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mixtrirrs obt:iinctl by ev:ipor:ition of tlir solvent were 
sc1p:ir:itiztl bjr colitmri chrorn:itograpliy on silica gek to 
gi1.r f l i c  compounds >lion 11 in eq 1 and 2 .  
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It was also possible to  follow the rearrangement by 
observing the infrared spectrum. The band a t  1630 
cm-l characteristic of I disappears, while a strong band 

a t  1960 cm-I (>C=N=N)6 characteristic of IV 
appears. The kinetics of the reaction of IV to form 
VI1 and VI11 in chloroform were followed by observing 
the band at 500 mp, and the results obtained are con- 
sistent with a first-order reaction with respect to IV. 
Duplicate runs a t  25" gave k = 1.5 X sec-l. On 
the basis of the above-reported experiments, the course 
of decomposition of p-toluenesulfonylazostilbene (I) 
can be depicted as in Scheme I. 
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The covalent p-toluenesulfonylasoenic form I, by 
dissociation into diazonium p-toluenesulfinate 111, 
rearranges to  l-p-toluenesulfonyl-1,2-diphenyl-2-diazo- 
ethane (IV) , while a fraction of the vinylic diazonium 
ion undergoes an internal neutralization leading to 
diphenylacetylene (V), nitrogen, and Hf ions. The 
latter protonake the diazo group of IV and, by nitrogen 
expulsion, p-toluenesuIfony1-cis-stilbene (VII),  p-tolu- 

(6) P. Yates, B. L. Shapiro, N. Yoda, and J. Fugger, J. A n e r .  Chem. Soc., 
79, 6756 (1957). 

enesulfonyl-trans-stilbene (VIII) , and further H+ ions 
are formed. 

A carbenic pathway from IV to VI1 and VI11 is also 
possible; however, pure IV, when dissolved in chloro- 
form at 25",  is stable. If acetic acid is added, a rapid 
decomposition is observed. This suggests to us that  
ionic decomposition should largely overwhelm the 
carbenic pathway. Extensive mechanistic studies of 
steps 3 and 5 of this reaction have not been carried out, 
and, consequently, t,he decomposition of the diazonium 
ions of I11 and IV via vinyl carbonium ions is, at present, 
as likely as the one depicted. 

The yields in tvhich compounds I V  was obtained sug- 
gest that  the alternative route via displacement of the 
diazonium ion by the p-toluenesulfonyl anion leading to  
the formation of VI1 and VI11 is not possible in this 
case. 

'In Scheme I1 the probable course of the decomposi- 
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tion of 2-p-toluenesulfonylazo-1,3-diphenylpropene (11) 
is depicted. 

During the thermal decomposition of I1 in dry ben- - 
zene at  90" and also in chloroform at room temperature, 
the formation of ~-p-toluenesulfor~yl-~,3-diphet~ylpro- 
pan-2-one p-toluenesulfonylhydrazo~~e (XV) was ob- 
served. It is possible to  ascribe this to an attack of 
p-toluenesulfinic acid on undecomposed p-t oluenesul- 
fonylazoalkene to  produce a 1 :4 addition p r o d u ~ t . ~  

In  addition, the absence of 2-p-toluenesulfnnyl-l,3- 
diphenylpropene among the decomposition products 
seems to  exclude nucleophilic displacement on the di- 
azonium ion. 

The results reported here are in good agreement with 
the experiments performed on the decomposition of 
p-toluenesulfonylazocyclohexene in acidic conditions.' 

Experimental Section 
Spectra were recorded 

on Beckman IR-5A, UNICAM SP-800, and hIiNiMar Jeolco 
All melting points are Ilncorrected. 

(7)  Work is in progress in our  lahoratory 
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spectrometers. Band relative intensity of ir spectra is indicated 
as follows: vs, very strong; s, strong; m, medium; w, weak; 
and vw, very weak. Nmr spectra were recorded using TMS as 
internal standard. Microanalyses were performed using C, H, 
and N Analyzer Model 185 of Hewlett-Packard Co. Benzoin, 
1,3-diphenylpropan-2-one, and p-toluenesulfonylhydrazine are 
commercial materials. Analytical grade solvents were purified by 
standard methods* and distilled through a Vigreux column before 
use. 

a-Acetoxydeoxybenzoin p-Toluenesulfony1hydrazone.-a- 
Acetoxydeoxybenzoin (10 g, 3.9 X 10+ mol) was dissolved in 
ethanol and 7.34 g (3.9 X mol) of p-toluenesulfonylhydra- 
eine added. The solution was allowed to stand until precipitation 
was judged complete (about 3 days). The crystals were collected, 
washed with alcohol, and dried (mp 130-132', yield, 85%). In  
the infrared spectrum, bands were observed at 3200 (NH), 1720 
(>C=O), 1600 (phenyl), and 1160 cm-' (SO$). Nmr ( C u c l ~ )  
signals appeared a t  6 7.75-6.9 (multiplet, 1 H )  for aromatic 
protons, 6.75 (multiplet, 1 H )  for the proton on C bearing 
acetoxy, 6.20 (singlet, 1 H )  for the NH proton, 2.35 (singlet, 3 
H) for the methyl of p-toluenesulfonyl, and 1.95 (singlet, 3 H)  
for the methyl of acetoxy. 

And .  Calccl for CZ~HZZNZO~S: C, 65.39; H, 5.25; N, 6.63. 
Found: C, 65.20; H ,  5.32; N, 6.62. 

p-Toluenesulfonylazostilbene (I).-a-Acetoxydeoxybenzoin p -  
toluenesulfonylhydrazone (5.0 g, 1.2 X mol) was dissolved 
in dry benzene and 1.0 g of LiH was added. The mixture was 
allowed to stand at  room temperature with occasional stirring. 
After about 20 min the yellow solution was filtered and washed 
several times with water, dried over Na2S04, and filtered, and 
finally evaporation of benzene gave a yellow product (mp 95' 
dec, yield 65%). I n  the infrared spectrum, bands were observed 
at  3000 (vw), 1630 (w), 1580 (m), 1480 (vw), 1430 (s), 1370 (m), 
1335 (vs), 1320 (m), 1300 (m), 1220 (vw), 1180 (m), 1160 (vs), 
1130 (w), 1080 (vs), 1065 (s), 1025 (w), 928 (m), 892 (m), 865 
(w), 840 (s), 810 (s), 760 (vs), and 735 cm-' (s). Uv (benzene) 
showed Xmax 342 mp (e 19,700). Nmr signals (CDCla) appeared 
a t  6 7.8-6.9 (multiplet, 14 H) for aromatic protons, 6.84 (singlet, 
1 H )  for the vinylic proton, and 2.34 (singlet, 3 H) for the methyl 
of p-toluenesulfonyl. 

Anal. Calcd for CzlHleNzOzS: C, 69.60; H, 5.0; N, 7.73. 
Found: C, 69.95; H ,  5.1; N, 7.63. 

a-Acetoxy-1,3-diphenylpropan-2-one p-Toluenesulfonylhydra- 
zone.-a-Acetoxy-l,3-diphenylpropan-2-one (10 g, 3.7 X 
mol) was dissolved in ethanol and 6.9 g (3.7 X mol) of p -  
toluenesulfonylhydrazine added. The solution was allowed to 
stand until precipitation of the product was judged complete 
(about 20 hr). The crystals were collected (mp 132-134", yield 
85a/,), washed with alcohol, and dried. In  the infrared spectrum, 
bandswere observed at3220 (NH), 1730 (>C=O), 1600 (phenyl), 
and 1165 ern-.' (SOZ). Nmr signals (CDCls) appeared at  6 
8.2-7.0 (multiplet, 14 H) for aromatic protons, 6.70 (multiplet, 
1 H )  for the proton on C bearing acetoxy, 6.18 (singlet, 1 H )  for 
the NH proton, 3.35 (singlet, 2 H) for benzilic protons, 2.36 
(singlet, 3 H )  for the methyl of p-toluenesulfonyl, and 1.92 
(singlet, 3 H )  for the methyl of acetoxy. 

Anal. Calcd for CX~HZ~N~OIS:  C,  66.04; H, 5.54; X,  6.42. 
Found: C, 66.24; H, 5.53; N, 6.20. 
2-p-Toluenesulfonylazo-l,3-diphenylpropene (II).-a-Acetoxy- 

1,3-diphenylpropan-2-one p-toluenesulfonylhydrazone (5.0 g, 
1.1 X mol) dissolved in 500 ml of ether was placed in a 
separatory furinel, shaken with an aqueouq solution of 10% 
NaOH, and then washed several time8 with water. The ethereal 
solution was dried over NazS04, the ether evaporated, and a 
yellow compound was obtained (mp 78-80'; yield 60%). 
Infrared spectrum bands were observed at 3000 (vw), 1600 (w), 
1490 (w), 1450 (w), 1340 (s), 1295 (w), 1165 (s), 1085 (w), 970 
(vw), 895 (m), 830 (w), 805 (w), 785 (w), 760 (m), and 695 cm-1 
(vs) in KBr . TJv (benzene) showed A,,, 360 mp (e 24,340). Nmr 
spectrum (CDC13) showed signals a t  6 7.8-6.9 (multiplet, 14 H )  for 
aromatic protoils, 6.87 (singlet, 1 H) for the vinylic proton, 
3.73 (singlet, 2 H )  for allylic protons, and 2.42 (singlet, 3 H) for 
the methyl of p-toluenesulfonyl. 

Anal. Calcd for C22H2~N202S: C, 70.2; H, 5.36; K,  7.44. 
Found: C, 69.95; H,  5.45; N, 7.40. 

Decomposition of p-Toluenesulfonylazostilbene. Route A.- 
(3.0 g, 8.3 X mol) dissolved in 100 ml of dried benzene in a 

(8) A .  Weissberger, "Technique of Organic Chemistry," Vol. VII, 
Intersoience, New York, N. Y . ,  1955. 

sealed tube was heated in an oil bath a t  90'. After a few minutes 
the benzene solution turned red and this color disappeared rapidly 
with evolution of nitrogen. The colorless solution was cooled and 
concentrated under reduced pressure, and then a chromato- 
graphic separation was performed on a silica gel column using 
benzene as eluent. The products obtained were identified as di- 
phenylacetylene @€+yo yield) and, from the second set of 
fractions, a 1:  1 mixture of the two p-toluenesulfonylstilbene 
isomers (cis and trans). The separation of these was carried out 
on another silica gel column using [benzene (70%)-cyclohexane 
(30%)] as eluent. 
p-Toluenesulfonyl-cis-stilbene (VII).--VI1 had mp 179-180". 

I r  and uv spectra were identical with those of an authentic 
sample of p-toluenesulfonyl-cis-stilbene independently prepared.10 
Nmr spectrum (CDCla) fihowed signals a t  6 8.2 (singlet, 1 H )  for 
the vinylic proton, 7.6-6.7 (multiplet, 14 H )  for a romatic 
protons, and 2.31 (singlet, 3 H )  for the methyl of p-toluene- 
sulfonyl. 

Anal. Calcd for C21H1802S: C, 75.41; H,  5.38. Found: C, 
75.47; H,  5.48. 
p-Toluenesulfonyl-trans-stilbene (VIII).-VI11 had mp 146- 

148'. I r  and uv spectra were identical with those of an anthentio 
sample independently prepared.10 The nmr spectrum (CDCla) 
showed signals a t  6 7.6-6.5 (multiplet, 15 H )  for aromatic 
protons and a vinylic one and 2.4 (singlet, 3 H )  for the methyl of 
p-toluenesulfonyl. 

Anal. Calcd for C21H1802S: C, 75.41; H, 5.38. Found: C, 
75.45; H, 5.31. 

Decomposition of p-Toluenesulfonylazostilbene. Route B. 
l-p-Toluenesulfonyl-1,2-diphenyl-2-diazoethane (IV).-I (3.0 g, 
0.83 x 10+ mol) was dissolved in dried chloroform (300 ml) in 
a flask. The solution was allowed to stand at  25' in a thermostat 
bath and the reaction was followed by the visible spectrum change 
at  the same temperature. During ca. 1 hr the formation of a 
band at 500 mp was observed. When the absorbance of the band 
at  500 mp assigned to IV was most intense, 150 ml of solution 
was removed from the flask and evaporated under reduced pres- 
sure a t  room temperature. The mixture was purified by crystal- 
lization from benzene-pentane and a crystalline product was 
obtained in a 55% yield (mp 95-96" dec). Uv (cyclohexane) 
showed Xmax 282 mp (e 14,880) and uv (CHCls) Xmax 500 mp ( E  

613). Ir spectrum bands were observed at  1960 (vs), 1580 (m), 
1490 (m), 1440 (w), 1340 (sh, vw), 1310 (s), 1290 (s), 1165 (sh, 
m), 1140 (s), 1080 (m), 1030 (vw), 880 (vw), 810 (m), 770 (w), 
740 (s), 675 (s), and 645 cm-1 (5) in KBr. Nmr signals (CDC1,) 
appeared at 6 8.0-6.7 (multiplet, 14 H )  for aromatic protons, 4.83 
(singlet, 1 H) for the benzilic proton, and 2.25 (singlet, 3 H )  for 
the methyl of p-toluenesulfonyl. 

Anal. Calcd for C21H18N202S: C, 69.60; H,  5.0; N, 7.73. 
Found: C, 69.83; H ,  4.92; N, 7.80. 

The remaining solution (150 ml) was allowed to  stand a t  25' 
until the pink color disappeared, then the solvent was evaporated, 
and the mixture was taken up in benzene. This solution was 
placed on a column of silica gel and eluted as for route A.  Com- 
pounds V, VII, and VI11 were obtained in the same yield as in 
the experiment described above. 

Decomposition of 2-p-Toluenesulfonyl-1,3-diphenylpropene. 
Route A.-11 (3.0 g, 0.8 X 10-2 mol) in 100 ml of dry benzene 
was sealed in a tube and treated thermally as described before 
for I. After 15 min the red solution turned colorless; then it was 
cooled and evaporated. The mixture was taken up in ether and, 
on adding cyclohexane, a white precipitate was obtained which 
was filtered off and crystallized from methanol. The spectro- 
scopic results and microanalytical data led to the assignment to 
this compound as a p-toluenesulfonylhydrazone of l-p-toluene- 
sulfonyl-1,3-diphenylpropan-2-one (XV). The residual solution 
was again evaporated and taken up in benzene (20%) and cyclo- 
hexane (80%) (10 ml), and the mixture was separated by chroma- 
tography on a silica gel column with cyclohexane as eluent. Three 
sets of fractions were collected. The purity of these was checked 
by tlc on silica gel plates using an uv lamp to reveal the spots. 
By evaporating the solvent a t  room temperature with a water 
aspirator, 1,3-diphenylallene (XII)  was obtained in 10% yield 
from the first set of fractions, and from the second set a pale 
yellow oil, 1,3-diphenylpropyne (XI), was obtained in about 18% 
yield. The third set of fractions, after evaporation under the 

(9) L. F.  Fieser, "Experiments in Organic Chemistry," D. C. Heath, 

(10) S. J. Cristol and P. Pappas, J .  Ore.  Chem., 28, 2066 (1963). 
Boston, Mass., 1955, p 181. 
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same conditions, gave a white product in 35% yield that furnished 
analytical data consistent with the structure of 1,3-diphenyl-3-p- 
toluenesulfonyl-I-propene (XIV). 

l-p-Toluenesulfonyl-l,3-diphenylpropen-2-one p-Toluene- 
sulfonylhydrazone (XV).-XV had mp 160-162" from methanol. 
I r  spectrum showed bands at  3200 (s), 3020 (w), 2880 (w), 1640 
(w), 1600 (s), 1480 (s), 1400 (vs), 1335 (vs), 1315 (vs), 1230 
(m), 1162 (vs), 1130 (vs), 1080 (vs), 1050 (s), 925 (s), 885 (s), 
845 (m), 812 (vs), 790 (s), 760 ( s ) ,  740 (m), 705 (vs), and 675 cm-1 
(vs) in KBr. Nmr (CDCls) signals appeared at  6 8.14 (singlet, 
1 H )  for the NH proton, 7.85-6.8 (multiplet, 14 H )  for aromatic 
protons, 4.7 (singlet, I H )  for the proton on C bearing p-toluene- 
sulfonyl, 3.38 (singlet, 2 H )  for benzilic protons, and 2.34 and 
2.18 (two singlets, 6 H )  for the two methyls of p-toluenesulfonyl. 

Anal. Calcd for CZ~HZBNZOBL: C, 65.4; H, 5.30; N, 5.26. 
Found: C, 64.8; H,  5.12; N, 5.31. 

1,3-Diphenylallene (XII).-XI1 had mp 47-50" from n-pentane. 
I r  and uv spectra were in good agreement with the data reported 
in the literature.1' Nmr spectrum (CeD6) showed signals a t  6 
7.5-7.1 (multiplet, 10 H) for aromatic protons and at 6.58 
(singlet, 2 H )  assigned to allenic protons. 

Anal. Calcd for ClSHlz: C, 93.71; H,  6.29; mol wt, 192.25. 
Found: C, 94.12; H, 6.35; mol wt (mass spectroscopy), 192. 

1,3-Diphenylpropyne (XI).-The pale yellow oil distilled at  
151-155' (4 mm). I r  and uv spectra were in good agreement 
with the data reported in the literature.12 Nmr spectrum (CsD6) 
showed signals a t  6 7.5-7.0 (multiplet, 10 H )  for aromatic protons 
and 3.78 (singlet, 2 H) for benzilic protons. 

Anal. Calcd for CibH12: C, 93.71; H,  6.29; mol wt, 192.25. 
Found: C, 94.2; H ,  6.05; mol wt (mass spectroscopy), 192. 

(11) T. L. Jacobs and D. Dankner, J .  Ore. Chenz., 22, 1424 (1957). 
(12) J. R. Johnson, T. L. Jacobs, and A. M. Schwarts, J. Amrr. Chem. 

Soc., 60, 1885 (1838). 

1,3-Diphenyl-3-p-toluenesulfonyl-1-propene (XIV).-XIV had 
mp 150-153' from CHzC11-pentane. I r  spectrum showed bands 
at 3020 (w), 1580 (m), 1480 (m), 1450 (m), 1310 (vs), 1140 (vs), 
1080 (m), 1020 (vw), 975 (m), 920 (w), 875 (vw), 810 (m), 
780 (m), 750 (vs), 715 (m), and 665 cm-' (m) in KBr. Nmr 
(CDCls) signals appeared at  6 7.5-6.9 (multiplet, 14 H)  for aro- 
matic protons, 6.42 (multiplet, 2 H)  assigned to vinylic protons, 
4.65 (multiplet, 1 H )  for the proton on C bearing p-toluene- 
sulfonyl, and 2.25 (singlet, 3 H )  assigned to the methyl of p- 
toluenesulfonyl. 

Anal. Calcd for CZZHZOOZS: C, 75.84; H, 5.79; S, 9.18. 
Found: C, 75.9; H, 5.65; S, 9.15. 

Decomposition of 2-p-Toluenesulfonylazo- 1,3-diphenylpropene. 
Route B.-11 (3.0 g, 0.8 X lo-* mol) in 150 ml of dry chloro- 
form was allowed to stand for several hours until the red color of 
the solution disappeared. After removal of solvent by evapora- 
tion under reduced pressure at  room temperature, the mixture 
was treated as indicated for route A .  Compounds XI,  XII, 
XIV, and XT' were obtained in yields which were not substan- 
tially changed from those observed in route A.  
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29128-02-7; a-acetoxydeoxybensoin p-toluenesulfonyl- 
hydrazone, 24854-36-2; a-acetoxy-1,3-diphenylpropan- 
2-one p-toluenesulfonylhydrazone, 29128-04-9. 
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The formation and isolation of a Meisenheimer-type adduct from 2-methoxy-3,5-dinitrothiophene and meth- 
oxide ion are described. Addition of the nucleophile occurs a t  the 2 position only, to yield the 2,2-dimethoxy- 
3,5-dinitrothiacyclopentenate ion. The specific rate and, particularly, the equilibrium constant for the forma- 
tion of this adduct a t  25O are larger than the corresponding values for the formation of the adduct between 2,4,6- 
trinitroanisole and methoxide ion at  the same temperature. 

Meisenheimer-type adducts formed from nitro-sub- 
stituted homocyclic aromatic substrates and methoxide 
ion have been intensively studiedU2 The formation of 
similar adducts from pyridine and pyrimidine deriva- 
tives has been r e p o r t e ~ l ~ - ~  and compared with the cor- 
responding reactions of homocyclic compounds. We 
are now considering the behavior of suitable five-mem- 
bered ring substrates in order to  evaluate the role of the 
ring size and of the heteroatom in the formation of the 

(1) Part  XXXVI: Nucleophilic Heteroaromatic Substitution. 
(2) (a) M. R. Cfampton, Advan. Phys. OPJ. Chem., 7, 211 (1969); (b) 

R.  Foster and C. A. Fyfe, Rev. Pure Appl. Chem., 16, 61 (1966). 
(3) P. Bemporad, G. Illuminati, and F. Stegel, J. Amer. Chem. Soc., 91,  

6742 (1969). 
(4) C. Abbolito, C. Iavarone, C., Illuminati, F. Stegel, and A .  Vazzoler, 

ibid. ,  91, 6746 (1969). 
(5) J. E. Diokesop, L. K.  Dyall, a,nd V. A. Pickles, Aust. J. Chsm., 21, 

1267 (1968). 
(6) M. E. C. Biffin, J. Miller, A .  G. Moritz, and D. B. Paul, ibid., 22, 2561 

(1969). 
(7) M. E ,  C. Biffin, J ,  Miller, 9. G .  Moritz, and D. B. Paul, ib id . ,  28, 957 

(1970). 
(8) R. Schaal, F. Terrier, J.  C. Halle, and A. P. Chatrousse, Tetrahedron 

Lett., 1393 (1970). 

adducts. Following a preliminary communication, 
rT-e report detailed results and additional data for the 
reaction of 2-methoxy-3,5-dinitrothiophene with meth- 
oxide ion. 

Experimental Section 
Materials.-The methanol used for the rate measurements was 

purified as described;3 however, since methanol distilled over 
magnesium methoxide may still contain traces of basic impuri- 
ties,1° that used in the experiments carried out in the presence of 
sodium acetate was redistilled over p-nitrobenzoic acid. 2- 
Methoxy-3,5-dinitrothiophene (emsx = 0.92 X l o4  Lll-l cm-I a t  
243 nm; emax = 1.04 x 104 M-1 cm-1 at 343 nm, in methanol) 
was prepared by a known procedure11 and by nitration of 2- 
methoxy-5-nitrothiophene'2 with 99% nitric acid in  acetic an- 
hydride at  0".  Attempts to obtain it by methoxy dechlorina- 
tion of 2-chloro-3,5-dinitrothiophene were unsuccessful. Other 
materials used and the analytical and nmr and uv visible spectral 

(9) G. Doddi, G. Illuminati, and F. Stegel, Chem. Commun., 953 (1969). 
(10) E. Grunmald, C. F. Jumper, and S. Rleiboom, J. Amer. Chem. Soc.. 

(11) C .  D. Hurd and K. L. Kreuz, i b i d . ,  74, 2866 (1952). 
(12) J. Sic&, ibid. ,  78, 3697 (1953). 

84, 4664 (1962). 


