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cedure,* m.p. 164-165', A,, 6.06 p .  It discolored bromine 
solutions and gave a precipitate with silver nitrate. It did 
not depress the melting point of synthetic Vb (see below) 
and the infrared spectra of the two were identical. 

Anal. Calcd. for (C8H10NBr)=: C, 48.01; 5.04; N, 7.00; 
Br, 39.94. Found: C, 47.75; H, 5.25; N, 6.84; Br, 39.73. 

Reduction of 0.2159 g. of the bromide with hydrogen over 
platinum in aqueous solution resulted in the uptake of 4.25 
mmoles of hydrogen, 98y0 of theoretical for a molecular 
weight of 200. Evaporation of the supernatant and recrys- 
stallization of the residue from ethanol-ethyl acetate gave 
colorless needles, m.p. 199.5-201 ', undepressed on admix- 
ture with an authentic sample of 2-n-propylpiperidine 
hydrobromide (see below). The free amine with p-toluene- 
sulfonyl chloride gave a product which was insoluble in acid 
or base (i.e., sulfonamide of a secondary amine). 

2-Propenylpyridine. To 15.6 g. (0.114 mole) of 142- 
pyridy1)-2-propanols a t  -10' was added 31.0 g. (0.114 
mole) of phosphorus tribromide portionwise with rapid 
stirring. The orange viscous oil was then stirred for 1 hr. a t  
room temperature after which it was decomposed a t  ice 
temperatures by cautious addition of water. The solution 
was made basic with aqueous sodium hydroxide and ex- 
tracted with chloroform. Evaporation of the solvent and 
distillation gave 4.9 g. (43y0) of 2-propenylpyridine as a 
colorless liquid, b.p. 80-82" a t  16 mm., n y  1.5510, A,, 
6.06 p, (lit.Io b.p. 70-74' a t  15 mm.) and 3.5 g. (16%) of 
crude 2-propenylpyridine hydrobromide (Vb) which crys- 
tallized from benzene-ethanol as colorless needles, m.p. 
164-165". It was identical with a sample prepared by bub- 
bling anhydrous hydrogen bromide through a cold ethereal 
solution of 2-propenylpyridine. 

Anal. Calcd. for CsHloNBr: C, 48.01; H, 5.04; N, 7.00; 
Br, 39.94. Found: C, 48.22; H, 5.12; N, 7.00; Br, 40.10. 

A hot ethanolic solution of 2-propenylpyridine was treated 
with a saturated ethanolic solution of picric acid. Cooling 
gave the picrate as yellow plates, m.p. 144-146' (lit.,lO 
m.p. 165-166'). 

Anal. Calcd. for CI~HIZO&~: C, 48.27; H, 3.47; N, 16.09. 
Found: C, 48.27; H, 3.37; N, 16.37. 

Treatment of an acetone solution of 2-propenylpyridine 
with a few drops of 48% hydriodic acid solution followed by 
evaporation to dryness in vucuo and recrystallization of the 
tan solid from ethanol-ethyl acetate gave 2-propenylpyri- 
dine hydriodide as pale yellow needles, m.p. 150-151.5'. 

Anal. Calcd. for CSHIOWI: C, 38.89; H, 4.08; S, 5.67. 
Found: C, 38.72; H, 4.18; N, 5.86. 

A 1.0-g. sample of Vb was heated for 3 hr. a t  170-180' in a 
sealed tube. The residual black solid was recrystallized from 
benzene-ethanol in 95% yield as colorless needles, m.p. 162.5- 
164.5', undepressed on admixture with Vb. The infrared 
spectra of the two samples were identical. 

2-n-Propylpiperidine( coniine). To a slurry of prereduced 
platinum oxide in water was added 0.3419 g. (1.71 mmoles) 
of Vb. After 4.5 hr. 7.1 mmoles of hydrogen had been ab- 
sorbed and the uptake ceased (104% of 4 equivalents). 
Evaporation of the supernatant and recrystallization of the 
resulting solid from ethanol-ethyl acetate gave 2-n-propyl- 
piperidine hydrobromide as colorless fine needles, m.p. 
199-200" (lit.,11 m.p. 211'). 

AnaE. Calcd. for CgH1sNBr: C, 46.16; H, 8.72; N, 6.73; 
Br, 38.39. Found: C, 46.24; H, 8.46; N, 6.84; Br, 38.46. 

The free base liberated from its salt with sodium car- 
bonate solution, boiled at 164'. It formed a picrate which 
crystallized from ethanol as yellow needles, m.p. 157.5-159'. 

2-Methylconidine (IVb). A .  A solution of 10 g. (0.073 mole) 
of I-( 2-pyridyl)-2-propanoP in 80 ml. of water containing 
10 ml. of 6N hydrochloric acid and 0.9 g. of platinum dioxide 
was shaken under 45 lbs. of hydrogen pressure. After 2.5 

(9) L. .4. Walter, Org. Syntheses, Coll. Vol. 111, 757 

(10) G. Koller, Monatsh., 47, 393 (1926). 
(11) F. Chemnitius, J .  Prukt. Chem., 118, 25 (1928). 
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hr. 107% of 3 equivalents of hydrogen had been absorbed. 
The catalyst was removed, the solution made basic with 
10% sodium hydroxide solution and the amino alcohol ex- 
tracted with chloroform. Removal of the solvent left 8.5 
g. (82%) of 1-(2-piperidyl)-2-propanol as a colorless solid, 
m.p. 50-52'. It crystallized from hexane as colorless plates, 
m.p. 56-59'(lit.,lZm.p. 45-47'). 

Anal. Calcd. for C ~ H I ~ N O :  C, 67.10; H, 11.96; N, 9.78. 
Found: C, 67.36; H, 12.12; N, 10.05. 

Heating a solution of 8.0 g. (0.056 mole) of the amino 
alcohol with 40 ml. of 48y0 hydrobromic rccid for 6 hr. a t  
160' in a sealed tube followed by addition of base, ex- 
traction with chloroform and distillation of the amines 
gave 1.0 g. (15%) of 2-methylconidine (IVb) as a colorless 
liquid which darkened on standing, b.p. 67-69' a t  51 mm., 
n?. 1.4600. It formed a picrate which crystallized from 
ethanol as yellow needles, m.p. 216-217' (lit.,4 b.p. 150- 
153'; picrate m.p. 220-221 '). 

Anal. Calcd. for CldHl8N407: C, 47.45; H, 5.12; N, 15.81. 
Found: C, 47.65; H, 5.27; N, 15.70. 

B. A solution of 2.0 g. (0.014 mole) of the amino alcohol 
in 30 ml. of 48% hydrobromic acid was heated under reflux 
for 17 hr. after which the solvent was removed in  vacuo, 
leaving a crystalline mass. Recrystallization from ether- 
ethanol gave 1-(2piperidyl)-%bromopropane hydrobromide 
as colorless fine needles, m.p. 168-169', in 55% yield (lit.,18 
m.p. 171 "). 

Heating a heterogeneous solution of 1.85 g. (6.5 mmoles) 
of the above hydrobromide in 25 ml. of 10% sodium hy- 
droxide solution for 3 hr. under reflux followed by extrac- 
tion with chloroform afforded 0.50 g. (63%) Ff crude 2- 
methylconidine, characterized as its picrate which crys- 
tallized from ethanol as yellow needles, m.p. 216.5-217.5' 
undepressed on admixture with a sample prepared via 
method A above. 
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As a part of a continuing investigation on the 
chemistry of ben~ophenothiazines,~~3 we have 
studied the metalation of 7H-benzo [clphenothia- 
zine (I). Phenothiazine metalates in the l-position 
(adjacent to nitrogen) and 12H-benzo [alpheno- 
thiazine metalates in the unusually high yield of 
94% in the 1-position (peri to  nitrogen).6 However, 
the majority of heterocyclic ring systems containing 
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/ 
N-H bonds do not metalate in satisfactory 

yield (see Reference 5 for specific cases and refer- 
ence citations). 

The action of approximately 2.5 equivalents of 
n-butyllithium on one equivalent of 7H-benzo [c]- 
phenothiazine (I) yields, subsequent to carbona- 
tion with solid carbon dioxide, a monocarboxylic 
acid derivative I1 in 41% yield. From the results on 
metalation of phen~thiazine,~ it was anticipated 
that metalation had occurred a t  either the 6- or 
8-positions, adjacent to nitrogen. The 6-position 
was the more likely possibility, as naphthalene 
appears to metalate somewhat more easily than 
benzene,6 (although direct comparisons have ap- 
parently not been made), and the preferred point 
of attack of 2-methoxynaphthalene by n-butyl- 
lithium is the adjacent @-position of the naphthalene 
ring.' 

The structure of the carboxylic acid from meta- 
lation (11) was proved by desulfurization of the 
acid with lianey nickel. The product was a mono- 
carboxy-N-phenyl-@-naphthylamine similar in melt- 
ing point to that reported by Schopffs for N -  
phenyl-3-amino-2-napht hoic acid (111). N-Phenyl- 
3-amino-2-naphthoic acid was synthesized8 from 
aniline and 3-hydroxy-2-naphthoic acid and the 
product was identical in melting point and infrared 
spectrum with the acid from the desuIfurization 
reaction. Both samples of N-phenyl-3-amino-2- 
naphthoic acid were ring closed with polyphos- 
phoric acid to benzo[b]acridone (IV), which 
melted in accord with the literature value.g 
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EXPERIMENTAL lo 

?"-Bento [clphenothiazine-fi-carboxylic acid (11). A solu- 
tion of 25 g. (0.10 mole) of 7H-benzo[c]phenothiazine* in 

(6) H. Gilman and J. W. Morton, Org. Reactions, 

(7) S. V. Sunthanker and H. Gilman, J. Org. Chem., 16, 

(8) M. Schopff, Ber., 25,2741 (1892). 
(9) A. Albert, D. J. Brown, and H. Duewell, J .  Chem. 

8, 265 (1954). 

8 (1951). 

Qoc., 1290 (1948). 

300 ml. of ether was treated with 200 mi. of an ether solution 
containing 0.24 mole of n-butyllithium. The mixture was 
stirred and heated under reflux for 24 hr., after which it 
was cooled in a Dry Ice-acetone bath and small lumps of 
Dry Ice (large excess) added. The reaction mixture was 
then allowed to warm to room temperature and hydrolyzed 
by addition of 150 ml. of water. The ether layer was ex- 
tracted with 5% aqueous sodium hydroxide solution and the 
extracts combined with the aqueous layer of the original 
reaction mixture. Acidification yielded 23.6 g. of tan solid. 
This was reprecipitated from aqueous sodium hydroxide 
and recrystallized from a mixture of tetrahydrofuran and 
ligroin (b.p. 60-80") with charcoal to yield 12.1 g. (41%) 
of red-orange needles, m.p. 292-295', with decomposition. 
One recrystallization of a small amount of the product 
from benzene-ligroin and one from acetone-ligroin gave ma- 
terial melting a t  300-301' with decomposition. The product 
was insoluble in warm 5% aqueous sodium bicarbonate 
solution. An infrared spectrum showed a strong band a t  
5.97 p in accord with a carboxyl carbonyl conjugated to an 
aromatic ring. 

Anal. Calcd. for C,,HllN02S: C, 69.60; H, 3.78; X, 
4.80, Neut. eq., 293. Found: C, 69.47 and 69.57; H, 3.80 
and 3.85; N, 4.86 and 4.54; Neut. eq., 296. 
6-~arbomethoxy-7H-benzo[a]phenothiazine. A solution of 

0.10 g. (3.4 mmoles) of the carboxylic acid I1 in ether was 
treated with an ethereal solution containing excess diazo- 
methane" and the mixture allowed to  stand overnight in a 
hood. The 96 mg. (92%) of orange-red crystals remaining 
melted at 144-150'. Crystalhation from petroleum ether 
(b.p. 30-60') and from methanol raised the melting point 
to 150-151'. An infrared spectrum showed a carbonyl band 
at 5.90 p. 

Anal. Calcd. for C18HlaN02S: C, 70.33; H, 4.26; N, 4.56. 
Found: C, 70.40 and 70.42; H, 4.25 and 4.30; B, 4.67 and 
4.90. 

Desulfurization of 7H-benzo [a ]phenothiazine-6-carboxylic 
acid. A solution of 7.0 g. (0.024 mole) of I1 in 300 ml. of 95% 
ethanol was stirred and heated under reflux with a suspen- 
sion of about 80 g. of freshly activated" Raney nickel 
catalyst in 150 ml. of absolute alcohol. After a 30-min. 
heating period the initial red color of the solution had 
changed to  yellow, but stirring and heating were continued 
for another 1.5 hr. The catalyst was removed by filtration 
and the filtrate treated with charcoal and evaporated to a 
volume of about 20 ml. Addition of a few drops of 5y0 
aqueous hydrochloric acid solution and cooling precipitated 
1.6 g. (25%) of yellow crystals melting a t  233-236'. An- 
other recrystallization from benzene gave 1.4 g. of product, - - .  

m.p. 235-237'. 
The melting noint of this material was identical nrith that 

- 1  

of a sample of N-phenyl-3-amino-2-naphthoic acid prepared 
by the method of Schopff .* A mixture melting point showed 
no depression and infrared spectra of the two samples were 
identical. 

Benzo [blacridone (IV). A mixture of 200 mg. of N-phenyl- 
3-amino-2-naphthoic acid and approximately 30 ml. of 
polyphosphoric acidla was stirred intermittently and heated 
to  85-90' for 10 min. An excess of water was added whirh, 
after solution of the excess polyphosphoric acid, caused the 
precipitation of yellow-orange product. This was recrys- 

(10) Microanalyses are by Weiler and Strauss, Oxford, 
England. All melting points were taken on a Kofler Hot 
Stage Microscope. Infrared spectra were made by the po- 
tassium bromide disk method on a Perkin Elmer Model 21 
infrared spectrophotometer. 

(11) Th. J. DeBoer and H. J. Backer, Rec. Irau. chim., 
73,229 (1954). 

(12) L. W. Covert and H. Adkins, J. Am. Chem. Soc., 
54,4116 (1932). 

(13) Provided through the courtesy of Victor Chemical 
Works, Chicago, Ill. 
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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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Reactions of Carbon Rlonoxide with Thiols, 
Sulfides, and Disulfides 
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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. 
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