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A . description is ,given of the preparation and properties of 
optically active bis(2-carboxy-2-phthalimidoethyl) disulphide (Ia), 
[a]D-275°, bis(2-carboxy-2.:phthalimidoethyl) trisulphide (lb) , ,[a]D 
-4720 and bis(2-carboxy-2-phthalimidoethyl) tetrasulphide (le), 
[a]D:--3880. The starting material for these compounds was N -

-phthaloyl-L-cysteine (II), [a]D-64° prepared from L-cysteine 
hydrocl).loride and sodium o-carbethoxythiobenzoate. 

The peculiar optical properties of sulphur-containing amino acids were 
pointed out by van't Hoff1• Despite many subsequent experimental and theo­
retical investigations, there still are a number of unexplained phenomena 
connected with the abnormally high rotations of cystine and other optically 
active disulphides. 

The great difference between the relatively low rotations of optically 
active mercaptans and the high rotations of some corresponding disulphides 
was explained by Ka~zrh.ann and Eyring2 as the result of the restriction of 
freedom, or Of odentation, of the substituents on the centre of asymmetry. 

According to Fieser3, the formation of a system of three ten-membered 
rings with stable hydrogen bonds could explain the high rotatory power of 

cystine. Thus, in L-homocystine ([aJi5 -16°, c, 0.06 in water)' as in L-lanthionine 
([a]n + 6°, c, 1 in N NaOH)5 the. low rotatory power should result from the 
inequality in size of the three possible rings, preventing the formation of stable 
hydrogen bonds. If these. propositions were correct, we can expect a compara­
tively low rotatory , power in the case of L-~-homocystine, as that of homo­
cystine. The optical rotation, however, of L-~-homocystine ([:z]n-264°) fits 
~xcellently6 into the experimentally founded suggestions of Fredga7, namely, 
tha't the vicinity of the -s-s..: bond to the centre of asymmetry is responsible 
for the high rotatory power of cystine and other disulphides. 

The great influence of disulppide bonds on optical rotation is evident in 
S:ome other instance~ as wew . . 

It is known that the value of the 'specific rotation observed in the visible 
is largely determined by electronic transitions associated with absorption bands 
in the near ultraviolet9• In this respect weak absorption bands in this region 
might be especially important. 
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In fact cyclic or acyclic -S-S- compounds have weak absorption bands in 

their ultraviolet spectra, with maxima in the region between 250 and 350 mµ 10•11 • 

and a rotatory dispersion study of some optically active disulphides has shown 

that their absorption bands were indeed optically active. The rotatory dispersion 

curve of cystine itself has the extremum at 268 m1J., which is associated with 
a Cotton effect curve centered about the disulphide band of cystine at 255 mµ. 12. 

It is known that the disulphide bridge has the dihedrai angle of 90° and 

that the rotation about the bond is strongly hindered with a potential barrier 

between 10 and 20 Kcals. 13 A consequence of this geometry, and of such a large 

potential barrier, is the essential asymmetry of the disulphide bridge. These 

facts have recently been applied to speculations about possible explanations' 

of the abnormally high rotations of cystine14• 

In connection with this problem it was desirable," inter alia, to prepare 

optically active trisulphides and tetrasulphides of the type I (n = 3,4) analogues 

of L-cystine, a description of which is now given15• 

[o:Jo (ctl JD 
CH2CH(R)C02H (a) n = 2 -275° -1380° 

I __:_ 2510° (S)n (b) n = 3 -472° 

I 
CH"CH(R)C02H (c) n = 4 -388° -21900 

I 
HSCH(R)CO"H - 64° - 160° 

II 
R = N(C0) 2C6H4 

The starting material for these compounds was N-phthaloyl-L-cysteine (II), 

[o:Jn-64°, prepared from L-cysteine hydrochloride and sodium o-carbethoxy­

thiobenzoate in N,N-dimethylformamide at 80° according to the earlier des­

cribed method16•17. As expected the compoqnd II gav.e a strongly positive nitro­

prusside test characteristic of thiols. Bis(2-carboxy-2-phthalimidoethyi) disul­

phide (Ia) was obtained by the aerial oxidation of a solution of compound II 

in aqueous ammonia at pH 8 in the presence of ferric ion. The disulphide Ia 

showed the m. p. 166-168° and [a]o-275°. Bis(2-carboxy-2-phtha1imidoethyl) 

trisulphide (Ib) was obtained by the reaction of compound II with freshly 

distilled sulphur dichloride in chloroform, and had the m. p. 95-97° (decomp.) 

and [aJn-472°. Bis(2-carboxy-2-phthalimidoethyl) tetrasulphide (Ic) was pre­

pared from II and disulphur dichloride in chloroform, and showed the m. p. 

110-112° and [a]D-3880. 

To the best of our knowledge the compounds lb and le are the first optically 

active polysulphides described hitherto. The chemistry of polysulphides has not 

been as extensively studied as that of some other types of sulphur compounds18, 

and we provisionally write, therefore, the formulae of lb and le with linear 

arrangement of sulphur atoms. It is evident that they exhibit much higher 

rotations than analogous disulphides. Following recent propositionsrn the symbol 

[<tl] is used for molecular rotation throughout this paper. 
The infrared spectra of compounds Ia-c are shown in Figs. 1-3, and the 

absorption spectra in the ultraviolet region irt Fig. 4. The -S-S-linkage absorption 
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Figs. 1-3. Infrared absoption spectra of compounds Ia-c in potassium bromide plates . 

in the infrared occurs as a weak band in the 500-400 cm.-1 region20 • This is 
probably the cause of the essential identity of the main bands of the infrared 
spectra in the region between 3000 and 700 cm.-1 measured for these three 
compounds. 

As a result of hydrazinolysis of the N-phthaloyl group in compounds Ia-c, 
L-cystine and phthaloyl hydrazin·e were obtained in each case. In the case of the 
polysulphides lb and le elemental sulphur was also detected. The addition and 
loss of sulphur are the most characteristic reactions of polysulphides18• 

Further work concerning the preparation of free amino acids corresponding 
to compound lb and le and the measurement of their optical rotatory dispersion 
is in progress. 
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Fig. 4. Ultraviolet absorption spectra of compounds Ia-c. in absolute ethanolic solution. 
--- Ia, c: 1.06 X 10-2, i.max: 293 mµ, •max: 720 
- - - - lb, C: 1.05 X 10-', ).max: 293 mµ, •max: 665 

Ic, c: 1.128 X 10-2 , ).max: 294 mµ, •may: 1170 

EXPERIMENTAL 

All melting points are uncorrected. 
Spectrophotometric measurements were made by using a Beckman DU Model 

and a Perkin-Elmer Infracord Model 137. 

N-Phthaloyl-L-cysteine (II) 
A solution of L-cysteine hydrochloride (4.7 g., 0.03 mole, r[a]D + 7.70) in N,N-di­

methylformamide (40 ml.) was heated to 80-850 with stirring, and a solution of 
sodium o-carbethoxythiobenzoate (6.95 g., 0.03 mole) in N,N-dimethylformamide (15 ml.) 
added. Stirring at the same temperature was continued for 4 hours under nitrogen. 
The solvent was removed under reduced pressure at 800 (under nitrogen), and the 
residue poured into water (100 ml.), adjusted to . pH 3 with N-hydrochloric acid and 
extracted with peroxide-free ether (3X30 ml.). The combined ethereal extracts were 
washed with water (2 X20 ml.) and dried (MgS04). After evaporating the solvent under 
reduced pressure a nearly colourless oil remained (7 g., 920/o) consisting .of N-phthal-
oyl-L-cysteine showing [a]~ -640~ (c, L3 in ethanol), Iebi~ -,-l60o. , .The . analytical 
sample was a viscous colourless oil ~istilling at 1500;0.04,mm. 

-4.nal. 10.396 mg. subst.: 19.809 rrig. C02, 3.772 mg. H;iO 
C11H904NS (251.25) calc'd,: C 52.58; ··H·3.610/o 

-fouµd: ·C. 52.09> .: fl 4.060/o 

Sodium nitroprusside test was strongly positive.21 
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( -)-Bis(2-carboxy-2-phthalimidoethyl) disulphide (Ia) 
N-Phthaloyl-L-cysteine (II, 0.5 g., [a1n - 64°) was dissolved in methanol (5 ml.) 

and adjusted with 100/o ammonium hydr9xide to pH 8. A trace o.f Fe2(S04)s was 
:added, and a stream of air passed through the solution overnight. The solution 
was filtered, and most of the solvent evaporated under reduced pressure. The 
residue was adjusted with N hydrochloric acid to pH 5, extracted with ether 
(3 X 20 ml.) and the ethereal extracts washed with water and dried (MgS04). After 
removing the solvent a viscous oil remained, consisting of (-)-bis (2-carboxy-2-
-phthalimidoethyl) disulphide, which on drying under reduced pressure became an 
amorphous powder (0.3 g., 600/o). On addition of dichloromethane the oily disulphide 
-crystallised, and after drying at 500/0.004 mm. for 15 hours colourless neeedles were 
>Obtained, m. p. 166-1680 (decomp.), showing [a] ij> -2750 ± 10 (c, 1 in ethanol), .[¢]~ -
13800. 

Anal. 7.550 mg. subst.: 14.602 mg. C02, 2.242 mg. H20 
C22HrnOsN2S2 (500.51) calc'd.: C 52.79 ; H 3.220/o 

found: C 52.78; H 3.320/o 

The sodium nitroprusside test was negative. 

·(-)-Bis (2-carboxy-2-phthalimidoethyl) trisulphide (lb) 
To a solution of N-phthaloyl-L-cysteine (II, 4 g., 0.016 mole, [a]D-640) . in 

;a nhydrous chloroform a solution of freshly distilled sulphur dichloride (0.82 ml., 
il.008 mole) in chloroform (15 ml.) was added. After the vigorous developing of 
·hydrogen chloride ceased, the reaction mixture was refluxed for one hour, the 
solvent was then evaporated under reduced pressure, and the oily residue con­
.,sisting of (-)-bis (2-carboxy-2-phthalimidoethyl) trisulphide dissolved in dichloro­
.methane. On addition of petroleum ether (b. p. 40-60°) an oily layer separated, 
·which crystallized on standing at 0° as colourless prismatic needles (2 g., 470/o) with 
the m. p . 80-850 (decomp.). Further purification of ' the substance by dissolving 
in ether, removing the solvent, and adding dichloromethane yielded crystals which 
after drying at 50°/0.004 mm. had the m. p. 95-97° (decomp.) and [a]~ -472° ± 2° 

{c, 1.5 in eth anol), .[ ¢ ]~ -2510°. Last traces of solven t were removed by drying 
.at 1000/0.004 mm. for 12 hours. A melt remained which \Vas analysed. 

Anal. 6.538 mg. subst.: 11.844 mg. C02, 2.000 mg. H20 
8.489 mg. subst.: 11.265 mg. BaS04 

C22H 160 8N2S3 (532.57) calc'd.: C 49.61; H 3.02; S 18.060/o 
found: C 49.44 ; H 3.42; S 18.230/o 

·(-)-Bis (2-carboxy-phthalimidoethyl) tetrasulphide (Ic) 
To a solution of N-phthaloyl-L-cysteine (II, 7 g., 0.028 mole) in chloroform (15 ml.), 

a solution of disulphur dichloride (1.87 g., 0.014 mole) in chloroform (25 ml.) was added . 
. After the vigorous evolution of hydrochloric acid had subsided, the mixture was 
refluxed for 1 hour. The solvent was removed under reduced pressure, and dichloro­
methane was added to the p ale yellow oily residue. After ~tanding at oo the oil cry­
:s1.allized. The crystals were dissolved in ether, treated with a small amount of char­
coal, and filtered. The filtrate was evaporated under reduced pressure, dichloro­
methane added., and (-)-bis(2-carboxy-2-phthalimidoethyl) tetrasulphide separated as 
·colourless prisms in a yield of 4 g. (500/o), showing the m. p. 108-llOO. The analytical 
samnle was recrystallized from dichloromethane and showed the m. p . 110-1120 and 

.fol~ -3880 ± 20 (c, 1.5 in ethanol) . [G) Jij> -21900. The substance was melted in high 
vacuum before analysis. 

Anal. 5.947 mg. subst.: 10.274 mg. C02, 1.627 mg. H20 
6.984 mg. subst.: 11.508 mg. BaS04 
C22H1GOsN2S4 (564.64) calc'd.: C 46.80; H 2.85; S 22.720/o 

found: C 47.14; H 3.06; S 22.630/o 
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Hydra;:inolysis of (-)-bis(2-carboxy-2-phthalimidoethyl) disulphide (Ia) 
A mixture of (-)-bis(2-carboxy-2-phthalimidoethyl) disulphide (250 mg., 0.5 

·nunole), sodium carbonate (50 mg.), hydrazine hydrate (50 mg.) and water (2 ml.) was 
·left at room temperature for 2 days22. The gradually formed precipitate of L-cystine 
(63 I!lg., 520/o) wa~ filtered off, m . p . 242-2480, [al~ -2050 (c, 1.4 in N h ydrochloric acid). 

Hydrazinol'ysis of (-)-bis(2-carboxy-2-phthalimidoethyl) trisulph'ide (lb) 
and of tetrasulphide (le) 

.. The hydrazinolysis of lb and le was carried out in the same manner as with Ia. 
The- gradually formed precipitate consisting of amino acids and elemental sulphur 
was filtered off and washed with carbon disulphide. The remaining crystals consisted 
mainly of L-cystine and traces of three ninhydrine-active components, as shown by 
paper chromatography. 
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IZVOD 

Opticki aktivni trisulfidi i tetrasulfidi, analozi L-cistina 

B . Gaspert, Z. Stefanac, R. Marusic i K. Balenovic 

Opisana je preparacija i svojstva opticki aktivnog bis(2-karboksi-2-ftalimidoetil) 
disulfida (Ia), [aln-2750, bis(2-karboksi- 2-ftalimidoetil) trisulfida (lb), .[a.ln-4720 i 
bis (2-karboksi-2-ftalimidoetil) tetrasulfida (le), {a.]D-3880. Ovi su spojevi priredeni 
iz N-ftaloil-L-cisteina (II), [aln-640 dobivenog iz L-cistein hidroklorida i natrium 
o-karbetoksitiobenzoata. 
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