-products. 

Table 5. Products of the reactions of N-(nitrophenyl- 
thio)morpholines 4 and 5 (ArSX) with norbornadiene 

ArSX Activating agent Products Yield I%) 

4 Znl~ ( '" ~'s'SAr (21a) + 38 (2 - I) 
I 

+ . ~  (21hi 
[ SAr 

~ 1  (22a) * 
1 

~ 7  (Z2b) 
I I 

5 Snl 2 I ~ S A r  (21c) 47 
I 

A r S ~  (23a) 

I 

t ~  (23b) 
SAr 

Diiodides 22 

46 (3 : 2) 

15 

+2 

~3 

The maximum yields were achieved in the reactions 
with the use of zinc or tin(tv) iodides as activating 
agents. 

Previously, 9 it has been demonstrated that thio- 
and di thiobisamines add to alkenes to form 
bis(~3j3'-diaminoalkyl) sulfides and disulfides (Scheme 
14), i.e., the replacement of the amine component in 
thio- and dithiobisamines by the halogen atom does not 
occur upon activation with chlorine- or fluorine-con- 
taining Lewis acids. This may be attributed to the fact 
that under the reaction conditions, the dialkytamino 
group is more nucleophilic than chlonne and fluorine 
but is less nucleophilic than iodine. 

Scheme 13 

POHal3 I /2 

n = ] "~' Hal = C|. 8r 
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Table 6. Products of the reactions of thio- and dithiobisamines with norbornene in the presence of metal iodides 

Activated Product 
compound 

Yields of products (%) with the use 
of different activating agents 

Znl,  Snl~ Si~I 4 Sbl~ Nlgl 2 

2 t I 
60 5 32 20 25 

I 
(6) 29 15 -- 18 

(zs) (27  \ ~ 22 
I I 

16 26 41 24 20 

9 

Theref i ) re ,  the  proposed p rocedure  for the synthesis 
of  ~ - iodoa lky l  su l f ides  is not versatile.  In some cases, the 
reac t ions  p r o d u c t s  were ob ta ined  in low yields due to 
side p rocesses  g iv ing  rise to d i iodides  (for example ,  the 
reac t ion  wi th  h e x - l - e n e ) .  S o m e l i m e s ,  the react ions  af- 
forded p r o d u c t s  o t h e r  than  add i t i on  produc ts  ( c a m p h e n e  
and  c y c l o h e x e n e  in the r eac t i ons  with p h e n y l t h i o -  
m o r p h o l i n e ) .  T h e  reac t ion  pe r fo rmed  with cyc lohexene  
d e m o n s t r a t e d  t h a t  the  two-s tep  p rocedure  for the prepa-  
rat ion o f  13-iodoalkyl s u l f d e s  involving the Finkels te in  
r e p l a c e m e n t  o f  the  ch lor ine  a tom in the product  of  
add i t i on  o f  su l fenyl  ch lor ide  to olefin afforded the target 
p roduc ts  in h i g h e r  yields. 

In the  case  o f  cage olefins m which  the nucleophi l ic  
r e p l a c e m e n t  is h i n d e r e d  due  to w e a k e n i n g  o f  the  
a n c h i m e r i c  a s s i s t ance  provided by the  sulfur a t o m  and  in 
the cases  r e q u i r i n g  the  p r e p a r a t i o n  of  a W a g n e r - -  
Meerwe in  r e a r r a n g e m e n t  p roduc t ,  the  proposed proce-  
dure  gives sa t i s f ac to ry  results,  wh ich  are qui te  compe t i -  
tive wi th  t h o s e  o b t a i n e d  acco rd ing  to o ther  procedures.  
At the  s a m e  t i m e ,  the  react ions  with 13-iodoalkyl sulfides 
giving rise to  u n e x p e c t e d  p roduc t s  allow one  to draw 
c o n c l u s i o n s  r ega rd ing  the possible m e c h a n i s m  of  con-  
vers ions  a n d  to descr ibe  the ac t iva t ion  process  with 
Lewis ac ids  in m o r e  detail .  

Scheme 14 

~ = ~  Sn(NR2) ~ ,,I !i 
znCl~ (BF 3) \ �9 "NR2 /2 

n = t , 2  

Exper imenta l  

The ~H NMR spectra were recorded on a Varian VXR-400 
instrument (at 400 MHz l'or tH and at 100 MHz for 13C) with 
HMDS as the internal standard. Preparative separation of the 
reaction products was carried out by column chromatography 
on Silpear[ silica get. The purity of the resulting compounds was 
checked by TLC on Silufol plates. 

lodosulfenylation of olefins with sulfenic acid derivatives in 
the presence of metal iodides (generalprocedure). Znl 2 (5 retool) 
or iodide of another metal (2.5 retool) was added with stirring to 
a solution ofa!kene (2.5 retool) in anhydrous CH2CI ? (4--5 mL) 
and then a sotution of sulfcnamide or sulfenate (2.5 retool) in a 
minimum amount of anhydrous CI-12Ct 2 was added. The reac- 
tion with tin0v) iodide was performed upon cooling with ice. 
The reaction mixture was stirred until sulfenamide or sulfenate 
disappeared (TLC control). Then the reaction mixture was 
filtered through a short column with silica gel and the ,~olvent 
was distilled off m vacuo. The reaction products were isolated by 
column chromatography. The yields o f the  products are given in 
Tables I--5. Other physicochemica] characteristics are listed in 
Tables 7--9. 

The reaction of norhornene with N-(phenyhhio)morpholine (3) 
afforded 2-endo-iodo- 3-exo-(phenylthio)bicye.lo[ 2.2.1]heptane 
( l a )  and 2-exo-iodo-7-syn-(phenylthio)bicyclo[2.2.1]heptane 
(2a) as colorless oils. 

The reaction of norbornene with ethyl phenylsulfenate af- 
forded compounds la  and 2a and  2-exo-3-endo-diiodo- 
bicyclo[2,2.1]heptane (6) (colorless oil). 

The reaction of norbornene with N-(p-nitropheny#hio)- 
morphotine (4) afforded Z-endo-iodo- 3-exo-(p~nitrophenylthio)- 
bieyelo[2.2.1]heptane ( lb)  as a yellow oil and 2-exo-iodo-7- 
syn-(p-nitrophenylthio)bieyclo[2.2. Ilheptane (2b). 

The IR spectrum of a mixture of  Ib and 2b (thin film), 
v/era-I: 1340, 1520 (nitro group). 

The reaction of norbornene with N..(o-nitrophenylthio)- 
morpholine (5) afforded 2-endo-iodo- 3-exo-( o-nitrophenyithio )- 
bieyelo[2.2.11heptane ( lc)  as a yellow oil and 2-exo--iodo-7- 
syn-(o-nitrophenylthio)hieyclo[2.2.1]heptane (2c), m.p. 60-- 
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62 ~ UV of  lc  (E tOH) ,  kmaffnm (Zmax): 369 (29.60). UV of  
2e (g tOH) .  Zmax/nm (t;max): 379 (51.64). 

The IR spec t rum of a mixture of  compounds  ir and 2e 
(thin film), v / e r a - l :  1345, 1525 (nitro group}. 

The reaction of  o'ctohexene wzth N-(phenylthio)morphotine 
(3) allbrded trans-l-iodo-Z-(phenylthio)eyclohexane {9at and 
trans-l,2-bis(phenylthio)cyclohexane (10) as colorless oils. 
MS (El,  70 eV).  m/z 1de! {%)): 300 [M] + (7.5), 191 

[M - SPh} (50), 123 [CH2SPh ] {32.4), 109 [PhS] (23.5), 81 
[M - SPh - PhSH] (100}. 

The reaction of cyctohexene with N-(p-nitrophenylthio)morpholine 
(4) afforded trans-l- iodo-2-(p-nitrophenylthio)cyelohexane (9b) 
as a yellow oil. IR (CCI4), v /era- t :  1345, 1530 enitro ,group). 

The reaction of cyclohexene with N-(o-nitrophenytthio)- 
morphaline (5) yielded trans-l-iodo-2-(o-nitrophenylthio)- 
cyelohexane (9e) as a yellow oil. 

Table 7, Data o f  ch romatography  and the results of  elemental analysis of  the reaction products o f  iodosulfenylat ion of  olefins 

Coin- Rf Found {%) Molecular  
pound (oh romatographic  Calculated form ula 

system) C H N S 

la  

lb 

Ic 

2a 

2b 

2c 

6 

9a 

9b 

9c 

!0 

13a 

13b 

13c 

14a 

14b 

15 

16 
21a 

21c 

A mixture o f  
23a and 23b 
26 

27 

0.65 
(hexane - - ch lo ro fo rm,  2 I) 

0.66 
{hexane- -e tbyl  acetate,  3 1) 

0.62 
(bexane- -e thy l  acetate,  3 I) 

0.a8 
(hexane - - ch lo ro fo rm,  2 : 1) 

0.54 
(hexane - - e thy l  acetate,  3 : I) 

0.43 
( 'hexane--e thyl  acetate.  3 : I) 

0.76 
(hexane - - ch l o ro t b rm ,  2 : I )  

0.63 
/ h e x a n e - b e n z e n e ,  2 : [J 

0.60 
(hexane - - e thy l  acetate,  6 : 1) 

0.62 
(hexane - - e t hy l  acetate,  3 : 1) 

0.53 
( h e x a n e - . b e n z e n e ,  2 : 1) 

0.67 (E  isomer) and 0.73 ( Z i s o m e r )  
(hexane - - e thy l  acetate.  6 l) 

0.67 
(hexane - - e thy l  acetate,  6 I) 

0.66 
(hexane - - e t hy l  acetate.  10 I )  

0.67 
(hexane - - ch l o ro fo rm ,  3 : I) 

0.54 
(hexane - - ch l o ro fo rm ,  3 : I) 

0.92 
(hexaue - - ch l o ro fo rm ,  3 : 1) 

0.64 {hexane) 
0.26 

( h e x a n e - - b e n z e n e ,  2 : 1) 
0.47 

(hexane - - e t hy l  acetate,  4 1) 
0.47 

(hexane - - e t hy l  acetate,  4 : I) 
0.65 

(hexane - - ch l o ro fo rm ,  2 : I )  

0.65 
( h e x a n e - - c h l o r o f o r m ,  2 : t) 

42,,27 ~ 4.5___88 . . . . .  C L 3 H ~5S 1 
47.73 4.65 
4192  ~' 3.8___55 h 3=29 .5 --  C13HI4NO2SI 
41.61 3.76 3.73 
41.52" ~=7~ c 3.7_._~4 c - -  CI3H;4NO2SI 
41.61 3.76 3.73 
47.73 a 4.65 a --  _ CI3HI5SI 
47.27 4.58 

41.02 t' 3.85 h 3.79 b - -  C 13H 14NO2SI 
41.6t 3.76 3.73 
41.52 c :3.7:5 c 3.7__44 c - -  C! 3 H 14N O2SI 
41.61 3.76 3.73 
24 01 3.00 -- --  C,H)01 z 
24.16 2.70 
45.52 4.68 --  10.00 CI2H 15SI 
45.29 4.75 10.07 
39.0{,) 3.68 3.68 8.37 CI2HI4NO2S[ 
39.68 3.89 3.86 8.83 
3955 3.71 3.59 8.43 C~2tt)aNO2SI 
39.68 3.89 3.86 8.83 

78.68 d 8.36 J -- _ Ci6H205 
78.63 8.25 
65.98 d 6.67 d 4~8~9 d --  C t6 H 19NO2S 
66.41 6.62 4.84 
65.93 d 6.55 d . 4.7. ~,i _ CI6H ,,9NO2 S 
66.41 6.62 4.84 
52.00 4_.5_,.,_6 -- 6~ 9,.88 CIqH 1902S[ 
52.06 4.37 7.31 
46.96 ..3.7_?. ~_5~ - -  C I g H I s N O 4 S 1  

4 7 . 2 2  3 . 7 5  2 . 9 0  

34.14 3.08 --  - -  --  
34.14 3.08 

41.35 .3 .~_Q0 3.57 .8. l..~9 C i3H i2NO2SI 
41.84 3.24 3.75 8.59 
41.35 3.20 3.57 8.19 C~3Ht2NO2SI 
41.34 3.14 3.44 8.08 
42 9 329  ,3 :_85 8.64 CI4H20NO212S 
41,84 3.24 3.75 8.59 
35.95 4.29 -- 6.84 CI,tH201:S 
35.46 4.25 6.76 
33.51 4,01 - -  12.94 C!a H 2012S 2 
33.22 3.98 12.67 

a For a mixture o f  isomers la  and 2a. 
b For a mixture  o f  isomers lb and Zb. 
c For a mixture  o f  isomers lc  and 2c. 
d For a mixture  o f  Z a n d  E isomers. 
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Table 8. t H N M R spectra {C DCI 3) of  the reaction products of  iodosulfenylation of  olefins 

Corn- 6 (J /Hz)  

pound Al icyc l ic  (al iphat ic)  protons A r o m a t i c  protons 

HCS HCI Other protons 

la 3.20 (dd,  I H, 3.90 (ddd. I H, 1 .9--1.2(m,  6 H); 
Jt = 2.5, J~ = 1.4. J2 = 4.2, 2.16 (br.s, I H, H(4J); 
J~ = 4.3) J 3 = 4.4) 2.42 (br.s, I t4, H(1)) 

lb 3-34 (dd,  1 H, 4 .00(ddd,  I H, 1.9--12 (m. 6 H); 
JI = 2.5, Jb = 1.6, J2 = 4.2, 2.22 (br.s, 1 H, H(4)): 
"/2 = 4.3) J3 = 4.4) 2.50 (br.s, I H, H(I))  

lc 3.27 (dd,  4.06 (ddd, I H, 1.9--1.2 (m, 6 H); 
l H, Jr = 1.5, 2.23 (br.s, I H. H(4)): 
Ji = 2.5, J2 = 4.0, 2.50 (br,s, I H, H(I)) 
4 = 4.11 J; = 4.2) 

2a 3.37 3.89 (dd, I H, 
(br.s, J! = 5.3, J, = 8.3) 
I H) 

2b 

Zc 

9a 

9b 

9c 

10 

13a 

13b 

13c 

3.51 
(br,s, 
I H) 
3.48 
(br.s, 
1 H) 

3.56 (dd.  I H, 
J= = 5.0, 
J: = 9.0)  

3.79 (dd,  I H, 
JI = 4.9, 
J2 = 9 . 7 )  
3.80 (dd,  I H, 
J1 = 4.3, 
]2 = 9.2)  

3.27 
(br.s, 
2 H )  

3.91 (dd, I H, 
Jt = 5.4. 
J~ = 8.11 
3788 (ddd. t H. 
J r : l ,  
J~ = 53 ,  
J3 = 7.8) 
3.93 (dd, I H, 
endo-ttCI. Ji = 
2.8, d~ = 391; 
4,52 (dd, 1 H. 
exo-HCl.  Jz = 
1.6. J~ = 39)  
4.48 (dd, t H, 
d~ = 5.0, 
J2 = 9.2) 

4.49 (dd. I H, 
Jj = 4 9 .  
J 2 = 8,9) 
4,56 (dd, I H, 
Ji = 4.3, 
J~ = 8.5) 

1.9--1.2 (m. 6 H): 
2.14 tdd. 1 H. endo-H(3), Y~ = 8.3, Y2 = 14.21: 
2.3t (dd, I H. H(a). Y~ = 4.1. 
J, = 4 .31 :275  (d, 1 H, H ( I ) ,  d = 4 I}; 
2.-72 (m, I H. exo-H(3)) 
2.2--1.2 (m, 4 H); 2.23 (d, I H, endo-H(3), J=  8.1); 
2.44 (dd, I H, H(41. J~ =: 3.9, g2 = 4.1): 
2.63 (m, I H, exo-H(3)); 2.83 (d. I H. Hr J =: 3.9) 
1.8--1.2 {m, 4 H):  2.17 (rid, ! H. endo-H(3L  
,/~ = 78 ,  J2 = 14.3): 2.45 (dd, I H, H(4), , /~ = 4, 
J; = 7.7); 2.67 (ddd, I H, exo-H(3) ,  Jl = 5.3, 
J~ = 7.7, J z =  14.3}: 2.83 (d, I H, H(1).  J =  4.3) 
1.68--1.6t i ra ,  2 H. exo-H(5), exo-H(6)); 
1.40--1.33 (m. 2 H. endo-H(5), endo-14(6)); 
1.48 (m, I H, ann-H(7)); 2.09 (m, I H. 
.'~vn-Ht7)): 2.38 (br.s, I H, H(1)) :  
2.49 (br.s. I H, 1-I(411 

2.3--0.9 (m, 8 H) 

2.0--0.9 (m, 8 H) 

2.4--0.9 (m. 8 H) 

1.40 (m, 2 H); 
1.61 (m. 4 H); 
2.24 (m. 2 H, H t3L  H(6))  
1.10 (s. 3 H, H3C): t.11 (s, 3 H, HsC); 
1.7--1.2 (m, 6 H): 1.96 (dd, I H. H(4),  
Jt = l '4, J 2 = 3 - 6 ) : 3 l g ( d "  1 H, H(I) .  J =  4): 
5.67 (s, I H. Evinylic H); 
5.87 (s, I H, Zvinylic H) 
1.7--0.9 (m. 6 H): 1.16 (s. 3 H, H~C); 
1.17 (s, 3 H, H;C); 2.02 (d, [ H, H(4), J =  3.11: 
3.19 (d, I H, H'([), Y = 3.7); 5.68 (s, ! H, 
E vinylic H); 5.88 (s, Zvinylic H) 
1 .7-1.2  (m. 6 H): 1,16 (s, 3 H, H3C): 
1.17 (s, 3 H, H3C); 2.02 (d. I H, H(41, d = 34): 
3.31 (d. I H, H(I),  J =  3.8): 5,63 (s. 1 H, 
Evinylic H); 581 (s. I H, Zvinyl ic  H) 

7.20 ( t ,  1 H, p-H, J = 7.3); 
7.27 (m,  2 H, m - H ) ;  
7.37 (d,  2 14, o-H, J = 7.3) 
7.36 {d,  2 H. J = 9): 
8.13 (d,  2 H, J = 9) 

726  (m.  I H, J = 8.3); 
7.39 (d, 1 H. J = 8.3); 
7.56 (m,  I H, J = 8.31: 
8.16 (d,  I H, J =  8.3) 
7.19 (t. I H , p - H ,  J =  75 ) :  
7.28 (m,  2 H, rn-H. J = 75):  
7,42 (d, 2 H, o-I-I, J = 75) 

7.65 (d. 2 H, ] = 9); 
8.13 (d, 2 H, d = 9) 

7.26 (m,  I t4, J = 8,2); 
7.50 (d, I H , , / =  8.2): 
7.55 (m,  I | t ,  J = 82):  
8.13 (d, 1 H, J =  8.2) 

7.25 (t. 1 H , p - H ,  J =  70) :  
7.30 (dd, 2 H. m-H, JI = 7.0, 
J ,  = 7.21:7.41 (d, 2 H. 
o :H,  J = 7 2 )  
7.38 (d, 2 H, J =  9.1); 
8.15 I d, 2 H, J =  9.11 

7.30 (m,  1 H, J = 8.3); 
7.41 (d, I H, J =  8.3): 
7.58 (m,  I H. J = 8.3); 
8.08 (d, I H, J =  8.3) 
7.18 (t. 2 H, p-H,  J = 7), 
7.21 (m,  4 H, m-H,  J = 7): 
7.28 (d, 4 H, o -H.  J = 7) 
7.12 (t, I H , p - H ,  J =  7.7); 
7.24 (m, 2 H, m-H,  J = 7.7): 
7.25 (d, 2 H. o~H, J =7.71 

7.25 (d, 2 H, J = 9.6/;  
8.09 (d, 2 H, J = 9.6) 

7.21 (d, I H. d =  8.4}: 
7.38 (d, I H,  d = 8.4); 
7.50 (m.  I H.  d = 8.4); 
8.19 (d.  I H,J=8.4) 

( To be cominued) 
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Table  8 (continua/ion). 

Corn-  8 (J/Hz) 

pound Alicyc l ic  (a l iphat ic)  pro tons  Aroma t i c  p ro tons  

HCS H C I  O t h e r  p ro tons  

14a 3.57 3 6 0  
(b r s ,  {m. I H)  
I H) 

14b 3.65 3.73 
(br.s, t in .  I H)  
I H) 

15 

16 

21a" 4.12 (br.s. 
1 H )  

21e ,~ _ 

M ix- 
ture 
o f  
23a b 
and  
23b" 
2 6  

2 7  

3.26" (dd,  I H, 
"/i = 3.0. 
J, = 3.9): 
375t': (dd,  I H, 
Jl = 2.9, 
J~ = 4.5) 
37080 (dd. I H. 
J I  = 2.4, 
J.~ = 4.4): 
3726" (dd,  1 H. 
J) = 2 .8 ,  
J, = 4.8) 
2~78 b (add .  
I H ,  J~ = 2 .4 ,  
J, = 4.4): 
2.'97 c (dd, 1 H, 
J,  = 4 6 ) :  
f 9 3  d (dd.  1 H, 
JI = 2.4, 
J, = 4.5); 
3T07" (dd.  I H, 
Jl = 2.4, 
J2 = 4.5) 

3.63 (br.s ,  
I H, H C ( I I ) I ) :  
3.75 {m. 1 H, 
H c { g H )  
3.67 (rid, 
l H,  H C ( I ) I ,  
Jj = 9 . 6 ,  J ,  = 11.8);  
4.05 (dd ,  
I H, H C ( I ) I ,  
JI = 3.8, J2 = 9.6); 
4 .32 {dddd ,  
1 1t, H C ( 2 ) I ,  d~ = 3, 
J, = 3.8, J3 = 9, 
J] = II.8} 

3.95 {br.s,  
I H)  
3.94 
(br.s,  
J H)  
3.970 (dO, H, 
JI = 3.2, J~ := 3 7): 
4.03 c {dd, I t t ,  
J) = 3.3, J2 = 3.4) 

2.03 (dd. 1 H, ende~-H(lO), Jt = 7.8. J ,  = ~3.4): 
2 g 2  (ddd.  t H. exo-H(lO),  Yt =4"Y" = 4 2 ,  
J3 = 13.4); 3.68 (br . s ,  I H. H~8)); 
3 71 (s, 3 H. H 3 C O ) ;  
3 7 3  (s, 3 H, H 3 C O ) ;  
3.75 (be.s, I H, H ( I ) )  
2.17 (dd, I H, endo-H(lO).  Jj = 8, J2 = 14); 
2.79 (ddd,  I H, exo-H(lOL JI = 4.4, J~ = 4.6.  
J3 = 14): 3.75 (br .s ,  I H, H(8));  3,76 (s. 3 t t ,  
H3CO); 3.78 (s. 3 H, H3CO) :  
3.94 (br.s, I H, H ( I ) )  
2,07 (dd, I H, endo-H(10), d~ = ~ I. J, = 17.5): 
284 (ddd,  I H, e x o - H ( 1 0 ) ,  dl =: 3.7, Y~ = 5 1 .  
J3 = 13.5); 3.74 {s, 3 H, H3CO):  3 7 5  (s. 3 H. H3CO);  
3.91 {br.s, I H,  H{8)) ;  4.11 {br.s, I H,  H I D )  
1.7--0.8 (m.  9 H,  Bu} 

2 . 3 - - 0 9  (m.  6 H)  

1.80 (t, I H, J = 5); 1.35 (d, I H, H(7) ,  J = 11.4): 
1.42 (I. I I-t, J = 5); 1.63 It, I H, J = 5), 
~.7J fdL 1 H, H{7) ,  dt = 1.5. J, = I~.4) 
2 0 - - 0 9  {H o f  the  cage  o f  both  -diastereomers): 
2.34 {br.s. [ H,  H(4 ) ) :  2.92 (br.s. I H, H{I)):  
6 1 9 ' ( d d ,  I H. H C = S ,  Jt = ~":'n ~ j ,  = 5.7); 

"r~, = 3.2, J~ = 6.01: 6 ._ ,  (dd, I H, H C = S ,  dl 
0.30 <{dd, 1 H, H C = S ,  d~ = 2.8, J~ = 6.0): 
6.41 h{dd,  I H, H C = S ,  Ji = 3.1. J2 = 5.7) 
1.9--1.2 (H of  t he  cage  o f  both  d ias t e reomers ) ;  
2.25 ~" {br.s, I H,  H ( 4 ) ) :  2,36 c (br.s, 1 H, H(4)) ;  
2.48 (br.s, I H, H ( I )  o f  bo th  d ias te reomecs)  

4.11 h (d dd ,  I H, 
Ji = 1.3. J~ = 3.6. 
J3 = 5.6):  5,.15 c 
{ddd,  I H, 
d~ = 1.4, "/2 = 4.2,  
J; = 5 . 2 )  
3,81/' ( d dd ,  1 H, 185-- IO0 (H o f  t he  cage  o f  all d ias~ereomers) :  
Jr = 1.4. 2.25 (br.s, 1 H,  1-114)); 
J~ = 3,9,  d] = 4.5):  2.3t, {br,s, I H);  
3-88 a (ddd ,  I H, 2 .44--2 .04 (ser ies  o f b r . s .  H ( I )  and  HI4)  
J ,  = 4 .0 ,  of  all d i a s t e r e o m e r s )  
J ;  = 4.3);  
4.05 ~ 
{m. 1 H i  
4 . 1 0  e 

(m,  
I H )  

6.55 (d. I H, J = 8.9): 
6.60 (d, I H. J =  8 9 ) :  
7. I8 (t, I H, p - H ,  J = 7.3); 
7.26 (dd, 2 H, m - H ,  
J/ = 7 3 ,  J2 = 7 i l k  
7.43 {d, 2 H, o-H, J =  7.61 
6.12 td, 2 H, J = 8.9}: 6.18 (d. 
1 H, d = 8.9); 7.25 (t. I H. 

p - H .  J = 7.3): 7.51 r 
2 H, m-H .  JI = 7.3, J? = 7.6); 
8.{)9 (d, 2 H, o-H, J = 7.6) 
6.56 (d. I H, J = 8 O); 
6 .6 l  {d, I H. J =  8 9 )  

7 . 381d ,  2 H, J =  8 % :  
8.13 (d, 2 H, J =  8 9 )  
7.21 (m,  I H);  
7.43 (d, 2 H, d = S.9): 
8.02 (d, i H, d = 7 9 )  
7 .3- -7 .2  (m):  
7.59 b { m ,  1 t t ) :  
7.7W (d, I H, d = 8): 
8.15 c (d, I H, J =  8): 
8.19 a (dd. I H, 
J, = 7, "12 = 8) 

a The  s t e reochemis t ry  o f  the  s u b s t i t u e n t s  was establ ished by t H N M  R spec t roscopy  with the use o f  N O E .  
0--e Signals o f  different  d i a s t e r e o m e r s  are mark t :d  
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Table 9. 13C N M R  spectra (CDCI3)  o f  c o m p o u n d s  i t ,  6, 10, 
13a, and 21c 

C a m -  6 
pound 

le 

6 

10 

13a 

21c 

34.6, 34.3. 29.0. 28.2 (C(21, C(51. C(61, C(71); 
43.5 (C(411; 45.6 (C(I ) ) ;  59.7 (CS);  134.0, 128.7, 
t26.5,  I25.4 tC(2}, C(3) ,  C(41, C(5),  a tom. C) 
27.63 and 28.99 (C(5) and  C(61); 34.53 (C(7)); 38.54 
(C(3));  42.00 (C(2)); 46.71 (C( I ) ) ;  48.58 (C(4)1 
23.7 (C(4).  C(51): 30.0 (C(3) ,  C(6));  50.1 (CS); 
134.7, 132.7, 129.3, 127.6 Carom. C) 
For  E isomer: 37.8, 29.5, 28.2. 2 6 4 ,  24.2, 
19.6 (ca~e); 44.0 (C(4)): 48.8 CC(I)); 
106.6 (vinyl. C); 107.7 (C(21); 129.3. 127.9, 127.6, 
125.6 Carom. C): 138,8 (C Ar - -S ) :  165.4 (C Ar - -N)  
14.1, 15.1, 213,  32.1, 41.7,  50.4 (CS): 
124.5, 126.2, 127.0, 1256 .  133.6, 137.6 ( a r o m  C) 

The reaction of camphene with N-(pheny#hio)morphdtine (3) 
afforded a 15 : I mixture of  3 ,3 -d ime thy I -E-  and 3,3-dimethyl- 
Z-2-(phenylthiomethylene)bieyclo[2.2.1 ]heptanes (13a). 

The reaction of camphene with ethyl phenylsulfenare yielded a 
6 : I mixture  o f  E- and Z-13a. 

The reaction of camphene with N-(phenyhhio)morpholine (3) 
in the presence of sMhlr tr:oxide. A solut ion of N-(phenyl- 
th io)morphol ine  (0.49 g, 25 retool) in anhydrovs  CH2Ct 2 (5 roLl 
was slov.ly added  with stirring to a solut ion o f  freshly distilled 
sulfur trioxide (0.2 g. 2.5 mmol)  in a n h y d r o u s  CH2CI: (5 mt.) 
under  a flow o f  dry argon at - 8 5  ~ T h e n  the reaction mixture 
was stirred for 10--20 min and a solut ion of  camphene  (0.39 g, 
2.5 mmol )  in anhydrous  CH2CI 2 (5 mL)  was added. The 
mixture was stirred at this t empera tu re  over I h and then at 
~20 ~ over  2 h. The products were isolated according to the 
general procedure.  Alter ch roma tography  on a column,  an 18 : I 
mixture o f  E- and  Z-13a was obta ined in a yield o i0 .43  g (71%). 

The reaction of camphene with N-(p-nitrophenylthio)- 
morpholine (4) was carried out in the presence of Znl  2 accord-  
ing to the general  procedure giving rise to a 6 : 1 mixture of  
3 , 3 - d i m e t h y I - E -  and  3 , 3 - d i m e t h y I - Z - 2 - ( p - n i t r u p h e n y l t h i o -  
methylene)bicyclo[2 .2 .1]heptanes  13b. T he  IR spectrum of  a 
mixture o f  the Z a n d  E i somers  ( thin filrn), v /cm-~:  1340, 1520 
(nitro g r o u p ) .  

The reaction of eamptrene with N-go-nitrophenylthio)- 
morpholine (5) afforded a 7 : I mixture  o f  3 ,3-dimethyI-E-  and 
3,3-dimet hyl-Z-2- (o-nitrophenylthiomethylene)bicyclo [2.2. I | -  
beptanes 13e. The  IR spect rum of  a mixture  of  Z- and E-13c 
(thin film), v / e r a - I :  1345, 1525 (ni t ro group) .  

The reaction of 3,6-dimethoxybenzonorbornadiene widz 
N-(phenylthio)rnorpholine (3) afforded 9 - e x o - I  l-~,yn-diiodo-3,6- 
dimethoxytrieycio[6.2.1.OZ'V]undeca-2,4~6-triene (15) as a col- 
orless oil ( f o u n d  (%): C, 34.24;  H, 3.09; Ci.~H~40~I 2) 
and 9-exo-iodo-3,6-dimethoxy- 1 l-syn-(phenylthio)tricyclo- 
[6.2. l .OZ,Tlundeea-2,4,6- tr iene (14a)  as a colorless oil. 

The reaction of 3,6-dimethoxybenzonorbornadiene with 
N-(o-mtrophenylthio)morpholine (5) a f forded 9-exo-l l-sya- 
diiodo-3,6-dimethoxytricyelo [6.2.1.02.7 ] undeca-2,4,6-triene 
(15) and  9-exo-iudo-3,6-dimethoxy-ll-syn-(o-uitrnphenyl- 
thio)tricyelo[6.2.1.0z,7]undeea-2,4,6-triene (14b) as a yellow oil. 

The reaction of hex-l-ene with N-(p-nitrophenylthio)- 
morpholine (4) yielded 1 ,2-di iodohexane (16)  as a colorless oil. 

The reaction of norbornadiene wilh N-(p-nitrophenytthio)- 
morphofine (41 gave rise ~o two fractions: a 3 : 2 mixture of  

2,6-endo-exo- and 2,6-endo-endo-diiodotrieyelo[ 2.2.1.03,5]hep - 
tanes (22a and 22b) (Rr 0.76). whose physicochemieal  cons t an t s  
and spectra are identical to those reported previou,~ly. 7 and  a 
2 : I mixture of  2-endo-iodo-6-exo-(p-nitrophenylthio)- 
tricyclo[2.2.1.03,S]heptane (21a)  and isomeric 2- iodo-6-  
(p-nitrophenylthio)tricyclo[2.2.1.03,S]heptane (21b), whose ste- 
reochemistry was not  established. The IR spectrum of  the  
mixture (thin fihn), v / c m - I :  1340, 1520 (nitro group). 

The reaction of norbornadiene with N-(o-nitrophenylthio)- 
morpholme (5) afforded three fractions: a mixture of  di iodides  
22a and 22h (Rf = 0.63) and a mixture of  2-endo-iodo-6-exo- 
(o-nitrophenylthio)tricyelo[2.Z.l.03.SlhepCane (21c), 5-endo- 
iodo-6-exo-(o-nitrophenylthio)bicyclo[2.2.1 ]hept-2-ene (23a ) ,  
and 5-exo-iodo-6-endo-(o-nitrophenylthio)bieyclo[2.2. l]hept-2- 
erie (23b), from which individual compound  21c ( the third 
fraction, m.p. 126 ~ crystallized out. 

Iodosulfenylation of olefins with thio- and dithiobisamines in 
the presence of metal iodides (generalprocedure). Metal iodide 
(2 retool; in the case of  ZnI , .  4 retool) was added to a so lu t ion  
ofa lkene (2 retool) and thiobisatrtine or dithiobisamine (1 retool) 
in anhydrous CHzC12 (5 mL) upon cooling with ice. The  
reaction mixture was stirred with cooling until the th lob i saminc  
or dithiobisamine was consumed.  Then  the reaction mixture  
was filtered through a co lumn  with silica get and the solvent  was 
evaporated. The reaction products were isolated by c o l u m n  
chromatography. The yields of  the products are given [n Table 6, 
The physicochemical characteristics are given in Tables 7 - 9 .  

The reaction of norbornene with N.N-thiobis(morpholme) (24) 
afforded two fractions: di(endo-2-iodono~orn-exo-3-yl) sulfide 
(261 (a 2 : 1 mixture o f  diastereomers) and 2-exo-3-endo- 
diiodobieyclo[2.2.1 ] heptane (6). 

The reaction of norbornene with N,N-dithiobis(morpholine) 
(25) yielded di(endo-2-iodonorborn-exo-3-yl) disulfide (27) (a 
mixture of  four diastereomers in a r a t i o o f ~ 2  ; 2 : 1 : 11 Th i s  
reaction in the presence of  Mgl 2 additionally afforded c o m -  
pound 6. 

ludependent synthesis of 1,2-bis(phenytthio)cyelohexane 
(10). The synthesis of l-iodo-2-(~ghenylehio)cyctohexane. Chlo ro -  
sulfenylation of cyclohexene was carried out as follows. A 
solution of freshly distilled pheny)sulfenyl chloride (0,87 g, 
6 retool) in CC14 (10 mL)  was added to a solution of cyc lohexene  
~0.54 g, 6.6 mmol) in CCI 4 (20 mL). The mixture was refluxed 
for I h. 2-Chloro- l -Cphenyt thioJcyclohexane 13, which  was 
obtained without evaporation o[ the solvent, was dissolved 
(without additional purification) in anhydrous  acetone (30 ink) .  
Then  anhydrous Nal (1.80 g, 12 mmol)  was added to the  
solution. The reaction mixture was stirred until the initial 
compound  was consumed ,  the acetone was evaporated, and  the  
mixture was chromatographed on a short column with silica gel 
and a luminum oxide (1 : I). I-lodo-2-(phenylthio)cyclohexane 
(9a) was obtained in a yield of  1.66 g (87%). 

The reaction of/-iodo-2-(pheny#hio)cyctohexane (9a)  with 
zinc iodide. Znl~ (I.60 g, 5 retool) was added to a solut ion o f  
l - iodo-2-Cphenylthio)cyclohexane (ga) (0.80 g, 2.5 retool) in 
CH2CI ? (5 ink). The mixture was stirred in the dark until the  
initial compound was consumed and then filtered th rough  a 
co lumn  with silica gel. Alter chromatography on a c o l u m n  
(hexane--benzene,  2 :  11, 1,2-bis(phenylthio)cyclohexane (101 
was obtained in a yield o f  0.27 g (18%). 

Reaction of bicyelo[2.2.1]heptene with N-(o-nitrophenyl- 
thio)mo~holine and zinc iodide in the presence of lithium 
perehlorate. N-(o-Nitrophenytthiolmorpholine (0,24 g, I retool),  
Znl-,_. (0.64 g, 2 m m o l L  and LiCIO 4 (0.01 g, 0.1 retool) were 
added to a solution o f  norbornene (0.10 g, 1.1 retool) in 
anhydrous  MeCN (5 mL).  The products were isolated accord ing  
to the general procedure. After chromatography on a c o l u m n .  
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Z-endo-iodo- 3-exo-( o-nitrophenylthio )bicyclo[ 2.2.1 ]heptane 
( I t )  and 2-exo-iodo-7-syn-(o-nitrophenylthio)hicyclo[2.2.1]- 
heptane (2c) were obtained in yields ot0.07 =o (18%) and 0.08 g 
(22%), respectively. 

This  work  was f inancial ly s u p p o r t e d  by the Russian 
F o u n d a t i o n  for Basic Research  (Pro jec t  No. 99-03-  
33093). 
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