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The addition of a variety of thiols to benzalanthranilic acid is described. Mokt of the thiols studied have given excellent 
In the case of several primary and secondary mercaptans somewhat lower yields of the corresponding addition products. 

yields have been obtained. 

As the formation of benzylpenicillin from benzyl- 
penicillenic acid in minute yielda would seem to 
involve the addition of a thiol group to a tauto- 
meric Schiff base system, i t  has appeared of interest 
to investigate various factors related to such 
reactions. Initial experiments in this direction are 
to deal with Schiff base structures which cannot 
exist in tautomeric forms. 

Although the addition of the thiol group to 
Schiff bases where subsequent cyclization is possi- 
ble, as in the case of thiazolidone formation, has 
been well established in several investigations, 
comparatively few instances have been reported 
wherein a simple addition product has been ob- 
tained. For example, the possible addition of 
p-thiocresol to benzalaniline has been investigated,6 
and in this case, no addition product could be iso- 
lated, but instead N-benzylaniline and bis-(p- 
tolyl) disulfide were obtained as products. In a 
similar experiment in this Laboratory, the addition 
of thio-@-naphthol to  benzalaniline was attempted, 
but without success. Here, no reaction occurred, 
and a major part of the thio-@-naphthol was re- 
covered. 

In connection with the preparation of thiazoli- 
dones, Surreya observed that the expected thiazoli- 
done (111), which was the usual type of product in 
the case of other Schiff bases investigated, was not 

intermediate (11), which corresponded to a simple 
addition product of a thiol and Schiff base. The 
structure (11) for this addition product, although 
not rigorously confirmed, seems quite reasonable, 
particularly in thelight of other reactions involving 
Schiff bases.' 

Since confirmation *of Surrey's observation was 
readily obtained; i t  appeared that benzalanthranilic 
acid might serve as a convenient model for initial 
studies of addition of thiols to  Schiff base systems. 
This has proved to be the case, for i t  has been found 
that a number of different thiols readily add to 
benzalanthranilic acid to give simple addition 
products of the type I (Table I). The general 
procedure used involved stirring the thiol and benz- 
alanthranilic acid in benzene a t  room temperature. 
The benzalanthranilic acid dissolved fairly rapidly, 
and then as the reaction ensued, an addition product 
began to precipitate from solution. In  several 
instances a catalytic amount of piperidinea was 
added to the reaction mixture. It is questionable, 
however, as to whether the piperidine had any 
significant effect in respect to the yield of addition 
product obtained, since yields in the absence of 
piperidine generally seemed to be of the same order 
as those obtained with piperidine added to the 
reaction mixture. 

The yields in most cases were excellent, the 
behavior of all thiols investigated being 

''OH HSCHXOOH quite similar to  that previougly reportea 
C 6 H a C H - - " o  - c e H b C H = S a  - for mercaptoacetic acid? Several primary 

and secondary mercaptans reacted to form 
addition products in somewhat lower 
yield. In  comparison with the addition 

was thought possible that tertiary thiols 
might not react as readily, and that this 
would be reflected in a lower yield of addi- 
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of thiols to substituted  acrylonitrile^,^ it 
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obtained by the interaction of mercaptoacetic acid 
and benzalanthranilic acid. Rather, a substance 
resulted having the composition of the supposed 
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-I tion product obtained. Wit& t-butyl mer- 
captan this did not hold true, however, 

for the yield was comparable with those of a ma- 
jority of the other thiols investigated. It should 
also be noted that p-thiocresol, which had been 
found not to add to ben~alaniline,~ readily added 
to benzalanthranilic acid. 

The addition products were colorless after re- 
crystallization, but in some instances, on standing 
in air or in vacuo, developed a yellow coloration. 
As this did not occur, however, when the substances 
were stored in the absence of light, color develop- 
(7) (a) J. C. Sheehan and J. J. Ryaa, ibid., 78, 1204 (1951); (b) 

hf. Busch. Bcr., 37, 2001 (1904); M. Busch and A. Rinck, ibid., 38, 
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TABLE I 
THIOL ADDITIOX PRODUCTS OF BENZALANTHRASILIC ACID 

r .lualvses, % 
Yield, Kecrpst. 31.p.a Carbon Hydrogen Sulfur 

I ! R  = solventb 'C .  c I'ormuta Calcd. Found Calcd. Found Cdlcd. Found 

HOOCCH? 92 EA-P 90-91d C , , H I 6 ~ O 4 ~  60.55 C;O.GG ,$,:ti 4.79 10.10 
HOOCCHBCH:! 99* EA 115-116 CljHl,iY04S 61.61 61.69 5 . 1 ; .  5.14 0.68 1 
cd& 91 EA-P 05-98 C201117NO?S 7 1 , M  71 31 3.11 5.12 9.56 9.30 

C6H&Hr TO E 109-110 CZ,H,,SO~S 72.  18 72.13 .5.4X 6.46 9.18 '3.3-1 
CHaCO 7U I 121-123 CIKH16S03S ( 3 7 7  64.02 5 .02  5 .05  10.64 10.71 
(CH8)zCH 57 1 95-99 CliHlySO& ti;, 74 (j8, (J l i  6 ,  ;j4 6.48 10.64 10.4X 
( CHa)eCHCH2 62 EA 95-9A ClaH?INO?S 54 i i8.91 (j.71 7.28 10.16 Y,77  
CHsCHrCHgCH? 19 E 90-92 ClaHClS0:!S 68.54 68.14 6.71 6.72 10.16 10.02 
(C%).sC' 88$ E 98-100 C,8H21SO?S 68.54 6.71 6.74 10.16 10.22 

* Analytical samples were recrystallized three to five times. 
Solvents employed: EA, ethyl acetate; P, petroleum ether (b.p. 30-50'); E, ethanol; I, isopropyl alcohol; combinations 
denote recrystallizations from mixed solvents. c Melting point of analytical sample. Surrey (ref. 6 )  reported this substance 
to melt a t  101-102 '. Irregularitie; of several degrees were also noted in the melting points of some of the other addition prod- 
ucts. 

p-CHsC6Hr 86 EA 118-120 C?1HIgSO?S 72.18 72.25 3 . 4 8  5.05 9.18 8.83 

a Yields indicated were based oil the crude product obtained. 

Ten drops of piperidine added. 1 Reaction mixture in this case heated under rcflux. 

iiient appeared to be a photochemical phenomenon. 
The addition products reacted with 2,4-dinitro- 
phenylhydrazine in acid solution to give benz- 
aldehyde 2,4-dinitrophenylhydrazone. The ad- 
ducts also gave a positive nitroprusside test in 5 
sodium hydroxide, even after repeated recrystalliz 
tion. This demonstrated the probable instability 
of these substances under such conditions. I t  is of 
further interest to note that such behavior was in 
contrast to that of thiazolidones which are reported 
to undergo no reaction with hydroxylamine hydro- 
chloride or nitroprusside.'" 

Experimental1' 
Benzalanthranilic Acid.-As the method of Ekeley ai i t l  

Dean12 did not prove to  be completely satisfactory i i r  our 
hands, the following procedure was employed. To a flask 
equipped with a water separator and a reflux condenser was 
added .500 i d .  of benzene. After the benzene had hecn 
heated under reflux t o  remove any 
preseiit, 60 g. (0.50 mole) of aiithran 
i h e  flaxk. IIeatiIig was rewined, and 53 g .  (u.50 iiiolc I of 
redistilled benzaldehyde was added. The misttire \vas  
heated for about 30 hours, and after 8,4 nil. of water (!la% 
of the theoretical amount) had been obtained, the coiltents 
of the flask were allowed to cool. The solid, which readily 
crystallized from solution, was removed by filtratiori and 
air dried. The yield of crude material, m . p .  125-l3i0, iva5 
10-1 g. (93%). Thrce recrystallizations from benzellc af- 
forded a colorless, crystalline product, m.p .  125--1?7". 

Anal. Calcd. for CilHIISOa: C, 74.G5; H, 4.02; lietit. ______ 
(10) 13. Erlenmeyer aiid 1'. Oberliti. U d e .  Chim. A r i o .  30, 1329 

(11) All melting points are corrected. The tn~craaualyses \ \?re  ( w r  
(1947). 

formed by the Clark Microanalytical Laboratory, Urbana, I l l i n w s ,  a l i r 1  

tlic Galhrsith Laboratorirs, Knoxville. Tennessee. 
, I Z ;  J.  ii. i+;licic?. 2 n d  I?. h i .  D G I I I ,  -rtm J C I L I R N A L ,  34, i t i ~  I,I:II:J 

equiv., 325. Foutid: C, 74.71; 11, 4.35; iieut. equiv., 
223. 

Thiol Addition Products of Benzalanthranilic Acid.-- 
Benzalanthranilic acid (0.05 mole) and the appropriate 
thiol (0.06 mole) were added to 75 ml. of benzene, and the 
mixtures were stirred over periods of time varying from one- 
half hour to 12 hours. Within a short time the benzdlan- 
thratiilic acid had completely dissolved. Then after several 
hours the addition product began to precipitate from solu- 
tion. The product was removed by filtration, and in some 
instances the mother liquor could be concentrated to obtain 
additional amounts of material. 

The addition product obtained from n-butyl mercaptan 
was sufficiently soluble in benzene so that it could not be 
crystallized from the reaction mixture a t  room temperature. 
However, by allowing the mixture to stand in the refrigerator 
thc product precipitated from solution. Additional amounts 
of product could be obtained by further cooling the mother 
liquor. 

All addition products formed with accompanying informa- 
tion are presented in Table I. 

Attempted Addition of Thio-@-naphthol to Benzalaniline. 
--To a solution of 8.0 g. (0.044 mole) of benzalaniline in 50 
1111. of dry benzene was added a solution of 7.4 g. (0.048 
irrole) o f  thio-@naphthol in 50 nil. of dry benzene. The 
rcactioii mixture was stirred for four hours, but during this 
period no material crystallized from solution. The mixture 
ivas then extracted with 5% dium hydroxide, and the corn- 
hined alkali extracts were TV lied with benzene. On acidi- 
fication of the sodium hydroxide solution with dilute hydro- 
chloric Bcid, a precipitate separated which proved to be 
thio-&naphthol, m.p.  7t5-770, 6.4 g. (Myo recovery of 
starting material). The benzene extract w a s  concentrated 
iiiidcr reduced pressure, and beriz:tlaniline w a s  obtained. 
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