
MARCH 1965 NOTES 951 

p-( 1sopropylideneaminooxy)ethyl Sulfide .-To a solution of 
sodium ethoxide (0.092 g. of sodium) in ethanol (50 ml.) waa 
added p-( isopropy1ideneaminooxy)ethyl bromide (7.2 9.) and 
p(isopropy1ideneaminooxy)ethyl mercaptan (5.32 g,). The 
mixture was refluxed for 2 hr. in an atmosphere of N2, then fil- 
tered, and distilled. The product (2.5 g., 27%) boiled a t  lOe 
105" (2  mm.). 

Anal.  Calcd. for CIOHZONZO~S: C, 51.70; H,  8.67; N, 12.05. 
Found: C,51.74; H,8.80; N, 11.56. 

Ethyl S-( p4sopropylideneaminooxy)ethyl Xanthate .-A solu- 
tion of p-( isopropylideneaminooxy )ethyl bromide (22.5 g . ) and 
ethyl potassium xanthate (20 g.) in ethanol (250 ml.) was boiled 
for 3 hr. Salts were filtered off and the filtrate waa distilled to 
give a pale yellow liquid, 13 g. (47%), b.p. 120-121' (0.5 mm.). 

Anal.  Calcd. for CSH~~NOZSZ: C, 43.43; H, 6.83; N, 6.32. 
Found: C,43.86; H,  6.94; N,6.60. 

This xanthate (2 g.) waa dissolved in sodium hydroxide (5 g .  
in 10 ml. of water and 10 mt. of ethanol) solution a t  100" for 
1.5 hr. (Nt  atmosphere). The cold solution was extracted with 
chloroform and distillation of the extract gave the mercaptan 
(1.0 g.) identified by ita boiling point and infrared and n.m.r. 
spectra. 

3,3-Dimethyl-l-oxa-2-aza4-thiacyclohexae Hydrochloride 
(XIV).-When p-(aminooxy)ethyl mercaptan hydrochloride 
(VIII) was crystallized from acetone, the salt, m.p. 145-146', 
was obtained which was crystallized from ethanol. 

Anal.  Calcd. for CSHIZClNOS: C, 3.5.39; H ,  7.12; N ,  
8.25. Found: C, 35.15; H,  6.92; N ,  8.11. 

The same product was obtained when a stream of hydrogen 
chloride gas was led through a dry ether solution of XI.  
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Numerous naturally occurring sulfoxides have been 
isolated in recent years.2 Among these are isothio- 
cyanate sulfoxides and sulfinyl amino acids. The 
sulfur atom is an asymmetric center in these compounds 
and consequently they exist in isomeric f o r m  which 
vary in biological activity. This Note reports the 
results of an optical rotatory dispersion (O.R.D.) 
study of some sulfinyl amino acids and the significance 
of these results with regard to the relative and absolute 
configurations of these inolecules. 

The O.R.D. and ultraviolet parameters for several 
sulfinyl amino acids are listed in Table I .  The alkyl 
sulfinyl amino acids show a low wave-length ultraviolet 
absorption, appearing as a shoulder, centered a t  208- 
212 I ~ M  which is in good agreement with the absorp- 

(1) A laboratory of the  Western Utilization Research and Development 
Division, Agricultural Research Service, U. S. Department of Agriculture. 

(2) (a) H. A. Jones, "Onions and Their Allies," Interscience Publishers, 
Inc., New York, N .  Y . .  1963; (b) A. I. Virtanen. Anqew. Chem., 74, 374 
(1962), and references cited therein. 

TABLE I 
SOME PROPERTIES~ OF OPTICALLY ACTIVE 

R-CHr-CH-COzH 
I 

NHt 
-Cotton effect---- 

Absorption Amplitudeb Estimated 
R Amax, mp 141 X 10-4 midpoint, mp 
0 

( +)-CHa--k- 210 (shy +2.85 209 

( - )-CHa-S- 210 (sh) -1.76 216 

0 
I 

0 
I 

0 
I 

(+)-CH&HtCHz-S- 212 (sh) +2.77 212 

( -)-CHaCHzCHz-S- 212 (sh) -2.34 218 
0 
I 

0 
( + )-CHs-S-CHz- 208 (sh) +1.01 207 

( - )-CHs-k-CHt- 208 (sh) -0.78 213 . .  
a All samples were run in distilled water. Since optical 

purities are unknown, these are minimum values. sh = 
shoulder. 

tion inaximuin of saturated sulfoxides, reported3 to be 
near 210 111~ in aqueous solution. This absorption 
band is presumably due to an n - x* t r an~ i t ion .~  The 
O.R.D. data for the alkyl sulfinyl amino acids show a 
positive Cotton effect for the dextrorotatory isomers 
while the levorotatory isomers show a negative Cotton 
effect centered at slightly higher wave lengths. These 
Cotton effects are apparently associated with the power- 
fully rotating sulfoxide chroniophore present in these 
amino acids. The O.R.D. and ultraviolet data for the 
isomeric 3-(n-propylsulfinyl)alanines are presented in 
Figure 1. 

The molecular amplitudes of the Cotton effects for 
the isomeric 3-(n-propylsulfinyl)alanines and the 3- 
(inethylsulfiny1)alarlirles are' quite similar, that of the 
dextrorotatory isomer being greater in both ,cases. 
The amplitudes of the isomeric 4-(methylsulfinyl)- 
a-amino-n-butyric acids are much smaller, apparently 
owing to insertion of another methylene group between 
the amino acid and sulfoxide chromophores. However, 
the positive isomer again has a larger amplitude than 
the negative one. That each series of alkyl sulfinyl 
amino acids has a more highly rotating positive isomer 
can be explained as being due to the presence of an L- 
amino acid residue. The amino acids reported in this 
study were originally derived froin either L-cysteine or 
L-methionine. It has been shown' that L-amino acids 
give rise to a positive Cotton& effect in the 190-21,5- 
nip region. The amplitudes of the Cotton effects for 
aliphatic amino acids are not large5 in comparison with 
the amplitudes of the sulfinyl amino acids. The Cot.ton 
effects observed in t,his study are probably a combina- 
tion of both the sulfoxide and amino acid chromophores 
with the sulfoxide group determining the sign of the 
Cotton effect and the sign of rotation a t  t'he sodium 
line. Interaction of the two chromophores is sug- 
gested by the lower aniplitude Cotton effects observed 

(3) H. H. Jaffe and M. Orchin, "Theory and Applications of Ultraviolet 
Spectroscopy," John Wiley and Sons, Inc.. New York. N. Y . ,  1962. 

(4) (a) I. P. Dirkx and F. L. J. Sixtna, Rec. trau. chim., 88 ,  5 2 2  (1964); 
(b) W. Gaffield. Chem. I n d .  (London),  1460 (1964). 

( 5 )  The amplitudes [$I of the  low wave-length Cotton effects for a-amino- 
n-butyric acid and norleucine are 3800 and 4600, reapectively, measured in 
aqueous solution. These Cotton effects are centered near 200-203 mp. 
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with the 4-(methylsulfinyl)-a-amino-n-butyric acids. 
Another possible explanation is that the levorotatory 
isomers might be showing Cotton effects due to both 
chromophores, the sulfoxide group giving rise (see 
Figure 1) to the negative Cotton effect centered a t  218 
nip and the amino acid chromophore being centered 
about the descending limb of the curve a t  200 mM. 
However, none of the levorotatory isomers gave a 
shoulder on the ascending limb of the negative Cotton 
effect to add support to this proposal. Such shoulders 
have been observed6 in certain polypeptides and pro- 
teins when two opposed Cotton effects occur in close 
proximity. The difference in absolute amplitudes for 
the isomeric 3-(methylsulfiny1)alanines (see Table I) 
is about 11,000. Using a-amino-n-butyric acid as a 
model compound without the sulfoxide group, one ob- 
tains a difference of (2 X 38006)7600. That the com- 
bination of sulfoxide and amino acid chromophores is 
possibly an additive feature is suggested by this 
example but further confirmatory evidence is desirable. 

The absolute configuration about sulfur has been 
established by Hine7 for (+)-3-(methylsulfiny1)alanine 
by X-ray analysis. Klyne, Day, and Kjaefl have re- 
corded O.R.D. curves for a series of derivativesof some 
naturally occurring isothiocyanate sulfoxides. Nega- 
tive plain curves which were very similar and nearly 
superimposable were obtained in the wave-length 
region of 300-600 mp. These results indicate that the 
sulfoxides studied are of similar configuration. Varia- 
tion in the number of methylene groups between the 
sulfoxide chromophore and the functional group on the 
terminal carbon atom did not effect either the sign or the 
shape of the O.R.D. curve. 

The results obtained in the present study also indicate 
that the asymmetric a-carbon atom and its attached 
functional groups have little influence on the asym- 
metrically perturbed sulfoxide Chromophore. There- 

(6) E. R.  Blout, I .  Schmier, and N. S. Simmons, J .  Am. Chem. Soc., 84, 

( 7 )  R .  Hine, Acta Cryat . .  16, 635 (1962). 
(8) W. Klyne, J. Day, and A .  Kjaer, Acto Chem. Scond., 14, 215 (1960). 

3193 (1962). 

fore, since Hine assigned7 (+)-3-(methylsulfiny1)- 
alanine the (8)-configuration, the dextrorotatory alkyl 
sulfinyl amino acids described in Table I may be as- 
signed the (8)-configuration about sulfur and the 
levorotatory isomers the (&)-configuration. 

These conclusions may be extended to similar alkyl 
sulfinyl amino acids and possibly to the isothiocyanate 
sulfoxides.* The domination of the rotatory dispersion 
curve by the sulfoxide chromophore should permit de- 
termination of absolute configuration of dialkyl sulf- 
oxides by observing the sign of rotation a t  the sodium 
line. 

Andersen9 recently proposed a method for assigning 
relative and absolute configurations to asymmetric 
sulfoxides. He notedg that Herbrandson and Cusano'slo 
assignment of the (8)-configuration about sulfur in 
(-)-menthyl (-)-p-iodobenzenesulfinate is consistent 
with Hine's7 assignment to (+)-3-(methylsulfinyl- 
alanine. More recently, Fleischer, Axelrod, Green, 
and Mislow" have unequivocally established the ab- 
solute configurations of (-)-menthyl (-)-p-iodoben- 
zenesulfinate and of (-)-menthyl (-)-p-toluenesulfi- 
nate using X-ray and chemical methods. The absolute 
configuration about the sulfur atom is (S) in both 
caseslll as had been suggested previously.10t12 The 
results obtained in this important paper" are mutually 
compatible with configurational assignments made by 
AndersenI2 and by Montanari, et al.,13 to some aryl 
alkyl sulfoxides and also with the assignments made in 
this paper concerning alkyl sulfinyl amino acids. 

However, there is need for further work in establish- 
ing absolute configurations of asymmetric sulfoxides. 
The application of O.R.D. in relating these substances 
will very likely prove as fruitful as it has with other 
chromophores. 

Experimental 

Materials.-The alkyl sulfinyl amino acids were obtained as 
described by Carson and Wong.14 O.R.D. measurements were 
carried out on a Cary16 Model 60 spectropolarimeter and ultra- 
violet spectra were determined on a Ceryl6 14 spectrophotometer. 
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The chlorination of aromatic N-sulfinylamines has 
received little attention in the past. It is presently 
accepted that the chlorination proceeds under rupture 
of the N=SO bond to the corresponding aniine hydro- 


