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AMIDINOSULPHENYLI!TION OF ALKENES 

Peter Brownbridge 

University Chemical Laboratory, Lensfield Road, Cambridge, CB2 1EW. 

Summary: Phenylsulphenamides react chemoselectlvely with an alkene and a 

nitrile in the presence of trifluoromethanesulphonic acid to give 

j-(k-phenylthioalkyl)amidines; in the absence of nitrile an amine is formed. 

Hegioselective 1,2-difunctionalization of alkenes with a nitrogen 

nucleophile and an alkylthio l-3 or alkylseleno 194 group has attracted a good 

deal of interest recently, because it presents a simple answer to the lack 

of nitrogen electrophiles capable of attacking a weak nucleophile such as an 

alkene. 
5 

Reductive or oxiaative elimination of the RS(e) group leads to 

overall addition to or substitution at the alkene by ttle nitrogen nucleo- 

phile (W") respectively (Scheme lj. 

11 pr 1, hHWAi 1 , NHTs, N ?. i\tCS , etc. 

Scheme 1 

I now report a new reaction of this type, in which a phenylsulphenamide 

reacts with an alkene in dichloromethane to give moderate yields of an 

amine is),7 but in the presence of a nitrile undergoes a chemoselective 

three-molecule condensation to form an amidine (2) in high yield (Scheme 2). 

Results with cyclohexene are presented in Table 1, and with other alkenes 

in Table 2. 

In view of‘ the trans-addition observed with cyclohexene$ a likely 

mechanism for ttlis reaction involves generation or‘ the episulphonium ion M, 

followed by attack of' the nitrile on this in a Hitter-type reaction, 8 
and 

finally capture ox the nitrilium ion 2 by the liberated amine 8. 9 Smit 

et al. -- have previously observed incorporation of nitriles (to Kive amides 

such as 2) in their examination of' the reactions of isolated episulpllonium 

ions,1° but it aoes not occur during the azasulphenylation of alkenes using 

LMTSF (9),2a'c nor in the aadition of alkanesulphenyl halides to alkenes. 
11 
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3, R1R2 = (CH2)!& 

PhSyHli42 + 0 

2, i&2 = (CH ) O(CH ) 

9, n1 =lI, R 
22 2 

= Hu 
t22 

,x, R = Me; ,Y, R = Pr'; 2, R = Ph 

3 / 2 3 
H20 I' 

r' 

cr 

SPh 
+ 

Me2SSMe BFq- 

Scheme 2 '%NHCOR 3, 1)MTSF 

2 

Table 1: reaction of cyclohexene with sulphenamides 2 

solvent, productsa 

sulphenamide f MeCN PriCN PhCNb/CH,C12 CH2C12 ' 

ti &, 91'. 6gd LY, 92' m:gzJ = 4:1 ‘, 73 *_a, 44’, 46d 

lb a, 73c Pv, 7ac 

m, 74 + 72, 12 
ce- 

&:gJ = 3:lC 22, 45c 

m. 76d 

lc *, 71C ZY' H4f e, 5of 

a Isolated yields based on sulphenamide ('%), 2 - 5 mmol scale; 

b 5 equivalents; ' 1 equiv. HOTf used; 
d 

1 equiv. 

e 20 mm01 scale reaction; 
f 

Me?hiOTf + 1 drop 

HOTf used; 2 equivs. HOTf used. 

Table 2: reaction ofA with other alkenes 

entrya 

1 =% H 
+ U PhY PhS 

B 
6 13 

CH2C12C 

58% ' Y 

C6H13 + 

N 
3 

6:1 
x 

C6*13 

2 2 
+ 

ti MeCNC, 
83% g 

2 G MeCN 
C R1R2 

3 + 
75%' 
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Table 2 continued ( 

5 indene + 2 CH2C12C 67 
69% ' 

a, c, d 
see Table 1; g single regioisomer produced. 

The best promotor for this reaction is trifluoromethanesulphonic acid 

(HOTf), but for particularly acid-sensitive systems (such as entry 4 of 

Table 2), trimethylsilyl trifluoromethanesulphonate (Me3SiOTf) containing a 

catalytic quantity (1 drop) of HOTI', is superior. The reaction occurs 

rapidly (1 - 2 h) at -23'C, using the nitrile as solvent if it is volatile, 

otherwise with dichloromethane as co-solvent. Since benzonitrile is compa- 

ratively less nucleophilic than alkanecarbonitriles, it competes less 

successfully with the liberated amine 5 for the episulphonium ion 3, with 

the result that a little 2 is formed in addition to the amidine 2, 

although this appears to be suppressed by using Me.SiOTf. 
3 

The benzamidine 

products 2 are also considerably more sensitive to hydrolysis during work- 

up than their alkyl counterparts. 

From Table 2 it will be seen that amidinosulphenylation of unsymmet- 

rical alkenes results in Markovnikoff regiochemistry exclusively (entries 

2 - 4). whereas when the electronic bias of the episulphonium ion inter- 

mediate is not pronounced, aminosulphenylation is observed to be mainly 

anti-Markovnikoff (entry 1, but c.f. entry 5). 
2 

This suggests that, as 

might be expected, a nitrile is a nucleophile of particularly low steric 

demand. 

Treatment of several of the P-phenylthioalkylamidines with Haney Nickel 

provided the desulphurized amidines in yields of 87-9346; 
12 

however, 

thermolysis of the corresponding sulphoxides has not given any characteriz- 

able products so far. 
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