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It has recently been found that alkyl and aryl thioimides 1 act as efficient sulfur-
transfer agents. They react with thiolsza'b'c, hydrodisulfideSZb, alkoxidesa, amines“, and
arenesulfinatesS to give disulfides, trisulfides, sulfenate esters, sulfenamides and thiol-

sulfonates respectively. Moreover, N,N'-thiobisphthalimide (2) generates N,N'-thiobisamines
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when treated with amines® and efficiently cyclizes 1,2 and 1,3-diamines to the corresponding

1,2,5-thiadiazolidines and 1,2,6-perhydrothiadiazines respectively®. In addition, it has been
reported that N-(phenylthio)-imides act as sulfuriging agents with active methylene compounds7.

In view of the successful preparation of a wide variety of sulfenyl compounds with the
above methods, we attempted to synthesize N-(alkyl and arylsulfinyl)-phthalimides 3 for possible
use as sulfinyl-transfer reagents. We wish to report that thiophthalimides 4 may be conveniently
oxidized to the corresponding sulfinyl analogues in high yield (80-100%) by treatment with one
equivalent of m-chloroperbenzoic acid.

4 3
The products obtained by this method are listed in Table I, along with yields and physical
data. All compounds gave satisfactory elemental analyses and had nmr spectra consistent with
their structures.
A general procedure for their preparation is as follows: A solution of 10 mmol of the per-
acid (assumed 85%) in 20 ml of chloroform was added dropwise over 0.5 hr. to a cooled (0-5°)

solution of 10 mmol of the thiophthalimide in 40 ml of chloroform. Stirring and cooling was
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continued for 0.5-1 hr. The solution was then washed with 5% sodium bicarbonate solution, dried
over anhydrous sodium;sulfate, and the solvent evaporated to provide the sulfinylphthalimide.
Alternately, the chloroform solution was evaporated to dryness and the residue was stirred several
minutes with 30 ml of ether. Filtration of the insoluble product effected efficient separation
from the highly soluble m-chlorcbenzoic acid. In the case of unhindered sulfinylphthalimides
(e.g. 5 and 6), the latter procedure is the method of choice as contact with bicarbonate solution
causes rapid decomposition. Further purification via crystallization was performed as necessary.
Sulfinylphthalimides may be stored for months at -10° with no detectable decomposition.

Our preliminary investigations have also shown that sulfinylphthalimides are extremely
efficient sulfinyl-transfer reagents. Reaction of 7 and 8 with one equivalent of morpholine or
cyclohexylamine gave the corresponding sulfinamides 12 and 13 in yields of 94% and 89%
respectively (eq.II).

Similarly, 8 and 9 reacted with sodium methoxide to give sulfinate esters 14 and 15 in
yields of 90% and 80%,
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14, R=CgHq- N CetiniH, R—E—NHC,,H“
15, R=nCHy- 13, R=CgHy-

The products of these reactions, as well as reaction conditions, yields, and physical data
are listed in Table II. All products had nmr spectra consistent with their structures and in
addition, 12 gave a satisfactory elemental analysis.

Sulfinamides 12 and 13 were prepared by stirring equivalent amounts of the reactants in
benzene. On completion of the reaction, phthalimide was filtered and the solvent was evaporated.
The residue was triturated with carbon tetrachloride and additional phthalimide (total: 90-95%) was
filtered. The solvent was then evaporated and the product was purified by crystallization.

Sulfinate esters 14 and 15 were obtained by stirring the corresponding sulfinylphthalimide
with 1.0 equivalent of sodium methoxide in methanol. The methanol was then evaporated and the
residue washed well with pentane.b Evaporation of the pentane provided the product as a clear oil.

It has been shown that N-(alkyl and arylsulfinyl)-phthalimides are conveniently prepared
in excellent yield by oxidation of the corresponding thiophthalimide with m-chloroperbenzoic acid.
Furthermore, sulfinylphthalimides behave as efficient sulfinyl-transfer reagents as evidenced by
the high yields of sulfinamides and sulfinate esters generated via treatment with amines and
methoxide ion respectively. The use of sulfinylphthalimides in such reactions is especially
attractive in view of the instability of conventional sulfinyl-transfer agents such as sulfinyl
chlorides?.
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TABLE I

Preparation of Sulfinylphthalimides

..-35&@

No R Yield 8 mp
5 CyHg 8sa 132-134
6 CHj 91arb 167-170
7 CgH5CHy 96° 154-155
8 CgHg g9a 150-153
9 n=-CyHg 8oa,d 87- 88

10 t-CyHg 100¢ 133-136

11 i-C3Hy 94¢ 125-127

(a) Ether work-up; (b) The precursor is a new compound,
mp 180~182°; (c) Work-up with bicarbonate solution;

(d) A significant second crop was obtained by cooling the
ether filtrate.

TABLE I1

Reaction of Sulfinylphthalimides with Amines and Hethoxide Ion

Solvent (mp) or lit. (mp)
No. Product Rxn time (hrs) Yield bp/mm or bp/mm
i

12 CgHsCHS-N_ O CgHg (1)@ 94 (83-85)

%
13 cgHsSNHCgH), CgHg (0.5)b:C 89 (114-115) (116)8

)
14 cgHgdocn, CH30H (0.5)P 90 a

9

15  n-CyHqS0CH,; GH30H (0.5)P 80  84-85/12  72-73/10°

(a) Reflux; (b) Room temperature; (c¢) A solution of the sulfinyl-
phthalimide was added dropwise over 10 min to the amine in benzene;
(d) The product had ir and nmr spectra as well as refractive index
identical to those of a genuine sample prepared by the method of
Douglass?; tlc confirmed purity.



5316 . No. 52«
References

1. D.N. Harpp and T.G. Back, Organic Sulfur Chemistry, Part XVI. For Part XV, see
D.N. Harpp and T.G. Back, Tetrahedron Letters, 1481, (1972).

2, (a) X.S. Boustany and A.B. Sullivan, Tetrahedron Letters, 3547, (1970).
(b) D.N. Harpp, D.K. Ash, T.G. Back, J.G. Gleason, B.A.Orwig, W.F. VanHorn and J.P. Snyder,
Tetrahedron Letters, 3551, (1970).
(c) D.N. Harpp and T.G. Back, J. Org. Chem., 36, 3828 (1971).

3. D.H.R. Barton, G. Page and D.A., Widdowson, Chem. Commun., 1466, (1970).

4. (a) K.S. Boustany, Chimia, 396, (1970).
(b) D.N. Harpp and T.G. Back, Tetrahedron Letters, 4953, (1971).

5. Y. Abe and J. Tsurugi, Chemistry Letters, 441, (1972).
6. D.N. Harpp and T.G. Back, Tetrahedron Letters, 1481, (1972).

7. (a) T. Mukaiyama, S. Kobayashi and T. Kumamoto, Tetrahedron Letters, 5115, (1970).
(b) T. Mukaiyama and K. Saigo, Bull. Chem. Soc., Japan, 44, 3077, (1971).
(c) T. Mukaiyama, S. Kobayashi, K. Kamio and H. Takei, Chemistry Letters, 237, (1972).

8. D. Klamann, C. Sass and M. Zelenka, Chem. Ber., 92, 1910, (1959).

9. 1I.B. Douglass, J. Org. Chem., 30, 633, (1965).

Acknowledgement

We gratefully acknowledge the financial assistance of the National Research Council

of Canada.



