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the concentration of ferric ion present, and can also 
account for the absence of any isomeric l,&dicarbazyl- 
cyclobutane. 

Experimental Section7 

Hydrolysis of N-Vinylcarbazo1e.-To a solution of 1 g (5 x 
mole) of N-vinylcarbazole (Matheson Coleman and Bell, 

mp 67") in 44 ml of 9: 1 methanol-water, 0.01 g (2.5 X mole) 
of ferric nitrate (Mallinckrodt, Fe(N0&.9H20) was added. 
The mixture was stirred a t  room temperature and a white precipi- 
tate gradually appeared. At the end of 4 days, 0.7 g of white 
solid was collected. This material was identified as carbazole by 
melting point and rnixture melting point determinations with 
known samples of carbazole, mp 238-241°, and by comparison of 
their infrared spectra. The mother liquor furnished acetalde- 
hyde in about 50% yield based on the isolation of acetaldehyde 
2,4-dinitrophenylhydrazone, mp 145-147', lit.8 mp 148". Com- 
parable results were obtained when the samemolar concentrations 
of hydrochloric acid were used instead of ferric nitrate. 

Formation of the Dimer.-To a solution of 2 g (0.01 mole) of 
N-vinylcarbazole in 88 ml of 9: 1 methanol-water, 0.2 g (5 X 
mole) of ferric nitrate was added. The mixture was stirred and a 
white precipitate was observed within 10 min. At the end of 1 
hr, the solid was collected by filtration. The yield was 0.4 g 
(20%), mp 189-193'. Recrystallization from an ethanol-ace- 
tone (1: 1) solution raised the melting point to 191-193.5'. 

Calcd for CzsHzzNZ: C, 87.01; H, 5.74; N, 7.25; mol 
wt, 386.5. Found: C, 86.74; H, 5.80; N, 7.31; mol wt, 373 
(Rast method), 386 (mass spectrum). 

Acknowledgment.-We are indebted to Dr. G. 
Dudek of Harvard University and Mrs. G. Dudek of this 
department for the mass spectral and nmr analyses. 

Anal. 

(7) Analysis mas by Dr. M. S .  Nagy, Massachusetts Institute of Technol- 
ogy, Cambridge, Mass. The nmr spec- 
trum was recorded by using a Varian 4-60 spectrometer, and mass spectral 
analysis was done by using a mass spectrophotometer, A.E.I. MS9. 

Melting points are not corrected. 

(8) G. R. Cleroo and TV. H. Perkin, Jr., J. Chem. Soc., 126, 1804 (1924). 

3-Hydroxy-4-Substituted 1,2,5-Thiadiazoles. 
A New Synthesis 

STEVE A. MIZSAK AND MEL PERELMAN 

Lill y Research. Laboratories, Indianapolis, Indiana 

Receieed July 29, 1966 

Although 2,1,S-benzothiadiazole bicyclic systems 
have been known since the last century,' 1,2,5-thia- 
diazoles were not described until 1957. The mono- 
cyclic system has been obtained by oxidation of 2,1,3- 
benxothiadia'zole Cleri~atives2-~ to 1,2,5-thiadiazole-3,4- 
dicarboxylic acid and also by basic cleavage of 1,2,5- 
thiadiazolo [3,4-d]pyrimidin-7 (6H)-one (I) to 4-amino- 
1,2,5-thiadia~ole-3-carboxamide.~ 

Carmack and associates have synthesized 3,4-di- 
cyano-1,2,5-thiadiazole6 by ring closure from thionyl 

(1) 0. Hinsberg, BeT., 42,2895 (1889). 
(2) (a) A. M. Khaletukii, V. G. Pesin, and T. Chou, Dokl. Akad. Nauk 

SSSR, 114, 811 (1957); Chem. Abstr., 62, 46051 (1958); (b) V. G. Pesin, 
A. M. Khaletskil, and T. Chou, Zh. Obshch. Khim., 28, 2089 (1958); English 
translation, J .  Ct'n. Chem. USSR, 88, 2126 (1958), Consultants Bureau, Inc., 
New York, N. Y. 

(3) (a) M. Carmack, L. M. Weinstock, and D. Shew, Abstracts of 
Papers, 136th National Meeting of the American Chemical Society, Atlantic 
City, N. J., Sept 1959, p 37P; (b) M. Carmack, D. Shew, and L. M. Wein- 
stock, U. S. Patents 2,990,408 and 2,990,409 (June 27, 1961); Chem. Abstr., 
66,4775 (1962). 

(4) I. Sekikawa, Bull. Chem. SOC. Japan, SS, 1229 (1960). 
(5) Y. F. Shealy and J. D. Clayton, J .  Org.  Chem., 28 ,  1491 (1963). 
(6) D. Shew, Dissertat:ion Abstr., 20, 1593 (1959). 

If III 1 

chloride and hydrogen cyanide tetramer (11) and have 
developed a general synthesis from substituted oxali- 
midates (III).' 

Two other interesting approaches have led to 3- 
cyano-4-hydroxy-l,2,5-thiadia~ole,~ obtained from the 
reaction of potassium cyanide and sulfur dioxide in the 
absence of hydroxylic solvents, and to 3-phenyl-1,2,5- 
thiadia~ole ,~ formed by refluxing S4N4 with ethyl- 
benzene. 

a-Amino acid amides undergo condensation with 1,2- 
dicarbonyl compounds to give 2-hydroxypyra~ines.'~ 
We are indebted to Dr. R. G. Jones of these laboratories 
for calling to  our attention the fact that this demon- 
strated similarity of a-amino acid amides (IV) to aro- 
matic vicinal diamines suggests a route for the direct 
synthesis of substituted monocyclic hydroxythiadia- 
zoles" (V). 

HO \c+N, 
RCHC + SOCI, - I /s 

I 'NH2 R/C*N 

V 
"2 

Iv 
The initial experiments were carried out in chloro- 

form with thionyl chloride and alaninamide hydro- 
chloride. Very low yields of a product were isolated 
that had the characteristics expected of 3-hydroxy-4- 
methyl-1,2,Bthiadiaxole. Improved results were ob- 
tained when the a-amino acid amides were allowed to 
react with thionylanilinelz in pyridine. A number of 3- 
hydroxy-4-substituted 1,2,5-thiadiazoles were thus 
prepared in yields usually ranging from 20 to 60% 
(Table I). 

The stable aromatic character of the ring system is 
demonstrated by the marked phenolic properties of 
the hydroxyl function.8 The pKa values determined 
were generally in the range 6.4-7.3. 

A large-scale preparation of methioninamide (VI) , 'Oo1* 

without purification of the ester intermediate, allowed 
the isolation of a methylsulfonium chloride by-product 
(VII) in about 30% yield. 

CHzSCHzCHzCHCONH2 
I 

NH2 .HCI 
VI 

CHI 
I 

CH&3CHzCHzCHCONH2 

c1- NHz .HC1 
i- I 

VI1 

(7) R. Y. Wen, ibid., PS, 4121 (1963). 
(8) J. M. Ross and W. C. Smith, J. Am. Chem. SOC., 86, 2861 (1964). 
(9) V. Bertini and P. Pino, Angew. Chem., 77, 262 (1965). 
(10) R. G. Jones, J .  Am.  Chem. SOC., 71, 78 (1949). 
(11) Personal communications with Dr. Carmack, of Indiana University, 

(12) A. Michaelis, Ann.,  274, 173 (1893); Ber., 24, 745 (1891). 
(13) The a-amino acid esters were prepared according to the procedure of 

T. Curtius and F. Goebel, J. Prakt. Chem., [2] 87, 150 (1888). The a-amino 
acid amides were prepared as methioninamide described in ref 10. 

indicate that  he has prepared the 1,2,5,-thiadiazole in the same manner. 
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TABLE I 

Yield -Calcd, %- -Found, %----- 
Compd R pure, % MP, 'C Formula C H N C H N PK,' 
VI11 CHz.=CH 54 92-94 CrH4NzOS 37.48 3 .14  21.86 37.30 3.24 20.98 6 . 8 0  
IX CHsSCHzCH2 57 65 CsHsNzOSz 34.07 4 .57  15.89 33.85 4 .60  15.94 7 . 0  

Methioninamide methylsulfonium chloride hydro- 
chloride (VII) was allowed to react with thionyl chlo- 
ride in chloroform. The resulting product was 3- 
hydroxy-4-vinyl-1,2,5-thiadiaxole, dimethyl sulfide hav- 
ing been eliminated during the reaction. Methion- 
inamide hydrochloride yielded the expected methyl- 
mercaptoethylhydroxythiadiazole without complica- 
tion. 

Experimental Section14 

3-Hydroxy-4-methyl-l,2,5-thiadiazole (X).  Method A.-To 
10 g of alaninamide hydrochloride's suspended in 200 ml of 
chloroform was added 150 ml of thionyl chloride. The well- 
stirred reaction mixture was heated to reflux for 48 hr. The 
reaction was concentrated in vacuo to a brown solid, which was 
then taken up in 600 ml of chloroform. Thesolution was washed 
with two 150-ml portions of water and extracted with two 150-ml 
portions of 10% sodium hydroxide solution. The basic extracts 
were cooled to O " ,  made acidic with concentrated hydrochloric 
acid, and extracted with four 200-ml pogtions of chloroform. 
The latter solution was washed with water, followed by brine, 
dried over magnesium sulfate, and concentrated in vacuo. 
A yield of 150 mg (1.2%) of product was obtained as a yellow 
solid. 

Method B.-To 22 g of alaninamide, free base, suspended in 
1500 ml of dry pyridine was added 121 g of thionylaniline.12 
The weI1-stirred reaction mixture was kept under a nitrogen 
atmosphere while being heated a t  90" for 16 hr. The reaction 
was worked up as in the method A t o  yield 8.6 g of a rust-colored 
solid. The compound was purified by chromatography on silicic 
acid and Supercel: 6.56 g (22% yield), mp 14&146", pK.' 
= 7.10, mol wt 120 (calcd 116.1). 

Methioninamide methylsulfonium chloride hydrochloride 
(VII) was obtained as EL by-product, in about 30% yield, during 
the preparation of me1,hioninamide (VIII), mp 168-172" from 
ethanol. 

Anal.  Calcd for CeH1&LN20S: C, 30.63; H, 6.80; C1, 
30.12; N, 11.91; S, 13.61. Found: C, 30.56; H, 7.00; C1, 
29.88; N, 11.87; S, 13.80. 

3-Hydroxy-4-Substituted 1,2,5-Thiadiazoles (Table I) .-Com- 
pounds IX-XI11 were prepared from thionylaniline and the 
appropriate a-amino acid amide. The 4-vinyl compound (VIII) 
was obtained as the only product isolated from the reaction 
starting with methioninamide methylsulfonium chloride hydro- 
chloride (VII) and thionyl chloride. The molecular weight of 
each of the compounds in Table I was determined from the 
electrometric titration curve. The values found agreed with 
those calculated within the limits of experimental error. 

Acknowledgment.-We are indebted to Messrs. 
W. L. Brown, G. M. Maciak, H. L. Hunter, A. Brown, 
D .  Cline, and C. u'. Ashbrook for elemental analyses 
and Mr. L. A. White for large-scale preparations of 
starting materials. In  addition, we wish to thank 
Dr. H. Boaz and his group for the physicochemical 

It was sublimed a t  75" (0.3 mm), mp 143". 

(14) All melting points are corrected. Ultraviolet, infrared, and nmr 
spectra were obtained in ethanol, chloroform, and deuterioohloroform, 
respectively. TitrEtions were carried out in a 66% aqueoua dimethyl- 
formamide system. 

31.02 3 .47  31.21 3 .23  7 . 1 0  
41.64 5 .59  19.43 41.86 5 .79  19.67 7 . 2 5  
53.91 3 .39  15.72 54.23 3 .78  15.68 6 . 9 8  
56.22 4 .19  56.02 4 . 3 5  7 . 1  

measurements: Messrs. H. Howard and L. Huckstep. 
ultraviolet spectra; Rlr. L. Spangle, titration; Messrs, 
P. Landis and J. Klemm, nmr; and hlr. D. Woolf and 
Miss M. Hofmann, infrared spectra. 
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In  the preceding paper of this series it was shown that 
the dehydration of 1-decalols over aluminas takes place 
preferentially through a trans-elimination reaction. 
Thus cis,cis-1-decalol formed about 89% 1,9-octalin 
and only 5% cis-l,Boctalin, while cis,trans-1-decalol 
yielded 4% of 1,g-octalin and 92% cis-1,2-octalin. A 
similar trend was obtained with trans,& and trans,- 
trans-1-decalol. 

The present paper reports the dehydration of the four 
stereoisomers of 1-decalol over thoria and over acidic 
type catalysts, namely, silica-alumina and silico-phos- 
phoric acid. The experiments were made in a micro- 
pulse reactor.' 

Thoria.-Two sets of experiments were made, one 
using 30 mg and the other 500 mg of thoria (Table I). 
With the lesser amount of catalyst only ca. 3-13% of 
the decalols underwent dehydration to  octalins, while 
with the 500 mg of thoria the dehydration amounted to 
from 26 to 61%, depending on the decalol used. The 
most resistant toward dehydration was the trans,- 
trans-1-decalol, which is in agreement with a previous 
observation. Part of the decalols underwent epimeri- 
zation and dehydrogenation to cis- and trans-decalones. 

The dehydration seems to proceed mainly via a 
trans-elimination reaction as evidenced by the forma- 
tion of 1,g-octalin as the principal product from the 
dehydration of the cis,cis-1-decalol, and cis-1,2-octalin 
as the main olefin from the cis,trans-1-decalol. The 
stereospecificity of the dehydration of decalols in the 
presence of thoria was not so great, however, as in the 

(1) Paper IX in the aeries of Dehydration of Alcohols. For the previous 

(2) Taken from a Ph.D. dissertation submitted to the Graduate School, 
paper, see F. G. Schappell and H. Pines, J .  070. Chem.. 81, 1735 (1966). 
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