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Fig. 2.-Ultraviolet absorption spectra of 3( 2'-diisopropyl- 
viny1amino)indole in acetonitrile, 

recrystallization from methanol-ether and dry ace- 
tone, analysis indicated contamination with tri- 
methylammonium iodide and the compound was 
not investigated further. All other attempts to 
prepare stable salts from these enamines were un- 
successful. 

Attempts to reduce 3-(2'-dimethylaminovinyl)- 
indole by catalytic hydrogenation to N,N-dimeth- 
yltryptamine were unsuccessful, but reduction with 
sodium borohydride in methanol or with lithium 
aluminum hydride in ether resulted in the forma- 
tion of N,N-dimethyltryptamine which was iden- 
tified by comparison of R, values on thin layer chro- 
matography (Silica Gel-G), color reaction (Ehr- 
lich's) and infrared spectrum with those of authentic 
N, N-dimethyltryptamine . 

Catalytic debenzylation of 5-benzyloxy-3-(2'- 
dimethylaminoviny1)indole in benzene with palla- 
dium on charcoal and hydrogen did not lead to the 
desired product (11). 

Experimentalll 

5-Benzyloxy-3-indoleacetaldehyde was prepared by the 
method of Gray7 from 5-benzy1oxytryptophan12 A benzene 
solution of the aldehyde was mixed with a saturated sodium 
sulfite solution. The resulting bisulfite addition compound 
was recrystallized from water-ethanol. Liberation of the 
aldehyde with sodium carbonate solution gave a yellow oil 
(infrared absorption spectrum (neat): NH 2.85 p,  C=O 
5.80 p )  which waa characterized as the semicarbazone, m.p. 
150-151 ', recrystallized from methanol-water. 

Anal. Calcd. for CI8Hl&,OZ: C, 67.05; H ,  5.61; N, 
1'7.38. Found: C,67.07; H,  5.78; N, 16.80. 

Preparation of 3-( 2-Disubstituted Aminoviny1)indoles.- 
The free aldehydes were prepared directly before use by 
liberation from the bisulfite addition compounds with 

(11) The skillful cooperation of the Regis Chemical Co. under a 
Psychopharmacology Service Center Contract is gratefully acknowl- 
c r l m d .  

(12) A. 1Sk and E. IVitbop, J. Am. Chem. So*., 76, 500 (1953). 

sodium carbonate, and simultaneous extraction into ether. 
The ether was dried over sodium sulfate and then removed 
in vacuo. To 0.01 mole of aldehyde in 30-50 ml. of dry 
thiophene-free benzene in a reflux apparatus containing a 
Bidwell-Sterling moisture trap' and magnetic stirrer was 
added a solution of 0.012-0.02 mole of amine in 15 ml. of 
benzene. The reaction was warmed slowly and then re- 
fluxed for 2-3 hr. The benzene waa evaporated and the 
residue purified as described under the individual amines. 
The amines were stored in a desiccator, preferably under 
nitrogen. 

3-( 2'-Dimethylaminovinyl)indole waa obtained aa an 
unstable oil after treatment of a benzene solution of the 
condensation product with Norit followed by evaporation of 
the benzene in vacuo. 

Infrared absorption spectrum (HCCb): N-H 2.84 p,  
C=C 6.07 p vs. kg:"""" 245 mp, 276 mp, 325 mp shoulder; 

10,000; 9400; 3500. 
5-Benzyloxy-3-(2'-dimethylaminovinyl)indole was ob- 

tained as an unstable brown oil. Infrared absorption 
spectrum (neat): N-H 2.78 p,  C=C 6.08 p vs. X'ssconitr'la -1 

248 mp shoulder, 278 mp, 315 mp shoulder; emax 7600; 
8100; 3400. 

3-( 2'-Piperidinovinyl)indole was obtained as an unstable 
light brown oil. Infrared absorption spectrum (neat): 
N-H 2.79 p ,  C=C 6.09 p vs. Y;:~'""" 245 mp shoulder; 
278 mp, 325 mp shoulder; emex 10,100; 10,800; 3400. 
3-(2'Dibenzylaminovinyl)indole waa recrystallized from 

dry ether containing a trace of triethylamine yielding white 
crystals, m.p. 128.5-130'; yield 12%. The crystals turned 
tan within a week. Infrared absorption spectrum (KBr): 
N-H 2.80 p C=C 6.10 p vs. ~ ; ~ " i t r " e  246 mp, 272 p ,  310 mp 
shoulder; 12,OO; 9600; 5030. 

Anal .  Calcd. for C U H ~ N Z :  C, 85.17; H,  6.55; N, 8.28. 
Found: C, 85.06; H, 6.76; N, 7.91. 

5-Benzyloxy-3-(2'-dibenzylaminovinyl)indole was recrys- 
tallized from ether containing a trace of trimethylamine w 
white crystals, yield E'%, m.p. 139-141", which became tan 
on standing. Infrared absorption spectrum (CHCla): 
N-H 2.70 p C=C 6.10 p vs . Xaoetonitrl'e mar 245 mp, 258 mp, 
279 mp, 330 mp shoulder; emax 15,400; 95,400; 16,100; 
5100. 

Anal .  Calcd. for C ~ I H ~ ~ N Z O :  C, 83.75; H, 6.36; N, 
6.30. Found: C,83.24; H ,  6.53; N, 5.98. 

3-( 2 '-Diisopropylaminovhy1)indole was recrystallized from 
dry ether containing a trace of triethylamine as light tan 
crystals, m.p. 129-132', yield 250J0. Infrared absorption 
spectrum (HCCb): N-H 2.82 p .  C=C 6.09 p vs. Xsoetonitr'le m*x 

250 mp, 280 mp, 338 shoulder; cmnX 11,600; 13,200; 2800. 
C, 79.34; H, 9.09; N, 11.57. 

Found: 
Anal .  Calcd. for C1eH22NZ: 

C, 78.93; H, 8.45; N, 11.37. 

Photochemical Reactions. XI. 
Diphenyl acetylene * -3 
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Photochemical dimerization of substituted ole- 
fins represents a convenient method for the prepara- 
tion of certain cyclobutanes. In  analogy, sub- 

(1) Part  of a program of research supported by a grant from the 
Onrlfrey L. Cabot Fund, Publication No. 75, M.I.T. Solar Energy 
Conversion Project. 
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stituted acetylenes should be susceptible to  dimeri- 
zation and give cyclobutadienes or their transforma- 
tion products. Irradiation of diphenylacetylene 
(I) in hexane solution with a Hanau "Labortauch- 
lampe 581" gave 1,2,3-triphenylazulene4 (III), 
1,2,3-tri~henylnaphthalene~ (IV), hexaphenylbenz- 
ene6 (V), and a colorless, extremely insoluble com- 
pound, m.p. 427429'. The infrared spectrum of 
this substance was identical to that of a hydrocar- 
bon, m.p. 425427', prepared later in far superior 
yield by thermal decomposition of (4-bromo-1,2,3,4- 
te traphenyl-cis, cis-1 ,3-bu tadienyl) dime thyltin bro- 
mide' and by reaction of I with phenylmagnesium 
bromide.8 It seems to be a tetramer of diphenyl- 
acetylene and expression VI has been p ropo~ed .~  
The following, purely speculative scheme accounts 
for the formation of the various photoproducts. 
Photodimerization of I may produce tetraphenyl- 
cyclobutadiene1° (11) which according to theoretical 
considerations is a triplet in the ground state." 

Ph 

Ph-CZC -Ph phnph P h w  
I Ph Ph 

I1 Ph 
I11 

phb pll$ph p h f l ; :  

Ph 
Ph ' ' Ph Ph ,"ph 

Ph Ph 
VI 

IV Ph 
V 

This intermediate may subsequently dimerize to 

(2) Part X, G. Biichi and E. M. Burgess, J .  Am.  Chem. SOC., 84, 
3104 (1962). 

(3) First presented in a lecture to the Swiss Chemical Society in 
Basel [Chimio (Aarau), 12, 282 (1958)l. 
(4) S. J. Assony and N. Kharasch, J .  Am.  Chem. Soc., 80, 5978 

(1958); R. Breslow and M. Battiste, ibid., 82, 3626 (1960); N. R. 
Slobntkin, J .  Orp Chem., 26 ,  273 (1960). We wish to thank Professor 
N. Kharasoh for an authentic sample of this substance. 

( 5 )  L. I. Smith and H. H. Hoehn, J .  Am.  Chem. Soc.. 68,  1184 
(1941). 
(6) W. Dilthey and G. Hurtig, Ber., 67, 2004 (1934). 
(7) H. H. Freedman, J .  Am.  Chem. Soc.,  83, 2194. 219.5 (1961). 

(8) M. Tsutsui. Chem. Ind.  (London), 780 (1962). 
(9) H. H. Freedman and D. R. Petersen, J .  Am.  Chem. Soc.. 84, 

2837 (1962). 
(10) Tetraphenylcyclobutadiene iron tricarbonyl [W. Hubel, et ol., 

J .  Inorw. NwZ. Chem.. 9, 204 (1959); R. P. Dodge and V. Schomaker, 
Nature, 186, 798 (1960)j and nickel bromide complexes' are known 
but there is no published evidence to support the suggestion [A. T. 
Balaban, Tetrahedron Letters, 8 ,  14 (l959)l that a hydrocarbon m.p. 
154-155' prepared by Kharasch (ref. 4) is tetraphenyloyclobutadiene. 

We are indebted to Dr. H. H. Freedman for this information. 

yield VI, combine with starting material to give 
hexaphenylbenzene (V), and finally undergo bond 
redistribution. The resulting substituted bicyclo- 
butaneI2 (VII) is not expected to be stable a t  room 
temperature and of the various bond breaking 
processes those producing strain free rings should 
be favored. Homolysis a t  a and a' gives the azu- 
lene (111) while an alternate process a t  b and b' re- 
generates tetraphenylcyclobutadiene (11). Cleav- 
age of geminal bonds in the bicyclobutane (VII) 
results in the generation of carbenes and of the four 
isomers formally possible only one, VIII, contains 
no small ring. Conversion to  the naphthalene (IV) 
is terminated by hydride shift. The feasibility of 
the bond redistribution reaction leading to VI1 is 
being investigated experimentally. 

Experimental' 

Diphenylacetylene, m.p. 60-61' (17 g.) dissolved in purc 
hexane (50 ml.) waa irradiated for 1 week. "Prepurified" 
nitrogen was bubbled through the solution and the appara- 
tus ww cooled to 15-30' using a water bath. The reaction 
mixture was filtered to remove insoluble material (A,  92 
mg.) and the filtrate was concentrated to B green solid. 
Recrystallization from ethanol (50 ml.) removed the bulk of 
unchanged starting material and the mother liquor waa 
chromatographed in hexane solution over a column of 
"Davison 923" silica gel. Elution with the same solvent 
gave I (total recovery 16.0 g.). Further elution with hexane 
containing 5% benzene yielded 1,2,3-triphenylnaphthalene 
(IV) (172 mg.), m.p. 151-153' pure and mixed with an 
authentic sample (superimposable infrared spectra in 
potassium bromide pellets). Later fractions contained a 
blue substance (151 me.) which after recrystallization from 
ether-pentane had m.p. 214216'. A mixture of it and an 
authentic sample of 1,2,3-triphenylazulene (111) m.p. 216- 
217' melted at 214-217' and the infrared spectra (in potas- 
sium bromide) of the two samples were superimposable. 
The insoluble material (A) mentioned above was washed on 
a filter with chloroform and then with hot nitrobenzene. 
A colorless, crystalline compound (6 mg.), m.p. 437-439', 
remained on the filter whose infrared spectrum (in potassium 
bromide) waa identical with that of authentic hexaphenyl- 
benzene (V), m.p. 439-441', and a mixture of the two had 
m.p. 439-440'. When the nitrobenzene filtrate was poured 
into benzene (30 ml.), a colorless substance (11 mg.) pre- 
cipitated which had m.p. 427-429'. Its infrared spectrum 
wm different from that of hexaphenylbenzene (V)  and a mix- 
ture of the two had m.p. 400-430'. As mentioned in the dis- 
cussion section, this new hydrocarbon is identical with a sub- 
stance prepared by a different route and believed to be octa- 
phenylcubsne (VI). 
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(11) J. D. Roberts, A. Streitweiser, Jr., and C. M. Regan, J .  Am.  
Chem. SOC., 14, 4579 (1952); W. D. Hobey and A. D. McLachlan, 
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