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ABSTRACT 

Partial reduction of racemic mixture of  S-alkyl-S-aryl-p-tosyl sulfilimines with L(--)cysteine 
affords optically active recovered sulfilimine. In the case of S-methyl-Sp-tolyl-N-p- tosylsuifiiimine 
the absolute configuration and the optical yield were determined. 

We have previously found that aromatic’ and ali- 
phatic’ thiols reduce S-alkyl-Saryl-N-ptosylsulfilimines 
(1) in methanol solution in almost quantitative yield 
affording sulfide, disulfide, and sulfonamide. 

R 1  
/ 
/ 

R 2  

S = NTos + 2R3SH + R1SR2 + R3SSR3 + TorNHg 

1 

The widespread interest developed in recent 
years38 in the determination of the stereochemical 
course of nucleophilic substitution reactions at the 
sulfur center and the convenient conditions under 
which the reaction mentioned occurs, prompted us 
to investigate the reduction of sulfilimines with 
optically active thiols in an attempt to observe asym- 
metric reduction. 

In this note some preliminary results on the partial 
asymmetric reduction of racemic mixture of sulfilimines 
with L(-)cysteine are reported. 

The sulfilimine (0.03 mol) dissolved in 150 ml of 
methanol/water (3 : 1) was added to a solution of 
L(-)cysteine (0.03 mol) dissolved in 150 ml of the 
same solvent. The solution was allowed to stand at 
room temperature for 3 days. The white precipitate 
(cystine and traces of ptoluensulfonamide) was 
filtered off. The solvent was then removed by evapora- 
tion under reduced pressure. The resulting residue was 
extracted with two 100 ml portions of hot CHC13, and 

TABLE 

Optical activity of the unreacted sulfilimines 

2 / S  = NTos R l, 

R 

1. C. Uell’Erba G. Guanti, G. Gaiani, and G. Garbarino, l a  +4.20 
Garz. Chim. I t . ,  101. 890 (1971). 

2. G. Guanti, C. Dell’Erba, G. Gaiani, and G. Garbarino, 
unpublished results. 

3. M.  Mikolajezyk and M. Para, Chem. Commun., 11 92 
(1 969). 

4. K. Balenovic and N. Bregant, Chem. and Industry, 1577 
(1 964). 

5. D. J .  Cram, I .  Day, D. R. Rayner, Don M. Von Schriltz, 
D. J .  Ihchamp, and D. C. Garwood,J. Am. Chem. SOC., 
92 (25) 7369 (1970) and references therein. 

6. K. Tsujihara, K. Harada, N. Furukawa, and S. Oae, 
Tetrahedron, 27, 6101 (1971) and references therein. 

7. W. Wucherpfenning and G. Kresze, Tetrahedron L e f t ,  
1671 (1966). 

8. C. R. Johnson, and J.  J .  Higan, J. Org. Chem., 33, 4340 
(1 966). 

Id C2H5 C6H5 -5.16 

a The mlxture was  assumed to be enriched in (t) S-Alkyl- 

S-aryl-N-p-torylrulfilimines on the base of the literature 

data.5 As the specific activity of  the (-)-(S)-enantiomer of  

this rulfllirnine is measured5 only in acetone, t o  calculate 

the optical yield we prepared5 the (-)-(S) sulfllimine 

enantiorner and measured Its optical activity in 

CHC13: [a] g6 -415.81 ( ~ 2 ) .  Therefore the optical 

yield of tested reaction i s  Ca. 1.30. 
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the solution obtained was concentrated and chromato- 
graphed on 150 g of silica gel with elution by CHC13/ 
ether (3: 1). In this way the sulfiiimine was easily 
separated from the other components, weighed, and 
identified by analytical data, mp, ir, and ‘H-nmr spectra 
(0.01 5 mol of unreacted sulfilimine were collected in 
all the cases). 

then measured (c2, CHCI3) with a Perkin-Elmer 141 
photopolarimeter, and the obtained specific rotations 
are reported in the Table. As it emerges from the Table 
in all the cases the unreacted sulfilimine was found to 
be optically active indicating therefore, that L(-)- 
cysteine reduces the enantiomeric sulfilimines with 
different rate. 

In the case of S-methyl-S-p-tolyl-N-p-tosylsulfdi- 
mine, since the optical activity and the absolute con- 
figuration of one enantiomer is known,’ it was possible 
to determine the optical yield and the absolute con- 
figuration of the sulfilimine unreacted. From the Table 
it results that L(-)cysteine reduces the (-)-(S) 
enantiomer of S-methyl-S-p-tolyl-N-p-tosylsulfilimine 

The optical activity of the unreacted sulfilimine was 

more easily than the (+)-(R) enantiomer with an 
optical yield of cu. 1.30, 

It is known that sulfoxides are reduced to sulfides’ 
when treated with aliphatic or aromatic thiols although 
more drastic conditions as compared to sulfilimine are 
generally required. A comparison of the data concern- 
ing the reduction of the sulfilimine ( la)  and methyl- 
phenyl~ulfoxide~ with L(-)cysteine in the same 
conditions indicates that asymmetric reduction occurs 
solely in the former and not in the latter case. This 
suggests a larger steric control in the reduction of sulfili- 
mine as compared to the corresponding sulfoxides. 
However, the low optical yield obtained in the title 
reaction suggests no strong difference in the stability 
of the diastereoisomeric transition state; actually this 
fact was expected since in the tested thiol the SH 
group is not directly bonded to the asymmetric center. 

Research with other asymmetric thiols is in progress 
in order to improve the optical yield. 

9. T. J .  Wallace and J .  J .  Mahon, J. Org. Chem., 30, 1502 
(1964) and previous works in the series. 
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Notes and Communications 

Conformational Properties of Sulfur- 
containing Homo-ol igopeptidet. 
Oligo-L-methioninesl 

Sir: 
In previous papers we reported evidence of 

0-associated structure formation in trifluoroethanol 
and trifluoroethanol/water mixtures for homo- 
oligopeptides derived from amino acids with hydro- 
carbon side chains.2-4 In this communication we 
wish to discuss the conformational properties of the 
sulfur-cont aining homologous series BOC(L-Met), -OMe5 
(n = 2-7) in the same solvent systems using circular 
dichroism. 

Poly-L-methionine has been shown to assume the 
right-handed a-helical conformation in the solid 
state6 -7 and in non-denaturing organic ~ o l v e n t s , ~ ' ~ - ' ~  
its stability being lower only to poly-L-alanine and 
poly-L-leucine.6 Methionine was also found among 
the strongest structure-forming residues in proteins 
(total helical and D-region~).'~ Conversely, it has 
often experimentally been shown that the more 
stable conformation for oligopeptides derived from 
amino acids, whose homo-polymers assume the 
a-helical structure, is the P-conf~rmation.~~~~'~-'~ 

1. A conformational analysis on the homo-oligopeptides 
series derived from S-methyl-L-cysteine, the lower 
homolog of L-methionine, is in progress. 

2. M. Goodman, F. Naider, and C. Tonlolo, Biopolymers, 
10, 1719 (1971). 

3. E. Peggion, M. Palumbo, G. M. Bonora, and C. Toniolo, 
Bioorganic Chem., in press (1974). 

4. C. Toniolo and G. M. Bonora, 1974, manuscripts in 
preparation. 

5. The abbreviations are those recommended by IUPAC- 
IUB Commission o f  Biochemical Nomenclature, 
Biochemistry, 11. 1726 (1972). 

6. G. D. Fasman, in "Polya-Amino Acids", Vol. I ,  
G .  D. Fasman, Ed., M. Dekker, Inc., New York, N.Y., 
1967, p 499, and references therein. 

7. 1:. Colonna-Cesari, P. Horn, A. Belhaj-Soulami, 
M. Marraud, and J. Ne'el, J.  Chim. Phys., 66, 2009 
(1969). 

8. J .  L. Markley, D. H. Meadows, and 0. Jardetzky, 
J.  Mol.  Biol., 27. 2 5  (1 967). 

9. J .  A. Ferretti, Polym. Prepr. Am. Chem. Soc., Div. 
Polym. Chem., 10. 29 (1969). 

10. J .  C. Haylock and H. N. Rydon, ibid., p 25. 
11 .  J .  H. Bradbury and B. E. Chapman, J.  Macromol. Sci. 

Chem., 4, I 137 (1  970). 
12. A. Warashina, T. Iio, and T. Isemura, Biopolymers, 9, 

1445 (1970). 
13. J .  R .  Parrish, Jr., and E. R. Blout, Biopolymers, 10, 

1491 (1971). 
14. 1'. Y. Chou and G .  D. Fasman, J.  Mol. Biol., 74. 263 

(1973). 
15. M. Goodman, F. Naider, and R.  Rupp, Bioorganic 

Clrem., 1, 310 (1971). 
16. T. lmae and S. Ikeda, Biopolymers, 11, 509 (1972). 
17. T. Komoto and T. Kawai, Makromol. Chem., 172. 2 2 1  

(1973). 

The methionine oligopeptides have been syn- 
thesized via the dicyclohexylcarbodiimide and 
acid azide coupling methods as previously described 
for isoleucine,'8 ~ a l i n e , ~  and phenylalanine l9 

oligopeptides. These methods are known to give 
products of high chemical and optical purity in good 
yields . The linearity of the plot of total molar 
rotation values at sodium D line of methionine 
oligomers vs. n20 in hexafluoroacetone sesquihydrate 
(a denaturing solvent for the secondary structures of 
o l i g o p e p t i d e ~ ) ~ ~ ' ~  confirms the absence of racemization 
in the various synthetic steps. 

2 
\ 2  

t 
~~ ~ 

190 200 210 220 230 240 
A (nm) 

FIGURE I 

Circular Dichroism Spectra of BOC-CL-MetSPMe in 

The circular dichroism spectra (obtained with a 
Cary model 60 spectropolarimeter modified with a 
Cary model 6001 CD attachment) of the oligo-L- 
methionines in trifluoroethanol (conc 3 x M) 
are illustrated in Figure I. In going from dimer to 
heptamer, the long-wavelength negative dichroic band 
increases in intensity and exhibits a blue shift to 
225 nm; the positive band at 202 nm in the dimer 
undergoes a red shift to 214 nm in the tetramer 
while decreasing in intensity and finally disappearing 
(at the pentamer), and the negative short-wavelength 
band shifts gradually to the red while becoming more 
intense. The spectrum of the heptamer (negative 
Cotton effects at 225 and 202.5 nm) changes 
neither in the concentration range 3 x M - 
3 x lo-' M nor on increasing the temperature to 

Trifluoroethanol at 25°C (conc = 3 x MJ.  

18. C. Toniolo, Biopolymers, 10, 1707 (1971). 
19. C. Toniolo and G. M. Bonora, Bioorganic Chem., in 

press (1974). 
20. M. Goodman, I.  Listowsky, and E. E. Schmitt,J. Am. 

Chem. SOC., 84, 1296 (1962). 
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7bOC (only a small blue shift to 200 nm of the more 
intense Cotton effect has been observed at higher 
temperatures). We suggest that all methionine 
oligomers (to n = 7) exist predominantly in unordered 
conformation in trifluoroethanol. In any case the 
results reported here allow us to conclude that the 
heptamer does not form fl-aggregates in this solvent 
in contrast to the behavior of heptamers derived from 
L-isoleucine2*” and L - ~ a l i n e . ~  

Since proteins function primarily in water, it is 
important to investigate peptide model compounds 
in aqueous solution. Unfortunately these oligomers 
are insoluble in water. Nevertheless, we did examine 
their circular dichroic properties in trifluoroethanol/ 
water mixtures. The addition of 80% water ( v / v )  to a 
solution of hepta-Lmethionine in trifluoroethanol 
causes a dramatic change in the dichroic pattern 
(Figure 11), a negative band at 223 nm and a positive 
stronger band at 198 nm clearly suggesting the 

I.----- 

l o t  ’+ A 
- 1 o c  

I 1  1 I I I 
190 200 210 220 230 240 

A ( n m l  
FIGURE II 

Circular Dichroirm Spoctn  of BOC4L-MotS$Me in 
Trifluoroethanol-Wan (20:80, v/v) at 2!?C 

(corn = 3 x 10-4 MI .  

plesence of a high content of P - s t r ~ c t u r e . ~ - ~ * ~  We 
have examined all the peptide series in this solvent 
mixture (Figure 11). The spectral properties typical 
of the 0-form appear at the pentamer. This confirms 
that the 0-conformation has a critical chain 
length2-4”5*18 analogous to the critical size 
necessary for a-helix formation.6*21*22 

The present findings demonstrate that the 
0-conformation is the preferred structure for oligo- 
L-methionines in water as for other oligopeptides 
derived from aliphatic and aromatic amino 
acids.2-4>15i18 They also show the greater tendency 
of water when compared to trifluoroethanol in 
supporting the 0-structure of oligoa-amino acids 
with saturated side  chain^?*^"^ In this context, the 
higher tendency of isoleucine’ and valine4 with 
respect to methionine (and l e ~ c i n e ) ~  in assuming 
the 0-structure points to the relevant contribution 
of 0-branching in determining pept ide conforma- 
tions;2*46 in addition, the comparable conformational 
behavior of methionine and leucine4 oligopeptides 
in trifluoroethanol-water mixtures suggests similarity 
in structural role of -CH2-CH2-S -CH3 and 
-CH2-CH(CH3)2 g r o ~ p s . ’ ~  Finally, since the 
dichroic spectra shown in the Figures are similar t o  
those exhibited by oligo-L-leucines in the same 
experimental  condition^,^ the influence of the 
thioether chromophore upon the chirospectroscopic 
properties of methionine derivatives is confirmed 
to be minor.23 

Claudlo Toniolo and Gian Marla Bonora 
Istituto di Chimica Organica. Universiti di Padova, 

35100 Padova, Italy. 
Received December 26, 1973 

21. 

22. 

23. 

M. Goodman, A. S. Verdini. C. Toniolo. W. D. Phillips, 
and F. A. Bovey, Proc. Not.  Acad. Sci.. U.S., 64, 444 
( 1  969). 
M. Goodman, C. Toniolo, and A. S. Verdini, in “Peptides” 
1969, E. Scoffone, Ed., North Holland Publ. Co.,  
Amsterdam, NL, 1971, p 207. 
C. Toniolo, Int .  J. Sulfur Chern., B , 8 ,  89 (1973). 
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