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Photocyclizations Involving Quinone-Olefin 
Charge-Transfer Exciplexes 

Sir: 

The photocycloaddition of 3n,ir*p-benzoquinone (pBq) to 
various olefins to form oxetanes (Scheme I) has received a 
great deal of attention in recent years.1 It has been well es
tablished that this reaction proceeds through an intermediate 
with biradical character that can be trapped by oxygen or 
sulfur dioxide.2 This intermediate was at first thought to be 
the traditional preoxetane 1,4 biradical (Scheme I). However, 
the following results seem to indicate that this is not always the 

Scheme I 
3r 

H +,' 

Peroxides 

Sulfones <• 

Acetates <r 

C - T Exciplexes 

Preoxetane 

i,4-Biradicals 

case: (1) experiments with simple unsymmetrical olefins 
demonstrate that the intermediate which is trapped by oxygen 
occurs on the reaction pathway before the branching into the 
two possible preoxetane 1,4 biradicals;2f (2) in the pBq-cy-
clooctatetraene system this intermediate apparently is a very 
polar species as it can also be trapped by acetic acid;2b (3) 
furthermore, CNDO calculations for the triplet /?Bq-ethylene 
system indicate that quite stable charge-transfer (C-T) exci
plexes might be expected to exist,2f and that these could be the 
"intermediates" being trapped in the aforementioned experi
ments as summarized in Scheme I. To determine the extent 
to which triplet C-T exciplexes influence the photochemistry 
of pBq with simple olefins, a series of olefins specifically de
signed to maximize the probability of intramolecular trapping 
of C-T exciplexes has been studied. 

Argon ion laser irradiation3 of pBq in the presence of either 
4-pentenoic acid4 or fra«s-5-phenyl-4-pentenoic acid4 afforded 
the 5-lactones la and lb,5 respectively (Scheme II). That these 
products were the S-lactones la and lb and not the 7-lactones 
was firmly established by the carbonyl stretching frequencies 
at 1735-1730 cm-1. The stereochemistry of lb is most prob
ably trans, although the coupling between the methinyl hy
drogens (4.0 Hz) is smaller than expected. Distortion of the 
half-chair conformation of the 5-lactone ring in lb6 by the two 
adjacent, bulky equatorial substitiients might account for this 
decrease in the coupling constant. m-5-Phenyl-4-pentonoic 
acid was studied also and found to undergo rapid isomerization 
to the trans acid followed by formation of lb as the only lactone 
product. The possibility that the lactones arise from the acid-
catalyzed rearrangement of the corresponding oxetanes, which 
also occur in these reaction mixtures, has been excluded by 
control studies with the oxetanes. Therefore, this novel pho-
tolactonization seems to be most easily rationalized as the re
sult of C-T exciplex trapping by a carboxylic acid functional 
group as outlined in Scheme II. The events depicted in Scheme 
II are intended to illustrate the electronic reorganization 
necessary to transform the exciplexes into the products, rather 
than the actual timing of these events. In fact collapse of the 
quinone-olefin C-T complexes probably proceeds without the 
localization of charge or spin density at either of the olefin-
derived carbon atoms. Under these circumstances one would 
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expect the regiospecificity to be governed by steric factors such 
as formation of the strain-free six-membered ring and maxi
mum separation of the bulky aryl groups as in the case of lb. 
This type of collapse would require a tight radical-ion pair and 
indeed these reactions occur only in very nonpolar solvents such 
as CCU and CCI3F in which the radical-ion pair cannot dis
sociate. The regiospecificity found in this work is the same as 
that observed in the collapse of the thermally generated C-T 
complex between DDQ and 1,1-diphenylethylene.7 In sharp 
contrast exactly the opposite regiospecificity has been observed 
for the exciplexes studied by Arnold and co-workers.8 In these 
examples which did not involve quinone acceptors and which 
are conducted in polar solvents, the nucleophilic trapping step 
appears to involve the dissociated radical cation. Under these 
circumstances the regiospecificity will be governed by elec
tronic factors such as stabilization of localized charge and/or 
spin densities. 

To determine which polar functional groups might be most 
suitable for the trapping of these C-T exciplexes, trans-5-
phenyl-4-pentenamide4 and 4-pentenol4 were examined. In the 
amide system (Scheme III) the lactone la was obtained in 
higher yield (39%) than when prepared directly from the trans 
acid under the same conditions (20%). The lactone formed in 
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this reaction seems to arise from the hydrolysis of the inter
mediate iminolactone 2. In the alcohol system (Scheme IV) 
the expected ether 3 was formed. The structure of 3 was con
firmed by synthesis from la with NaBH^BF3 in THF. 

Finally, all previous attempts to trap analogous pBq-acet-
ylene intermediates with oxygen had failed.9 In an effort to 
intercept acetylenic intermediates with carboxylic acids, pBq 
was irradiated in the presence of 5-phenyl-4-pentynoic acid 
to afford a single product in nearly quantitative yield (Scheme 
V). The degradation of this product as outlined in Scheme V 
proved that it was the ketolactone 4 rather than the enol lactone 
5. Since 5 is the expected product of C-T exciplex trapping, and 
since 4 would be expected to arise via the usual carbonyl-
acetylene photoproduct 6,'° it must be concluded that electron 
transfer in carbonyl-acetylene exciplexes is insufficient to 
induce trapping by carboxylic acids. Indeed, this behavior is 
indicated by the Weller relationship11 which predicts the 
pBq-styrene C-T exciplex to be ~11 kcal/mol more stable 
than thepBq-phenylacetylene C-T exciplex. 

In conclusion, quinone-olefin C-T exciplexes not only seem 
to account for chemistry previously attributed to preoxetane 
1,4 biradicals,2b-f but also to signal the existence of the new 
ionic photochemical reactions. Thus, photocyclizations such 
as those described here should be added to the growing list of 
carbonyl-olefin exciplex chemistry.12 

Acknowledgments. The authors thank the NSF for financial 
support (Grant No. CHE 76-15343). 

References and Notes 

(1) Bunce, N. J.; Hadley, M. Can. J. Chem. 1975, 53, 3240. Bruce, J. M. Q. Rev. 
Chem. Soc. 1967, 21, 405. Bruce, J. M. "The Chemistry of Quinonoid 
Compounds", Patai, S., Ed.; Interscience: New York, 1974; Part 1, Chapter 
9, p 465. Bunce, N. J.; Ridley, J. E.; Zerner, M. C. 7neor. Chinn. Acta 1977, 
45, 283. Mori, A.; Takeshita, H. Chem. Lett. 1975, 599. 



1722 Journal of the American Chemical Society / 102:5 / February 27, 1980 

(2) (a) Gardner, E. J.; Squire, R. H.; Elder, R. C; Wilson, R. M. J. Am. Chem. 
Soc. 1973, 95, 1693. (b) Wilson, R. M.; Gardner, E. J.; Elder, R. C; Squire, 
R. H.; Florian, L. R. Ibid. 1974, 96, 2955. (c) Wilson, R. M.; Wunderly, S. 
W. J. Chem. Soc, Chem. Commun. 1974, 461. (d) Wilson, R. M.; Wunderly, 
S. W. J. Am. Chem. Soc. 1974, 96, 7350. (e) Wilson, R. M.; Wunderly, S. 
W.; Kalmbacher, J. G.; Brabender, W. Ann. N.Y. Acad. Sci. 1976, 267, 201. 
(f) Wilson, R. M,; Outcalt, R.; Jaffe, H. H. J. Am. Chem. Soc. 1978, 100, 
301. 

(3) A Coherent Radiation Model 53A argon ion laser was used in all of the 
photoreactions described here. The maximum combined power of all of 
the visible lines is ~6 W in the following lines: 514.5 nm (2.5 W), 501.7 
(0.5), 496.5 (0.7), 488.0 (1.5), 476.5 (0.6), and 457.9 (0.2). These lines were 
used to selectively excite the pBq n,ir* transition: A^x

2"18 4 5 8 n m (< 2 1 ) 
and 479 (11). While the laser source is not always essential for the success 
of reactions of this type, the yields of products is often drastically reduced 
when these reactions are conducted with conventional ultraviolet light 
sources. For instance the yield of 4 dropped from nearly quantitative to 
36% when the light source was the 3500-A lamps of a Rayonet photo
chemical reactor. 

(4) The success of these reactions is critically dependent upon the purity of 
the starting materials and solvents. Matheson Freon-11 and Fisher carbon 
tetrachloride (99 mol %) could be used without further purification. 

(5) All photoproducts were characterized spectroscopically and by elemental 
analysis of their acetate derivatives. The photoproducts and/or their ace
tates had the following data. 1a: mp 101.9-102.5 0C; IR (KBr) 3340, 1730 
cm"1 ; NMR (Unisol) (6, ppm) 3.98-4.16 (m, 2 H), 4.60-5.10 (m, 1 H). Ac
etate of 1b: mp 109-110 0C; IR (KBr) 1735 (lactone) 1758 cm - 1 (acetate); 
NMR (CDCI3) (5, ppm) 4.59 (dd, J = 4, 10 Hz, 1 H), 5.57 (d, J = 4 Hz, 1 H). 
Acetate of 3: mp 63.5-64.0 0C; IR (KBr) 1760 c m - ' ; NMR (CDCI3) (5, ppm) 
3.60 (complex, 5 H). Acetate of 4: mp 82.2-82.7 0C; IR (KBr) 1755 (ace
tate), 1735 cm - 1 (sh) (lactone and a-acetoxy ketone): NMR (CDCI3) (5, ppm) 
2.22-3.01 (m, 4H). 

(6) Sheppard, R. C; Turner, S. Chem. Commun. 1968, 77. 
(7) Becker. H.-D. J. Org. Chem. 1969, 34, 1203. 
(8) Maroulis, A. J.; Shigemitsu, Y.; Arnold, D. R. J. Am. Chem. Soc. 1978, 100, 

535, and references therein. 
(9) Wunderly, S. W. Ph.D. Thesis, University of Cincinnati, 1974, 

(10) Related additions of alcohols and water to p-quinone methides have been 
observed: (a) Oude-Alink, B. A. M.; Chan, A. W. K.; Gutsche, C. D. J. Org. 
Chem. 1973, 38, 1993. (b) Reference 9. 

(11) Rehm, D.; Weller, A. Isr. J. Chem. 1970, 8, 259. 
(12) Some other photochemical processes which apparently involve car-

bonyl-olefin C-T exciplexes follow: Yang, N. C; Cohen, J. I.; Shani, A. J. 
Am. Chem. Soc. 1968, 90,3264. Guttenplan, J. B.; Cohen, S. G. Ibid. 1972, 
94, 4040. Kochevar, I. E.; Wagner, P. J. Ibid. 1972, 94, 3859. Yardley, J. 
T. Ibid. 1972, 94, 7283. Singer, L. A.; Brown, R. E.; Davis, G. A. Ibid. 1973, 
95, 8638. Caldwell, R. A.: Sovocool, G. W.; Gajewski, R. P. Ibid. 1973, 95, 
2549. Gupta, A.; Hammond, G. S. Ibid. 1976, 98, 1218. Wolf, M. W.; Brown, 
R. E.; Singer, L. A. Ibid. 1977, 99, 526. Yang, N. C. et al. Ibid. 1977, 99, 
3023. Kuhlmann, R.; Schnabel, W. J. Photochem. 1977, 7, 287. Wagner, 
P. J.; Puchalski, A. E. J. Am. Chem. Soc. 1978, 100, 5948. Loutfy, R. 0.; 
Dogra, S. K.; Yip, R. W. Can. J. Chem. 1979, 57, 342. 

R. Marshall Wilson,* Arlene K. Musser 
Department of Chemistry, University of Cincinnati 

Cincinnati, Ohio 45221 
Received September 14, 1979 

Synthesis of r/2-Coordinated Enamines 
by Amination of a Platinum(II) Coordinated Allene. 
A Chemical and X-ray Diffraction Study 

Sir: 

During our studies on the reaction of amines with Pt(II) 
coordinated allenes,' we observed a novel reaction of primary 
aromatic amines with 1,1 -dimethylallene (DMA), leading to 
r/2-coordinated secondary enamines. To our knowledge this 
observation represents the first example of successful trapping 
of a fairly unstable enamine by a transition metal ion. Since 
the ligand produced can be easily displaced from the metal 
without decomposition, the method can be useful for synthetic 
purposes, even if at present it is hard to speculate about its 
applicability to other metal ions. We report here our prelimi
nary results in this field, including the first structural char
acterization of a metal-enamine r)2 complex. 

The /3-ammonioalkenyl complexes (1) obtained upon ad
dition of primary aromatic amines to CW-PtCl2(DMA)(PPh3)1 

are nearly insoluble in the reaction solvent (CHCl3 or CH2Cl2) 
and indefinitely stable after crystallization. However, they 
undergo a rather unexpected rearrangement if their precipi
tation is slowed down by the use of larger amounts of solvent, 

Q P , 
Oc 

Figure 1. Molecular structure of m-dichloro-772-[(Z)-2-chloro-/V-
(3-methylbut-l-enyl)benzenamine](triphenylphosphine)platinum(II). 

giving the corresponding enamine complexes (2). For instance, 
on addition of an equimolar amount of 2-chloroaniline to a 
solution of 1.0 mmol of PtCl2(DMA)(PPh3) in 20 mL of 
CHCl3 while the mixture is kept at room temperature for 8 h, 
a fairly soluble yellow compound (2, Ar = 2-ClC6H4), mp 
151-153 0 C, is obtained in ~80% yield. The molecular formula 

CH3 ^ C H 3 

V - C H 3 W 
/PPh 3 2//^ ,PPh 3 ji 

Cl 7Pt—:-i-C „ *- Cl Pt — 
cl S A 1 ? ci c1 

""<•.<> N - H / v 

H ' \ H VH 
Ar i 

Ar 

2 
2 was inferred by the elemental analysis and the IR2 and 1H, 
and 13C NMR spectra of the compound3 and the 1H NMR 
spectrum of the displaced enamine ligand,4 the ultimate evi
dence being furnished by the results of an X-ray diffraction 
analysis. The 1H NMR spectrum (270 MHz), recorded at 
room temperature, shows very broad signals for the isopropyl, 
NH, and olefinic protons. At low temperature (—30 0C) the 
spectrum becomes fully resolved, displacing two equally intense 
sets of signals for each CH and NH-proton and for each methyl 
group.3 The observed spectra indicate the presence in solution 
of two slowly interconverting isomers in equal abundance, most 
likely rotamers about the Pt-H axis.5 

Treatment of 2 with sodium cyanide in chloroform solution 
results in the displacement of the coordinated organic moiety 
A r N H C H = C H C H M e 2 without decomposition or en-
amine-imine isomerization,6'7 as evidenced by the 1H NMR 
spectrum of the resulting colorless solution.4 

The structure of 2 (Ar = 2-ClCeH4) was elucidated by a 
three-dimensional X-ray structural analysis.8 Figure 1 shows 
the molecular structure as viewed along the c axis; some in
ternal geometrical parameters are also indicated. The complex 
displays the usual square-planar arrangement of the ligands 
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