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PHTHALIMIDOSULPHENYL CHLORIDE: 
ADDITION TO ALKYNES AND GENERAL REACTIVITY 

GIUSEPPE CAPOZZI*, LUCIAN0 GORl and STEFAN0 MENICHE777 

Universita ’ di Firenzo, Via G. Capponi 9, 50 12 1 Firenze, Italy 

Centro C. N. R. ’Chimica dei Composti Eterociclici: Dipattimento di Chimica Organica, 

Abstract The regiochechemistry of the adducts of phthalimidosulphenyl chloride to 
alkynes and their reactivity with nucleophiles is described. 

Albeit the phthaiimldosulphenyi chloride 1 has been synthesized many years ago’, its 

chemistry has been scarcely exploited. it exhibits a general reactivity very similar to that of 

simple alkane or arenesulphenyi chlorides and, in addition, it contains a nitrogen-sulphur bond 
that opens new reaction pathways. 

0 

-S-CI Phth-S-CI a> .. 
0 

1 

The reaction of I with aikenes has been already studied2 whereas that with aikynes, to our 

knowledge, has never been described. 
In this communication we shall report a brief study on the regiochemlstry of the addition of 1 

to unsymmetrically substituted aikynes including 1 -alkynes and some synthetic applications of 
the addition products. 

Regiochemical Study 
It has been reported3 that in the addition of arenesulphenyl chloride to l-alkynes the effect of 

a nitro group in the orto position increases the Markovnikov to anti-Markovnikov ratio of the 
adducts because of several reasons like the destabilization of the three-membered ring 
intermediate thilrenium Ion. We Investigated the addition of 1 to several alkynes to verify 
whether the presence of the phthalimido’residuo In the sulphenyl Chloride 1 might have a 
similar elfect (equation 1). 
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The regiochemistry of the reaction was proved by nmr using also bidimentionai techniques. 
The results are summarized in the Table. The regiolsomeric distrlbutlon of the products 
obtained in the addition of other sulphenyl chlorides to the same alkynes are reported In the 
Table as well. 

Phth-S-CI + R - F - h  - UC' + (1) 
Phth-SnA Phth-SnR 

Alkynes 

Et+H 

n B u G H  

tBu+H 

P h G H  

Ph-Me 

Table 

Sulphenyl Chlorides 

Phth-S-CI 
4-CICgH4SCI 

2 W )  

Adducts 
AM/M Ratio 

90/1 O4 
67/33 

89/11 
80/204 

1 oo/o 
1 00/04 

85/15 
70/305 
45/5s3 

0/100 
33/67 

inspection to the data shows that a similar or even higher reglospecificity with respect to other 

Synthetic Applications 
Many functionalized suiphenyl halides are known', others have so far escaped synthesis 

or trapping because of their intrinsic instability related to the nature of the new functionality 
Introduced into the molecule. Among them t-butylsulphenyi chloride and N,N'- 

"normal' sulphenyl chlorides is observed from the addition of 1 to 1 -aikynes. 
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PHTHALIMIDOSULPHENYL CHLORIDE 

bls(trlmothyisiiyl)arnlnosulphenyl chloride are representative examples. 
The adducts 2 because of the presence of the sulphenamlde functionality, appeared 

reasonable candidates for obtaining compounds formally derived from addition of the 
aforementioned sulphenyl chlorides to alkynos. 

The presence of an electrophillc sulphur In 2, In principle, allows the substitution of the 
phthalirnldo residue with a suitable nucleophllo. Indeed the reaction of 2a with t-butyllithlum In 
THF at -70' allowcd tho Isolation of thovlnylsulphldo 3n which can bo rcgardcd as tho adduct 
of I-butylsulphenyl chloride to 2-butyne (Scheme). 

Scheme 

Me-CI -78 oc Me-CI 

Phth-S -Me THF t - B u - n e  
+ t-BuU 

2a 3a 

WC1 <- U e - E - U e  + t-Du-S-CI 
Ma 

t - D u - n e  

The same reaction on the adducts 2b (R = R' = Ph) and 2c (R = t-butyl, R1 = H) gave the 
corresponding t-butylvinylsulpliides 3b and 3c which maintain the same stereo and 
reglochemistry of the reagents. 

W Ph 

t-BU-S -Ph 
WC' 

t-Bu 

t - B u - F H  

3b 3c 

Other organolithlum reagents like methyl and phenyllithlum react similarly with 2a-c and give 

methyl or phenyl vinyl sulphides. 
Another sulphenyl derivative which escaped trapping Is the bis(trlrnethylsi1yi)-aminosulphenyl 

chloride. We synthesized products formally derived from the addition of this sulphenyl chloride 

to alkynes and alkenes by nucleophillc displacement of the phthallmldo moiety In 2a and 4 by 
bis(trlmothylsilyl)sodlum arnido (equations 2 and 3). The evaluation of the synthetic potcntlallty 
of this new highly functlonallzed species Is currently In progress. 

The versatility of the phthallmldo derivatives Is also shown by tho reaction of 2a with hydridos 
llko LIAIH,,, NaBH,, or LIEt3BIi (Supor-Hydrido). Wo Isolated In this case the thllrano 
derivative 7 very difficult to synthesize by other methods (equation 4). 
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20 

CI 
I 

Phth-6 

4 

5 

CI 
I 

6 

Me 

20 

i = WH, or NaBH, or UR$H 

7 

In conclusion we have shown that the phthaiimidosulphenyl chloride 1 can be really regarded 
as a synthetic equivalent of many known and unknown sulphenyl derivatives, and moreoverthat 
the reacttivity of the adducts of 1 to alkynes may open new channels for the synthesis of 
Interesting sulphur compounds. 

References 

1) A. B. Sullivan and K. Boustany, Internat. J. Sulfur Chem. (A), 1, 207 (1971). 
2) M. U. Bombala and S. V. Ley, J, Chem. SOC. Perkin Trans. I ,  3013 (1979). 

3) G. Capozzi, V. Lucchini and G. Modena, Rev. Chem. Intermediates, 2,347 (1979). 

4) G. H. Schimd, A. Modro, F. Lenz, D. G. Garratt and K. Yates, J. Org. Chem., 41, 2331, 
(1976). 
5) G. Capoul, G. Romeo, V. Lucchinl and G. Modena, J. Chem. SOC. Perkin Trans. I ,  831 

(1983). 

6) G. H. Schrnld, A. Modro, D. G. Garratt and K. Yates, Can. J. Chem., 54,3045 (1976). 
7) a: G. Capozzi, G. Modena and L. Pasquato, Chemistry of Sulphenyl Halides and 
Sulphenamides in "The Chemistry of Sulphenlc Acids and their Derivatives." Ed by S.Patai, 
John Wiley and Sons, New York, lm, p. 403 and references cltated thereln; b: E. Kuehle, 
The Chemistv of the Sulfenic Acids, G. Thieme, Stuttgart, 1973. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
4
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1


