
feumbrdrcm. 1%7. Vol. 2.3. pp. 1911 to 1914. l’q4-a Rrr Ltd. Rtad Ia Non&m h&d 

ON THE STRUCTURE OF THE PRODUCT OF THE 
REACTION OF 2-AMINOTHIOPHENOL WITH DIETHYL 

ACETYLENE DICARBOXYLATE* 

S. M. ULBAG, M. D. NAIR, P. RAJAGOPALAN' and C. N. TALATY 
CIBA Research Caare, Goqaon East, Bombay 63, India 

(Reef JiXd 12 Ocrokr 1966) 

_-The major product (mp. U&222’) ol the reaction of 2-aminothiophaiol (I) with dicthyl 
~y~xylatc hu been conclusively shown lo be 2-ethoxyarbonylmethylena3,4dihydro-E 
ox&H-bauo-l.4-miazinc (Lt) and not 3lthoxycarbonylmcthyl~3,~~y~~2~x~2H-~ 
1,4-thiazia (III) u reported. 

OVER three years ago Iwanam? claimed to have isolated two isomeric products from 
the reaction of 2aminothiophenol (I) with diethyl acetylenedicarboxylate and 
described the major product (m.p. 220.5-222”) as 3cthoxycarbonylmetbylene-3,4- 
dihydro-2sxo-2H-benzo-l,4-thiazine (Ill) and the minor product (m.p. 268-269”) as 
2cthoxycarbonylmethyleae-3,4-dihydro-3-oxo-2H-benzo-1,4-thiazine (II) (herein des- 
ignated A and B respectively). These structural assignments were based on the 
structure of the acid V (m.p. 278”) which had been proposed3 for the product obtained 
in 98 o/0 yield from the reaction of I with acetylenedicarboxylic acid in ether. Iwanami’ 
hydrolysed both A and B to the corresponding acids and reasoned that since the m.p. 
(280-281”) of the acid he had prepared from B was close to that (278”) of Z-carboxy- 
mcthyleno3,4-dihydro-3-oxo-2H-benzo-l,4-thiazine (v) that the Russian authofsS 
had reported, they should be one and the same and that the structure of his minor 
product (B) should, therefore, be represented by II. The major product (A) then, 
according to him, should have the alternate structure III. 

In connection with a project involving the synthesis of benzo-I+thiazine 
derivatives for biological evaluation, we had occasion to repeat the reaction of I 
with diethyl acetylenedicarboxylate under the conditions prescribed* and found that 
only one crystalline compound could be isolated. A comparison of the m.p. (22K222”) 
and the IR spectrum (KBr disc; Y,,,~ 3265 cm-i, 1665 cm-r and 1655 cm-i) of this 
compound with those that Iwanami* had described for his major product (A) leaves 
no doubt that they are one and the same. 

Catalytic hydrogenation of A in the presence of Raney Ni furnished, after the 
slow uptake of a mole of hydrogen, a dihydroester which was identical, in all respects, 
with 2-ethoxycarb-onylmethy1-3,4dihydro-3-oxo-2H-benzo-1,4-thiazine (VII) prepared 
by the condensation of I with diethyl fumarate. ’ Compound VII, on basic hydrolysis, 
yielded an acid C whose m.p. (195-197”) is in good agreement with that (1%“) of 
2-carboxymethyl-3,4-dihydro-3-oxo-2H-benzo-l,4-thia.zine (VI) which had earlier 

l Contribution No. 81 from CIBA Raearch Cenue. Bombay 63. 
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o L.. K. Mushkalo end V. A. Bruansk~ya. Ilkrain. Kirim. Zk. 18, 163 (1952); Ckm. Abstr. 48, 

13692 (19544). 
4 J. Bow&a, &If. Se. C&t. Fr. 1709 (1962). 
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been prepared3 by the catalytic hydrogenation of V. A sample of VI was prepared 
by the direct method of Bourdais’ involving the condensation of I with malcic acid 
and found to be identical with the acid C. 

Saponification of A with 5% aqueous sodium hydroxide afforded an acid D, 
m.p. 292-294” (dec) (reported *: 288-290”). which was identical, in all respects, with 
the acid prepared by the basic hydrolysis of 2-methoxycarbonylmethyleno3,4- 
dihydr~3~x~2H-~nz~l,~thi~jne (IV) which had been prepared’ both by the 
methylation of the acid V and by the direct condensation of I with dimcthyl acetylene- 
dicarboxylatc. Mcthylation of D in dimcthyl formamide with methyl iodide in the 
presence of sodium bicarbonate furnished a methyl ester identical, in ah respects, 
with IV. 

These facts considered together would suggest that tither Iwanami‘d structure III 
for his major product A or Mushkalo and BrezemskayaY structure V for their acid 
(and, hence, structure IV for the corresponding ester) must be incorrect. In order to 
decide between these two structure possibilities an unambiguous synthesis of the 
ethyl and methyl esters of V became necessary and was successfully carried out. 

2-Nitrothiophcnol (VIII), on condensation with diethyl acetylcnedicarboxylate in 
methanol, furnished diethyl 1-(2-nitrophenyl)mercaptoethylene-l,2dicarboxylate (IX) 
which on controlled catalytic hydrogenation (3-mole-up~ke) yielded a com~und 
identical in all respects with R. When dimcthyl acetyleaedicarboxylate was used in 
the place of the diethyl ester, the final product was identical in all respects with 
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IV.8 Hence, Iwanami’ss major product A (in our case, the only product) cannot 
have the structure III proposed by him but, instead, can be truly represented only 
by the structure 11. It follows, then, that the structures V and IV advanced by 
Mushkalo and BrezcmskayaS for the products of the reaction of I with acetylene 
dicarboxylic acid and dimethyl acetylenedicarboxylate, respectively, are correct. 

It is pertinent to mention here that although we have clearly established that the 
acid D should be the same as V described by the Russian chemists,s the m.p. (278“) of V 
that they reported is lower than that (292-294” dec) we and IwanamP had observed 
for D. 

A remote possibility of A having the structure X incorporating the seven- 
membered 1 +thiazepine system, can be strictly excluded on the basis of the sequence 
of reactions that Bourdai# had carried out starting with VII. He treated VII with 
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phosphorous pentasulphide to obtain the thiolactam XII which reacted readily with 
ammonia and primary amines yielding tetrahydropyrrolo[3,2-b]benzo-l+thiazine 
derivatives of the type XIII. Although it is possible that X could be hydrogenated 
to the dihydroderivative XIa which, in turn, could furnish the corresponding thiol- 
actam XIb, cyclisation of XIb with ammonia or primary amines is not feasible. 
Since VII is the dihydro derivative of A it follows that A cannot have structure X. 

EXPERIMENTAL 

All mps were dctamincd in open capillary tubes and are uIyIocTec1cJ. 
Dkthyl 1~2-nitro~ny~mcrc~t~thylmccI.2dicur&xy&te (Ix) A soln of 2-nitrothiophcnol 

(2.2 & in McOH (20 ml) was added to a soln of diethyl acctylenedicarboxylatc (2.4 g) in MeOH 
(20 ml) with agitation, The mixture, which warmed up gradually, was se1 aside for 2 hr. then beated 
to boiling and Bltcrcd to remOve a small quantity of insoluble material. The solid that separated on 
cooling the Wratc was filtered and rccrystalli7d from pet. ether containing a lit& bcnzme. Yellow 
crystals (1.6 g), m.p. 7679”. (Found: C, 51.90; H, 477; N. 464. CIIHI,NO,S requires: C, 
51.69; H, 4.65; N, 4.31x.) 

Dimethyl I-(2-nitrophenyf)mmaptoethyletu-1,2dicarbexyfatc was prepared through a similar 
procedure by using dimcthyl acetykncdicarboxylate instead of the diethyl ester. Yellow crystals from 
methanol, m.p. 93-95”. (Found: C. 48.50; H, 3.60; N. 4.72. C,,H,,NO,S requires: C. 48.49; 
H, 3.73; N. 4.71x.) 

2-Ethoxycartxmylmthylene-3,4d&ydro-3-oxo-2H-bmm-1.4-thtiuine (II). A soln of IX (1.1 g) in 
McOH (150 ml) was hydrogenated at atm press in the prcsencc of Raney Ni (@5 g) until the uptake 
of H required to reduce the nitro to the amino group (224 ml) was complete (3 hr). The mixture was 
then Altered to remove the catalyst and the filtrate concmtratcd to a small bulk under ra!uced press. 
cooled and filtered. The residue was recrystallized from M&H. Yellow crystals. m.p. 220-222”. The 

* J. Bourdais. &/I. &c. Chim. Fr. 1756 (1%5). 
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m.p. on admixture with a apaimm of A prepared by :he method of Iwanarr$ from 2-aminothiopbenol 
and dicthyl acetylenedicarborylate, was tutdepressed. The IR spaxrp (KBr) of both the aampks were 
identical. 

2-Mer~xyccY&nyf~rhylcnc-3,4-dihycto-l,b1~zinc (IV) was prepared by the 
catalytic reduction of dimcthyl 1-(2-nitrophatylmcrcaptocthylcnc-1,2-dkarboxylate in a similar 
manner-yellow crystals from MeOH, m.p. 264-266”. The m.p. on admixture with a sample prepared 
by the method of Mushkalo and Brczcmskaya~ from 2-aminothiophcnol and dimethyl ~yknc- 
dkarboxylatc. was undcpruscd. The IR spectra (nujol) of both the samples were identical. 

Acid D. Compound A (2.S g) prepared through I wanami’e procedure was dissolved in 5% 
NaOHaq and the clear soln was set aside for 3 hr, acid&d with 2N HCl and filtered. Tbe residue 
was wasM-d thoroughly with water, dissolved in requisite quantity of sat NaHCO,aq and filtered. 
The tiltrate was acidified with HCI and the solid that separated was collazted, weuhed successively 
with water, MeOH, acetone and ether and dried. The product was insolubk in most of the organic 
solvents. Yellow crystals (I.8 g), m.p. 292-294” (dcc). (reported*: 281290”). M.p. on admixture with 
a sampk of V obtained by the saponitkation of Iv with 5% NaOHaq, was undcprd. The IR 
spectra (nujol) of both the samples were identical. 

Me;hyhzrion o/acid D. Anhydrous K&O, (I.5 g) and Me1 (@6 ml) wzrc added to a soln of the 
above acid (1.S g) in warm DMF (IS ml) and the mixture WIU then heated on the water bath for 3 hr. 
cooled and poured into water cootaining crushed ice. The mixture was filtered after a few min and the 
residue washed well with water and recrystallized from Me-OH-yellow crystals (@9 g), mp. 264- 
266”. M.p. on admixture with a sample of IV,’ was undcprcsscd. The IR spectra (nujol) of both the 
sampks wcrc identical. 

Cafdytic hydrogcnutbn o/A. Compound A1 (37.4 g) suspended in MeOH (500 ml) was hydr+ 
gcnatcd at atm press in the prcsaxX of Raney Ni (600 g) added in 4 portions until the uptake of a 
molar cquiv (3360 ml) of H was complete (88 hr). The mixture wan then filtered and the filtrate 
evaporated to dryness under reduced pr*is. The residue was recrystallized from AcOEt-hcxanc 
Colourlest crystals (3@5 g). m.p. 127-129”. M.p. on admixture with a sample of VII prepared accord- 
ing to the method of Bourda&* w(u umkprcssed. The IR spectra (nujol) of both the samples were 
idcnticaL 

Acid C. The above ester (3.0 @ was added to a soln of 2-S % NaOHaq (20 ml) containing McOH 
(20 ml) and the mixture set aside for 5 hr. filtered to remove tm of insoluble material and the 
filtmtc acidified with 2N HCI. The solid that separated wa.~ filtered, wasbed with water and ra7ys- 
tallized from a small quantity of MeOH. Colourkss crystak (I.8 g), m.p. 195-197” @ported’: 
1%‘). M.p. on admixture with a samplo of VI prepared by the direct method of Bourdak’ involving 
the condensation of 2-aminothiophcool with makk acid. was undeprcaud. The IR spectrr (rtujol) 
of bth the samples were identical. 
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