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TABLE I11 
DEPENDENCE OF RATE O N  THE CONCENTRATION OF 

BROMOTRICHLOROMETHANE‘ 
Rate X 103, 

Mole ratio [BrCCh],  moles kz.? 
Diene BrCC1a:diene moles kn. -1  min. -1  

Isoprene 1 0 3 : l  2.98 2.84 
2 . 0 5 : l  4.30 2.74 
2 . 9 8 : l  4.54 3.09 
6 . 1 9 : l  4 .78  3 .58  
8 .36 : l  4.84 3.66 

17 .95: l  4.96 3.34 
2,a-Dimethyl- 1:2.06 2.79 5.74 

butadiene 0.99: l  3.56 12.29 
2 .99 : l  4.43 13.10 
4 .25 : l  4.60 12.70 
6 .08 : l  4.72 13.38 

10 .63: l  4 .85  14.88 
11 .06 : l  4 .86  15.95 
11 .22: l  4.86 15.83 
18. 72: 1 4 .93  14.97 

Wtae  rate: isoiwene, 5S60 rads min.-l; 2,3-dimet,hylbuta- 
diene, 5920 rads rnin.-’. 

pendence of rate on the concentration of bromotri- 
chloromethane when the rate in each case has been cor- 
rected to a common dose rate. It is seen that in the 
cases of both isoprene and 2,3-dimethylbutadiene, in 
the mole-ratio range of 1:l to 18:1, the rates of disap- 
pearance of the dienes are essentially constant with 
variation in the mole ratio (within 25% variation), the 
maximum rates occurring a t  a mole ratio of 8 : l  for iso- 
prene and 11 :1 for 2,3-dimethylbutadiene. However, 
the rate is much lower when a mole ratio of 1 :2 is em- 
ployed as indicated in the case of 2,3-dimethylbuta- 
diene. 
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The isomeric internal Bunte salts, S-3-aminc-2-hydroxypropylthiosulfuric acid (I), S-2-amino-l-( hydroxy- 
methy1)ethylthiosulfuric acid (II), and S-2-amino-3-hydroxyprop> lthiosulfuric acid (111), have been prepared 
as the racemic forms. 3-Amino-2-bromo- 
1-propanol hydrobromide has been synthesized by the addition of hypobromous acid to the allylammonium ion; 
the isomeric l-amino-3-bromo-2-propanol hydrobromide was a minor product of the addition. The acid hy- 
drolysis of N,O,S-triacetyl-I.-cyeteinol probably proceeds via a thiazoline intermediate. 

The last named has also been prepared in a levorotatory form. 

In  recent years, Bunte salts, S-alkyl thiosulfates, 
have been the subject of investigation in many labora- 
tories. A Bunte salt related to glutathione, “S-sulfo- 
glutathione”, has been isolated from calf lens  extract^.^ 
Sulfite has been used to obtain soluble protein or peptide 
fractions from wool, flour,s ribonuclease and insulin,‘j 
and from trypsinogen and 0-chym~trypsinogen,~ the 
cystine disulfide bonds are cleaved under mild condi- 
tions to form “S-sulfocysteinyl residues”. The proper- 
ties and potential uses of the “S-sulfocysteinyl residues” 
have been discussed by Swan.s 

Several examples of Bunte salts containing amino or 
alkylamino groups were prepared by Bretschneider. 
These, like the amino acids, are internal salts and the 
simplest compound of this type, S-2-aminoethylthiosul- 
furic acid, was found to have significant radiation-pro- 
tective activity in mice. It was also 2.4 times less 
toxic than 2-aminoethanethiol (cysteamine) hydro- 
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chloride.IO Other aminoalkyl thiosulfates have been 
prepared by Rosenthal and Citarel” who found that 
they were stable compounds which possessed significant 
anti-radiation activity. The low activity of 3-amino-l- 
propanethiol compared to the activity of S-3-aminopro- 
pylthiosulfuric acid’2 suggests that the protective ac- 
t’ivity of the Bunte salt is not, a t  least in this case, due to 
the formation of the thiol. 

Aminoalkylthiosulfuric acids are, in general, stable, 
odorless, crystalline, mater-soluble substances and are 
thus attractive potential anti-radiation drugs. This 
paper describes the synthesis of the three isomeric inter- 
nal Bunte salts I, 11, and 111. 

CH2NHa5 CHzOH CHzOH 
I 
I 

CHzSS0se 

I I 
CHSSOae CHNH3@ 
I I 

CHzSHa@ CHzSSOae 

CHOH 

I .I1 I11 

Bunte salts are prepared conveniently by the rea(*- 
tion of alkyl halides with thallous thiosulfate,’3 the 
insoluble t,hallous halide formed being removed easily 
from the reaction mixture. An aqueous solution of 1- 
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(13) H. Z. Lecher and E. M. Hardy, J .  Org.  Chem., 20, 478 (1933). 
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T I M E ,  H O U R S .  

Fig. 1 .-Hydrolysis of -Y,O,S-triacetyl-L-cysteinol (2.08 X 
X) in hydrochloric acid (1.7 A') a t  90': 0-optical density 

a t  231.5 mp; 0-optical density at 261 mp. 

amino-3-chloro-2-propanol hydrochloride (IV) , 14,15 un- 
like 2-chloroethylamine hydrochloride, l3 did not react 
readily with thallous thiosulfate a t  room temperature. 
Formation of the internal Bunte salt took place a t  higher 
temperatures but extensive decomposition also oc- 
curred. The corresponding bromo hydrobromide T' 

CHgX CH2NH3@Bre 
I 1 
I I 

CHOH CHBr 
I 

CHzOH 
I 

CH2KH3'Xe 
IV. x = C1 VI 
V. X = Br 

was originally prepared by condelisation of potassiuiii 
phthalimide with boiling epibromohydrin, followed by 
hydrolysis of the product with hydrobromic acid.16 
When N,N-dimethylformamide was added in the con- 
densation step," the reaction proceeded a t  3540" and 
the yield was improved slightly. Under these condi- 
tions, the epoxide ring is slowly opened by the potas- 
sium phthalimide. This was demonstrated by the for- 
mation of a small amount of a diaminopropanol (pre- 
sumably l13-diamino-2-propano1) after hydrolysis of the 
condensation product. The bromo hydrobromide re- 
acted more readily than IV with thallous thiosulfate 
and, after two days a t  50", the Bunte salt I, 8-3-amino- 
2-hydroxypropylthiosulfuric acid, was isolated in 67% 
yield. 

No suitable precursor for the Bunte salt I1 was known 
and attempts to prepare 3-amino-2-bromo-1-propanol 
hydrobromide (VI) from 2,3-dibromo-l-propa~1ol aiid 
from 2,3-dibromopropylamine and their derivatives, by 
selective displacements of the primary bromine atoms, 
were unsuccessful. The hydrobromide VI was even- 
tually obtained from the reaction of the allylammo- 
nium ion with hypobromous acid. The latter was con- 
veniently generated in situ by t'he method of Leibman 
and FelliierlS whereby a mixture of bromine vapor aiid 
(14) S. Gabriel and H. Ohle, Ber . ,  60, 819 (1917). 
(15) Unless otherwise indicated, all compounds containing a n  asymmetric 
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carbon atom are racemic mixtures. 

(1030). 

(1 920). 

air is passed into the reaction solution which contains 
one equivalent of silver nitrate. Both isomeric amino- 
bromo alcohols were isolated, the desired 3-amino-2- 
bromo isomer VI being the major product. The hy- 
drobromide VI did not react with thallous thiosulfate 
a t  40" but, a t  75-80", conversion to the Burite salt I1 
was essentially complete after twelve hours. Amine 
impurit.ies, which hindered crystallization, were re- 
moved by chromatography on silica gel. Crystalliza- 
tion of the purified material from methanol-ether gave 
the pure Bunt'e salt Ii, S-2-arnino-l-(hydroxymethyl)- 
ethylthiosulfuric acid, in 31% yield. 

Bulit'e salts have also been prepared by the action of 
sulfites on disulfides in the presence of an oxidizing 
agent'. Air or oxygen are often sufficient but cupric 
ions,'9 iodosobenzoate, a i d  tetrathionate6 have also 
been used. The oxidant converts the thiol formed in 
the reversible reaction (1) to disulfide and eventually 
this is completely converted to the Bunte salt. 

RSSR + SOg-' e RSSO,' + RS' (1) 

Cystinol dihydrochloride VII ,  3,3'-dithiobis [a- 
amino-I-propanolldihydrochloride, is, therefore, a suit- 
able precursor for the internal Bunt,e salt' 111. It was 

CHg0H CHzOH 
I I 

CH-XH3@Cl3 CH-NH3'Cl' 
1 I 

CHg-S-S-CHz 
VI1 

prepared from 2-phenyl-2-thiazoline-4-methanol by 
Crawhall, et aLZ0 These authors designated their prod- 
uct as the DL-form but the method of preparation 
would give a mixture of DL- and nzeso-isomers. We 
used the L-isomer of the thiazoline in an attempt to ob- 
tain the pure L-isomer of VI1 but hydrolysis of the 
t'hiazoline ring required much more vigorous conditiolis 
than those reported20 and racemization occurred at  this 
stage. The result'ant DL-thiol ("cysteinol") was oxi- 
dized without isolation and a crystalline, optically inac- 
tive mixture of, presumably, the DL- and meso-forms of 
VI1 was obt'ained. S o  attempt was made to separate 
these isomers and the mixture was treated a t  room 
temperature with ammonium sulfite solution (pH 7) 
and oxygen. The reaction was followed by paper elec- 
t,rophoresis and was complete after six to seven hours. 
The product was freed from inorganic salts by fraction- 
ation on a column of a cation exchange resin in the 
lithium salt formzl and subsequent' recrystallization 
from methanol-ether gave S-2-amino-3-hydroxypropyl- 
thiosulfuric acid (111) in 65% yield. 

L-2- amino - 3 - mercapto - 1 -propanol 
(YIIl), has been prepared recently by Enz and Cec- 
chinatoZ2 by a method which should not cause appreci- 
able racemization. L-Cysteine ethyl ester was re- 
duced with lithium aluminum hydride and the L - ~ Y S -  
t,eiiiol formed ivas isolated as t,he S,O,S-triacetate (IX) 
in 29% yield. These authors hydrolyzed the triacctato 
with dilute hydrochloric acid aiid obtained L-cystcinol 
as t,he crystalline hydrochloride, although tliry did not 
record the specific rotation. Thin layer chromatog- 

L-Cysteinol, 
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raphy indicated that, during hydrolysis of the triacetate, 
an intermediate was rapidly formed and that this was 
slowly converted to cysteinol. In dilute hydrochloric 
acid at  go', the absorption a t  231.5 m l  (thiolacetate) 
decreased rapidly. A second absorption a t  261 mb 
(thiazolinium cation) appeared, increased to a maxi- 
mum after ca. an hour and a half, and then decreased 
slowly (Fig. 1). It has been shown recently that thi- 
azoline formation occurs in acid solutions of N-acetyl 
cysteinez3 and lIT-2-mercaptoethylacetamidez4 and hy- 
drolysis of cysteinol triacetate (IX) probably proceeds 
via the same mechanism. 

CH2-0-CO-CH3 CHd3H 

CH-SH-CO-CHa CH-NH' 
\\ 

I I 

I /C-CH3 + HzO 

CH2-S 
1 
CH2-S-CO-CHj 

I X  

.1 
CH2OH 

CH-NH-CO-CH:, e CH-SH 011 

I 
CHzSH 

I 4 H' 

CHZOH 

CH-NHIe 

CHzSH 

I 

I 
VI11 

\ /  
I c: 

L-Cystinol dihydrochloride was prepared from L-cys- 
teiiiol triacetate by acid hydrolysis followed by oxida- 
tion of the resultant thiol which was not isolated. The 
L-form of VI1 had a specific rotation of -108' and a 
much lower melting point than the values obtained for 
the mixtures of DL- and meso-forms. 

The internal Bunte salt (111) prepared from this di- 
sulfide had a higher melting point than the m-form and 
a specific rotation of -31 in water. 

The three isomeric internal Bunte salts are stable 
rrystalline solids, very soluble in water and slightly 
soluble in methanol. They decompose slowly in boiling 
water. They have been submitted to the Walter Reed 
Army Institute of Research for testing as radiation-pro- 
tective agents. 

Experimental 
Solutions were concentrated under reduced pressure below 40". 

Melting points were determined on a KoAer micro hot stage or in a 
Thomas-Hoover capillary melting point apparatus and are un- 
corrected, and optical rotations were measured a t  5461 d with an 
ETL-NPL automatic polarimeter (The Bendix Corporation, 
Cincinnati, Ohio). Molecular weights were determined in the 
solvents specified with a vapor pressure osmometer (Mechrolab, 
Inc., RIountain View, Calif.). 

Paper electrophoresis was carried out on strips of Whatman no. 
1 filter paper, 5 cm. wide, in 0.2 M acetate buffer, pH 5, and a t  a 
current of 5 ma. Whatman no. 1 filter paper was also used for 
paper chromatography by the descending method using the sol- 
vent systems (a) 1-butanol-ethanol-water (3: 1 : 1) and (b )  1- 
butanol-pyridine-water (10:3:3). Ascending thin layer chro- 
matography (t.1.c.) was performed on 0.25-mm. hyers of "Silica 

(23) H. A .  Smith a n d  G. Gorin,  J .  O r g .  Chem..  26, 820 (1961). 
(24) R. B. Mar t in ,  8. Lone)., E. L. Elson. a n d  .J. T. Edsall, J .  A m .  C h e m .  

soc., 81, nos9 (1969). 

Gel G acc. to Stahl" (distributed by Brinkmann Instruments, 
Inc., Great Neck, L. I., N .  Y.). Compounds werelocated by the 
ninhydrin spray or with an alkaline permanganate spray. Silica 
gel, grade 950, 60-200 mesh from the Davieon Co., Baltimore 3,  
Md., was used without pretreatment for column chroma- 
tography. 

The microanalyses were done by Mr. C. DiPietro of this labora- 
tory and by Dr. S. M.  Nagy of the Massachusetts Institute of 
Technology . 

l-Amino-3-chloro-2-propanol Hydrochloride (IV).-.A Euspen- 
sion of phthalimide (147 g., 1 mole) in epichlorohydrin (300 ml.) 
was boiled under reflux for 10 hr. The mixture was allowed to 
cool and residual phthalimide (56 g.)  was removed by filtration. 
The filtrate was concentrated to a yellow sirup which crystallized 
from benzene. After recrystallization, the product, &Y-(3-chloro- 
2-hydroxypropy1)phthalimide (77.6 g., 52% based on unre- 
covered phthalimide), had m.p. 93-95" . I4  

Hydrolysis of this product with 20c/, hydrochloric acidl4 
gave crystalline l-amino-3-chloro-2-propanol hydrochloride, m.p. 
103-106", in 5370 yield. Gabriel and Ohle reported m.p. 103- 
104" .14 

l-Amino-3-bromo-2-propanol Hydrobromide (V).-Potassium 
phthalimide (37.0 g., 0.2 mole) was added t o  a mixture of epibro- 
mohydrin (27.4 g., 0.2 mole) and iV,aV-dimethylformamide (100 
ml.) and the suspension was stirred magnetically a t  35-40' for 5 
hr. Chloroform was added and the mixture was poured into 
stirred ice-water (ca.  600 ml.). The two layers were separated 
and the aqueous layer was extracted twice with chloroform. The 
combined chloroform extracts were washed with cold 0.1 S 
sodium hydroxide solution (100 ml.) and with water and were 
dried over sodium sulfate. Concentration afforded a white solid 
which was recrystallized twice from ethanol. The product, iV- 
(2,3-epoxypropyl)phthalimide (32.1 g . ,  797c), had m.p. 10Ck102". 
Weizmann and Malkowa reported m.p. 93-94".'6 

Anal. Calcd. for C I I H ~ N O ~ :  C, 65.02; H ,  4.46; N,  6.89. 
Found: C, 65.00; H ,  4.68; N,  6.85. 

A solution of this product (10 g.)  in 48% hydrobromic 
acid (100 9.) was boiled under reflux for 5 hr. Phthalic acid, 
which crystallized when the solution was allowed to cool, wm re- 
moved by filtration and the filtrate was concentrated to a solid 
(10.1 g.) .  Paper electrophoresis showed that in addition to the 
main product, a small amount of a faster moving cation was 
present. The solid was dissolved in hot ethanol and most of the 
minor component crystallized when the solution was cooled. It 
was collected by filtration and, after drying, weighed 0.40 g .  and 
had m.p. 197-200" dec. It analyzed as a diaminopropanol di- 
hydrobromide. 

Anal. Calcd. for C3Hloh'20.2HBr: C, 14.30; H ,  4.80; N, 
11.12; Br, 63.43. Found: C, 14.25; H,  4.80; N, 10.80; Br, 
62.98. 

After removal of this compound, the solution was concentrated 
to a pale orange solid (9.7 g.) which was dissolved in 1-butanol. 
The solution was boiled with charcoal, filtered through Celite, and 
cooled. Crystalline l-amino-3-bromo-2-propanol hydrobromide 
(U) was obtained with m.p. l lS1lio (lit.'6 m p. 113-113.5'). 
Paper electrophoresis indicated the presence of a trace only of 
the preceding diaminopropanol dihydrobromide. 

Anal. Calcd. for C3H8?r'OBr.HBr: C, 15.34; H, 3.86; N,  
5.96; Br, 68.03. Found: C, 15.36; H,3.94; K,6.21; Br,68.17. 

Thallous Thiosulfate.-A solution of thallous acetate (52.7 g., 
0.2 mole) in water (60 ml.) was clarified by filtration through 
Celite. To the vigorously stirred solution was added a solution 
of sodium thiosulfate pentahydrate (24.8 g., 0.1 mole) in water 
(50 ml.). The heavy white precipitate of thallous thiosulfate 
was collected by filtration, washed repeatedly Kith water, and 
dried. Yield: 50 g., 96%. 

S-3-Amino-2-hydroxypropylthiosulfuric Acid (I) .  (A) At- 
tempted Preparation from 1V.-The reaction of thallous thio- 
sulfate nith an aqueous solution of IV was followed by paper 
chromatography, paper electrophoresis, and t.1.c. (methanol). 
The internal Bunte salt I was formed in trace amounts after 1 day 
a t  40" (compare ref. 13). The rate of reaction was increased by 
raising the temperature to 70, 85, or loo", but the occurrence of 
side reactions a t  these temperatures led to the formation of by- 
products. In  all experiments, the yield of I appeared to be less 
than 50%. 

(B) Preparation from V.-Preliminary experiments indicated 
that the reaction of thallous thiosulfate with an aqueous solution 
of T' gave I in good yield after 2 days at  50". Accordingly, thal- 
lous thiosulfate (40 g.) was added to a magnetically stirred solu- 
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tion of V (11.75 g . )  in water (50 ml.). The temperature was 
maintained a t  50" with an oil bath. After 1 day, an additional 
20 g. of thallous thiosulfate was added and, after 2 days, the sus- 
pension was cooled to 0' and filtered. Concentration of the fil- 
trate gave a sirup which was diluted with methanol, filtered 
through Celite, and cooled. S-3-Amino-2-hydroxypropylthio- 
sulfuric acid ( I )  crystallized and was collected by filtration, 
washed withmethanol, and dried. Total yield was 6.26 g. (6TYo), 
m.p. 164-167' dec., Rr 0.10 in solvent system A .  

Anal. Calcd. for CaH9N04S2: C, 19.24; H, 4.84; N, 7.48; 
S, 34.25; mol. wt., 187. Found: C, 19.34; H ,  4.74; K, 7.50; 
S, 34.46; mol. wt., 187 (in water). 

3-Amino-2-bromo-1-propanol Hydrobromide (VI).-A solu- 
tion of freshly distilled allylamine (19 g., 0.33 mole) in water (350 
ml.) was neutralized (to p H  6)  with concentrated nitric acid (ca.  
22 ml.). Silver nitrate (56.7 g., 0.33 mole) dissolved in water 
(150 ml.) was added and a mixture of bromine vapor and air was 
drawn into the well stirred solution which was cooled to 0-10" 
in an ice bath. Total weight of bromine added was 53.3 g., 0.33 
mole. When the addition of bromine was completed (2.5 hr.), 
the solution was stirred for an additional hour a t  room tempera- 
ture, silver bromide was then removed by filtration and the 
filtrate was neutralized with the weakly basic Amberlite ion- 
exchange resin I R  45 (OH). Concentration afforded a sirupy 
residue which was diluted with water. The solution was applied 
to a column of Dowex ion-exchange resin 50W-X2 (H) (450 g.), 
nitrate ions were eluted with water, and the amines were then 
desorbed with 9.7YG hydrobromic acid. The acidic effluent was 
collected in 400-500-ml. fractions, which were separately con- 
centrated with repeated additions of methanol. The following 
fractions were obtained: (1) 23.2 g., (2) 15.7 g., (3) 2.0 g. 
Total yield of mixed bromohydrins was 40.9 g. (52%). Fractions 
1 and 3 crystallized on standing and fraction 2 crystallized in 
part. After treatment with charcoal and recrystallization from 
1-butanol, fractions 1 and 2 yielded large colorless prisms of 3- 
amino-2-bromo-1-propanol hydrobromide (VI) (15.6 g., 207,), 
m.p. 107.5-109.5", depressed to  75-100" when admixed with 1- 
amino-3-bromo-2-propanol hydrobromide (V) .  The infrared 
spectrum (in potassium bromide) was similar to, but not identical 
with, that  of V. 

Anal. Calcd. for C3HaNOBr.HBr: C, 15.34; H,  3.86; N ,  
5.96; Br, 68.03. Found: C, 15.28; H ,  3.95; K, 6.09; Br, 
68.14. 

After treatment with charcoal and recrystallization from 1- 
butanol, fraction 3 yielded pure l-amino-3-bromo-2-propanol 
hydrobromide (V)  (0.91 g., lye), m.p. 114-116', undepressed by 
admixture with authentic material. 

S-2-Amino-l-(hydroxyethyl)ethylthiosulfuric Acid (II).-A 
solution of VI (7.05 g., 0.03 mole) in water (90 ml.) was stirred 
magnetically with thallous thiosulfate (15.6 g., 0.03 mole) a t  75- 
80' (oil bath). The reaction was followed by paper electrophore- 
sis and, after 2 hr., an additional portion of thallous thiosulfate 
(15.6 g., 0.03 mole) was added. After 12 hr., only a trace of 
starting material remained and the reaction mixture was cooled 
and filtered. Concentration of the filtrate gave a sirup which 
was extracted with methanol; the extracts were filtered and con- 
centrated to  a sirup (5.83 g.), which slowly deposited crystals 
when diluted with methanol (10 ml.). The crystals (0.95 g.) 
were collected by filtration and the residual sirup which contained 
small amounts of amine impurities (which probably hindered 
crystallization) was fractionated on a column of silica gel (300 9.) 
with methanol as solvent. The sirupy product (4.63 9.) still 
contained one impurity (which appeared on paper chromato- 
grams to  be the isomeric Bunte salt I ,  probably arising from traces 
of the bromide 5' in the starting material) but crystallization from 
methanol-ether gave a further 1.90 g. of crystalline material. 
Total yield of S-2-amino-l-(hydroxymethyl)ethylthiosulfuric 
acid (11) was 2.85 g. (5lTc), m.p. 164-172" dec., Rr 0.15 in 
solvent system A. 

Anal. Calcd. for CaHgN04Sz: C, 19.24; H, 4.84; N, 7.48; 
S,34.25. Found: C, 19.14; H,4.95; N ,  7.40; S,34.63. 

Preparation of Optically Inactive (DL- + meso-) Cystinol Di- 
hydrochloride (VII).-~-2-Phenyl-2-thiazoline-4-methanol was 
prepared from 1,-cysteine hydrochloride in an over-all yield of 25% 
according to Crawhall, et ~ l . ~ 0  The thiazoline (m.p. 75.576") 
was dissolved in Concentrated hydrochloric acid (sp. gr. 1.191 a t  
60°F) and the solution mas boiled under reflux in a stream of 
nitrogen for 6 hr. Fifty per cent of the starting material was re- 
covered as its crystalline hydrochloride (cubes from ethanol), 
111.p. 135-139". 

Anal. Calcd. for CloHlINOS.HC1: C, 52.27; H ,  5.26; N ,  
6.10; S, 13.95; C1, 15.43. Found: C,  52.06; H ,  5.20; N, 6.01; 
S, 14.07; C1, 15.48. 

Under these conditions, the above workers reportedly obtained 
a 90% yield of thiol, determined by iodine titration.20 In trial 
experiments, we determined the extent of hydrolysis under these 
conditions by iodine titration and by the weight of benzoic acid 
liberated. It was found to  be 59% and 82% after 7 and 14 hr. 
respectively. A solution of the thiazoline (9.55 g.)  in concen- 
trated hydrochloric acid (190 ml.) was boiled under reflux in a 
stream of nitrogen for 17 hr. The cooled solution was extracted 
with ether (two 100-ml. portions); benzoic acid (5.35 g., 8870) 
was recovered from dried extracts. The aqueous layer was con- 
centrated to a sirup (7.6 9.) which was taken up in water (90 ml.). 
The pH was adjusted to 8-9 with ammonia and the small amount 
of unchanged thiazoline which precipitated was removed by filtra- 
tion. A small crystal of ferrous sulfate was added to the filtrate 
and air was drawn through the solution until the mauve color 
was discharged (ca.  8 hr.). The solution was then concentrated 
to half its volume, filtered to remove a little more thiazoline, and 
evaporated to dryness. The residue was crystallized from a mix- 
ture of ethanol and concentrated hydrochloric acid (3: 2)  giving 
an optically inactive mixture (DL- and meso-) of cystinol dihydro- 
chlorides (VII) (5.71 g., 81y0). This preparation had m.p. 199- 
202'. The so-called "DL-cystinol" previously reported20 with 
m.p. 183' was very probably a mixture of DL- and meso- forms and 
the difference in melting points probably reflects a difference in 
the relative amounts of these isomers in the two preparations. 

Anal. Calcd. for C ~ H I ~ N Z O & . ~ H C I :  C, 25.26; H ,  6.36; 
N, 9.82; S, 22.49; C1, 24.85. Found: C, 25.08; H ,  6.17; N, 
9.85; S, 22.36; C1, 24.68. 

S-2-Amino-3-hydroxypropylthiosulfuric Acid (III).-Oxygen 
was passed through a solution of these cystinol dihydro- 
chlorides, (2.85 g., 0.01 mole) in ammonium sulfite solution, pH 
7 (110 ml.) (prepared by adding concentrated ammonia to a 6% 
aqueous solution of sulfur dioxide). The reaction, which was 
followed by paper electrophoresis, was complete in 6-7 hr. a t  
room temperature. The solution was left overnight a t  room tem- 
perature and then concentrated to dryness. The residue (11.6 
9.) was extracted with absolute methanol (110 ml.) and the 
filtered solution was concentrated to a solid ( 7 . 2  g.), which con- 
tained both Bunte salt and inorganic salts. A portion (1.0 9.) of 
the mixture was fractionated on a column (93 x 2.3 cm.) of 
Dowex cation-exchange resin, 5OW-XZ (200-400 mesh) in the 
lithium salt form.21 The column was eluted with water and 15- 
ml. fractions were collected and tested for sulfite and sulfate 
(with barium chloride solution) and for amino-Bunte salt (with 
ninhydrin). Inorganic salts were eluted first (fractions 7-13) 
and then the Bunte salt (fractions 18-22). Concentration of the 
latter fractions gave a sirup (0.4 9.) which crystallized slowly 
from methanol-ether. The remainder of the salt mixture was 
similarly fractionated (maximum load for the above column was 
about 1.5 g.) and 3.08 g. (827 , )  of crystalline S-2-amino-3- 
hydroxypropylthiosulfuric acid (111), m.p. 153-156' dec., was 
isolated. Recrystallization from methanol-ether gave the pure 
Bunte salt, m.p. 159-161' dec., IZf 0.16 in solvent system A. 
This preparation of I11 had no optical activity. 

Anal. Calcd. for C3H9N0&: C ,  19.24; H ,  4.84; N ,  7.48; 
S, 34.25; mol. wt., 187. Found: C, 19.17; H ,  4.67; K, 7.31; 
S, 34.16; mol. wt., 184 (in water). 

Preparation of L-Cystinol Dihydrochloride .-N ,O,S-Triacetyl- 
L-cysteinol ( I X )  was prepared in 29y6 yield from L-cysteine 
ethyl ester hydrochloride. The original procedurez2 was modified 
as follows. Crude cysteinol was separated from inorganic salts 
remaining after the reduction step by ethanol extraction of the 
dried residue. After acetylation of this material with acetic 
anhydride-sodium acetate, the reaction mixture was concen- 
trated to a solid which was extracted with benzene. Concentra- 
tion of the benzene extracts afforded the crystalline triacetate 
( I X )  which was recrystallized from methanol-ether. The product 
had m.p. 101-102", [ . . ] Z ~ D  -45' (c  1.92 in water), A?: 231.5 
mp, E 4300. 

M )  in 1.7 N hydrochloric acid 
was heated a t  90-92" under nitrogen and aliquots were removed 
a t  intervals for measurements of the absorptions at  231.5 mp and 
a t  261 mp. 

In a second experiment, a solution of IX (4.66 g., 0.02 mole) in 
1 . i  A' hydrocloric acid (200 ml.) was heated a t  90" for 15 hr. 
The solution was then concpntrated to a sirup which was taken 
up in water (25 ml.). The pH was adjusted to 7-8 with ammonla 

A solution of IX (2.08 X 

The results are shown in Fig. 1. 
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and air was drawn through the solution. T.1.c. (I-propanol) 
indicated a slow conversion to the disulfide which was essentially 
complete after 2 days. The solution was concentrated to a sirup 
which was dissolved in methanol containing a little hydrochloric 
acid. Ether was added and L-cystinol dihydrochloride (VII) 
(1.91 g., 670/,) crystallized. After recrystallization from meth- 
anol-ether it had m.p. 145-146", [ c x ] ~ ~ D  -108" ( c  1.0 in meth- 
anol). 

Anal. Calcd. for CaH16N202S2.2HC1: C, 25.26; H, 6.36; 
N ,  9.82; S, 22.49; C1, 24.85. Found: C,  25.09; H ,  6.15; N,  
9.80; S, 22.66; CL24.57. 

~-5-2-Amino-3-hydroxypropylthiosulfuric Acid (111) .-The 
Bunte salt I11 was prepared from L-cystinol dihydrochloride as 
described previously for the DL-isomer except that sodium sulfite 
was used instead of ammonium sulfite. The product had m.p. 
190-193' dec., [CY]*~D -31" ( c  0.62 in water). 

Electronic Effects on the Stereochemistry of the Diels-Alder Reaction1 
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Various 2-substituted anthracenes have been synthesized and their reaction with maleic anhydride investi- 
The amounts of the two possible isomers formed, syn and anti, afforded a medium for the evaluation of gated. 

the electronic effect on the stereochemistry of the reaction. The results of these studies are discussed. 

The Diels-Alder reaction, in which there is the possi- 
bility of the formation of more than one product, has 
been extensively investigated; however, the asym- 
metrical nature of reacting species has not permitted 
unequivocal evaluation of the electronic effect in deter- 
mining the isomer formed.3 The introduction of a 
group on the 2-position of the anthracene nucleus per- 
mits the formation of two isomeric products in the reac- 
tion with maleic anhydride. The amounts of syn (I) 
and anti (11) isomers formed would be a function of the 

syn Adduct ( I )  anti Adduct ( 1 1 )  
a. R = YO2 a. I1 = SO2 
b. R = S A r  b. R = S A C  
e. R = N(Me)2 c. R = S(Me),  

substituent. The symmetrical nature of the molecule, 
except for the substituent, would tend to minimize all 
other effects wh&h determine the isomer ratio and thus 
reflect the impoFtance of polar attractive forces in the 
two possible transition states. The substitution of an- 
thracene in the 2-position rather than the 1-position 
further removes any steric effect the group may have on 
the reacting centers. 

The dimethylamino, acetamido, and nitro groups 
were selected as substituents. The method of Hodgson 
and Marsden4 for the replacement of a diazonium group 
by a nitro group was used to prepare the reported 2-ni- 
troanthracene.6 Excellent yields of 2-acetamidoan- 
thracene were obtained by the treatment of 2-aminoan- 
thracene with acetic anhydride6 and lithium aluminum 
hydride reduction of 2-N,N-dimethylaminoanthracene 
methiodide in tetrahydrofuran gave Z-N,N-dimethyl- 
amin~anthracene.~ 
(1) Taken in part  from the  dissertation of Fred Kaplsn presented t o  the  

Faculty of the  Graduate School of Yale University in candidacy for t h e  
degree of Doctor of Philosophy, September, 1959. 
(2) Department of Chemistry, University of Cincinnati, Cincinnati 21, 

Ohio. 
(3) J. Martin and  R. Hill, Chem. Rev., 6 1 ,  537 (1961). 
(4) H. Hodgson and  E. Marsden, J. Chem. Soc., 22 (1944). 
( 5 )  M. Battegay and  P. Boehler, Compt. rend., '203, 333 (1936). 
(6) C. Lieberman and A. Bollert, Ber., 16, 228 (1882). 
(7) A. Bollert, ibid., 16, 1635 (1883). 

All Diels-Alder reactions were carried out in refluxing 
benzene with a ten- to twentyfold excess of freshly sub- 
limed maleic anhydride present. 2-Dimethylaminoan- 
thracene reacted with the appearance of a transient 
deep red color and the insoluble 2-acetamidoanthracene 
dissolved slowly as it reacted. The yellow color of the 
2-nitroanthracene solution did not intensify as the reac- 
tion occurred and disappeared as the reaction ap- 
proached completion. The relative rates of reaction of 
2-nitroanthracene, anthracene, and 2-dimethylamino- 
anthracene were determined under pseudo first-order 
conditions similar to those used by Andrews and 
Keefer.8 

k, 
I./mole sec. Compound 

2-Nitroanthracene 0.086 x 10-6 
Anthracene .oi4 x 10-3 
2-Dimethylaminoanthracene .ox x 10-3 

The spectra of the products exhibited typical suc- 
cinic anhydride adsorption in the infrared a t  5.34 and 
5.60 p.9 At least one intense band appearing in the 
spectrum of starting material was completely absent in 
all cases. The infrared spectra of chloroform, methyl- 
ene chloride, benzene, or dioxane solutions of pure syn- 
and anti-2-nitro-9,lO-dihydroanthracene-9,1O-endo-a,P- 
succinic anhydrides (Ia and IIa) differed mainly in the 
10.0- to 11.0-,u region. Their ultraviolet spectra were 
similar and as expected for adducts.'O 

The theoretical dipole moments of the two adducts, 
which contain rigid ring systems free of rotation, were 
computed from three main components: 9,lO-dihydro- 
anthracene (0.4 Debye)," succinic anhydride (4.2 De- 
byes),I2 and nitrobenzene (3.9 Debyes).I3 A value of 
7.11 Debyes was obtained for the syn adduct and 2.11 
Debyes for the anti adduct. The measurement of the 
dielectric constant and refractive index of a series of 

(8) L. A n d r e w  and  R. Keefer, J. A m .  Chem. SOC., 77 ,  6284 (1955). 
(9) L. J. Bellamy, "Infrared Spectra of Complex Molecules," John 

(10) I. Gillet, Bull. soc. c h i n .  France, 1135 (1950). 
(11) I. Campbell, C. LeFBvre, R. LeFBvre, and E. Turner, J .  Chem. Soe., 

404 (1938). 
(12) M. Raw and N.  Anantanaragan, Proc. Indian Acad.  Sca., SA, 185 

(1937). 
(13) L. G. Wesson, "Table of Electric Dipole Moments,' '  The  Technology 

Preas, Massachusetts Insti tute of Technology, Cambridge, Mass., 1948, 
p. 29. 

Wiley and  Sons, Inc.. New York. N. Y., 1958, p. 28. 


