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tallized from 95y0 ethanol yielding 167 mg. (90%) of yellow- 
orange leaflets, m.p. 304-305". The reported valueQ for 
benzo [blacridone made in another manner is 303". 
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The literature on reactions of carbon monoxide 
with thiols is limited to those in which either acety- 
lene' or an olefin2 is present as a third component. 
The products are the thiol esters of the carbonylated 
unsaturate. There are no accounts of the direct 
reaction of carbon monoxide with thiols or their 
derivatives. 

We now wish to report that carbon monoxide re- 
acts with thiols, disulfides, and sulfides to  give thiol 
esters in accordance with Equations 1-3 in the pres- 
ence of a cobalt carbonyl catalyst or certain metal 
oxide catalysts a t  250-300' and 100-1000 atm. 
Results are summarized in Table I .  

2RSH + GO --+ RCOSR 3- HnS (1) 

IZSSR + 2CO -+ RCOSR + COS ('4 

IESR + CO + RCOSR (3) 

RSH + CO -+ RH + COS (4) 

( 'arhimylation qf thiols. Both aliphatic and aro- 
in:it I C  thiols iuidcrgo cwboiiylation according to  
(vIiiiitioii I to g i i ~  thiol esters ill yields up t o  -Kc/;) 
:it (~o~ive~-sion~ up to W%. The catalysts used wew 
dic.oh:ilt octii(xarhoiiy1 mid w supported cobalt oxide 
preparation that presumably was converted to the 
cmboiiyl under conditions of the experiment. The 
temperatures employed were 250-275' a t  a pressure 
of 100-1000 atm. of carbon monoxide. The reaction 
times were two to sixteen hours and the most con- 
\ enient solvents were benzene and toluene. 

S o  reaction took place between carbon monoxide 
and thiophenol a t  70" in the presence of cobalt car- 
bonyl, nor a t  275' with no catalyst. In  some runs, 
carboxylic acids were found. Thus, carbonylatiori 
of benzeiiethiol without solvent gave only benzoic 
acid. In  one benzenethiol run, the gaseous products 
were eollected and found by mass spectrophoto- 
___-. 

(1) tV. Reppr, ,im., 582 ,  l(19.53). 
( 2 )  11. I<vlq)c .tnil f f  K r o p ~ r ,  . inn . ,  582,  :18 (195-3). 

metric analysis to contain mainly hydrogen sulfide 
and carbon oxysulfide. 

The carbonylation of 1,3-butaiiedithiol gave a 
thiolactone (I or 11). The available data do not per- 
mit an unequivocal choice between the two possible 
structures. 

I I1 

Attempted carbonylatioii of a gem-dithiol, 3,5,5- 
trimethylhexane-1,l-dithiol, at  70' and 150' gave 
mainly the corresponding monothiol and a small 
amount of the carboxylic acid. At 250°, the mono- 
thiol and the thiol ester derived from the mono- 
thiol according to equation 1 Jvere obtained. An 
attempt to add hydrogen sulfide to an olefin and 
carbonylate the resulting thiol in situ led to only a 
1% yield of thiol ester. Benzyl mercaptan was the 
only thiol which gave products containing no sulfur. 
1,2-Diphenylethane and 1,2,3-triphenylpropane 
were isolated. 

An important competing reaction to  thiol ester 
formation apparently was reductio11 of thiol to 
hydrocarbon (Equation 4). Attempts were not 
made to isolate the hydrocarbon in most of the 
experiments, but in the case of 3,5,5-trimethyl- 
hexane-1-thiol approximately as much hydro- 
carbon was found as thiol ester. With benzothia- 
zole-2-thiol, benzothiazole was the sole product. 
Similarly, o-mercaptobenzoic acid gave benzoic 
acid. 

Carbonylation of distd$des. The conditions for 
the carbonylatioii of disulfides were similar to  
those used for thiols. The cobalt carbonyl-cata- 
lyzed reaction of carbon monoxide viith n-butyl 
disulfide yielded n-butyl thiol-n-valerate. Phenyl 
thiolbenzoate was formed from carbon monoxide 
and phenyl disulfide using a chromium oxide-on- 
alumina catalyst, the only catalyst not containing 
cobalt successfully employed iii these reacations. 
The correspondiiig sulfides werc isolated ah 1)s- 
products. 

Cnrbonylatii~n of suljides. At 300" a i d  1000 atiii. 
of varbon monoxide, phenyl sulfide, and n-butyl 
sulfide mere converted to thiol esters in small 
yields using dicobalt octacarbonyl as catalyst. 
Under the same conditions, phenyl methyl sulfide 
gave only methyl thiolbenzoate. So evidence for 
formation of the isomeric phenyl thiolacetate m s  
obtained. 

(3)  R. Schiller and 1%. Otto, Ber., 9 ,  1634 (1876). 
(4) E. Schjknberg, Ber., 74, 1751 (1941). 
(5) W. 31. Rruner, Znd. Eng. Chem., 41, 2860 (1949). 
(6) E. 31. Gutman and IT. J. Hickinbottom, J .  Chem. 

(7) L. S. Pratt and E. E. Reid, J .lm. Chew. Soe., 37, 

(8) 0. Jeger, J. Xorymberski, S. Pzpilfogrl, nritl I-. l'lr- 

SOC., 2064 (1951). 

1934 (1915). 

log, FIelz. chtm. clcltr , 29, 684 (1946). 
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EXPERMENTAL 

The reactions, details of which are given in Table I, were 
carried out in 400-mi. stainless steel shaker tubes for 14-16 
hr. unless otherwise noted. The amount of catalyst used was 
1-5y0 of the weight of the sulfur compound. The products 
were isolated and purified by conventional methods. 
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Literature methods for the synthesis of pyrroio- 
(2,3-c)-pyridine (6-azaindole, I, R = H) are not 
very satisfactory. Koenigs and Fulde4 reported the 
preparation of 2-met hylpyrrolo (2,3-c) pyridine (11, 
R = CH3) in 23% yield by a Madelung cycliza- 
tion of 3-acetamido-4-picoline, the later in turn 
being made by a tedious route. Clemo and Holt5 

e x  s ,  R' r n N  K 

H R  H 
I I1 

were unable to apply the Fischer indole ring closure 
to 2-methyl-3-pyridylhydrazone. Siis and Moilers 
obtained I (R = H) from the photochemical de- 
composition of 3-diazo-l,7-naphthyridin4-(3H)- 
one and decomposition of the resulting 3-carboxy- 
pyrrolo(2,%c)pyridine, but the multistep synthesis 
of the required diazo derivative interferes with the 
utilization of this method for preparative purposes. 
Somewhat earlier, Herz and TockeP had succeeded 
in synthesizing I (R = I€ and CH3) by the Pome- 
ranz-Fritsch method from readily available start- 
ing materials, but the yields were very low. 

Recent improvements in the hIadelung cycli- 
zation of 2-formarnidotol~ene,~ the successful 
preparation of 7-azaindole8 by an adaptation of this 

(1) Supported in  part by rescarch grant CY-3034 from 
the National Cancer Institute, National Institutes of Health, 
U. S. Public Health Service. 

(2) Previous paper, W. Herz and S. Tocker, J .  Am. Chern. 
SOC., 77,6355 11955). 

13) Ahstracted from B thesis, submitted in partial fulfill- 
ment of the requirements for the degree of Doctor of Philoso- 
phy, June 1960. 
(4) E. Koenigs and il. Fulde, Ber., 60,2106 (1927). 
15) G. R. Clemo and R. J. W. Holt, J .  Chem. SOC., 1313 

(6) 0. Bus and K. Moller, Ann., 599, 233 (1956). 
17) F. T. Tyson, J .  Am. Chem. SOC., 72,2801 (1950). 
(8) M. h/l. Robison and B. L. Robison, J .  Am. Chem. SOC., 

(1953). 

77,457(1955). 

method and the availability of 3-amino-4-picolineg 
suggested that the Madelung cyclization of 3- 
formamido-4-picoline might give I (R = H) in 
better yields. The results of such a study are pre- 
sented here. 

3-Amino-4-picoline, prepared by a slightly im- 
proved method, was converted to the formamido 
derivative (111) in 8G% yield, but the cyclization, 
under a variety of conditions, resulted in the 
isolation of 3-amino-&picoline only. Tyson's mech- 
anism7 for the Madelung cyclization as applied to 
the case a t  hand (see scheme below) requires the 

QCH3 K X  
N\ 

NHCHO 

QCH3 K X  
N\ 

NHCHO 

I 
K 

formation of equivalent amounts of 3-amino-4- 
picoline and pyrrolo(2,3-c)pyridine by decomposi- 
tion of the potassium salt of the former; hence it 
was hoped to direct the reaction toward the forma- 
tion of I by heating a mixture of the potassium salt 
of the amine and I11 in the presence of sodium for- 
mate, the latter to  repress step b. However, the 
resulting product consisted entirely of 3-amino-4- 
picoline. It was therefore concluded that the de- 
composition of the potassium salt of I11 has a 
much lower activation energy than the formation 
of I. In this connection it may be pointed out that 
while the sodium salt of 111, prepared from sodium 
hydride and 111, decomposed below 200", I11 itself 
was stable up to 250". 

It was hoped that cyclization of a diac*y1 deriva- 
tive of ?,-amino-i-picoliiie, which cannot form a 
salt of the amino function and would therefore not 
undergo decomposition by step b, might occw 
more readily. The diformamido derivative c d d  
not be obtained, but diacetyl-3-amino-4-picoline 
(IV) was prepared by refluxing the amine in 
acetic anhydride for four hours. Madelung cycli- 
zation of IV with potassium ethoxide gave II- 
(R = CHa) in 40% yield. Under the same condi- 
tions the monoacetyl derivative gave only a 5% 
yield although Koenigs and Fulde4 claimed 23%. 
The fact that the diacetyl compound gave higher 
yields could, however, be partly accounted for on 
a statistical basis. 

(9) H. F. Baumgarten, H. C. Su, and A. L. Krieger, 
J .  Am. Chem. SOC., 76,596 (1954). 


