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Photosensitized enantiodifferentiating cis-trans isomerizations of 1,2-diphenylcyclopropane (l), 1,2- 
bis(4-methoxypheny1)cyclopropane (21, and 2,3-diphenyloxirane (3) were performed in the presence 
of optically active alkyl arenecarboxylates as electron-accepting photosensitizers. Several photo- 
sensitizers possessing different chromophores and chiral groups were examined in polar and nonpolar 
solvents, and optical purities (op) up to 10% for I t  and 1% for 2t and 3t were obtained. The 
product's op varied drastically with solvent polarity and, in an extreme case, typical polar and nonpolar 
solvents gave antipodal products. Mechanistic investigations revealed that the enantiodifferentiation 
occurs in the quenching of the excited chiral sensitizer by racemic substrates and that full equilibrium 
is not established between the enantiomeric ambident intermediates, probably owing to their short 
lifetimes. 

Considerable effort has been devoted to the study of 
enantiodifferentiating photosensitized isomerizations'-10 
ever since the first such isomerization, that of truns-1,2- 
diphenylcyclopropane (11, was reported by Hammondand 
Cole.& They employed (+)-(R)-l-(l-(N-acetylamino)- 
ethybaphthalene as a chiral singlet sensitizer3b and 
obtained the optically active trans isomer (1 t) in an optical 
purity (op) of 6.7% .ll Ueno et al.' reported an attempted 
singlet-sensitized photoenantidifferentiation of 1 using 
a chiral polypeptide, poly(y-(1-naphthy1)methyl L-gluta- 
mate), but the product did not show any optical activity.7 
Ouannes et al.' and Kagan et al.S examined the same 
enantiodifferentiating photoisomerization in the triplet 
manifold. However, optically active 3-methyl-1-indanone' 
and 3- or 4-methyl-l-tetralone6 as triplet sensitizers 
afforded 1 tin low op's of 3.0 and ca. 1 % , respectively. Yet 
another approach to this photochemical enantiodifferen- 
tiation was to effect singlet- or triplet-sensitized photo- 
isomerization in optically active solvents like (-)-isobornyl 
methyl ether.I2 However, this attempt resulted in low 
op's w2.3 % ).I2 

Recent investigations of the geometrical photoisomer- 
izations of 1,2-diarylcyclopropanea and 2,3-diaryloxiranes 
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Scheme I 

3c (+ )-(ZR,3R)-3t (-)-(ZS,3S)-3t 

through the electron-transfer mechanisml3J4 and the 
highly efficient enantiodifferentiating photoisomerization 
of cyclooctene sensitized by chiral benzenepolycarboxy- 
latedo prompted us to examine these photosensitized 
enantiodifferentiating photoisomerizations under electron- 
transfer conditions. 

In the present study, we investigated the enantiodif- 
ferentiating photoisomerizations of 1,2-diphenylcyclopro. 
pane (1)) 1,2-bis(4-methoxyphenyl)cyclopropane (2), and 
2,&diphenyloxirane (3) sensitized by chiral arenecarbox- 
ylates 4-13 under electron-transfer conditions; we hoped 
that such conditions would result in better chiral recog- 
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chart I 

-a" Roc0 COOR ROC0 COOR 

COOR 
4 R = (-)-Memkyl 
5 R =(-)-Bomyl 
6 R = (-)-8-phenyh"yl 
7 R = (-)-8CyclohexylmnnhyI 
8 R = (-)-(IR.2S~R)-2-Diphenyl. 

methyl-S-mahylcycloheayl 

9 R = (-).Menthyl 

10 R - (-)-Menthyl 11 R I (-)-Menthyl 12 R = (-)-Menthyl 

CHHSyNHAC 
Roc0 mcmR 

13 R = (-)-Menthyl 1 4  

nition in the excited state. From a mechanistic point of 
view, we expect that the product's op obtained under 
various conditions would serve as a sensitive probe for the 
intervening exciples and/or radical ion pair intermediates. 

Results 

Diphenylcyclopropane (1). The Effect of the Initial 
Isomer Composition. Irradiations of various isomer 
mixtures of 1 were carried out in pentane and acetonitrile 
at 25 OC in the presence of (-)-tetramenthy1 1,2,4,5- 
benzenetetracarboxylate (4). The major photoreaction 
observed was the geometrical isomerization of 1, and the 
material balance was usually excellent. The isomer 
compositions of the photolysates and the specific rotations 
and chemical purities of the isolated products are listed 
in Table I. Also listed are the product's op's corrected for 
the chemical pury of the I t  isolated. 

When the irradiation time was increased, the amount 
of trans isomer gradually approached the photostationary- 
state value of 28 % in pentane and 34 9% in acetonitrile, 
irrespective of the initial isomer composition. The prod- 
uct's op reached a plateau in the early stages of irradiation 
and then declined to some extent upon prolonged irra- 
diation. Depending upon the initial isomer composition, 
the highest op's ranged from 8.1 to 10.4 9% and 2.6 to 2.9 9% 
in pentane and acetonitrile, respectively. 

The Effect of Solvent and Temperature. Several 
solvents of different polarities were used in the photo- 
isomerizations with (-) -tetramenthy1 or (-)-tetrabornyl 
benzenetetracarboxylate (4 or 5). The product's op's are 
listed in Table 11. In the photosensitization with 4, 
increasing the solvent polarity led to a decrease in the 
highest op from 10% in pentane to 3% in acetonitrile. 
Interestingly, the photoisomerizations in benzene, which 
possesses a polarity parameter (ET = 34.5)'s comparable 
to that of ether (ET = 34.7), afforded the lowest op's (1- 

(15) Marcue, Y. Ion Solvation; Wiley: Chichater, 1986; p 142. 
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2%), whereas tert-butylbenzene as a solvent gave an 
appreciably higher op (3.7%). Similarly, the photosen- 
sitization with 5 afforded (+)-(lS,2S)-lt of 3.8% op in 
pentane and 1.2% in ether. Benzene gave the lowest op 
(0.8%). 

Unexpectedly, the photosensitization with 5 in aceto- 
nitrile gave (-)-(lR,2R)-lt (2.4% op), the antipode of the 
product obtained in the less polar solvents. Thus, by 
changing the solvent polarity, we were able to obtain a 
product with inverted chirality without employing the 
antipodal sensitizer. In order to confirm this unprece- 
dented chirality inversion, the photosensitizations with 5 
in pentane and acetonitrile were repeated at a lower 
temperature (0 "C). Again, (+)-(18,2S)-lt was produced 
in 4.7% op in pentane (run 20), and antipode (-)-(lR,2R)- 
I t  (4.1% op) was produced in acetonitrile (run 24). 

The Effect of Additives. As shown above, the use of 
benzene as a solvent for the photosensitizations led to 
significantly lower op's (Table 11), which cannot be 
rationalized by solvent polarity effect alone. It is likely 
that benzene molecules act as electron donors that quench 
the excited sensitizer in competition with the substrate. 
Hence, biphenyl (5 mM), a stronger electron donor, was 
added to the system. Comparison of runs 29-31 with runs 
17-20 or 21-22 in Table I shows that both the reaction 
rate and the product's op decreased significantly, owing 
to preferential quenching of the excited sensitizer by the 
biphenyl additive. 

The effect of added magnesium perchlorate was also 
investigated, since the salt was known to facilitate the ion 
separation of exciplexes and contact radical-ion pairs 
through enforced ion-pairing.*'@ In this particular case, 
however, the addition of magnesium perchlorate did not 
cause any appreciable changes in the reaction rate or the 
product's op; see runs 3 6 4 0  and 42-44 in Table I. 

Sensitizer Structure. Optically active esters 6-8, 
which have highly bulky ester groups, were prepared from 
the corresponding alcohols.16 Photosensitizations with 
sensitizers 6-8 in pentane and acetonitrile gave the results 
shown in Table 111. 

Although these structural modifications of 4 apparently 
did not improve the product's op, an intriguing solvent 
effect was observed in the photosensitization with 6. In 
contrast to the drastic solvent polarity effect observed for 
4 and 5 (Table 11), no appreciable decrease in op and no 
inversion of the product chirality were seen for 6, even in 
acetonitrile. Instead, the op's in acetonitrile were com- 
parable or slightly higher than those in pentane (runs 1-3 
and 7-10 in Table 111). This result indicates the possible 
formation of an intramolecular A-D exciplex incorporating 
an &phenyl group of 6 as electron donor. Such a charge- 
transfer interaction fixes the conformation of the in- 
tramolecular exciplex, and the fixed conformation resulta 
in analogous exciples structures and comparable op's in 
both nonpolar and polar solvents. The lower op obtained 
in benzene is compatible with this mechanism, since the 
intramolecular exciplex formation cannot effectively com- 
pete with the intermolecular attack of neat benzene (11 
MI. 

Highly congested (-)-hexamenthy1 benzenehexacarbox- 
ylate (9) also sensitized the photoisomerization, but the 
op's were lower than those obtained for 4 (see runs 17-19 
in Table 111). When (-)-menthyl esters 1&13 of 1- and 

(16) Corey, E. J.; Eneley, H. E. J. Am. Chem. Soc. 1975, 97, 8908. 
Eneley, H. E.; Parnel, C. A.; Corey, E. J. J.  'Org. Chem. 1978,43, 1610. 
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Table I. Enantiodifferenththg Cis-Trans Photoisomerisetionr of ch- and Rawmic tmms-l,2-Diphenylcyclopropanem (IC and 
1 t )  and Their Mixturem of Various Initial Isomer Camporitions Sensititad by (-)-Tetramenthy1 

13,4b-Bensenetetncarbox~~te(4) in Pentane and Adonitrile at 25 OC* 
~ ~~ 

isolated product 
initial compoen irradn isomer composn [allOD Purity optical 

run solvent (7% t r a m ) b  time, h (76 t r a n S ) C  (c,CHCld (%trane)d  purity:% 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
36 
37 
38 
39 
40 
41 
42 
43 
44 

Dentane 0 1.5 6 

pentan@ 

CH&N 

CHsCNh 

40 

62 

3 
5 
13 
18 
36 
80 

500 
4 
8 
12 
16 
24 
48 
4 
8 
12 
17 
24 
48 

78 13 
58 

100 8 
22 
36 
76 
100 
148 

73 14 
24 
64 

0 1 
3 
6 
72 

66 4 
8 
12 
16 
26 
30 

65 4 
8 
20 

10 
15 
17 
18 
20 
25 f 
26 f 
31 
26 f 
27 f 
29 f 
28 f 
26 f 
49 
38 
35 
31 f 
31 f 
30 f 
57 
23 
84 
70 
57 
44 
39 
35 
67 
62 
50 
8 
13 
25 
34t 
54 
45 
38 
36 f 
34 f 
35 f 
58 
50 
40 

11.4 (0.31) 
19.9 (0.29) 
27.0 (0.40) 
24.5 (0.40) 
22.2 (0.40) 
26.4 (0.46) 
24.4 (0.40) 
16.5 (0.42) 
25.8 (0.42) 
26.6 (0.48) 
23.9 (0.40) 
24.6 (0.20) 
20.9 (0.35) 
17.6 (0.36) 
20.5 (0.40) 
32.1 (0.37) 
31.6 (0.37) 
27.6 (0.39) 
30.6 (0.39) 
27.5 (0.37) 
35.2 (0.42) 
26.0 (0.47) 
13.1 (0.36) 
20.4 (0.44) 
30.3 (0.39) 
29.6 (0.40) 
26.7 (0.42) 
20.3 (0.37) 
3.9 (0.31) 
10.2 (0.54) 
12.3 (0.56) 
1.5 (0.33) 
1.9 (0.36) 
8.8 (0.40) 
9.2 (0.40) 
5.8 (0.48) 
9.0 (0.37) 
8.1 (0.37) 
10.0 (0.42) 
8.6 (0.38) 
10.0 (0.34) 
5.4 (0.46) 
7.3 (0.45) 
8.3 (0.53) 

80 3.4 
88 5.4 
78 8.3 
80 7.3 
68 7.8 
88 7.2 
90 6.6 
94 4.2 
79 7.8 
78 8.2 
73 7.8 
80 7.4 
79 6.3 
81 5.2 
83 5.9 
82 9.4 
77 9.8 
77 8.6 
80 9.2 
82 8.0 
81 10.4 
95 6.6 
93 3.4 
90 6.6 
90 8.1 
88 8.0 
85 7.5 
77 6.3 
78 1.2 
72 3.4 
77 3.8 
54 0.7 
69 0.7 
82 2.6 
96 2.3 
91 1.5 
89 2.4 
86 2.2 
83 2.8 
85 2.4 
86 2.7 
94 1.4 
94 1.9 
89 2.2 

Irradiation conditions: 111 = 30 mM; [a] = 5 mM, argon atmosphere. Content of tram isomer before irradiation; the balance b cis isomer. 
e Content of tram isomer after irradiation; the balance is c b  isomer. Chemical purity of isolated tram isomer, determined by GC analyeb. 
e Enantiomeric 8x888 corrected for the chemical purity. f Apparent phobtationary-state mixture. 8 Biphenyl (5 mM) added. h MegncHlium 
perchlorate (6 mM) added. 

2-naphthalenecarboxylic and 2,3- and 2,6-naphthalene- 
dicarboxylic acids were employed as chiral sensitizere, only 
low op (0-2.176 1 were obtained (rune 20-24 in Table 111). 

In experiments using the antipode (14) of Hammond 
and Cole’s chiral aminoethylnaphthalene,h we obtained 
fairly low op’s (0-3.6% under identical conditions. 

Bis(4-metho.yphenyl)cyclopropane (2). Photosen- 
sitizations of 2 with 4 and 6 were performed in pentane 
and acetonitrile under conditions comparable to those used 
for 1. Although the major reaction was the cis-trans 
isomerization, the photosensitization gave racemic 2t  in 
pentane and (-)-(1R,2R)-2t of 1.0% op in acetonitrile, as 
shown in Table IV. It is interesting to note that when 
chiral Sensitizer 5 waa used, the enantiomer obtained in 
excess in the photosensitization of 2 possessed a sign/ 
configuration opposite to that obtained for 1. On the other 

hand, 14 as a sensitizer afforded the (+)-(lS,aS)-enanti- 
omer, as was the case with diphenylcyclopropane. 

Diphenyloxirane (3). The enantiodifferentiating geo- 
metrical photoisomerization of 3 sensitized by 5 proceeded 
much slower than that of 1 or 2, and the photostationary 
state was not attained between the cis and trans isomere 
even after prolonged irradiation. The op’s of the isolated 
3t were generally <1% in the photoisomerizations in 
pentane and acetonitrile, as shown in Table V. 
Fluorescence Quenching. In order to elucidate the 

excited states involved and the quenching efficiency, 
fluorescence quenching8 of 4 and 10-13 with IC and It 
were performed in pentane and acetonitrile. The addition 
of lcor ltneither changed the absorption spectraof 4and 
10-13 nor produced a new band ascribable to a ground- 

~~~~ ~ 

( 1 7 ) Y a m d ,  N.; Inoue, Y.; Yokoyama, T.; Tai, A.; Inhida, A,; 
Takamuku, S. J. Am. Chem. SOC. 1991,113,1933. 
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Table 11. Solvent and Temperature Effects on the Product's Optical Purity in Enantiodifferentiating Cis-Trans 
Photoisomerieations of 12-Diphenylcyclopropane (1) Sensitized by (-)-Tetramenthy1 or (-)-Tetraboxmy1 

lf,4p-Benzenetetracarboxylate (4 or 6). 

isolated product 
irradn isomer composn [UI"D purity optical 

run sensitizer solvent temp OC time, h (% trans)b (c, CHCW (% trans)c purity: % 
1 4 pentane 25 12 35 31.6 (0.37) 77 9.8 
2 cyclohexane 25 18 29 28.5 (0.40) 88 7.7 
3 cyclohexanee 25 16 30 28.5 (0.35) 80 8.6 
4 20 28 24.8 (0.36) 74 8.0 
5 24 27 20.1 (0.31) 80 6.0 
6 methylcyclohexane 25 22 35 28.5 (0.37) 90 7.6 
7 benzene 25 22 56 5.6 (0.43) 95 1.4 
8 benzenee 25 16 63 7.2 (0.43) 91 1.8 
9 20 61 4.4 (0.37) 75 1.4 

10 28 60 3.5 (0.42) 93 0.9 
11 tert- butylbenzenee 25 11 60 9.1 (0.36) 95 2.3 
12 35 48 14.7 (0.33) 96 3.7 
13 50 45 12.4 (0.31) 94 3.2 
14 ether 25 20 42 21.2 (0.43) 91 5.6 
15 ether f 25 16 44 33.2 (0.25) 91 8.7 
16 20 43 27.5 (0.43) 92 7.2 
17 28 48 26.9 (0.40) 90 7.2 
18 CHsCN 25 16 35 10.0 (0.42) 83 2.9 
19 5 pentane 25 21 24 15.3 (0.30) 97 3.8 
20 0 25 21 19.2 (0.32) 97 4.7 
21 benzene 25 32 38 2.6 (0.20) 75 0.8 
22 ether 25 25 27 3.9 (0.22) 81 1.2 
23 CHsCN 25 32 45 -9.8 (0.27) 96 -2.4 
24 0 45 51 -16.8 (0.32) 97 -4.1 

Irradiation conditions: 111 = 30 mM (initial isomer composition = 65% trans isomer, unless noted otherwise); [4 or 51 = 5 m M  argon 
atmosphere. Content of trans isomer and after irradiation. e Chemical purity of imlntedtrans isomer, determined by GC analysis. d Enantiomeric 
ex-, corrected for the chemical purity, in the same sign as optical rotation. Initial isomer composition = 73 % trans. 1 Initial isomer composition 
= 87% trans. 

Table 111. Enantiodifferentiating Cis-Trans Photoisomerization of 12-Diphenylcyclopropane (1) Sensitized by Chiral 
Benzenepolycarboxylatea 6-9, Naphthalenecarboxylates 10-13, or Aminoethylnaphthalene (14) at 25 

1 6 (2.5) 
2 
3 
4 (2.5) 
5 
6 
7 (5) 
8 
9 

10 
11 7 (5) 
12 
13 
14 8 (2.5) 
15 
16 
17 9 (5) 
18 
19 
20 10 (5) 
21 11 (5) 
22 12 (5) 
23 13 (5) 
24 
25 14 (5) 
26 
27 
28 
29 

~ ~~ 

isolated product 
sensitizer initial composn irradn isomer composn [ U P D  purity optical 

run (mM) solvent (% trans) time, h ( % transp (c, CHCls) (% trans)C purity: 5% 
pentane 73 12 53 31.7 (0.43) 90 8.4 

benzene 

CH3CN 

pentane 

CHsCN 

pentane 

CHsCN 
pentane 
pentane 
pentane 
pentane 

pentane 
benzene 

73 

73 

73 

73 

4 
78 
78 
86 
73 
83 
0 

73 
73 
0 

65 
100 

24 
48 
20 
40 
60 
16 
38 
54 
68 
10 
20 
40 
30 
50 
70 

100 
48 
66 
30 
96 
21 
24 
30 
70 
24 
48 

365 
264 

50 
43 
49 
43 
42 
45 
44 
26 
28 
27 
64 
62 
34 
30 
30 
28 
36 
53 
53 
61 
79 
25 
70 
15 
4 

16 
57 
49 

27.8 (0.38) 
27.5 (0.40) 
11.3 (0.37) 
8.1 (0.61) 
13.9 (0.47) 
29.4 (0.46) 
31.0 (0.36) 
32.0 (0.40) 
30.3 (0.38) 
8.1 (0.45) 
10.7 (0.44) 
11.4 (0.44) 
32.0 (0.39) 
28.7 (0.24) 
21.0 (0.34) 
24.4 (0.75) 
8.8 (0.53) 
3.5 (0.48) 
7.0 (0.42) 
3.4 (0.39) 
1.0 (0.50) 
5.9 (0.40) 
e (0.42) 
e (0.42) 
e (0.34) 
-1.7 (0.36) 
-7.4 (0.49) 
-14.5 (0.53) 

80 
81 
97 
96 
97 
89 
79 
85 
91 
85 
70 
88 
92 
93 
73 
98 
88 
80 
79 
87 
80 
83 
f 
f 
f 
78 
98 
96 

8.3 
8.1 
2.8 
2.0 
3.6 
7.9 
9.4 
9.0 
8.0 
2.3 
3.7 
3.0 
8.3 
7.4 
6.9 
6.0 
2.4 
1.0 
2.1 
0.9 
0.3 
1.7 
0 
0 
0 

-0.5 
-1.8 
-3.6 

Irradiation conditions: 111 = 30 mM (initial isomer composition = 73 % trans); argon atmosphere. Content of trans isomer after irradiation. 
Chemical purity of isolated trans isomer, determined by GC analysis. Enantiomeric excess, corrected for the chemical purity, in the same 

sign as optical rotation. e -0.3 < [U]D < 0.3O. f Not determined. 

state charge-transfer complex. The fluorescence lifetimes Attempted fluorescence quenching of 4 by 1 was 
of 4 and 10-13 were measured under the comparable unsuccessful owing to the extremely weak fluorescence 
conditions. intensity and short lifetime of 4." In addition, the 
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Table IV. Enantiodifferentiating Cis-Trans Photoiromerizations of ci6- and Racemic 
trane-lf-Bis( 4-methoxypheny1)cyc~opropanes (20 and 2 t )  Sensitized by lf,4,S-Benzenetetracarboxylate 4 or 6 or 

Aminoethylnaphthalene (14) in Pentane and Acetonitrile at 25 O C *  

isolated product 
irradn isomer compoan [ a l m D  purity optical 

"Pd aeneitizer solvent time, h ( % tramp (c, CHCM (% tran8)C purity: % 
20 4 pentane 53 47 e (0.48) 88 0 
2 t  4 pentane 48 46 e (0.40) 94 0 

5 CH&N 24 95 -3.4 (0.38) 86 -1.0 
48 93 -0.8 (0.41) 88 -0.3 

14 pentane 78 30 +3.6 (0.45) 85 1.1 
Irradiation conditions: [ 2 ]  = 30 mM; [senaitizerl= 5 mM; argon atmosphere. Content of trans isomer after irradiation. Chemical purity 

of isolated trans isomer, determined by GC analysis. Enantiomeric excess, corrected for the chemical purity, waa eatimaten from the optical 
rotation of pure (-)-(1R,2R)-2t separated over a Chiralpak column: [a]%D = -3W0 (MeOH) (ref 25). e -0.3 < [ a ] D  < 0.3O. 

Table V. Enantiodifferentiating Cis-Trans Photoisomerieations of oh- and Racemic trans-2,3-Diphenyloxrane ( 3 c  and 3 t )  
Senritized by (-)-Tetrabony1 1~A.S-Beneenetetracarbox~late (5) in Pentane and in Acetonitrile at 25 O C *  

irradn 
compd (mM) solvent time, h 

30 (25) pentane 4 
9 
18 
86 

18 
3 t  (25) pentane 9 

(6) pentane 66 
(25) CH&N 9 
(5) CH&N 120 

_____ _ _ _ _ _ ~  

isolated product 
isomer compoen [ a l = D  purity optical 

( % trans)* (c, C&) (% trans)' purity,d % 
37 3.3 (0.06) e 0.9 
75 4.0 (0.05) e 1.1 
85 0.9 (0.24) e 0.3 
97 3.4 (0.42) e 1.0 
99 0.6 (0.25) e 0.2 
97 0.9 (0.33) e 0.3 
85 3.5 (0.40) e 1.0 

e 0.2 87 0.7 (0.31) 
77 0.6 (0.25) e 0.2 

O Irradiation conditions: [31= 30 m M  bnsitizerI= 5 m M  argon atmosphere. Content of trans isomer after irradiation. c Chemical purity 
of isolated trans homer, determined by GC analysis. Enantiomeric excess determined from the optical rotation of pure (-)-3t: [aIa1'D = 
-374O ( C A I  (ref 27a). e More than 99% pure. 

absorption band of 4 overlapped partly with that of 1. 
However, the fluoresce quenching of the naphthalene- 
(di)carboxylates gave excellent Stern-Volmer plots, as 
exemplified in Figure 1, but no new emission ascribable 
to an exciples was detected. The Stern-Volmer constant 
k,r and the quenching rate constant k, are listed in Table 
VI. 

The trans isomer I t ,  possessing a lower oxidation 
potential (g;2 = 1.17 V)18 than IC (Es;i = 1.41 V), quen- 
ched the fluorescence 2-10 times more efficiently than 
did IC, although k, varied widely over a range of 107-1010 
M-l s-l, depending upon the sensitizer and solvent used. 
In pentane, k, decreased when the number of alkoxycar- 
bony1 groups increased, whereas that in acetonitrile showed 
the opposite tendency. 

Discussion 

Isomerization Mechanism. Recent mechanistic 
inve~tigationsl~~j have shown that, in polar solvents, the 
geometrical photoisomerization of 1 sensitized by cy- 
anoaromatics proceeds through a triplet l,&biradical 
(PhCHCH2CHPh) produced by back-electron transfer 
within a geminate radical ion pair and that the one- 
electron-bonded cyclopropane radical cation le+ generated 
by the initial electron transfer is conformationally ~tab1e.l~' 
However, the isomerization mechanism and intermediate 
involved in nonpolar solvents have not been revealed in 
detail. Singlet photosensitization of 1 is believed to involve 
an exciples intermediate with partial charge-transfer 
character. The exciplex in turn affords a singlet 1,3- 
biradical as the immediate precursor to isomeric 1,19 in 

(18) h o l d ,  D. R.; Wong, P. C. Can. J. Chem. 1979,57, 2098. 
(19) H h n , S .  5.; Boyer, J.; Gducci,C.J. Chem. Soc., Chem. Commun. 

1974,540. 

~~~ 

1.6 - 

1.4 - 

0.00 0.05 0.10 0.15 

[1,2-Dlphenylcyclopropane], M 

Figure 1. Fluorescence quenching of (-)-menthyl l-naphtha- 
lenecarboxylate (10) with 0-200 mM of cis- or trane-1,2- 
diphenylcyclopropanes, IC (0) and 1 t (e), in aerated pentane 
solution at 22-23 OC. 

analogy with the triplet photosensitization where the 
corresponding triplet l,&biradical intervenes.13a 

The situations differ substantially for 2 and 3. The 
photoisomerization of 2 sensitized by cyanoaro- 
matics involves a ring-opened radical cation (ArCH- 
CH26HAr),14a*b and, under certain conditions,l4e the 
isomerization proceeds through a quantum chain mech- 
anism, which clearly excludes the biradical mechanism. 
Furthermore, one-electron-bonded species 2'+ produced 
in 7-radiolysis has been known to ring-open upon warming 
to 100 K or within 1 pa at room temperature.20 That such 

(20) Toki,S.;Komitau,S.;Tojo,S.;Takamuku,S.;Ichinoae,N.;Mi~uno, 
K.; Otsuji, Y. Chem. Lett. 1988, 433. 
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Table VI. Fluorescence and Quenching Behavior of Some Sensitizers with cis- or traneDiphenylcyclopropane (IC or It) at 
22-23 

fluorescence quenching constant 

10 (0.1) pentane 342 0.8 IC 0.89 1.1 
It 4.5 5.6 

CH&N 360 1.4 IC 7.5 5.4 

compd (mM) solvent Amrn,b nm 7: ns quencher b ~ $  M-I k,: 1Og M-* 8-1 

It 
11 (0.1) pentane 350 8.0 (14.9) f IC 

It 
CH3CN 357 8.0 IC 

It 
12 (0.1) pentane 356 6.6 (9.1) f IC 

CH3CN 361 6.2 
It 
I C  
It 

13 (0.01) pentane 369 9.9 (16.2) f I C  
It 

CH3CN 376 9.8 IC 
It 

14.7 
<O.@ 

2.5 
2.4 
7.9 
0.46 
4.5 
4.9 
9.5 
0.76 
1.6 

25.0 
41.0 

10.5 
<0.03 

0.31 
0.30 
0.99 
0.070 
0.68 
0.79 
1.53 
0.077 
0.16 
2.55 
4.18 

All data taken in aerated solutions, unless noted otherwise. b Broad global fluorescence maximum for 4 and apparent 0 band maximum 
for 10-13; the latter band, though broadened more or less in acetonitrile, shows the highest fluorescence intensity for most naphthalene 
sensitizers except for 13. Fluorescence lifetime under air in the absence of quencher. Stern-Volmer constant. e Quenching rate constant, 
calculated from k,r and T values. f Lifetime under argon atmosphere. 8 No appreciable quenching observed. 
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a spontaneous ring-opening has not been reported for lo+ 
under the comparable conditionsz0 is consistent with the 
results of an earlier CIDNP study.lqi 

In the photosensitized isomerization of 3 with cyanoar- 
omatics, the ring opening of 3'+ leads to isomeric radical 
cations of exo,exo- and exo,endo-carbonyl ylides, which 
interconvert fairly easily, thus destroying the original 
~tereochemistry.~~~.k However, the ring closure of ezo,exo- 
and exo,endo-carbonyl ylides formed upon back-electron 
transfer is believed to be stereospe~ific.~~~*~ The inter- 
vention of such a stable carbonyl ylide or its radical cation 
facilitates the ring opening of a*+, enforces planar structure, 
and assures that the ylides will have long lifetimes in the 
absence of dipolarophiles. These features seem unfavor- 
able for the enantiodifferentiating photoisomerization of 
3. 

The sensitized photoisomerizations of diarylcyclopro- 
panes 1 and 2 and of diphenyloxirane 3 can be summarized 
by the general sequences illustrated in Schemes I1 and 111. 
The irradiation of (+)-(lS,BS)-lt or -2t (ts), (-)-(lR,%)- 
l t  or -2t (tR), and IC or 2c (c) in the presence of a chiral 
sensitizer (A) affords 1,3-ambident species Bs, Bg, or B,, 
respectively, as shown in Scheme 11. The ambident species 
ie a singlet or triplet biradical or a radical cation (* = J, 
f , or +). Successive one-bond rotations of species Bs and 
BR, derived from ts and tR, yield eemiplanar B s ~  and Bp, 

Scheme I11 p b h  

Ph 

*: *or - ; C: 3c ; t+:  (+)-(2S,3S)-3t; t.: (-)-(ZR.3R)-31; t,: racemic 31 

without loss of the original chirality, and then achiral B,. 
In constrast, two types of successive one-bond rotations 
of B, afford Bs and BRJ and then Bs and BR, respectively. 

In principle, the recognition of sensitizer chirality is 
possible in the quenching and the subsequent bond 
rotation. Kinetically, enantiodifferentiation is possible 
when the quenching of the excited chiral sensitizer (A) by 
ts and t R  and/or the one-bond rotation of B, to Bs# and 
BRJ proceed at different rates, i.e., kqs # kqR and/or ks # 
k ~ .  As can be seen from Scheme 11, full equilibrium among 
the species B in the absence of pairing chiral species derived 
from A leads to a racemic product even if the quenching 
process is enantiodifferentiating. Thus, the short lifetime 
of B and/or the pairing of chiral species with B are the 
conditions for optically active product, and therefore, the 
rate of back-electron transfer within the radical ion pair 
is an important factor determining the lifetime of B'+. 

Enantidifferentiation Mechanism. Experimental- 
ly, the two possible enantiodifferentiation mechanisms 
described above can be differentiated by performing 
sensitized photoisomerizations of pure IC and racemic 1 t. 
The isomer composition and the product's op obtained in 
the photoisomerizations of IC and l t  sensitized by 4 are 
plotted as functions of irradiation time in Figure 2. 



Enantiodifferentiating Cis-Trans Photoisomerizations 

0 2  ‘V 
I 

0 20 40 80 80 100 120 
O Y  

(b) 

a 

0 20 40 80 80 100 120 

Irradiation time, h 

08 ’ a .  “ ’ a ” 

Figure 2. Enantiodifferentiating photoisomerization of cis- and 
raceamic trans-1,2-diphenylcyclopropanes (30 mM), lc (01, and 
It  (e), sensitized by (-)-tetramenthy1 1,2,4,5-benzenetetracar- 
boxylate(5mM) inpentaneat25OC: (a)opticalpurityofiaolated 
ltand (b) isomercompositionofthereadionmixtureasafunction 
of irradiation time. 

In the photoisomerization of It, the product’s op 
increases with the irradiation time and reaches a plateau 
of ca. 8% at longer irradiation times. The slow increase 
inopisobviouslyattributabletothefactthat the ltisolated 
at  the early stages of photolysis contains a substantial 
amount of the original racemic It along with the photo- 
chemically-produced optically active one. In contrast, the 
photoisomerization starting from IC gives the highest op 
(8%) after a very short period of irradiation. The rapid 
development of the product’s op indicates that the 
enantiodifferentiation occurs not in the rotation of B but 
in the quenching of A by (+I- and Wit. If the rotation 
process is enantiodifferentiating, the op obtained should 
remain constant from the initial stage of photolysis. 
Hence, the rapid development of the product’s op further 
means that species Bs, B,, and B g  are not fully equilibrated 
with each other, since the chirality induced upon quenching 
is maintained in fmal product lt. The use of polar solvents 
leads to more or less lower op’s in most cases (Tables 1-1111, 
owing to the contribution of long-lived radical ion or triplet 
biradical structure to species B. 

Curiously, the highest op obtained dependson the initial 
isomer composition, as shown in Table I. According to 
the above enantiodifferentiation mechanism, the product’s 
op should reach a common value. Actually, the product’s 
op is a consequence of a critical balance between the 
generation of optically active I t  and ita racemization 
sensitized by achiral byproduct(s). Hence, an initial trans 
content of 62-78% and an irradiation time of 12-13 h give 
the optimal op of 9.8-10.4 % . 

Inversion of Product Chirality by Solvent Polarity. 
As shown in Table 11, (-)-bornyl ester 5 as a sensitizer 
gives (+)-lt of 3.8 and 1.2% op in pentane and ether, 
respectively. Unexpectedly, the same sensitizer produces 
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the antipode (-)-lt of 2.4% op in acetonitrile. The op’s 
obtained at  0 OC exhibit similar chirality inversion: 4.7% 
op in pentane and -4.1% op in acetonitrile. 

Since the preaence of a contact ion pair Beema impoeeible 
in polar solvents, the good op obtained in acetonitrile is 
attributable to the enantiodifferentiating quenching and 
the short lifetime of Bo+, which is probably due to the fast 
back-electron transfer from A’-. It is inferred therefore 
that the chirality inversion behavior originatee from the 
structural changes that occur in the excited sensitizer. 
These structural changes are large enough to invert the 
quenching efficiencies for (+I- and (-)-lt in polar and 
nonpolar solvents, although the detailed structural changea 
are not known at present. 

It is interesting to note that this solvent polarity-driven 
switching of product chirality is similar to the enantioee- 
lectivity inversion caused by changes in solvent hydro- 
phobicity reported recently in the enzyme-catalyzed 
traneesterification of N-acylphenylalanine 2-chloroethyl 
ester by Aspergillu.8 oryzae protease in organic solvents.21 
In this transesterification, the critical balance between 
the hydrophobicities of the solvent and the active center 
of A. oryzae is thought to play a key role.21 

Chiral Recognition via Triplex. As can be Been from 
Table 11, the product’s op’s obtained in benzene (runs 
7-10) are unexpectedly low, but tert-butylbenzene 88 a 
solvent gives better op’s (runs 11-13). The low op in 
benzene can be rationalized by the possible intervention 
of an A-D-D’ triplex produced in successive stacking of 
solvent benzene (D), 1 (D’), and excited sensitizer (A). In 
this context, the higher op’s in tert-butylbenzene imply 
that the tert-butyl group in D is conformationally fired 
in the A-D-D’ triplex and, therefore, the substrate (D’) 
can indirectly recognize the stereochemistry of A. 

A new strategy for the enantiodifferentiating photo- 
sensitization has evolved from the above discussion. The 
intramolecular donoracceptor sensitizers 6 and 8 were 
synthesized as exciplex-forming chiral sensitizers, in which 
the &phenyl group can interact in a face-to-face fashion 
with the core of benzenetetracarboxylate. In contrast to 
the photosensitizations with the menthyl esters, the 
photosensitizations with 6 afford fairly high op’s of 8-9% 
in both pentane and acetonitrile, although benzene as a 
solvent considerably reduces the op to 2-3% (runs 1-10 
in Table III). The high op’s with 6 cannot be attributed 
to the increased steric hindrance of the &phenyl group, 
since the corresponding cyclohexylmenthyl ester (7) gives 
lower op’s (around 3 % 1. Diphenyl analog 8 also givea fairly 
high op’s ( 7 4 %  ) even in acetonitrile (runs 14-16). The 
facile intramolecular (partial) electron transfer in 6 and 
8 leads to the formation of a polarized intramolecular 
exciple. in nonpolar solvents or a contact radical ion pair 
in polar solvents, but the local charge-transfer interaction 
between self-polarizing/ionizing sensitizer (A-D) and 
substrate (D’) is rather reduced by charge delocalization. 
The reduction of the charge-transfer interaction affords 
short-lived singlet radical(oid) B and therefore higher 
product’s op. 

Experimental Section 
Oeneral. Melting pointa were measured with a YANACO 

MP-21 apparatus and are uncorrected. Optical rotations were 
measured in a t h e r m d t e d  cell with a Perkm-Elmer 243B 

(21) Tawaki, S.; Klibanov, A. M. J .  Am. Chem. SOC. lW2,114,1882. 
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polarimeter. Infrared spectra were obtained on a JASCO IR- 
810 instrument. Mass epectra were taken on a JEOL AX-Boo 
instrument by fast-atom bombnrdment (FAB) ioeizetion with 
or without KI added to fhe sample matrix. lH NMR spectra 
were recorded in chloroform-d at 400 MHz on a JEOL GX-400 
spectrometer. Electronic absorption and emission spectra were 
recorded on JASCO UbesbsO aad FP-770 spectrsmeters, re- 
spectively. Fluorescence lifetimes were measured with a Horiba 
NAES-560 instrument. 

Materials. Saturated hydrocarbon solventa were purified by 
treatment with concentrated sulfuric acid and subsequent 
fractional distillation. Benzene and ether were distilled from 
sodium. Acetonitrile was fractionally distilled from diphosphorus 
pentaoxide. 

lf-Diarylcyclopropaner 1 and 2 were synthesized in 93- 
95 % yields in thermal decompositions of the corresponding 3,s 
diaryl-2-pyramlinea prepared from precursor chalcanes and 
hydrazine hydratap l,2-Diphenylcyclopropane (1) d 1,2-bie- 
(4-methoxypheny1)cyclopropane (2) thus obtained were 1:2 cis- 
trans mixtures and were fractionally dietilled. 

Leomericallypure lcwasobtainedin 12% yield(fromchalcone) 
by recrystallization from pentane of the initial fraction (80% 
cis). Pure 1 t was obtained from the laet fraction in 4% yield. lc: 
IR (neat) Y 3050,3010,1600,1490,1450,1440,770,690 cm-I; 'H 
NMR (CDCb) 6 1.37 (m, 1 H), 1.47 (m, 1 H), 2.49 (m, 2 H), 
6.91-7.11 (m, 10 H); UV (pentane) A,, (c, M-I cm-') 274 (30), 266 
(49), 260 nm (51). It: IR (neat) Y 3050,3010,1600,1M)o, 1450, 
730,690 cm-1; 'H NMR (CDCb) 6 1.45 (m, 2 H), 2.17 (m, 2 H), 
7.11-7.31 (m, 10 H); W (pentane) A,, (c) 276 (95), 268 (139), 
229 nm (1740). 

Isomerically pure cie- and trae-1,2-bis(4-methoxyphenyl)- 
cyclopropanes (2c and 2t)  were isolated in 10% yield each (from 
chalcone) by fractional recrystallization from methanol.eg 2c: 
IR (neat) Y 3030,3000,2950,2930,2900,2830,1615,1520,1465, 
1300,1250,1180,1035,830,800 cm-'; 'H NMR (CDCld 6 1.21 

J =  8.1 Hz,4 H),6.85 (d, J =  8.1 Hz,4 HI. 2t: IR (KBr) ~3030, 
3000,2980,2940,2840,1615,1520,1440,1285,1250,1180,1030, 
835,820,800 cm-l; lH NMR (CDCb) 6 1.33 (m, 2 H), 2.05 (m, 2 
H), 3.79 (a, 6 H), 6.84 (d, 2 H), 7.07 (d, 2 H). 

tnmelf-Mphenyloxirane (3t) waspurchawdfrom A h  
and used as received. cie-lf-Diphenyloxirane ( 3 4  was 
prepared in 94 % yield by the epoxidation of cie-stilbene (Nakarai) 
with 3-chloroperbenzoic acid in dichloromethane and was purified 
by columm chromatography over silica gel with an ethyl acetate/ 
hexane (3/97) eluent. 3c: IR (KBr) Y 3040, 2960, 1610, 1500, 
1460,1410,1370,1180,1080,1030,890,750,730,700,690,530, 
500 cm-l: 'H NMR (CDCb) S 4.37 (8, 2 H), 7.17 (m, 10 H); W 
(pentane) A, (e) 272 (190), 265 (860), 260 (5101,253 nm (530). 

(-) -Tetrament hy 1 and (-) -tetraborny 1 1,2,4,5-bsnzenetet- 
racarboxylater (4 and e), (-)-hexomenthyibenzeashelrr- 
carboxylate (9), (-)-menthyl 1-naphthalenecarboxylate (lo), 
(-)-menthyl 2-naphthalene~carboxylate ( l l ) ,  (-)-dimenthy1 
2,3-naphthalenedicarboxy~~ (12), and (-)-dipuwthyl2,6- 
naphthalenedicarbosylate (13) were prepared from the cor- 
responding acid chlorides and optically pure (-bmenthd or 
(-)-borneol and were purified by repeated recrystallization from 
ethanol. The spectral data for 4, 6, and 9 were reported 
previously.10 10 [a]% -$0.3* (c 1.06, CHCb) (liteU -84.5O (c 
1.59, EtOH)); IR (neat) Y W, 2930, 2870, 1710, 1600, 1510, 
1460,1370,1280,1240,1200,1140,1010, !MO, 780,680 an-'; lH 
NMR (CDCg) 6 0.85 (d, J = 7.1 Hz, 3 H), 0.88-1.W (0,1 H), 0.94 

H), 1.61 (m, 2 H), 1.76 (m, 2 H), 2.05 (m, 1 H), 2.24 (m, 1 H), 5.07 
(d-t, J = 4.4,lO.g Hz, 1 H), 7.48-7.56 (m, 2 H), 7.61 (m, 1 HI, 7.88 
(d, 1 HI, 8.01 (d, 1 HI, 8.15 (d-d, 1 HI, 8.91 (d, 1 HI; UV (pentane) 
A, (c) 297 (15 400), 217 nm (90 800). 11: mp 73-74 OC; [a]% 
-71.2O (c 0.46, CHCb) (lit.= [aI1'D -69.9' (c 6, CHCb)); IR (KBr) 
Y 2950,2930,2860,1710,1460,1350,1290,1230,1200,1130,1090, 
1040,960,830,780,760,470 cm-I; lH NMR (CDCb) 6 0.82 (d, J 

(22) Applequist, D. A.; Gdanaki, R. D. J. Org. Cham. 1#81,46,2602. 
(23) Camon, P. A.; De Mayo, P. Can. J.  Cksm. 1987,66, 976. 
(24) Kunikida, N.; Suzuki, A.; Kinoehita, M. Bull. Cham. SOC. Jpn. 

(25) Read, J.; Grubb, W. J .  J .  Chem. Soc. 1984,1779. 

(9, 1 H), 1.40 (d-t, 1 H), 2.36 (d-d, J 6.6,8.3 Hz, 2 H), 6.64 (d, 

(d, J = 7.1 Hz, 3 H), 0.97 (d, J = 6.6 Hz, 3 H), 1.12-1.24 (m, 2 

1981,64, 1143. 
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=7.1Hz,3H),0.88-1.00(m,lH),0.94(d,J=7.1Hz,3H),0.96 
(d, J = 6.4 Hz, 3 H), 1.16 (m, 2 H), 1.53-1.67 (m, 2 H), 1.76 (m, 
2 H), 2.02 (m, 1 H), 2.18 (m, 1 H), 5.01 (d-t, J = 4.4,lO.g Hz, 1 
H), 7.66 (m, 2 H), 7.88 (d, 2 H), 7.97 (d, 1 H), 8.07 (d-d, 1 H), 8.60 
(e, 1 H); W (pentane) A,, (e) 332 (1440), 290 (45301,279 (6800), 
271 (5560), 237 (75 6001, 231 nm (65 600). 1 2  mp 94.W.5O; 

IR (KBr) Y 2960,2930,2870,1720,1470,1370,1290,1210,1200, 
1120,1030,960,760,480 cm-l; 'H NMR (CDCb) 6 0.8-1.0 (m, 2 
H), 0.85 (d, J = 7.1 Hz, 6 H), 0.92 (d, J = 6.8 Hz, 6 H), 0.96 (d, 
J = 6.3 Hz, 6 H), 1.08-1.21 (m, 4 H), 1.48-1.64 (m, 4 H), 1.73 (m, 
4 H), 2.03 (m, 2 H), 2.26 (m, 2 H), 5.00 (d-t, J = 4.4,ll.O Hz, 2 
H), 7.61 (m, 2 H), 7.93 (m, 2 HI, 8.19 (8, 1 H); W (pentane) A, 
(e) 334 (12401,320 (9581,291 (28901,280 (53901,270 (5760), 236 
nm (62000). Anal. Calcd for CSZHUO~: C, 78.01; H, 9.00. 
Found: c, 77.73; H, 9.15. 1 3  mp 131-133 OC; [aIm~ -85.8' (C 

0.43, CHCb); MS (FAB) m/z 492.3224 (calcd for Csz&O4 
492.3239); IR (KBr) Y 2930,2850,1710,1450,1370, 1330,1270, 
1170,1120,1080,960,910,760 cm-l; 'H NMR (CDCb) 6 0.82 (d, 
J = 6.8 Hz, 6 H), 0.88-1.01 (m, 2 HI, 0.95 (d, J = 6.4 Hz, 6 H), 
0.95 (d, J = 7.1 Hz, 6 H), 1.17 (m, 4 H), 1.53-1.70 (m, 4 
H), 1.77 (m, 4 H), 2.01 (m, 2 HI, 2.18 (m, 2 HI, 5.02 (d-t, J = 4.4, 
10.9 Hz, 2 H), 8.00 (d, 2 H), 8.12 (m, 2 H), 8.62 (m, 2 H); W 
(pentane) A- (e) 348 (3120), 332 (23901,294 (14 300), 283 (15 loo), 
272 (9830), 243 nm (114 OOO). Anal. Calcd for C~ZHUO~: C, 78.01; 
H, 9.00. Found C, 78.12; H, 9.07. 
(-)-Tetrakir(s-phenylmenthyl) and (-)-tetrakis(8-cyclo- 

hexylmenthyl) lf,4,8-beneenetetracarbolylates (6 and 7) 
were similarly prepared from optically pure (-)-&phenylmenthol 
and (-)-&cyclohexylmenthol, which were synthesized by the 
method reported by Corey et al.IB and subsequent hydrogenation 
over 6% Rh/C at an HZ pressure of 5 atm in 1% acetic acid- 
ethanol at 25 OC.'Oc 

(-)-Tetrakir[ (1&2s,SR)-2-( diphenylmethyl)-Cmethylcy- 
clohesyl] lf,4Pbenzenetetracorbosylate (8) was similarly 
prepared from optically pure (-)-2-(diphenylmethyl)-5-methyl- 
cyc1ohexanol.lOc 

(-)-(S)-l-( l-(N-Acety1amino)ethyl)naphthalene (14) was 
prepared by acetylation of the corresponding optically pure amine 
with acetic anhydride in triethylamine: mp 158-159 "C; [CrImD 
-120O (c 2.5, CHCb); IR (KBr) Y 3290,3050,2960, 1630,1540, 
1370,780 cm-l; 'H NMR (CDCW 6 1.68 (d, J = 6.6 Hz, 3 H), 1.98 
(e, 3 H), 5.64 (m, 1 HI, 5.94 (m, 1 H), 7.43-8.13 (m, 7 H); W 
(pentane) A,, (c) 313 (3820), 291 (40 000), 281 (56 400), 271 nm 
(49 900). 

Photolyses. In preliminary or preparative-scale irradiations, 
a solution (3 or 300 mL) of 1,2, or 3 (5-30 mM) containing the 
aromatic ester or amide (2.5-5 mM) as a chiral photosensitizer 
and cyclododecane (3 mM) as an internal standard was placed 
in a mx tube (l-cm i.d.) or annular vessel (330 mL), purged 
with argon gas a t  -40 OC, and then irradiated in a thermoetated 
water bath, using a 300-W high-pressure mercury arc fitted with 
a Pyrex sleeve (Eikoeha). The progress of photoisomerization 
was monitored by periodic GC analyses of the photolyaate over 
a 3-m silicone OV-101 column at 160 and 200 O C  for the 
photolyaate of 1 and 2, respectively, and a 20-cm Apiezon L 
column a t  temperatures of 60-100 O C  (3 "C/min) for 3. 

Produet Idation. The irradiated eolutiona of 1 were fvet 
subjected to column chromatography over silica gel with an ethyl 
acetate/hexane (1/99) eluent and then to the preparative G C  
over an OV-101 column (6 mm X 3 m) at 200 OC to give It of 
73-98% chemical purity. No traces of fragments derived from 
the decomposition of the chiral sensitizer were detectad on GC 
or NMR in the isolated product, and the only impurity detected 
WM achiral IC. (The presence of achiral IC was corrected for in 
the op'e reported). The specific rotation of isolated It was 
measured in chloroform and compared with the value reported 
for the optically pure (+)-(lS,%S)-trans isomer: [aImD +418O (c 
0.96, CHCb)." 

The photolyzed solution of 2 was also subjected to column 
chromatography followed by preparative GC over OV-101 a t  240 
OC. The specific rotation of the isolated 2t was measured in 

[almD-84.lo (C 0.88, CHCb); MS (FAB+KI) m/z 531 (M+ + 39); 
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chloroform and compared with that for the optically pure 

MeOH). 
Evaporation of the photolyzed solutions of 3 to drynese afforded 

a white solid, and preparative TLC of the solid over silica gel 
with an ethedhexane (5/95) eluent gave chemically pure 3t .  
Specific rotation of the isolated 3 t  was measured in benzene and 
compared with the value reported for the optically pure (-)-3t: 

(-)-(2R,3R)-2t resolved by MhUO et d.:" [U]2bD 490° (C 0.25, 

[U]cL1sD -374' (c 0.50, C&).n 

(26) Reference 141. Optically pure (+)- and (-)-2t was isolated from 
racemic2t(mp70.5-71 OC) bymeamofthepreparativeHPLCemploying 
a Chiralpak OB-L column with methanol eluent. (+)-2t (98% pure): mp 
92.5-93.5 OC; [(r]%D +374 * 3' (c 0.26, MeOH). (-)-2t (99% pure): mp 
92-93 OC; [a l"~  +389 2' (C 0.25, MdH). 

(27) (a) Read, J.; Campball, I. G. M.J. Chem. SOC. 1930,2377. [alal6~ 
-374O (c 0.4985, C&) for (4-3:. (b) Berti, G.; Bottari, F.; Ferrarini, P. 
L.;Macchia,B. J. org. Chem. 1966,30,4091. [a1"D+357°(c0.590,C&) 
for (+)-3t of ca. 95% optical purity. 
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Chromatographic optical resolution of 3 waa performed by 
HPLC employing Daicel Chiralpak OA, OB, OC, and OK (4.6 X 
260 mm) and 2-propanol-hexane (5/95) eluent. All of the 
Chiralpak columns ueed gave satisfactory separation of (+I- and 
(-)-3t and -3c; the combination of OC and OB columns in series 
gave the best result. However, the low op (ca. 1%) obtained in 
the present study did not allow ue to determine op from the 
integrated area of each enantiomer with satisfactory accuracy, 
although the enantiomeric excess determined chromatograph- 
ically roughly agreed with the op calculated from the optical 
rotation of isolated 3t.  
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