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Photocyclodimerization of p -(NN-Dimethy1amino)styrene 

By TADASHI ASANUMA, MASAHIDE YAMAMOTO,* and YASUNORI NISHIJIMA 
(Department of Polymer Chemistry, Kyoto University, Kyoto, Japan) 

Szcrnrnary U .v. excitation of p -  (NN-dimethy1amino)sty- 
rene produces the lI2-cis-cyclodirner in non-polar sol- 
vents, whereas the 1 , 2-trans-cyclodimer is obtained in 
polar solvents. 

IN the preceding communication,l the photocyclodimeriza- 
tion of electron-donating vinyl compounds such as p-  
methoxystyrene in the presence of electron acceptors was 
reported. In the course of photocyclodimerization of 
various vinyl compounds, we found that on U.V. excitation 
p-(NN-dimethylamino) styrene (I) also gives the cyclo- 
butane dimer, but in this case electron acceptors are not 
necessary. Further, the cyclodimer is produced irrespective 
of solvent polarity, but the stereochemistry of the cyclo- 
dimer depends on the solvent polarity, i.e., the 1,2-cis- 
cyclobutane is formed in non-polar solvents and the trans- 
isomer in polar solvents. 

Irradiation of an acetonitrile solution of (I) ( 0 . 6 6 ~ )  with 
300 W high-pressure mercury arc through a glass filter 
(cut-off wavelength 325 nm) gave the trans-head-to-head 
cyclodimer (11), m.p. 95-96 "C a t  a rate of 0.81% per h 
together with polymer a t  a rate of 0.35% per h. The mass 
spectrum of (11) shows peaks a t  m/e 294 (M+), 266, and 
134 n.m.r. spectrum peaks a t  8 (C,D,; 100 MHz) 
2.18 (4H, m, CH,), 2.57 (12H, s, Me), 3-50 (ZH, CH), and 
6-68-7.25 (SH, q, Ph) . This photocyclodimerization 
occurs in various polar solvents such as benzonitrile and 

dimethylformamide, by a similar mechanism to that for 
9-methoxystyrene and N-vinylcarbazole, i.e., via its cation 
radical as an intermediate.1 The photochemical formation 
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of the cation radical of (I) was confirmed by flash spectro- 
scopy [(I): 1 x lod3 M in PhCN solution]. Transient 
spectra after 100 p s  show peaks at  650s, 590s, and 450-540 
nm, which can be assigned to the cation radical by com- 
parison with the results of y-irradiation of (I) in Bu*Cl 
rigid matrix.3 The photocyclodimerization of (I) is 
different from that of the other vinyl monomers so far 
examined by the fact that the photoexcitation of (I) is 
sufficient for the reaction, i.e., even without an electron 
acceptor photoexcitation of (I) produces its cation radical, 
since (I) has lower ionization potential than fi-methoxy- 
styrene or N-vinylcarbazole.4 This scheme is quite 
different from the ‘excited triplet state,’ mechanism that 
has been established for the photochemical formation of 
cyclobutanes from mono-olefins.6 

U.V. irradiation of a solution of (I) in benzene or n- 
hexane (0-66 M) gave another product, whose structure was 
assigned to the cis-head-to-head cyclobutane dimer (111) 
by its mass [m/e 294 (M+), 266, and 134 (100%)2] and 
n.m.r. spectrum [6(C,D,; 100MHz) 2.42 (16H, CH and 
Me), 3-88 (2H, CH), and 6.42-7.02 (8H, q, Ph)]. 

It is interesting that the structure of the cyclobutane 
dimer of (I) depends on the solvent polarity; the trans- 
head-to-head cyclodimer is obtained in polar solvents 
whereas the cis-head-to-head cyclodimer is formed in non- 
polar solvents. The cis-dimer may be formed via a cation 
dimer which is formed between a cation radical of (I) and 
the ground state (I) or through an excimer of (I). 
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