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isopropoxide in isopropyl alcohol was added 0.63 g (2.5 mmol) of 
N-(tert-butylsulfiny1)phthalimide. After 0.5 hr of stirring at 
room temperature, the isopropyl alcohol was evaporated in vacuo. 
The resulting solid foam was taken up in 40 ml of pentane and 
precipitation of a white solid occurred on cooling. Filtration 
gave 0.75 g (90%) of the sodium salt 29, mp 159’ dec. 

A portion of this material (0.33 g, 1 mmol) was then dissolved 
in 5 ml of water and acidified to Congo Red end point with 
hydrochloric acid. The resulting precipitate was filtered and 
washed with water to furnish 0.25 g (80% of theoretical yield 
based on the sodium salt 29) of the amide 30, mp 115-116’. The 
product was recrystallized from chloroform-petroleum ether to 
provide an analytical sample of unchanged melting point. 
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The reaction of 4-alkylpyridines with two substituents on the side-chain CY carbon and arylsulfenyl chlorides 
gave a,a-disubstituted 4-pyridylmethyl aryl sulfides in 48-95% yield. When trichloromethanesulfenyl chloride 
and 4-benzhydryl- or 4-isopropylpyridine were allowed to react, diphenyl-4-pyridylmethyl or 2-(4-pyridyl)-2- 
propyl chloride were formed in 99 and 9570 yield, respectively, while reaction of these 4-alkylpyridines with sulfur 
monochloride gave diphenyl-4-pyridylmethyl disulfide (-66%) or 2-(4-pyridyl)-2-propyl disulfide (82%). 
Analogous 3-alkyl- and 2-alkylpyridines failed to react with any of the above sulfenyl chlorides. A proposed 
rationalization of these reaction products entails formation of thiopyridinium ions and follows a pathway similar 
to the rearrangement of 4-alkylpyridine N-oxides and acid anhydrides. 

The formation of N-arylthiopyridinium salts has 
been proposed by Iiharasch3 to explain pyridine 
catalysis in the conversion of 2,4-dinitrobenxenesulfenyl 
chloride (1) and alcohols to sulfenate esters 3; however, 
attempts to isolate 2 were unsuccessful. More recently, 
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Helmkamp and coworkers4 implied the formation of 
the N-methylthiopyridinium cation (5) when pyridine 
was added to a solution of 4 in nitrobenzene or nitro- 

(1) Presented in part before the Organic Division at the 162nd National 

(2) Abstracted from a portion of the Ph.D. Dissertation submitted by 

(3) L. Goodman and N. Kharasch, J. Amer. Chem. Soo., 77, 6541 (1955). 
(4) G. K. Helmkamp, D. C. Owsley, FV. M. Barnes, and H. N. Cassey, 

Meeting of the American Chemical Society, Washington, D. C., Sept 1971. 

J. N. R. in April 1973 at West Virginia University. 

J. Amer. Chem.. Soc., 90, 1635 (1968). 

methane. The nmr upfield shift of the SCH3 resonance 
supported structure 5 but no salt was isolated. How- 
ever, crystalline N-thiopyridinium salts of structure 6 
and 7 have been obtained from the reaction of pyridine 
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and sulfur dichloride6 or sulfur monochloride.6J In  
expanding our interest from N-oxypyridinium salts8~9 
to  N-thiopyridinium salts we have investigated the re- 
action of various sulfenyl chlorides with a number of 
alkylpyridines and describe the results in this paper. 

When a 2 : 1 molar solution of 4-benzhydrylpyridine 
(15) and 2,4-dinitrobenzenesulfenyl chloride (1), re- 
spectively, in dry ethylene chloride was stirred a t  room 
temperature for 1 hr, the reaction mixture gave a 48% 
yield of diphenyl-4-pyridylmethyl 2,4-dinitrophenyl 
sulfide (16) and a 38% yield of 2,4-dinitrophenyl disul- 
fide (9). This reaction had been extended to  other 

(5) U. Wannagat and G. Sohindler, Angew. Chem., 69, 784 (1957). 
(6) H. G. Heal and J. Kane, J. Inorg. Nucl. Chem., ‘29, 1539 (1967). 
(7) R. C. Paul, K. Kishore, D. Singh, and K. C. Malhotra, Indian J. 

(8) V. J. Traynelis and A. I. Gallagher, J. Ore. Chem., 36, 2792 

(9) V. J. Traynelis in “Mechanisms of Molecular Migrations,” Vol. 2, 

Chem., 8, 829 (1970). 

(1970). 

B. 8. Thyagarajan, Ed., Intersoienoe, New York, N. Y., 1969, P 1. 
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TABLE I 
REACTIONS OF PALXYLPYRIDINES WITH AFCYLSULFENYL HALIDES 

Ri, ,R, 
R, R~ 

N&(fS&-R4 R &  I 

NOa 9 70 8 H H 1 N o r  
10 CeH, H 1 NO* NOa 9 67 
11 CH3 CHI 1 KO* NO2 12 95 
13 CeHo CH3 1 Not N0z 14 77 9 14 
15 CeHb CeHo 1 NO, N o r  16 48 9 38 
15 CaH5 CeH6 17 NOz H 18 88 19 12 
15 C& CsHs 20 H NO, 21 60 22 37 
15 CeHa CeHs 23 H H 24 75" 25 

S-S & 0 R, R, R, 
R4 Compd Yield, % Compd Yield, % 

N P 
Rz Compd Ra 

& 
Compd Ri 

a In addition to sulfide 24, diphenyl-4-pyridylcarbinol (24% yield) wae also isolated and proposed as a hydrolysis product of 
24 during work-up. Thus the projected yield of 24 would approach99%. 

4-alkylpyridines with various arylsulfenyl chlorides as 
illustrated in the general equation below and sum- 

I 

R ,  

Ri &s-s&R, 

marized in Table I. Pyridine aids the overall reaction 
but is not essential, since the 4-alkylpyridine could serve 
as the base. 

The disulfides 9, 19, and 22 are known compounds 
and were identified via melting points and spectral data. 
Structural assignments for the sulfide products 12, 14, 
16, 18, 21, and 24 were supported by elemental analysis 
and characteristic nmr and ir spectra. In  addition 16, 
18, 21, and 24 were readily hydrolyzed to diphenyl-4- 
pyridylcarbinol (26) and the corresponding disulfide, 

C,,H-, 
16.18.21.24 

which probably arose by air oxidation of the corre- 
sponding arylthiol. The hydrolysis of diphenyl-4- 
pyridylmethyl phenyl sulfide (24) was particularly 
rapid and appears to be the source of diphenyl-4- 
pyridylcarbinol isolated in the reaction of 4-benzhydryl- 
pyridine and benzenesulfenyl chloride (Table I). In  
contrast, sulfides 12 and 14 did not undergo hydrolysis 

to the corresponding carbinols even under more 
vigorous conditions. 

The reaction of 4-benzhydrylpyridine (15) or 4-iso- 
propylpyridine (1 1) with trichloromethanesulfenyl chlo- 
ride (27) was mildly exothermic and formed a black 
hygroscopic precipitate and the reaction solution gave 
near-quantitative yields of diphenyl-4-pyridylmethyl 
chloride (28) or 2-(4-pyridyl)-2-chloropropane (29). 
Structural assignments for 28 and 29 were supported by 
elemental analysis, consistent nmr and ir spectra, the 
rapid, quantitative hydrolysis of 28 to carbinol 26, and 
the base-catalyzed elimination of 29 to 4-isopropenyl- 
pyridine (30). The black, hygroscopic solid reacted 

H10 28, R,  = R, s= CBH, 26 (100%) 

CH 
"C=CH. 

I 

30 

vigorously with water to produce hydrogen sulfide and 
colored solutions. A suggested structural possibility 
for the black solid involves a 2:  1 complex of pyridine 
and thiophosgene. 

A third product variation occurred in the reaction of 
4-isopropylpyridine (1 1) and 4-benzhydrylpyridine 
(15) with sulfur monochloride, which produced, after 
alkaline treatment, 2-(4-pyridyl)-2-propyl disulfide 
(31) in 82% yield and diphenyl-4-pyridylcarbinol (26) 
in 66y0 yield, respectively. In the latter case an im- 
pure solid, which may be diphenyl-4-pyridylmethyl 
disulfide, was the precursor to  26 via acid or basic 
hydrolysis. Disulfide 31 had the proper analysis and 
spectral data for the assigned structure and upon 
thermal decomposition 31 formed sulfur along with 
equal amounts of 4-isopropylpyridine (12) and 4-iso- 
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ref lux  

f \/ 
CSAr 

propenylpyridine (30). This fragmentation provides 
another avenue for the decomposition of aliphatic 
disulfides. lo 

Attempts to extend these reactions to 2-alkyl- and 
3-alkylpyridines were unsuccessful. Exposure to  2 
benzhydryl- or 3-benzhydrylpyridine to 2,4-dinitro- 
benzenesulfenyl chloride, trichloromethanesulfenyl chlo- 
ride, or sulfur monochloride, even under conditions 
more vigorous than those above, led to >90% recovery 
of unreacted alkylpyridines. Also no reaction oc- 
curred between triphenylmethane and 2,4-dinitro- 
benzenesulfenyl chloride. These observations exclude 
any direct attack of the sulfenyl chloride on the side- 
chain a: carbon with substitution for the methine 
hydrogen and raise the question of involvement of the 
pyridine nitrogen. 

A search for nitrogen-sulfur interaction was con- 
ducted via nmr measurements on equimolar solutions 
of pyridine and 2,4-dinitrobenzenesulfenyl chloride or 
trichloromethanesulfenyl chloride in deuteriochloro- 
form. The expected downfield shift of the pyridine a: 
hydrogens, resulting from salt formation, was absent 
and the position of the spectral peaks was unaffected 
by varying concentration. However, these obser- 
vations do not preclude a low concentration (below 
nmr detection limits) of the N-arylthiopyridinium 
cation in equilibrium with the reactants. With this 
latter assumption one can explain the 4-alkylpyridine- 
sulfenyl halide reaction products via a pathway analo- 
gous to the rearrangement of 4-alkylpyridine N-oxide 
with acid  anhydride^.^ 

The general reaction scheme proposed below proceeds 
through the key anhydro base intermediate 32, which 

\ /  
YH 

\/ 
FH 
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SAr SAr 
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may undergo an intramolecular rearrangement or an 
intermolecular reaction to form the sulfide product. 
Fragmentation of 32 may entail homolytic cleavage of 
the N-S bond to form radical pairs or heterolytic 
cleavage to an ion pair in which either set may re- 
combine to sulfide products. This intramolecular 
pathway requires a tight ion or radical pair. The 
intermolecular process would involve attack of 32 a t  the 
side-chain carbon by unreacted sulfenyl chloride to 
generate 33, which is in favorable equilibrium with the 
product. Addition of arylsulfenyl chloride to anhydro 

(10) E.  E. Reid, "Organic Chemistry of Bivalent Sulfur," Vol. 3,  Chemioal 
Publishing Go.,  S e w  York, N. Y. ,  1960, pp 370-372. 

33 

bases" or the structurally similar  enamine^'^^'^ has been 
reported in the literature. 

In  the reaction of 4-alkylpyridines with sulfur mono- 
chloride the disulfide product can be rationalized by 
the above scheme except that two rearrangements or 
reactions (one in each pyridine ring) are required. Also 
support for the initial salt formation is available from 
isolation of some of these salts (7).e17 However the 
generation of diphenyl-4-pyridylmethyl chloride (28) 
or 2-(4-pyridyl)-2-chloropropane (29) from reactions 
using trichloromethanesulfenyl chloride requires some 
additional mechanistic features. The anhydro base 34 
may undergo a concerted fragmentation to ion pair 35, 
which recombines to give the chloro product. Alter- 
natively, 34 may lead to  36 by the pathway outlined 

1 

C1 
34 

c1 

36 

above. Further decomposition of 36 analogous to the 
Sxi decomposition of alkyl chlorosulfites or chloro- 
carbonates14 should generate the chloro product and 
thiophosgene. 

The failure of 3-benzhydrylpyridine to react with 
sulfenyl chlorides may be attributed to the exclusion of 
anhydro base formation ; however, 2-benzhydryl- or 
2-isopropylpyridine are capable of proceeding via 
anhydro bases according to the above pathway and 
thus the absence of products in these cases was sur- 
prising. Perhaps steric factors are inhibiting initial 
salt and/or anhydro base formation. Another puzzling 
point is the lack of the expected products in the re- 
actions of 4-benzylpyridine and 4-picoline with sulfenyl 

(11) V.  I. DBnes, M. F%rc&aan, and G. Ciurdaru, Chem. Ber., 96, 174 

(12) M .  E. Kuehne, J .  O w .  Chem., 28, 2124 (1963). 
(13) G. H.  Alt and A.  H. Speeiale, J. Org. Chem., 29, 798 (1964). 
(14) J. March, "Advanced Organic Chemistry: 

(1963). 

Reactions, Mechanisms, 
and Structure," McGraw-Hill, New York, N. Y.,  1968, p 268. 
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chlorides. These matters and the overall mechanistic 
scheme are under further consideration. 

In conclusion, the reaction of 4-alkylpyridines which 
contain two substituents on the side-chain a carbon 
react readily with a variety of sulfenyl halides to 
produce high yields of sulfides, disulfides, or chlorides. 

Experimental Section15 
Alky1pyridines.-The following alkylpyridines were commer- 

cially available: 4-picoline,'e 4-isopropylpyridine,l6 4-benzyl- 
pyridine,'6 4-benzhydrylpyridine,'6 3-benzhydylpyridine, 2-benz- 
hydrylpyridine, and 2-isopropylpyridine. The liquids were 
distilled prior to use and stored over KOH while the solid alkyl- 
pyridines were recrystallized from benzene or ethanol. 

4 4  1-Pheny1ethyl)pyridine .-The procedure of Villani, King, 
and Papa17 was employed for the conversion of 4-benzoylpyridine 
(74 g, 0.39 mol) and methylmagnesium chloride (200 ml, 3 M ,  
0.60 mol) into 56 g (767,) of l-phenyl-l-(4-pyridyl)ethanol: mp 
145-146' (lit.17 mp 146-147'); nmr (CDC13) 6 8.56-8.27 (m, 2, 
pyr CZ H, (26 H) ,  7.53-7.27 (m, 7, pyr C3 H,  C5 H,  and -C&), 
4.48 (br s, 1, -OH), and 1.92 (s, 3, -CH3). 

To a mixture of l-phenyl-l-(4-pyridyl)ethanol (25.9 g, 0.132 
mol), zinc powder (70 g), and acetic acid (100 ml) a t  110" 
was added with stirring concentrated HC1 (90 ml) over a 10- 
min period followed by more concentrated HC1 (60 ml) 30 min 
later. The reaction mixture was maintained a t  110" for 2.5 hr, 
the residual zinc was filtered, and the filtrate was concentrated, 
neutralized (Na&03), and extracted with CHCla. After the 
extract was dried and the solvent was removed, distillation of the 
residue gave 5 g (21%) of 4-(l-~henylethyl)pyridine: bp 128- 
135' (0.1 Torr); ir (neat) 3040 (w), 2980 (w), and 1595 em-' 
(s); nmr (CDCla) 6 8.60-8.44 (m, 2, pyr CZ H, C6 H), 7.40 
6.95 (m, 7, pyr C3 H, C5 H, and -C&), 4.05 [q, 1, J = 7.5 
Hz, >CH(CH3)CsHh], and 1.53 (d, 3, J = 7.5 Hz, -CHI). 

Benzenesulfenyl Chloride.-The reaction of phenyl disulfide 
(78.9 g, 0.36 mol) in CClr (200 ml) and Clp, as described in the 
literature,'R gave 57.6 g (55%) of the deep red benzenesulfenyl 
chloride: bp44" (1.1Torr) [lit.18bp58' (3Torr)l; nmr (CDCla) 
6 7.70-7.54 (m, 2, CZ H and CS H ) ,  7.36-7.25 (m, 3, C3, C4, Cg 
H's). 

4-Nitrobenzenesulfenyl Chloride.-Using the above pro- 
cedure,'g 4-nitrophenyl disulfide (25.8 g, 0.084 mol) in CCl4 
(150 ml) and CL provided a quantitative conversion (31.8 g) to 
4-nitrobenzenesulfenyl chloride: mp 48-49' (lit.'O mp 52"); 
nmr (CDC13) 6 8.37-8.07 (m, 2, C3 H, Cj H) ,  7.57-7.23 (m, 2, 

Reaction of 2,4-Dinitrobenzenesulfenyl Chloride with Vari- 
ous Alkylpyridines. 1. 4-Benzhydrylpyridine. Method A.-A 
solution of 2,4-dinitrobenzenesulfenyl chloride (5.0 g 0.021 mol) 
in CHzClz (30 ml) was added to a stirred solution of 4-benz- 
hydrylpyridine (15, 10.4 g, 0.0425 mol) in CHzClz (50 ml) under 
N p .  The reaction mixture was stirred for 2 hr and filtered and 
gave 0.5 g of 2,4-dinitrophenyl disulfide (9), mp 310' dec (lit.20 mp 
290-300'). After CHnC12 was removed from the filtrate, the 
residue was treated with acetone, from which an additional 1.1 g 
(3870 combined yield) of 2,4-dinitrophenyl disulfide was iso- 
lated. The acetone solution was diluted with water and gave 
4.5 g (48%) of yellow, crystalline diphenyl-4-pyridylmethyl 
2,4-dinitrophenyl sulfide (16), mp 160-163'. Several recrystal- 
lizations of the crude product from ethanol gave an analytical 
sample: mp 167-168'; ir (KBr) 3075 (w), 3040 (w), 1590 (s) 
1525 (s, NOZ), and 1340 ern-1 (s, NO%); nmr (CDC13) 6 8.81 
(d, 1, J = 2.5 Hz, dinitrobenzene C3 H) ,  8.70-8.46 (m, 2, pyr 

CZ H ,  C6 H). 

(15) All melting points and boiling points are uncorrected. Elemental 
analyses were performed by Galbraith Laboratories, Inc.. Knoxville, Tenn., 
or by Clark Microanalytical Laboratory, Urbana, Ill. Infrared spectra 
were determined on 8. Beckman IR-8 or a Beckman IR-20A spectrometer 
and nrnr spectra were recorded on a Varian dssociates Model HA-BO-EL 
or Model A-60.4 spectrometer. 

(16) The authors wish to  thank Reilly Tar and Chemical Co., India- 
napolis, Ind., for a generous supply of these alkylpyridines. 

(17)  F. J. Villani, M. S. King, and D. Papa, J .  Org. Chem., 17, 249 (1952). 
(18) H. Lecher, F. Holschneider, K. Xdberle, W. Speer, and P. Stocklin, 

(19) T. Zincke and S. Lenhardt, Justus Liebigs Ann. Chem., 400, 1 (1913). 
(20) N. Kharasch, W. King, and T. C. Bruice, J .  Amer. Chem. Soc. ,  77, 

Chem. Ber., 58, 409 (1925). 

931 (1955). 

Cz H, C6 H),  7.82 (dd, 1, J = 9, 2.5 Hz, dinitrobenzene Ca H), 
7.33 (m, 12, pyr C3 H ,  C5 H, and C&), and 7.15 (d, 1, J = 9 Hz, 
dinitrobenzene C6 H).  

Anal. Calcd for Cp4H17N3O4S: C, 65.00; H, 3.86; N, 9.47. 
Found: 

2. 4 4  1-Phenylethy1)pyridine. Method B.-After the addi- 
tion of 2,4-dinitrobenzenesulfenyl chloride (3.60 g, 0.015 mol) 
in benzene (25 ml) to a stirred solution of 4-( 1-phenylethy1)- 
pyridine (13) (2.81 g, 0.015 mol) in pyridine (25 ml) the reaction 
mixture was refluxed for 2 hr under Np. The reaction mixture 
was cooled and filtered to give 0.42 g (14%) of 2,4-dinitrophenyl 
disulfide. After the filtrate was neutralized (10% NazC03) 
and extracted with CHCL, the CHCls was removed and left 4.09 
g (77%) of l-phenyl-1-(4-pyridyl)ethyl 2,4-dinitrophenyl sulfide 
(14): mp 125-127' (from ethanol); ir (KBr) 3080 (w), 1590 
(s), 1515 (s, NOz), and 1350 em-' (s, N01); nmr (CDC13) 6 
8.83 (d, 1, J = 2.5 Hz, dinitrobenzene CB H),  8.68 (broad s, 2, 
pyr CZ H, C6 H), 8.07 (dd, 1, J = 9 , 2  Hz, dinitrobenzene C5 H), 
7.47 (m, 7, pyr C3 H, Cj H,  and CeHj), 7.25 (d, 1, J = 9 Hz, 
dinitrobenzene Cs H), and 2.27 (s, 3, -CH3). 

Anal. Calcd for C19H15N304S: C, 59.83; H ,  3.96; K, 11.02; 
8,8.41. Found: C,59.56; H,4.16; N ,  10.63; S,8.42. 

3. 4-Isopropylpyridine.-I\.lethod B was used in the reaction 
of 4-isopropylpyridine (11, 3.61 g, 0.030 mol) in pyridine (25 ml) 
and 2,4-dinitrobenzenesulfenyl chloride (7.0 g, 0.030 mol) in 
benzene (25 ml) with 1 hr reflux and gave 9.03 g (9f17~) of 2-(4- 
pyridyl)-2-propyl 2,4-dinitrophenyl sulfide (12): mp 167-168" 
(from ethanol); ir (KBr) 3120 (w), 2960 (w), 1590 (s), 1510 
(s, NOz), and 1335 cm-l (s, KO2); nmr (CDC13) 6 8.84 (d, 1, 
J = 2.6 Hz, dinitrobenzene C3 H), 8.74-8.50 (m, 2, pyr CZ H,  
c4 H), 8.06 (dd, 1, J = 9, 2 Ha, dinitrobenzene C5 H),  7.64- 
7.40 (m, 2, pyr C3 H and CS H),  7.08 (d, 1, J = 9 Hz, dinitro- 
benzene C6 H),  and 1.87 (s, 6, two -CH$'s). 

Anal. Calcd for C M H I ~ N ~ O ~ S :  C, 52.66; H,  4.10; N, 13.16; 
S, 10.06. Found: C,52.86; H,4.34; PIT, 12.78; S, 10.19. 

4. Other Alkylpyridines.-4-Picoline, 4-benzylpyridine, 2- 
benzhydrylpyridine, 2-isopropylpyridine, and 3-benzhydryl- 
pyridine were each trreated with 2,4-dinitrobenzenesulEenyl 
chloride and refluxed from 1 to 36 hr. Only 2,4-dinitrophenyl 
disulfide (70-95y0) and unreacted alkylpyridines (near-quantita- 
tive yield for thelast three examples) were recovered. 

5. Triphenylmethane.-A solution of 2,4-dinitrobenzene- 
sulfenyl chloride (3.00 g, 0.0128 mol) in benzene (30 ml) and 
triphenylmethane (3.15 g, 0.0129 mol) in pyridine (30 ml) was 
refluxed for 18 hr. Tork-up via method B provided 1.38 g (54% 
of 2,4-dinitrophenyl disulfide and 2.95 g (9570) of triphenyl- 
methane, identified by melting point (93.5-94') and the absence 
of depression in a mixture melting point with authentic material. 

Reaction of 4-Benzhydrylpyridine with Various Arylsulf enyl 
Chlorides, 1. Benzenesulfenyl Chloride.-A solution of 4- 
benzhydrylpyridine (15, 3.4 g, 0.014 mol) in dry pyridine (25 ml) 
was mixed with benzenesulfenyl chloride (23) (2.00 g, 0.0138 
mol) in dry benzene (25 ml) in a dark vial. The vial was purged 
with nitrogen, sealed, shaken at room temperature for 5 min 
(slight exothermic reaction observed), and kept overnight. 
The reaction mixture was filtered and gave 0.14 g of diphenyl-4- 
pyridylcarbinol (26), mp 231-235" (lit.17 mp 238-238.5'). 

After the solvent was removed from the filtrate, the oily resi- 
due was treated with ether and gave an additional 0.72 g (23.870 
total yield) of insoluble diphenyl-4-pyridylcarbinol. The ether 
was removed and left 3.67 g (7570) of crude diphenyl-bpyridyl- 
methyl phenyl sulfide (24), which upon crystallization from 
ethanol gave an analytical sample: mp 150.5-151.5'; ir (KBr) 
3025-3010 (m), 1585 (s), and 1480 ern-' (s); nmr (CDC13) 6 
8.57-8.30 (m,  2, pyr cp H ,  C6 H )  and 7.33-7.00 (m, 17, pyr 

C, 64.87; H,  4.13; N ,  9.23. 

c3 H, c5 H and tirLe - c ~ H ~ ) .  

S.9.07. Found: C,81.12: H,5.20; N,4.06; S,9.05. 
Anal. Calcd. for CZ4Hl9NS: C, 81.55; H ,  5.42; N, 3.96; 

' 2.  2-Nitrobenzenesulfenyl Chloride.--Using the procedure of 
method A the reaction mixture of 4-benzhydrylpyridine (2.59 
g, 0.0106 mol) in benene (15 ml) and pyridine (15 ml) and 2- 
nitrobenzenesulfenyl chloride (17) (2.00 g, 0.0106 mol) was 
stirred overnight and processed to give 0.2 g (1270) of 2-nitro- 
phenyl disulfide (19), mp 196-197" (lit.21 mp 192-195'), and 
3.68 g (88%) of crude diphenyl-4-pyridylmethyl 2-nitrophenyl 
sulfide (18) as a yellow oil. The oil solidified when treated with 
ether, and recrystallization from ethanol gave an analytical 

(21) "Organic Syntheses," Collect. Vol. I, Wiley, New York, N. Y., 1941, 
p 220. 
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sample: mp 156-158"; ir (KBr) 3030 (w), 3015 (w), 1585 (s), 
1510 (s ,  NOZ), and 1330 cm-I ( s ,  NOZ); nmr (CDC13) 6 8.56-8.36 
(m, 2, pyr CZ H, C6 H )  and 7.86-7.00 (m, 16, pyr C3 H, Cs H, 
-C&, and CsH4NOz). 

Anal. Calcd for C Z ~ H ~ ~ N ~ O ~ S :  C, 72.34; H, 4.55; N, 
7.03. Found: C, 72.65; H,  4.67; N,  6.97. 

3. 4-Nitrobenzenesulfenyl Chloride.-The reaction mixture 
of 4-nitrobenzenesulfenyl chloride (20, 3.0 g, 0.016 mol), 4- 
benzhydrylpyridine (4.5 g, 0.016 mol), CHzClz (50 ml), and 
pyridine (1 ml) was stirred for 24 hr under nitrogen, and work-up 
according to method A gave 0.9 g (37%) of 4-nitrophenyl di- 
sulfide (22), mp 177-178" (lit.19 mp 181'), and 3.79 g (60%) of 
diphenyl-4-pyridylmethyl 4-nitrophenyl sulfide (21)  which was 
recrystallized from ethanol to give an analytical sample: mp 
140-141'; ir (KBr) 3075 (w), 1580 (m), 1510 (s, XOZ), and 1340 
cm-' (s, NOZ); nnir (CDC13) 6 8.60-8.40 (m, 2, pyr CZ H, C6 H),  
7.81 (d, 2, J = 9 Hz, nitrobenzene C3 H,  CS H),  7.40-7.22 (m, 
12, pyr C3 H, Cr H, and two -C&), and 7.05 (d, 2, J = 9 Hz, 
nitrobenzene CZ H,  CE H). 

Anal. Calcd for Cz4HlaNzOzS: C, 72.34; H,  4.55; Tu', 7.03. 
Found: C,72.25; H,4.79; Tu',6.84. 

Hydrolysis of Diphenyl-4-pyridylmethyl Aryl Sulfides. 2,4- 
Dinitrophenyl Sulfide.-A solution of diphenyl-4-pyridylmethyl 
2,4-dinitrophenyl sulfide (16) (0.6 g, 0.0014 mol) in 3 N HC1 (10 
ml) was refluxed for 1 hr and the mixture was filtered to give 
0.21 g (81%) of 2,4-dinitrophenyl disulfide (9). The filtrate 
was made basic and gave 0.22 g (62%) of diphenyl-4-pyridylcar- 
binol (26), mp 237-239' (lit.'? mp 238-238.5"). The ir spec- 
trum was identical with that of an authentic sample. 

When l-phenyl-1-(4-pyridyl)ethyl 2,4-dinitrophenyl sulfide 
(14) or 2-(4-pyridyl)-2-propyl 2,4-dinitrophenyl sulfide (12) 
was refluxed for 1-2 hr in 3 S and 6 N HC1, only unreacted starting 
sulfides were recovered in near quantitative yield. 

Using the preceding procedure hydrolysis of diphenyl-4-pyri- 
dylmethyl phenyl sulfide (24), diphenyl-4-pyridylmethyl2-nitro- 
phenyl sulfide ( 18) and diphenyl-4-pyridylmethyl 4-nitrophenyl 
sulfide (21) in 6 A- HC1 gave diphenyl-4-pyridylcarbinol (26) 
(quantitative, quantitative, and 88% yield, respectively) and the 
corresponding aryl disulfides 2-nitrophenyl disulfide (19) (91 %) 
and 4-nitrophenyl disulfide (22) (99%). 

Reaction of Trichloromethanesulf enyl Chloride with Alkyl- 
pyridines. 1. 4-Benzhydrylpyridine.-To a stirred solution of 
trichloromethanesulfenyl chloride (3.00 g, 0.016 mol) in dry 
ethylene chloride (20 ml) was added, a t  room temperature, a 
solution of 4-benzhydrylpyridine (3.96 g, 0.016 mol) in dry 
ethylene chloride (20 ml) and pyridine (20 ml). The reaction 
became warm and a solid formed while the reaction mixture was 
stirred at ambient temperature for 1-2 hr under Nz. Filtration 
of the reaction mixture gave a black, hygroscopic solid which 
reacted violently with HzO and formed a purple aqueous solution 
with the odor of HzS. 

The solvent was distilled from the reaction mixture filtrate and 
the resulting dark viscous oil was extracted with hexane. After 
the hexane was removed, the residue was 4.45 g (99%) of di- 
phenyl-4-pyridylmethyl chloride (28) as an orange oil which 
solidified upon scratching the flask. Either sublimation of the 
solid (130", 0.05 Torr) or recrystallization from ethanol pro- 
vided an analytical sample: mp 89.5-90.5'; ir (melt) 3025 
(m), 3010 (m) and 1585 cm-1 (s); nmr (CDCl,) 6 8.62-8.43 
(m, 2, pyr Cz H, Cg H), 7.41-7.03 (m, 12, pyr C3 H,  cg H, and 

Anal. Calcd for CI8Hl4C1N: C, 77.28; H, 5.04; N, 5.01; 
S, 12.67. Found: C,77.15; H,  5.14; N,3.35; C1, 12.38. 

2. 4-Isopropylpyridine.-The procedure of the preceding 
experiment was used in the reaction of trichloromethanesulfenyl 
chloride (6.13 g, 0.033 mol) in CHzClz (20 ml) and 4-isopropyl- 
pyridine (4.0 g 0.033 mol) in CHZC12 (10 ml) and pyridine (10 
ml) a t  0'. The reaction mixture was stirred for 16-18 hr and 
gave a black, hygroscopic solid similar to that in the preceding 
experiment and 4.89 g (95%) of 2-(4-pyridyl)-2-chloropropane 
(29). Distillation of the oil provided an analytical sample: 
bp 44" (0.05 Torr); ir (neat) 3010 (w), 2990 (m), 2960 (w), 
and 1590 cm-l (s); nmr (CDCl,) 6 8.68-8.52 (m, 2, pyr CZ H,  
C6 H),  7.54-7.38 (m, 2, pyr CB H,  Ca H),  and 1.93 (, 6, two -CH3). 

Anal. Calcd for C3Hl&lN: C, 61.74; H,  6.48; N, 9.00. 
Found: C, 61.58; H,  6.35; N,8.97. 

3. Other Alky1pyridines.-The above procedure was used 
for the reaction of equimolar amounts of 2- and 3-benzhydryl- 
pyridine and trichloromethanesulfenyl chloride for 3 and 5 days, 
respectively, a t  room temperature and gave 2-benzhydryl- 

two -CeHs). 

pyridine (94% recovery) and 3-benzhydrylpyridine (91 % re- 
covery), respectively. 

Hydrolysis of Diphenyi-4-pyridylmethyl Chloride.-When 
1 N ethanolic KOH (10 ml) was added to a solution of diphenyl-4- 
pyridylmethyl chloride (28, 0.46 g, 1.64 mmol) in ethanol (10 
ml), an immediate precipitate formed which dissolved upon the 
addition of 2-5 ml of H20. The reaction mixture was diluted 
with more HzO (20-25 ml) and filtered to give 0.43 g (lOOY,) of 
diphenyl-4-pyridylcarbinol (26), mp 238-239'. A mixture 
melting point with an authentic sample was not depressed and 
the ir spectra of the two samples were identical. 

Reaction of 2-(4-Pyridyl)-2-chloropropane with K0H.-A 
solution of 2-(4-pyridyl)-2-chloropropane (29, 0.57 g, 3.36 
mmol) in 1 Ar ethanolic KOH (25 ml) was refluxed for 1 hr, 
cooled, and filtered, and the filtrate was diluted with an equal 
volume of ether. The ether was separated and dried and the 
solvent was removed to give 0.29 g (67%) of 4-isopropylpyridine 
(30): nmr (CDCls) 6 8.53-8.33 (m, 2, pyr CZ H,  (26 H) ,  7.30- 
7.13 (m, 2, pyr Ca H ,  Cj H) ,  5.56 (broads, 1, =CHH), 5.25- 
5.20 (m, 1, =CHH), 2.13 (s, 3, -CHI). The ir spectrum was 
identical with that of a known sample. 

Reaction of Alkylpyridines with Sulfur Monochloride. 1. 
4-Isopropylpyridine.-A solution of sulfur monochloride (2.5 
g, 0.0185 mol) in benzene (20 ml) was added to 4-isopropylpyri- 
dine (11,4.49 g, 0.037 mol) in 25 ml of a 1 : 1 mixture of benzene- 
pyridine and the mixture was refluxed under Kz for 30 min. 
The reaction mixture was filtered and gave 4.12 g (977,) of hy- 
groscopic, white, crystalline pyridine hydrochloride, which had 
ir and nmr spectra that were identical with those of an authentic 
sample. 

The filtrate from the reaction mixture was concentrated and 
refluxed for 15 min in 3 N ethanolic KOH (25 ml). The solution 
was filtered, diluted with HzO, and extracted with ether. The 
extract was dried and the solvent was removed to give 4.23 g 
(82%) of 2-(4-pyridyl)-2-propyl disulfide (31). Recrystalliza- 
tion from ethanol provided an analytical sample: mp 70-71"; 
ir (melt) 3035 (s), 3010 (m), 2980 (m), 2960 (m), 2930 (w), and 
1590 cm-l (9); nmr (CDCla) 6 8.42 (m, 4, 2 pyr CZ H,  Cg €I), 
7.15 (m, 4 ,2  pyr C3 H, Cs H),  1.47 (s, 12,4-CH3). 

Anal. Calcd for CleHzoNzSp C, 63.12; H,  6.62; N,  9.20. 
Found: 

2. 4-Benzylhydrylpyridine.-Sulfur monochloride (I -65 g, 
0.0122 mol) in benzene was added to 4-benzhydrylpyridine (6.00 
g, 0.0245 mol) in 30 ml of a 1: 1 mixture of benzene and pyridine 
and the reaction mixture was stirred overnight a t  room tem- 
perature under Nz. The reaction mixture was filtered and gave 
2.5 g (89%) of pyridine hydrochloride. 

The solvent was removed from the filtrate, the residue was 
treated with ether, and the ether solution was filtered. The 
ether was removed and left 6.54 g (97%) of crude diphenyl-4- 
pyridylmethyl disulfide as a yellow, sticky solid: mp 50-55"; 
nmr (CDCl3) 6 8.50-8.44 (m, 4, 2 pyr CZ H, Cg H), and 7.21- 
7.12 (m, 24, 2 pyr C3 H ,  Cg H,  and 4 C6H5). Attempts to 
purify the product by crystallization or chromatography were 
unsuccessful. 

A solution of the yellow, sticky solid (0.99 g, 0.0018 mol) in 
6 N HC1 (15 ml) was refluxed for 1 hr, cooled, made basic with 
aqueous KOH, and filtered to give 0.62 g (66%) of diphenyl-4- 
pyridylcarbinol, mp 235-237'. The ir spectrum of this sample 
was identical with that of the known compound. 

3. 2-Benzhydrylpyridine.-A solution of 2-benzhydrylpyri- 
dine (3.00 g, 0.0122 mol), sulfur monochloride (0.83 g, 0.0061 
mol) in benzene (400 ml), and pyridine (20 ml) was refluxed for 1 
hr under Nz, cooled, and quenched with HzO (25 ml). The 
organic layerwas separated and dried (XgSOa) and the solvent was 
removed to provide 2.86 g (96%) of 2-benzhydrylpyridine, 
mp 55-57'. The nmr spectrum was identical with that of an 
authentic sample. 

Thermal Decomposition of 2-(4-Pyridyl)-2-propyl Disulfide.- 
2-(4-Pyridyl)-2-propyl disulfide (31, 0.94 g, 3.09 mol) was placed 
in a microvacuum distillation apparatus and evacuated to 0.05 
Torr and the still pot was heated slowly until, between 178 and 
210°, a distillate collected in a receiver immersed in a Dry Ice- 
acetone bath. The residue (black with some yellow solid) in 
the distilling flask was extracted with hot CSZ and from the 
cooled solution yellow crystalline sulfur, mp 119-120", was ob- 
tained. A mixture melting point with an authentic sample of 
sulfur gave no depression. 

The distillate, which weighed 0.56 g (76%), was analyzed by 
nmr and shown to contain a mixture of 4-isopropylpyridine (11, 

C, 63.23; H, 6.66; N,  8.94. 



NOTES J. Org. Chem., Vol. 38, No. 26, 1973 4339 

50.5%) determined from the signal a t  8 1.23 [-CH(CHs)z] and 
4-isopropenylpyridine (30, 49.5%) determined from the signal 
at 82.13 [pyr-C(CH3)=CHz]. The nmr spectrum of the mixture 
had the following peaks: nmr (CDC13) 8 8.67-8.50 (m, 4,. pyr 
Cz H, Cg H), 7.31 (m, 2, C3 H, Cg H, of 4-isopropenylpyridine), 
7.16 (m, 2, C3 H, Cg H of &isopropylpyridine), 5.57 [s, 1, pyr- 
C(CHa)=CH], 5.28-5.20 [m, 1, pyr-C(CHa)=CH], 2.87 [septet, 
1, P ~ ~ - C H ( C H ~ ) ~ ] ,  2.13 [s, 3, pyr-C(CHa)=CH2], and 1.23 [d, 
6, py-CH(CHa)zI. 

Notes  
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Sulfenyl chlorides react readily with primary and 
secondary amines to form s u l f e n a m i d e ~ ; ~ ~ ~  however, 
tertiary amines appeared to be inert and useful as bases 
in the reactions of sulfenyl chlorides.2 Some years ago 
Senning4 observed a reaction between trichloromethane- 
sulfenyl chloride and triethylamine which produced a bis- 
(trichloromethy1thio)-N,N-diethylaminoethene which 
was assigned structure 1, although structure 2 could 

EtzN EtiN SCCla 
\ \ /  

SCCla 
ClaCS /C=cHSCC13 H /c=cI 

1 2 

not be ruled out on the basis of spectral and chemical 
evidence. In a recent report Senning and Kelly6 
changed the assignment to structure 2, which was sup- 
ported by an X-ray crystallographic study.6 In 
addition they reportedj that attempts to extend this 
reaction to several other amines, such as tri-n-propyl- 
amine, tri-n-butylamine, diethylmethylamine, and 
others, with trichloromethanesulfenyl chloride were 
unsuccessful and the reaction of triethylamine and 
o-nitrobenzenesulfenyl chloride or l12,2,2-tetrachloro- 
ethanesulfenyl chloride failed to produce any products. 

In our study of the formation of N-arylthiopyridin- 
ium salts' we had occasion to examine the mixture of 
triethylamine and 2,4-dinitrobenzenesulfcnyl chloride 
and observed that reaction occurred with the formation 
of 1,l-bis(2,4-dinit~rophen~lthio)-2-N,N-diethylamino- 
cthene (3). This reaction has been extended with 

(1) Abstracted from a portion of the Ph.D. Dissertation submitted by 

(2) N. Kharasch, J .  Chem. Educ., 83, 585 (1956). 
(3) R. 13. Langford and D. D. Lawson, J .  Chen. Educ., 84, 510 (1957). 
(4) A. Senning, Angew. Clrem., Ink  Ed. En&, 4, 992 (1985). 
(5) A .  Senningand P. Kelly, Acta Chem. Scand., 28, 2877 (1972). 
(6) See ref 5 for citation of paper, Acfa Chen. Scand., in press. 
(7) V. J. Traynelis and J. N. Rieck, J .  Org. Chem., 88,4331 (1973). 

J. N. R.  in April 1973 a t  West Virginia University. 
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2,4-dinitrobenzenesulfenyl chloride and N,N-diethyl- 
cyclohexylamine or N,N-diisopropylethylamine with 
the formation of 4 and 5, respectively. However, 
similar reactions of 2,4-dinitrobenzenesulfenyl chloride 
with tri-n-propylamine, tri-n-butylamine, and N- 
methylpiperidine failed to produce the corresponding 
enamines. The yield for each of the enaminic products 
3,4,  and 5 was approximately 50%8 as was the yield of 
bis(2,4-dinitrophenyl) disulfide (6) in each reaction. 
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The accountability for the starting sulfenyl chloride was 
essentially quantitative in each reaction. 

The assignment of structures 3, 4, and 5 was based 
on elemental analysis, on spectral data, and by analogy to 
compound 2 reported by Senning.; The infrared 
spectra showed the presence of the dinitrobenzene rings 
and the presence of the enaminic double bond (1385, 
1,565, 1670, and 1378 cm-15 for 3, 4, 5, and 2, re- 
spectively) while the nmr had a characteristic olefinic 
peak (6 7.43, 7.62, 7.74, and 7 .53  for 3, 4, 5, and 2, 
respectively). In addition the nmr spectrum for 3 
and 5 revealed the presence of two different dinitro- 

(8) The yield of the enaminic products waa baaed on 2,4-dinitrobenzenc 
sulfenyl chloride. 


