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Regioselective photoaddition of alcohols to 1,2,3-butatriene
derivatives via photoinduced electron transfer
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Abstract—Photochemical polar addition of alcohols to 1,1-diaryl-1,2,3-butatriene derivatives in the presence of a catalytic amount
of 9,10-dicyanoanthracene regioselectively afforded 1,1-diaryl-4-alkoxy-1,2-butadienes as addition products in good yields via
photoinduced electron transfer.
© 2003 Elsevier Ltd. All rights reserved.

Since Neunteufel and Arnold reported the photochemi-
cal polar addition of methanol to 1,1-diphenylethene in
the presence of methyl p-cyanobenzoate in 1973,1 pho-
toaddition of alcohols to electron-donating molecules
via photoinduced electron transfer has been attracted
much attention.2 Photoaddition of alcohols to arylalke-
nes such as 1,1-diarylethene 1 or styrene derivatives in
the presence of an electron-accepting photosensitizer is
a representative example to give the product 2 regiose-
lectively resulting from anti-Markovnikov addition (Eq.
(1)).1,3,4 This strategy has been extensively utilized not
only to the synthesis of ethers,3 but also to the trapping
experiments of transient radical cations,5 alcohol/olefin/
aromatics coupling reaction so-called photo-NOCAS
reaction,6 and development of photochemical enantio-
differentiation.7 In addition, the photoaddition of alco-
hols has been effectively applicable to the trapping of
radical cations derived from cyclopropanes8 and
cyclobutanes.9 The photoaddition of alcohols to
aliphatic alkenes6,10 aliphatic 1,3-dienes,11 and
tetraarylallenes12 via photoinduced electron-transfer
also occurs, but it frequently suffers low chemoselectiv-
ity and low efficiency. To the best of our knowledge,
the photoaddition of alcohols to more condensed
cumulenes has not appeared in literatures. We now
report a novel type of regioselective photoaddition of
alcohols to 1,1-diaryl-1,2,3-butatriene derivatives.

(1)

Photoirradiation of an acetonitrile/methanol solution
(3:1 vol%) containing 1,1-diphenyl-4,5,5-trimethyl-
1,2,3-hexatriene (3a)13 in the presence of a catalytic
amount of 9,10-dicyanoanthracene (DCA) for 12 h
afforded 1,1-diphenyl-4-methoxy-4,5,5-trimethyl-1,2-
hexadiene (4a) in a 57% isolated yield (Eq. (2), Table 1,
entry 1). Similar irradiation of p-chloro derivative 3b
gave also the corresponding adduct 4b in a 60% yield
(entry 2). Photoreaction of 3b in benzene/methanol
solution (3:1 vol%) caused the almost recovery of the
starting material (entry 3). The yields of adducts
decreased with increasing the size of R groups of the
alcohols used in the order of Me>Et>n-Pr�t-Bu
(entries 2, 4–6).

(2)

Structures of 4a–e were determined by their spectral
and analytical data.14 The allenyl absorption bands of
4a–e appeared at 1938–1942 cm−1 in their IR spectra.
1H NMR spectra of 4a–e showed singlet peaks at
5.72–5.81 ppm in CDCl3 assigned to the each allenyl
proton. The singlet of allenyl proton of 4b at 5.74 ppm
disappeared when MeOD was used instead of MeOH,
which indicates the allenyl proton comes only from
alcohol (Eq. (3)). The fluorescence of DCA in acetoni-
trile was efficiently quenched by 3a–b at nearly diffu-
sion-controlled rates.
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Table 1. Photoaddition of alcohols to 1,2,3-butatriene derivativesa

R Solvent Product Yieldb (%)Entry 1,2,3-Butatriene

Me CH3CN1 4a3a 57
2 3b Me CH3CN 4b 60

3b3 Me C6H6 4b Tracec

Et CH3CN3b 4c4 42
3b5 n-Pr CH3CN 4d 26

6 3b t-Bu CH3CN 4e Tracec

a Photoirradiation was carried out by a high-pressure mercury lamp through a Pyrex filter (>280 nm) for 12 h at room temperature. [3]=2.0×10−2

M, [DCA]=1.0×10−3 M in solvent:ROH=3:1 solution.
b Isolated yield based on 3 used.
c Compound 3b was almost recovered unchanged.

(3)

From these results, we propose an electron transfer
mechanism for the formation of 4 as shown in Scheme
1. The first step is photoinduced electron transfer from
3 to the excited singlet DCA (1DCA*), which produces
a radical ion pair [DCA−� ��� 3+�]. The radical ion pair
dissociates to the free radical ions DCA−� and 3+�, or
decays by back electron transfer to the ground states of
DCA and 3. Dissociation of the radical ion pair to the
free radical ions occurs more efficiently in acetonitrile
than in benzene. Then nucleophilic attack of alcohol to
3+� occurred at dialkyl substituted carbon to give
allenyl radical 5. Electron transfer from DCA−� to 5
and the following protonation by alcohol yields the
photoadduct 4.

In conclusion, we have developed a novel regioselective
photoaddition of alcohols to 1,1-diaryl-1,2,3-butatriene
derivatives via photoinduced electron transfer. Scope
and detailed mechanism are now under investigation.
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Chem. 1972, 37, 141–142; (g) Kropp, P. J.; Reardon, E.
J., Jr.; Gaibel, Z. L. F.; Williard, K. F.; Hattaway, J. H.,
Jr. J. Am. Chem. Soc. 1973, 95, 7058–7067; (h) Dauben,
W. G.; van Riel, H. C. H. A.; Robbins, J. D.; Wagner, G.
J. J. Am. Chem. Soc. 1979, 101, 6383–6389.

5. (a) Majima, T.; Pac, C.; Nakasone, A.; Sakurai, H. J.
Am. Chem. Soc. 1981, 103, 4499–4508; (b) Mattes, S. L.;
Farid, S. J. Am. Chem. Soc. 1986, 108, 7356–7361; (c)
Arnold, D. R.; Du, X.; Henseleit, K. M. Can. J. Chem.
1990, 839–852; (d) Hirano, T.; Shiina, S.; Ohashi, M. J.
Chem. Soc., Chem. Commun. 1992, 1544–1545.

6. (a) McCullough, J. J.; Wu, W. S. J. Chem. Soc., Chem.
Commun. 1972, 1136–1137; (b) Lewis, F. D.; DeVoe, R.Scheme 1. A possible pathway for the formation of 4.



H. Maeda et al. / Tetrahedron Letters 44 (2003) 6601–6603 6603

J. Tetrahedron 1982, 38, 1069–1077; (c) Kubo, Y.; Suto,
M.; Araki, T.; Mazzocchi, P. H.; Klingler, L.; Shook, D.;
Somich, C. J. Org. Chem. 1986, 51, 4404–4411; (d)
Arnold, D. R.; Du, X. J. Am. Chem. Soc. 1989, 111,
7666–7667; (e) McMahon, K.; Arnold, D. R. Can. J.
Chem. 1993, 71, 450–468.

7. (a) Inoue, Y.; Okano, T.; Yamasaki, N.; Tai, A. J. Chem.
Soc., Chem. Commun. 1993, 718–720; (b) Asaoka, S.;
Kitazawa, T.; Wada, T.; Inoue, Y. J. Am. Chem. Soc.
1999, 121, 8486–8498; (c) Shim, S. C.; Kim, D. S.; Yoo,
D. J.; Wada, T.; Inoue, Y. J. Org. Chem. 2002, 67,
5718–5726; (d) Asaoka, S.; Wada, T.; Inoue, Y. J. Am.
Chem. Soc. 2003, 125, 3008–3027; (e) Nishiyama, T.
Ph.D. Dissertation, Osaka Prefecture University, 1996.

8. (a) Rao, V. R.; Hixson, S. S. J. Am. Chem. Soc. 1979,
101, 6458–6459; (b) Mizuno, K.; Ogawa, J.; Kagano, H.;
Otsuji, Y. Chem. Lett. 1981, 437–438; (c) Mizuno, K.;
Ogawa, J.; Otsuji, Y. Chem. Lett. 1981, 741–744; (d)
Dinnocenzo, J. P.; Todd, W. P.; Simpson, T. R.; Gould,
I. R. J. Am. Chem. Soc. 1990, 112, 2462–2464; (e) Dinno-
cenzo, J. P.; Lieberman, D. R.; Simpson, T. R. J. Am.
Chem. Soc. 1993, 115, 366–367; (f) Wu, J.-Y.; Mai, J.-C.;
Pan, K.; Ho, T.-I. Tetrahedron Lett. 1998, 39, 647–650.

9. (a) Gassman, P. G.; Olson, K. D.; Walter, L.;
Yamaguchi, R. J. Am. Chem. Soc. 1981, 103, 4977–4979;
(b) Gassman, P. G.; Olson, K. D. J. Am. Chem. Soc.
1982, 104, 3740–3742; (c) Gassman, P. G.; Hay, B. A. J.

Am. Chem. Soc. 1986, 108, 4227–4228; (d) Gassman, P.
G.; Carroll, G. T. Tetrahedron 1986, 42, 6201–6206.

10. (a) Gassman, P. G.; Olson, K. D. Tetrahedron Lett. 1983,
24, 19–22; (b) Gassman, P. G.; Bottorff, K. J. Tetra-
hedron Lett. 1987, 28, 5449–5452.

11. Lewis, F. D.; DeVoe, R. J.; MacBlane, D. B. J. Org.
Chem. 1982, 47, 1392–1397.

12. (a) Klett, M. W.; Johnson, R. P. Tetrahedron Lett. 1983,
24, 1107–1110; (b) Klett, M. W.; Johnson, R. P. J. Am.
Chem. Soc. 1985, 107, 6615–6620.

13. Recently we have developed a convenient synthetic
method of 1,1-diaryl-4,4-dialkyl-1,2,3-butatriene deriva-
tives: Mizuno, K.; Maeda, H.; Sugita, H.; Nishioka, S.;
Hirai, T.; Sugimoto, A. Org. Lett. 2001, 3, 581–584.

14. Data for 4a: 1H NMR (270 MHz, CDCl3) � 0.96 (s, 9H),
1.20 (s, 3H), 3.14 (s, 3H), 5.72 (s, 1H), 7.21–7.32 (m,
10H); IR (neat) 1940 cm−1. Data for 4b: 1H NMR (270
MHz, CDCl3) � 0.98 (s, 9H), 1.24 (s, 3H), 3.18 (s, 3H),
5.74 (s, 1H), 7.20–7.33 (m, 8H); IR (neat) 1939 cm−1.
Data for 4c: 1H NMR (270 MHz, CDCl3) � 0.95 (s, 9H),
1.10 (t, J=6.9 Hz, 3H), 1.24 (s, 3H), 3.35 (q, J=6.9 Hz,
2H), 5.76 (s, 1H), 7.20–7.33 (m, 8H); IR (neat) 1939 cm−1.
Data for 4d: 1H NMR (270 MHz, CDCl3) � 0.94 (t,
J=7.3 Hz, 3H), 1.02 (s, 9H), 1.30 (s, 3H), 1.50–1.61 (m,
2H), 3.28–3.35 (m, 2H), 5.82 (s, 1H), 7.23–7.39 (m, 8H);
IR (neat) 1942 cm−1.


	Regioselective photoaddition of alcohols to 1,2,3-butatriene derivatives via photoinduced electron transfer
	Acknowledgements
	References


