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The condensation of a-cyanobenzyl benzenesulfonate with sym-disubstituted thioureas, Zimidazolidinethione (ethylene- 
thiourea), 2-mercapto-4,&diaminopyrin1idine, and o-aminothiophenol t o  give thiazoles and condensed thiazole systems is 
described. Reaction of I with liquid ammonia gives benzamide in quantitative yield and constitutes a potentially uscfiil 
method for the oxidation of an aldehyde to the corresponding acid without the use of conventional oxidizing agents. Reaction 
of I with sodium ethoxide yields ethyl benzoate and or-cyanobenzyl phenyl sulfone, while reaction 11 ith sodium cyanide in 
ethanol gives ethyl benzoate and tnzns-dicyanostilbene. The latter product is also formed in small amount in the condensa- 
tion of I with ammonium hydroxide and with sodium hydroxide to give benzamide and sodium benzoate respectively. The 
mechanisms of these reactions are discussed 

Although a-halocyanohydrins have been ex- 
tensively investigated, comparatively little is 
known about the closely related arylsulfonate esters 
of cyanohydrins. The only derivatives of this type 
which appear thus far to have been reported are 
the arylsulfonate esters of the cyanohydrins formed 
from benzaldehyde, 3-8 a-phen ylacet aldehyd e,’ p- 
phenylpr~pionaldehyde,~ formaldehyde,8 propion- 
aldehyde,s trichloroacetaldehyde,s and some sub- 
stituted ben~aldehydes.~ Attention has thus far 
been focused primarily on the chemistry of a- 
cyanobenzyl arylsulfonates, both because of their 
facile formatiord from benzaldehyde, sodium cya- 
nide, and arylsulfonyl chlorides, and because of 
their considerable reactivity. The reactions of these 
materials parallel to some extent those of the cor- 
responding a-halo nit rile^,^ but they do not possess 
the extremely disagreeable physical characteris- 
tics of the latter derivatives. The reactions of 
a-cyanobenzyl benaenesulfonate with sulfonyl chlo- 
ride and thiourea to give a-cyanobenzyl aryl 
(or a I k y l ) ~ u l f o n e s , ~ ~ ~ ~ ~ ~  with sodium cyanide and 
benzaldehyde to give 2,5diphenylo~azole,~ with 
t h i o ~ r e a s , ~ , ~  dithiocarbamates,6 and thioamides’l 
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to give thiazoles, with aromatic hydrocarbons under 
Friedel-Crafts conditions to give diarylacetoni- 
triles12 arid the reaction of a-cyanobenzyl toluene- 
p-sulfonate with sodium ethoxide to give ethyl 
benzoateg have already been reported. We wish to 
report in this paper some further reactions of a- 
cyanobenzyl benzenesulfonate which were studied 
in an effort to extend the applicability of these 
simple carbonyl derivatives as synthetic inter- 
mediates. 

sym-Disubstituted thioureas react in the same 
manner as monosubstituted thioureas6 and yield 
2-iminothiazole derivatives. Thus, the conden- 
sation of a-cyanobenzyl benzenesulfonate (I) with 
thiocarbanilide gave 2-phenylimino-3,5diphenyl- 
4 - thiazolidone (111. R = CsH,) as the first 
isolable product: the initially formed 4-amino 
derivative (11. R = CeH6) had apparently been 
hydrolyzed during the work-up. Extreme acid- 
lability of such 4-aminothiazole derivatives has 
been noted previ~usly.~ The structure of I11 was 
confirmed by further hydrolysis to the known 3,5- 
diphenyl - 2,4 - thiazolidione (ITT. R = C6H5). 

S 
CGHSCHCN + RNHCNHR I /  -H2Nxx-:R 
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1,3-Dibenzylthiourea reacted similarly with I 
to give the benzenesulfonate of 2-(BH)-benzylimino- 
3- benzyl-4-amino-5-phenylthiazole (11. R = -CH, 
CeH5j. Addition of water to the ethanolic reaction 
mixture sufficed to hydrolyze the 4-amino group to 
give 2 - henzylimino - 3 - benzyl - 5 - phenyl - 4 - 

(12) K. Sisido, H. Nozaki, hf. Nozaki, and K. Okano, 
J .  Org. Chem., 19,1699 (1954). 
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thiazolidone (111. R = -CH2CaHa). Vigorous 
hydrolysis then gave 3-benzyl-5-phenyl-2,4-thiazo- 
lidione (IV. R = --CH2CBHs). 2-Imidaeolidine- 
thione (ethylene thiourea) reacted in a similar 
fashion with I to give 2-phenyl-3-amino-5,6- 
dihydroimidazolo(2,l-b) thiazole benzenesulfonate 
(V). Hydrolysis of this compound yielded 2-phenyl- 
2,3,5,G - tetrahydroimidaaolo(2,l - b)thiazolone-3 
(VI). 

V VI 

Attempts to extend these reactions to the 
preparation of fused pyrimidine heterocycles were 
only partially successful, Thus, the condensation 
of 2-mercapt0-4~6diaminopyrimidine (VII) with a- 
cyanobenzyl benzenesulfonate (I) in the presence 
of sodium iodide yielded the benzenesulfonate of 
2 - phenyl - 3,6 - diamino - 4 - iminothiazolo(2,3- 
b)pyrimidine (VIII), but no reaction took place 
with thiouracil, and an unidentified, high melting 

VI1 VI11 

yellow solid was obtained upon attempted conden- 
sation with 2-thiobarbituric acid. However, com- 
pound I condensed smoothly and in high yield 
with o-aminothiophenol in the presence of sodium 
iodide to give 2-phenyl-3-amino-l,4-benzothiazine 
benzenesulfonate (TX). 

C'H6 

The initial step in all of the reactions discussed 
thus far has been nucleophilic attack by sulfur 
on the benzyl carbon atom of a-cyanobenzyl 
benzenesulfonate with displacement of beneene- 
sulfonate ion, followed by an intramolecular cycli- 
zation across the nitrile group of the resulting in- 
termed.kte. The reaction of I with strong bases 
takes a different course. Here the initial step is 
removal of the acidic benzyl proton followed by 
elimination of benzenesulfinate ion to give benzoyl- 
cyanide, and the isolated products arise by reac- 
tion of this highly reactive intermediate with the 
base employed. Thus, the reaction of a-cyanobenzyl 
toluene-p-sulfonate with sodium ethoxide has been 
shown to give sodium toluene-psulfinate and ethyl 
ben~oate .~  We had found independentlyZ that 
a-cyanobenzyl benzenesulfonate reacts with liquid 
ammonia to give ammonium benzenesulfinate and 

IX 

benzamide in quantitative yield. Concentrated 
ammonium hydroxide and 10% sodium hydroxide 
yield benzamide and sodium benzoate respectively. 
This reaction would seem to represent a poten- 
tially useful method for oxidizing an aldehyde to the 
corresponding acid without the use of conventional 
oxidizing agents. 

In both of the latter two reactions, a small 
amount of trans-dicyanostilbene was isolated. The 
Same product was also formed from an attempted 
condensation of guanidine carbonate with I in 
dimethylformamide solution. The reaction of I 
with sodium cyanide in ethanol yielded both 
transdicyanostilbene and ethyl benzoate,. The 
formation of these products is readily explained by 
assuming that the initially formed anion (X) can 
(a) eliminate benzenesulfinate ion to give benzoyl 
cyanide, which can then react with solvent, or 
(b) displace benzenesulfonate ion from I to give 
XI, which can then, by the path pictured below, 
give rise to trans-dicyanostilbene. The low yield of 
the latter compound observed in these reactions is 
to be expected, as it is formed by a competitive 
reaction from the initially formed carbanion X. 
Furthermore, transdicyanostilbene arises only in 
the presence of weak bases, as its formation demands 
the presence in the reaction mixture of unchanged 
I. 

CN 
I 

XI 

I 
CsHs 

I 
CN 

It has already been reported that the reaction of 
a-cyanobenzyl toluene-psulfonate with an equi- 
molar amount of sodium ethoxide yields ethyl 
benzoate and sodium toluene-psulf~nate,~ and 
that reaction with triethylamine yields a sulfone. 
On the other hand, the reaction of an excess of I 
with sodium ethoxide yields a-cyanobenzyl phenyl 
sulfone (XII), in addition to ethyl benzoate and 
sodium benzenesulfonate. The sulfone, which is 
also formed by the reaction of I with various 
amines (ethanolamine, hydrazine, semicarbazide 
hydrochloride, etc.) undoubtedly arises as pre- 
viously suggesteds; Le., by attack by benzenesul- 
finate ion, formed by elimination from the anion X, 

X + 1 4  CeHrCHSOnCJ% + CIH$OI- 

AN 
XI1 
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upon an unchanged molecule of I, with elimination 
of benzeriesulfonate ion. 

 EXPERIMENTAL'^ 
9 - Phenylimino - 3,6 - diphenyl - 4 - ihiazolidone ( IZI .  R = 

CeH6) ,  A mixture of 5.5 g. of a-cyanobenzyl beneenesulfo- 
nate, 4.0 g. of thiocarhanilide, and 100 ml. of ethanol waa 
a-armed for a few minutes on a steam bath until complete 
solution had been achieved and then allowed to stand over- 
night a t  0-5". Filtration removed a part of the product; 
addition of water to the filtrate precipitated the remainder 
to give 5.4 g. (79%) of colorless crystals, m.p. 130-134'. 
Recrystallization from ethanol sharpened the melting point 

Anal. Calcd. for C21HleN20S: C, 73.2; H, 4.7; N, 8.1. 
Found: C, 73.0; H, 4.8; N, 8.0. 
S,6-Diphenyl-2,.&thiazolidione ( IV .  R = C d i ~ ) .  A solution 

of 2.0 g. of 2-phenylimino-3,5-diphenyl-4(5H)-thiazolidone 
in 50 ml. of 40% sulfuric acid was heated under reflux for 
ci hr. and then cooled and filtered. The collected solid was 
recrystallized from ethanol to give 1.4 g. (goo/,) of colorless 
crystals, m.p. 172.5-173'. A mixed melting point with an 
authentic sample5 of 3,5-diphenyl-2, 4thiazolidione showed 
no depression. 

2-Benzylimino-3-benzyl-5-phenyl-~-ihiazolidone (ZZZ. 
R = A mixture of 5.5 g. of a-cyanobenzyl ben- 
zenesulfonate, 5.1 g. of 1,3-dibenzylthiourea, and 100 ml. 
of absolute ethanol was heated for a few minutes until solu- 
tion was complete and then chilled at  0-5" for 24 hr. Filtra- 
tion yielded 4.8 g. of 2-( 3H)-benzylimino-3-benzyl-4-amino-5- 
phenylthiazole benzenesulfonitte as colorless crystals, m.p. 
173-178". The compound proved to be too unstable for 
recrystallization, however. The above preparation wm 
therefore repeated, but water was added to the reaction 
mixture prior to filtration. Recrystallization of the solid so 
obtained from aqueous ethanol gave 5.5 g. (73%,) of colorless 
crystals, m.p. 106-106.5". 

Anal. Calcd. for C2aHzoNzOS: C, 74.3; H, 5.4; N, 7.5. 
Found: C, 74.15; HI 5.25; N, 7.3. 
3-Benz~/1-6-phenyE-Z,4-thiaiolidione (ZV. R = CHzC&b). 

A solution of 4.0 g. of 2benzylimino-3-benzyl-5-phenyl- 
4(5H)-thiazolidone in 60 ml. of 40% sulfuric acid was heated 
under reflux for 1 hr. and t,hen cooled. The product separated 
aa an oily layer. Addition of ice and filtration yielded a 
solid which waa recrystallized from ethanol to give long, 
colorless needles, m.p. 81.5-82.5'; yield, 2.1 g. (097,). 

Anal. Calcd. for C16H13NOgS: C, 67.8; €1, 4.6; N, 4.9. 
Found: C, 68.0; H, 4.9; K ,  4.8. 

O-Phenyl-J-amino-ci,6-dihydr~midazolo(d,l-b)thiazole ben- 
zenesulfmte (V). A mixture of 10.9 g. of a-cyanobenzyl 
benzenesulfonate, 4.1 g. of Zimidazolidinethione and SO 
inl. of ethanol waa allowed to stand at  room temperature for 
4 hr. A small amount of ether was added, and after 24 hr. 
the mixture was filtered to give 8.65 g. of solid. Evaporation 
of the filtrate yielded an additional 3.4 g. (total yield, 12.05 
g.,  80%). Recrystallization from ethanol gave colorless 
crystals, m.p. 206-207' dec. 

A d .  Calcd. for C17HllNaOaS2: C, 54.4; H, 4.5; N, 11.2. 
Found: C, 54.5; H, 4.6; N, 11.0. 

B-l'heny1-8,3,5,6-tetrahydroimidazoto( 8,i-b)thiazolone-3 
(VI). This material was obtained upon recrystallizing the 
1)rtxeding compound from water until a constant melting 
point of 13$-13'J0 was obtained. 

Anal. Calcd. for Cl1Hl8N20S: C, 60.55; H, 4.6; N, 12.8. 
Found: C, 60.3; H, 1.5; N, 12.7. 

2-Phenyl-5,6-dinmino-~-iminothiazolo(d,S-b)pyrimidine ben- 
zenfsuljonate (VII I ) .  A mixture of 5.5 g. of a-cyanobenzyl ben- 
zriiesulfonate, 2.8 g. of 2-mercapto-4,&diaminopyrimidine, 

( 13) All melting pointa are uncorrected. We are indebted 
for the microanalyses to Dr. Joseph F. Alicino, Metuchen, 
N.  J. 

to 132-132.5O. 

3.0 g. of sodium iodide, 45 ml. of ethanol, and 35 ml. of 
water was heated under reflux for 7 hr. The reaction mixture 
waa then evaporated to dryness under reduced preeaure and 
the residue suspended in ethanol-ether (1 : 11, Filtration 
yielded 3.5 g. (42%) of crude product in the form of yellow 
flakes, m.p. 200-203°. Recrystallization from aqueous 
ethanol raised the melting point to 203-204°. 

Anal. Calcd. for ClaHnNbOaS1: C, 52.05; H, 4.1; N, 16,Y. 
Found: C, 52.5; H, 4.3; N, 16.9. 

&Phenyl-Jamin~i  ,4-benzoihiazine benzenesulfonate (IX). 
A mixture of 5.5 g. of a-cyanobenzyl benzenesulfonate, 2.5 
g. of o-aminothiophenol, 3.0 g. of sodium iodide, and 50 
ml. of 95% ethanol was heated under reflux for 17 hr. 
Addition of water and cooling resulted in the separation of 
a yellow solid which waa collected by filtration and recrystal- 
lized from ethanol. The product waa obtained in the form of 
yellow platelets, map. 238-239' dec.; yield, 7.2 g. (90%). 

Anal. Calcd. for C~OHISN~OW: C, 60.3; H, 4.5; N, 7.0. 
Found: C, 60.5; H, 4.7; N, 7.1. 

Reaction of a-cyanobenzyl bensenesulfonale with liquid 
ammonia. A mixture of 2.7 g. of a-cyanobenzyl benzenesul- 
fonate and 50 ml. of liquid ammonia was stirred slowly in a 
Dry Ice-acetone bath for 2 hr. and then allowed to warm to 
room temperature. The residual solid ww washed with cold 
water, the aqueous filtrate waa evaporated to drynesa and the 
residue extracted with ether. The water-insoluble material 
and the solid obtained by evaporation of the ether extract 
were combined to give 1.2 g. (quantitative) of benzamide, 
m.p. 125-127', identical with an authentic sample. 

The ether-insoluble material waa diseolved in water and 
the pH adjusted to 4 with hydrochloric acid. The solid 
which separated was collected by filtration to give 1.0 g. 
(70%) of benzenesulfinic acid, identical with an authentic 
sample. 

Reaction of a-cyanobenzyl benzenesulfunate with ammoniutti 
hydroxide. A mixture of 2.7 g. of a-cyanobenzyl benzenesiil- 
fonate and 50 ml. of concd. ammonium hydroxide was 
stirred a t  room temperature for 24 hr., and the solid which 
had separated was collected by filtration; yield 0.2 g. (17y  ), 
m.p. 15&l(iOo. This was shown to be trans-dicyanostilbme 
by comparison with an authentic sample." 

Evaporation of the filtrate above to approximately 15 
ml. and cooling gave 0.68 g. (57%) of benzamide, n1.p. 
127-128', identical with an authentic sample. The fi1trat.e 
was evaporated to dryness, the residue dusolved in ethanol 
and ether added to precipitate 1.37 g, of a mixture of 
ammonium benzenesulfonate and ammonium benzenesulfi- 
nate, as determined by a comparison of the infrared spectrum 
of the material with an authentic mixture. 

Reaction of a-cyanobenzyl benzenesuljonute with 10% sodium 
hydrozide. A mixture of 5.5 g. of a-cyanobemyl benzenesul- 
fonate and 100 ml. of 10% sodium hydroxide WM allowed to 
stand a t  room temperature for 1 week. Filtration gave 0.0'3 g. 
(495) of trans-dicyanostilbene, m.p. 158-159°, identical with 
an authentic sample. Acidification of the filtrate then rcs- 
sulted in the separation of 2.0 g. (817,) of benzoic acid, m.p. 
121". Evaporation of the filtrate to approximately 25 ml. 
and cooling gave a small amount of benzenesulfinic acid, 
83-84', identical with an authentic sample. 

Reaction of a-cyanobenzyl benzenesuEfonate with sodii~in 
cyanide. A solution of 0.49 g. of sodium cyanide and 2.7 g. 
of a-cyanobenzyl benzenesulfonate in 100 ml. of ethanol 
was allowed to stand a t  room temperature overnight and 
then evaporated to dryness. Extraction of the residue with 
ether and evaporation of the ether gave an oily residue with 
suspended crystals. Filtration yielded 0.4 g. (3570) of truns- 
dicyanostilbene, m.p. 158-159'; the filtrate (0.7 g., 51 o/( ) 
was shown to be ethyl benzoate by comparison of its infra- 
red spectrum with that of an authentic sample. The ether- 
insoluble material w a ~  shown to be a mixture of sodium 

(14) C. J. Timmons and S. C. Wallwork, Chem. & Id., 
62 (1955). 
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liemenesulfonate and sodium benmnesulfinate by com- 
parison of its infrared apectrum with that ot an authentic 
mixture. 

Reactia of a-cyanobenzyl benzenesulfonate with sodium 
ethozide ( 8 : l ) .  A solution of 5.5 g. (0.02 mole) of a-oyano- 
benzyl benzenesulfonate in 20 ml. of ethanol containing 0.23 
g. (0.01 mole) of sodium was allowed to stand a t  room tem- 
perature for 3 hr. The solid which had separated was then 
collected by filtration to give 1.7 g. of sodium benzenesul- 

fonate, identical with an authentic sample. Evaporation of 
the filtrate urider reduced prrssure and distillation of tht: 
liquid residue gave 1.35 g. (Y7Y0) of ethyl benzoate, b.p. 
210-212'. The residue from the distillation waa dissolved 
in water and the pH adjusted to 4 with hydrochloric acid. 
Filtration then gave 1.0 g. (39%) of a-cyanobenzyl phenyl 
sulfone, m.p. 148-150°, identical with an authentic sample.' 

PRINCETON, N. J. 
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Whereas nitrosation of the aminodeoxyfructose derivative Ia  occurs a t  the nitrogen atom, coupling with diazotized 
2,5--dichloroanilirie in aqueous acid solution takes place at  the nitrogen and ring-carbon atoms. Coupling of the deoxg- 
pentulose derivative Ib occurs entirely a t  the ring-carbon atom. A4ttempts to convert the azo compounds IIa and IIh to  
analogs of riboflavin have failed. The structures of these Amadori products are discussed. 

The present work was undertaken in an attempt 
t o  prepare an analog of riboflavin cont,aining a 
ldeoxy-D-erythropentulose side-chain in place of 
the normal D-ribityl group. It has been suggested' 
that this '[dehydroriboflavin" may function as a 
biological precursor of the nat8ural vitamin. This 
article describes unsuccessful efforts to  synthesize it. 

The 1-deoxy-11-fructose derivat)ive Ia, in coiit'rast 
to the structura'lly more pertincrit Ib, is readily 
isolable,'.? Therefore, Ia \vas selected as a model. 
Coupling of la with diazotized 2,5-dichloroaniline" 
in aqueous acid solution gave two isomeric products: 
the yellow triazeiie I I I n  and the red azo compound 
IIa, readily separated by frwtionul crystal- 
lization from 95% ethanol. The solubility, optical 
rotatory, and ultraviolet and infrared spectral 
properties of the trizlzeiic 111% are quite similar to 
those recently reported by Ihihii, Kriigcr, and Set.-- 
iiger4 for a series of aiialogous compounds. How- 
ever, under the basic conditions (pyridine-methanol) 
of their coupling reactions cmly the yellow triazenes 
were formed. U~ider the  acidic conditions used in 
the present work, format,ion of the red azo (&om- 
pound 1Ia appeared to preponderate. Although it is 
much more soluble in ethanol than IIIn, Ila could 
be isolated readily in analytioally pure form. 
Paper-strip chroriiat ographic aiialysii:, deiiionst>rated 
the absence iii it of ally of the yellow isomer (see 
Experimental). 

Reductive clcavnge of thc azo group in 11s 
followed by condensation \vit,h :~llosan gave no prod- 

( 1 )  F. Wegyand, Her . .  73, 1259 (1940). 
( 2 )  R. ICuhn and L. Uirkofer, Ber . ,  71 ,  821 (1038). 
(3 )  Preliminary esperinients with a number of diazotized 

anilines dernonstrated a c s l r w r .  superiority of this diazonium 
ualt as regards yirlds i i i r d  east of purification of pr:)diictP. 

(4) It. Kuhn, (i. iiriiger. and A. Yeeliger, . L I L I Z . ,  628, 9-10 
I, 1959). 

j IIIa 

IIa,b IVa 

H OHOH 
I I I  

a, R = -C-C-c-CHzOH 
I l l  

O H H  H 

YH 
b, R = - -C-CHaOH 

I I  
H H  

uct possessing the properties of the desired isonl- 
loxazine. This failure to react intermolecularly is 
accounted for hy a predominant tendency of the 
intermediate o-phenylenediamine to cyclize to the 
quinoxaline IVa, identical with an authentic speci- 
men prepared by treat,ing 4,5-dimethyl-o-phenylene- 
diamine with u-fruc:tose, according to tshe method 
of Ohle.5 Thus, litt,le inore was learned than that the 
preferred point of att,ack of the diazonium ion was 
at the symmetrical position of the hmeene ring. 
This :nuch was expected.6 


