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Abstract: Photoinduced addition reactions of chloranil (CA) with ally1 ethyl ether 1, 

methyl methacrylate 2, vinyl acetate 3, styrene 4, a-chloro-styrene 5, and a, p-dichlorostyrene 
6 gave cyclobutane products 10 to 15 respectively. Similar reaction of CA with indene 7 and 
(E)-P-bromostyrene 8 gave oxetanes 16 and 17 respectively. Products of photoinduced addition 
of CA with cyclohexene 9 are solvent dependent: 18 in benzene, 19 in acetonitrile, and 18 and 19 
both in dichloromethane. The role of SET process in determining the reaction site are discussed. 

Photoinduced cycloaddition reactions of quinones with alkenes have been an area of 
continuous interest in organic photochemistrylJ. Depending on the structure of the quinones 
and the allcenes, the reaction can take place at either the carbonyl or the ethene double bond of 
the quinone moiety. The reaction modes and scope of the photocycloaddition of the parent 
benzoquinone (BQ)‘-’ and naphthoquinone (NQ)*-” with alkenes have received intensive 
investigation, as have the reactions of some of the halo-substituted naphthoquinones’*-” from 
which novel synthetic reactions have been developed. Recently, one of the major concern in the 
area of quinone-alkene photochemistry is to provide mechanistic rationalization of the reaction 
site and regioselectivity seen in these reactions7”‘.‘2,‘5.‘6. The photoinduced addition reactions of 
chloranil (CA) with different alkenes were first investigated by Schenk”, Bryce-Smith’*, 
Barltrop’ and their coworkers and were among the first reported quinone-alkene 
photoreactions although since then they have not received as much attention as BQ and NQL9-. 

In the visible region of the electronic spectrum of CA there is a forbidden R-R* absorption 
at 367nm with an & value of -2SOM-’ cm-’ in acetonitrile, chloroform or alcohols. In solvents 
with donor ability as benzene, this band is largely obscured by the long wavelength absorption 
of ground state charge transfer complex (CTC) between CA and the solvent. The 
n--A* absorption which is clearly seen in the spectrum of BQ can not be observed 
in CA’s spectrum and is believed to have been blue-shifted to be submerged underneath the 
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RR* absorption2’. Considering the larger singlet-triplet splitting of the AA* state as compared 
with nz* state, the lowest energy triplet state of CA should be the xx* state well seperated 
from the nx* state. The large singlet-triplet energy difference of the RA* state and the high 
intersystem crossing rate constant (- 3 x 10” s-’ 22 ) which is higher than diffusion 
controlled bimolecular rate constant in solution indicate that, reactions of the excited CA should 
always be from the xx l triplet state. On the other hand, CA has a reduction potential of 
-0.02V (SCE)” and is one of the most strong electron acceptors of all quinones. This unique 
combination of distinct electronic configuration of triplet excited state and the strong acceptor 
ability makes us to believe that CA should be a good model compound to display the diversity 
in reaction modes and to search for mechanistic rationalization of the diverse reaction outcomes 
in quinone-alkene photochemistry. Reported here is the investigation of the photoinduced 
addition reactions of CA with ally1 ethyl ether 1, methyl methacrylate 2, vinyl acetate 3, styrene 
4, a-chlorostyrene 5, a,p-dichlorostyrene 6, indene 7, Q-fl-bromostyrene 8 and cyclohexene 
9. In choosing these alkenes, attentions were paid to cover different structural types and 
oxidation potentials with the aim of gaining insight into the factors that influence the reaction 
site and regioselectivity. 

Results and Discussions 

All the photolyses were carried out with argon purging in dry solvent with light of wave- 
length longer than 400nm. Although charge transfer complex formation between CA and donor 
compounds are common”” and CTC formation of CA with alkenes 227, 4*, 7= and 8” have 
been reported in the literature, electronic spectroscopic measurements show that, the main spec- 
tral change caused by CTC formation between CA and alkenes l-9 occurs in the wavelength 
range shorter than 400nm, and addition of these alkenes to CA (1 x 10B3M) solution in Ccl, in 
small excess as used in the following preparative photolyses does not cause any signifzant spec- 
tral change in the region longer than 4OOnm. For these alkenes, CA is selectively excited in the 
photolyses. For 7, CTC with CA was measured in Ccl, solution with I x 10m3M of CA in the 
presence of large excese ammounts of 7. The CTC absorption maximum is at 467nm. 
Renesi-Hildebrand treatmen?’ gave a complex formation constant Kcr of l.lM-’ and a 
e, of 888M-icm-‘. Estimation according to the fraction of CA complexed in the presence of 
0.034M of 7 and the sea, e, values showed that, in the following photolysis of the solution of 
CA (0.02M) and 7 (O.O34M), while CA remains the main absorbing species, CTC also absorbs 
significantly (< 20% incident light). 

Photolysis of a benzene solution of CA (O.OSM) with 1 (0.52M) gave thecyclobutane 
product 10 in 63% yield together with the photoreduction product tetrachlorohydroquinone 
(ICH,lO%). The yields were based on consumed CA. Similar photolysis in other solvents of 
different polarity (dichloromethane, chloroform, THF or acetonitrile) also gave 10 as the only 
addition product. Although 1 was used in large excess, 2:l addition product in which 1 added to 
CA’s both C = C double bonds was not formed in the reactions. 
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In the IR spectrum of 10, the two carbonyl stretching bands appear at slightly different 
frequencies (1715 and 1690 cm-‘). In the “C NMR spectrum, there are two carbonyl carbon 
absorptions (180.73 and 180.20 ppm) and two olefinic carbon absorptions (144.70 and 144.39 
ppm), indicating the I:1 cyclobutane structure. 

Irradiation of CA with 2 and with 3 in benzene under similar conditions gave cyclobutane 
products 11 and 12 in 79% and 40% yield respectively. TCH is not formed in these cases. ii Cl 

Cl 
R, 

10: R’ =CH20CzHS, R,=H 

af 11: R1 =CH3, RZ=C02CH3 

R2 12: R’ =OCOCH3 , R2 =H 

13: R’ =C6HS , R2=H 

Cl 
14: R’ =C,H, , R2=Cl 

II C’ 15: RI =p-C&H4 , R2=Cl 
0 

Photoreactions of CA with styrene 4 and its a-substituted derivatives 5 ana 6 were 
then investigated. Photolysis of a benzene solution of CA (0.02M) and styrene (0.02M) gave the 
cyclobutanc product 13 in 64% yield. TCH was not formed. In an early study of photoreactions 
of CA with alkenes by Schenk”, styrene was reported to give 2:l cyclobutane products with CA 
when irradiated in the presence of excess amount of styrene. This is probably the result of 
further reaction of the 1:l cyclobutane product with the excess styrene under irradiation. 

Similar irradiations of CA with 5 and with 6 in benzene solution afford cyclobutane 
products 14(82%) and 15(82%) respectively. 

There are two common features in the infrared spectrum of 10-15 which are diagnostic for 
the structure of the 1:l cyclobutane adducts: (i) carbonyl absorption is shifted toward high 
frequency to 1700-1720 cm-’ from 1680 cm-’ in CA; (ii) the characteristic C = C stretching 
band which is at 1560 cm-’ in CA” is reserved and appears in the region 1550-I 570 cm-‘. 

Alkenes 1 to 6 are relatively weak electron donors, the free energy change AGar for 
electron transfer (SET) between the alkenes and the triplet CA can be estimated by Weller 
equations (1) and (2)” where Ey;s and E$r stand for the oxidation potential of the alkene 
and the reduction potential of CA, and E-r is the triplet energy of CA (2.12eV”‘). 

in benzene, 

in acetonifrile, 

AG.r = 23.06[Er - EFd - E, + 0.381 kcal/mol 

AG., -E, -0.06 kcal/mol 
3 

(1) 

(2) 

The AG, values estimated by eqns (1) and (2) are the free enthalpy of exciplex formation 
in benzene and the free energy change for solvent seperated ion pair (SSTP) formation in 

. . 
aceton’tnle respect’vely. The AG, values and the products formed in photoadditions with CA 
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are listed in Table 1. It is seen from Table 1 that alkenes l-4 all have positive AC,, value for 
electron transfer with ‘CA’ in the solvents investigated. Since 5 and 6 should have higher 
oxidation potential than styrene, they should also have more positive AGur value. These 
positive AGsr values suggest that SET process should not be involved in the reactions of these 
aikenes with 3CA l _ 

Table I. E@ / Dt), AG, of the alkenes with ‘CA * and Products 
of photoadditions with CA. 

Alkenes E(D / D+.)(V,SCE) Solvent AG,, (Itcal/ mot) Products 

1 2.95’ C,H, 28.4 cvclobutana 10 
1 CHXN 18.2 cvclobutane IO 

2 3.4Sb CJL 39.9 
3 3.IOb 

2.51+ 
C,H; 
C.H. 

31.8 
18.2 

cyclobutanc X 1 
cyclobutanc I2 
cvclobutane 13 

C.H. 
-&l--p 

W6 

C&f, 

C6H6 

C&h 
CH,CN 
CH,CI, 

4J.5 

13.4 
9.7 

-0.5 
4.6 

cvclobutanc 14 *- 

cyclobutaoc IS 
axetane ____. --_ 16 
nrctane _.__ __-_ I7 _. 
cyclobutaoc I8 

19 
18+19 

I.70b 

2.30* 
2.14’ 

a. estimated by Miller equation” from IP (9.62 eV”‘). 
b. Reference 36. E@ / Dp (SCE) was obtained by adding 0.3V to E@ / Dt) (Ag / Ag+, 

O.OlM)” 
c. Reference 38. 
d. Reference 39. 

Although styrene derivatives 4 to 6 gave cyclobutane products with CA, it is found that 
photoindu~d reactions of CA with styrene derivatives indene 7 and @-bromostyrene 0 lead to 
the exclusive formation of oxetane products. Therefore, irradiation of a benzene solution of CA 
(0.02M) and 7 (0.034M) under simlar conditions as above gave 16 in 50% yield together with 
TCH (21%). When the photolysis was carried out in chloroform, ethyl acetate or acetonitrile, 16 
was also obtained as the only addition product, ~Ithough with a reduced reaction rate 
when the polarity of the solvent is increased. The structure of 16 is assigned based on spcc- 
tral data including a ‘H NMR decoupling experiment. When the J-proton in 16 (triplet at 
5.85ppm) was irradiated, the doublet at 4.58 ppm (II?) degenerated into a singlet, and the dd 
splitting at 3.40 ppm (one of the Her) degenerated into a doubbt. This unambi~ously proved 
the regiochemistry shown in 16 where the oxygen atom is linked to the /I carbon atom in 
indene. Indene has an oxidiation potential of 1.7OV (SCE)36, the AGxr for electron transfer 
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with ‘CA l in benzene and in acetonitrilc as estimated by Weller equations (1) and (2) are -0.5 
and -10.6 kcal/ mol respectively. These negative values strongly suggest the involvement of 
SET process in the oxetane formation reaction. Relevant to this, flash photolysis and 
photo-CIDNP studies by Rentzepis etc.” have shown that in polar solvent as 
acetonitrile, photoinduced reaction of CA with indene and 1,1-dimethylindene induces SET 
between ‘CA’and the alkenes, resulting in ion radical pair formation. The simultaneous 
excitation of charge transfer eomplex also induces electron transfer between CA and 7, although 
in this case contact ion radical pairs of singlet multiplicity are produccd4’-44. The regiochemistry 
of the cycloaddition seen in 16 is consistent with that predicted from the indene cation radical 
structure I where positive charge mainly resides at C,, as suggested by the nucleophilic solvent 
trapping reaction and theoretical calculation4sV46. 

Oxetane product formation has also been reported in photoinduced reactions of CA with 
other low oxidation potential alkenes as barbaralone” and benzvaleneaO where electron 
transfer between ‘CA’ and the alkenes were also revealed by flash photolysis’9 or 
photo-CIDNP” studies. 

Photolysis of CA with (J?)- fi -bromostyrene 8 in benzene afforded the tram - 

oxetane product 17 in 80% yield. Irradiation in acetonitrile also gave 17 in 78% yield. TCH was 
not formed. In view of the high oxidation potential of 8 and the large positive AG, values with 

‘CA ’ in benzene and in acetonitrile (Table l), the oxetane product formation is rather 
unexpected for a reaction from the RR* triplet state of CA without SET process involvement. 
We have therefore further tested the erect of oxygen as an alkene cation radical 
scavenger48*49 on the reaction and found that photolysis of CA with 8 in acetonitrile with 
constant oxygen purging did not lead to the photooxygenation of 8, and 17 was still the only 
product formed. This, in combination with the AGnr value, indicated that SET process is not 
involved in the reaction because otherwise ion pairs formed would be further dissociated and 
trapped by triplet oxygen in a solvent as polar as acetonitrile. 

In photoinduced cycloaddition reactions of CA with alkenes, cyclobutane product 
formation has previously been reported for several monoalkenes and 1,3-dienesu7. It is 
interesting to note that all these alkenes are of high oxidation potential and therefore have 
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positive AG, values with ‘CA l if calculated by eqns (1) and (2). Taking as an example of the 
three alkenes (isobutene, 1,3-butadiene, and 2,3_dimethylbutadiene) investigated by Barltrop’, 
2,3-dimethyl-1,3-butadiene has the lowest Ey,, (2.13V,SCErs) and the AGar with CA in 
benzene is 9.5kcal/ mol. Our results on photoinduced cycloaddition reactions of CA with 1 to 6 
and with cyclohexene in benzene (vti infiu), as well as the previously reported results cited 
above clearly show that CA tends to react at its carbon-carbon double bonds with 
terminal and alicyclic alkenee which have a positive AGar value for electron transfer with 
‘CA’ via non-SET mechanism to give cyclobutane product from its xx* triplet state. 

Gxetane product formation for 8 which also has a positive AG, value is 
probably caused by steric hindrance toward addition to the dichloro substituted ethene 
double bond. On the other hand, oxetane product formation for indene is in accord with the 
previous recognition that efficient oxetane product formation for a carbonyl compound with 
xx l excited state requires a dominant electron transfer interaction with the alkene moietys’52. 

In the photoinduced reaction of CA with cyclohexene 9, a drastic solvent polarity effect on 
the reaction products was observed. When a solution of CA (0.04M) and 9 (0.24M) in benzene 
(a= 2.3) was photolysed as above, 2:l cyclobutane product 18 was obtained in 20% yield 
together with 42% of TCH. However, irradiation of a solution of CA (0.04M) and 9 (0.24M) in 
acetonitrile (e= 36.0) gave the ether-phenol product 19 in 40% yield and TCH in 46% yield. 
Furthermore, when the photolysis was conducted in dichloromethane (e= 8.93), cyclobutane 
18 (20%) and ether-phenol product 19 (43%) were simultaneously formed together with TCH 
(16%). Cyclohexene has an oxidation potential of 2.14V (SCE)3s, the free energy change AG, 

with ‘CA l in benzene and in acetonitrile are estimated by eqns (1) and (2) to be 9.2 and -0.5 
kcal / mol respectively. Since in solvent with e > 7, polar exciplexes tend to dissociate into ion 
radical pairs, the free energy change for electron transfer between “CA’and 9 in 
dichloromethane can be estimated by eqn. 332 where Ez2, Es2 and Er have the same 
meaning as in eqns. 1 and 2, and e is the dielectric canstant of the solvent. The AGxr obtained is 
4.6 kcal / mol. 

AGar= 23.06 CE;;2 - Ez2 - E, + y - 0.131 kcal / mol (3) 

The large positive AG, value and the formation of product 18 in benzene is consistent 
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with the general trend of cyclobutane formation in photoinduced reactions of CA with alkenes 

of high oxidation potential without SET involvement. The negative AGrrr value in acetonitrile 
suggests that SET process and radical ion pair formation are involved in the reaction and 
product 19 is most likely formed by sequential electron-proton transfer in the radical ion pair 
followed by coupling of the semiquinone radical with the allylic cyclohexenyl radical. In the 
photoaddition of CA with 9 in dichloromethane, two mechanisms compete and products 18 
and 19 are both formed. 

In summary, photoinduced reaction of CA with terminal alkenes of high oxidation 
potential and positive AG, value for electron transfer with ‘CA l gave cyclobutane products 
in accordance with the triplet RA* state of CA. However, steric effect may also be important in 
deciding the reaction site, therefore, for the more sterically hindered 8, the reaction site is at the 
carbonyl group of CA and oxetane 17 is the product, although the AGar is still positive. For 
indene which has a low oxidation potential and a negative AG, value for SET with ‘CA l , 
oxetane product is formed. In photoinduced reaction of CA with cyclohexene, cyclobutane 
product 18 is formed in benzene, while in acetonitrile, phenol-ether product 19 is formed. This 
shows that since free energy charge for SET (AGrrr) is sensitive toward solvent polarity, for 
alkenes with oxidation potential close to 2V (SCE), reaction products may be solvent dependent 
as the result of a mechanistic transition from normal non-SET cyclobutane formation reactions 
in nonpolar solvent to reactions involving SET process and radical ion pair formation in more 
polar solvents. The photoinduced addition reactions of CA with alkenes are therefore quite di- 
versified both in reaction products and mechanisms, depending on the structure and oxidation 
potential of the alkenes as well as such reaction conditions as solvent polarity . Further 
investigations in this area are certainly needed to explore the reaction scope and the relationship 
between reaction modes and mechanisms. 

Experimental 

M.p.s were uncorrected. IR(KBr) spectra were taken with a Shimadzu IR 408 spectrometer. 
‘H NMR were taken on a JEOL PMX 60 SI at 60 MHz or a Bruker AM 500 spectrometer at 

500 MHz with tetramethylsilane (TMS) as internal standard. 13C NMR were recorded on a 
Bruker AM 500 spectrometer at 125 MHz with TMS as internal standard. Mass spectra were re- 
corded with a ZAB-HS mass spectrometer (VG). UV spectra were recorded with a Shimadxu 
W-240 spectrometer. 

Alkenes 1,2, 3, 4,7, g and 9 are commercially available and were purified by distillation 
before use . Alkenes 5 and 6 are prepared by literature procedure r3. CA was recrystallized 
twice from acetone before use. Benzene (AR grade) was dried by sodium. Acetonitrile (CP 
grade) was first refluxed with phosphorus pentoxide for 2h and distilled, then refluxed with 
anhydrous potassium carbonate for 2h and redistilled. 

Photoinduced Reactions of CA with Alkenea. The light source is a SOOW medium pressure 
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mercury lamp in a cooling water jacket which was further sorrounded by a layer of filter solu- 
tion (10% aqueous sodium nitrite solution, lcm thickness) to cut off light shorter than 400nm. 
The solution of CA with the allcene was placed in glass tubes (25 ml each) around the light 
source to be photolysed under constant dry argon purging. TLC and HPLC were used to moni- 
tor the reaction course. 

After the photolysis, the solvent was removed b vucuo, the photoproducts were separated 
by column chromatography on silica gel column with petroleum ether (b.p. 60-9Oc )-ethyl 
acetate as eluents. 

Irradiation of CA with 1: A solution of CA (1.23g, 5Ommol) and 1(4.5g, 52mmol) in 
benzene (1OOml) was photolysed for 7h to afford unreacted CA (0.237g, a conversion of 810/r), 
product 10 (0.846g, 63%) and TCH (O.lOOg, 10%). 

10: M.p. 80-8211: . IR(KBr): 2979, 2880, 1715, 1700, 1560, 1440, 1380, 1120, 755, 725, 
675cm-‘. ’ H NMR(CDCl,, 500 MHz, H-H COSY): 0.94 (IH, t, J=7.OHz, CH,), 2.96 (IH, dd, 
J= 13.3, ll.OHz), 3.03 (IH, dd, J= 13.3, 4.8Hz), 3.13-3.23 (ZH, m, CH and l/2 OCH,CHr), 
3.29 (lH, dq, J=7.0, 5.OHz, l/2 OCHzCH,), 3.35 (lH, dd, J= 10.0, 1.6Hz). “C NMR 
(CDCQ: 180.73, 180.20, 144.71, 144.39, 69.52, 67.01, 66.76, 65.22,47.52, 33.19, 13.85 ppm. MS 
(m /z): 285(M’-OCzH,, 0.4), 262(1.8), 245(1.3), 216(3.7), 181(5.0).153(2.9), 85(89.1), 57(base). 
Anal. calcd. for C,,H,,Cl,O,:C 39.79, H 3.04. Found: C 39.58, H 3.00. 

Irradiation of CA with 2: A solution of CA (1 .OOg, 4.lmmol) and 2 (0.98Og, 9.8mmol) in 
benzene (1OOml) was photolysed for 9h to give recovered CA (7mg, a conversion of 99%) and 
product ll(l.lOg, 79%). 

11: M.p. 90-91C. IR(KBr): 2950, 1710, 1560, 1458, 1310, 1200, 1150, 1015, 905, 732, 
7oOcm-‘. l H NMR(DMSO-do: 1.67(s, CH& 2.68(d, J=14Hz, lH), 3.48(d, J= 14Hz, lH), 
3.64(s, 3H) ppm. MS(m /z): 344(m+, 0.4), 309(M+-Cl, 55.1), 277(base), 249(19.5), 244(3.8). 
Anal. calcd. for C,,H,Cl,O,: C 38.15, H 2.31. Found: C 38.55, H 2.11. 

Irradiation of CA with 3: A solution of CA (1,23g, 5.0mmol) and 3(0.865g, lO.lmmol) in 
benzene (IOOml) was photolysed for 8.5h to give product 12(0.65Og, 40.3%). Significant amount 
(- l.Og) of tarry material was also formed during the reaction. 

12: M.p. 116117C. IR(KBr): 1750, 1730, 1705, 1570, 1430, 1376, 1220, 1123, 900, 775, 
7OOcm-‘. ‘H NMR(CDC1,): 2.10(3H, s), 2.88(dd, J= 12, 6Hz), 3.35(dd, J= 12,6Hz), 568(1H, t, 
J= 6Hz)ppm. MS(m / z): 330(M+, O.l), 253(33.8), 244(0.2), 224(34.4), 87(base). Anal. calcd. for 
C,,,H,Cl,O,: C 36.14, H 1.81, Found: C 36.50, H 2.12. 

Irradiation of CA with 4: A solution of CA (l,OOg, 4.lmmol) and 4 (0.43Og, 4.lmmol) in 
benzene (15Oml) was photolysed for 4h to give unreacted CA (0.579g, a conversion of 42%) and 

13 (0.387g, 64%). 
13: M.p. 169-171C . IR(KBr): 1720, 1690, 1558, 1490, 1430, 1270, 1182, 1090, 780, 

69Ocm-‘. ‘H NMR(CDC1,): 3.35(2H, m, CH3, 4.6O(lH, t, CH), 7.49 (5H, m, Ar-H). 
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MS(m/z): 313(l@-Cl, 37.1), 278 (M+-2C1, 47.4), 244(3.9), 104(base). Anal. cakd. for 
C,,H,Cl,Os: C 48.84, H 2.30. Found: C 47.89, H 2.50. 

Irradiation of CA with 5: A solution of CA (1,2Og, 49mmol) and 5(1.25g,9.Ommol) in 
benzene (120ml) was photolysed for 10h to give recovered CA (O.O2Og, a conversion of 98%) 
and 14(1.515g, 82%). 

14: M.p. 1261282:. IR(KBr): 1700,1550,1490,1450, 1425,1280,1260, 1216, 1162,1120, 
738, 69Ocm-‘. ’ H NMR(CDC1,): 3.76(2H, s), 7.48(5H, 8). MS(m / z): 347(M+-Cl, 28.0), 
312(M+-2C1, 27.5), 283(12.6), 138(base). Anal. calcd. for C,,H,Cl,O,: C 43.70, H 1.82. Found: 
C 44.09, H 2.19. 

Irradiation of CA with 6: A solution of CA (1.23g, 5.Ommol) and 6 (1.62g, 9.4mmol) in 
benzene (IOOml) was photolysed for 6h to give 15(1.73g, 82%). 

15: M.p. 129-13OC. IR(KBr): 1710,1595, 1550, 1490, 1430,1405, 1262, 1212, 1164, 1100, 
834, 744cm-‘. ‘H NMR(CDC1,): 3.73(2H, s), 7.46(4H, s). MS(m/ z): 381(M+-Cl, 28.7), 
344(Mt2C1, 13.9), 318(13.7), 311(3.0), 172(base). Anal. calcd. for C,,H,#&O,: C 40.14, H 1.44. 
Found: C 39.73, H 1.42. 

Irradiation of CA with 7: A solution of CA (O.SOOg, 2.03mmol) and 7 (0.400g,3.4mmol) 
in benzene (lOOmI) was photolysed for 6h. Solvent was evaperated in vucvo,the residue was 
washed with ethyl ether to give 16 (308mg, 50%) as solid product. The ether solution was 
concentrated and the residue was subjected to column chromatography on silica gel to give 
unreacted CA (78mg, a conversion of 84%) and TCH (90mg,21%). 

16: M.p. 206-208C . IR(KBr): 3050,2970,2900,1668, 1600,1565,1280, 1265, 1120, 1102, 
945, 762, 73Ocm-‘. ‘H NMR(CDCI,, 5OOMHz): 3.40(1H, dd, J= 18.1, 6.2Hz, l/2 C,HJ, 3.58 
(lH, d, J=18.1 Hz, l/2 C,H,), 4.58 (IH, d, J=6.2 Hz, H1), 5.91(1H, t, J=6.2 Hz, H&, 
7.00-7.36(4H, m, Ax-H). MS(m / z): 324(M+-HCI, 0.2), 244(2.4), 211(2.0). 116(base). Anal. 
calcd. for C,,H,Cl,O,: C 49.76, H 2.23. Found: C 49.26, H 2.14. 

Irradiation of CA with 8: A solution of CA (l.OOg, 4.lmmol) and 8 (l&g, 8.lmmol) in 
benzene (lOOm1) was photolysed for 5.5h to afford 17(1.4Og,80%) and an unidentified product 
(31mg, 1.7%). 

17: M.p. 166-167C. IR(KBr): 1682,1609,1576,1497,1443,1271,1105,992,938,905,826, 
733, 673cm-‘. ‘H NMR (CDCI,): 5.38 (lH, d, J = 6Hz), 7.26 (lH, d, J = 6Hz), 6.70-7.50(5H, m). 
MS (m/z): 348(Mt79, 18.8), 319(60.2), 283(29.4), 182(85.9), 103(base). Anal. c&d. for 
C,,H7BrC1,0~ C 39.20, H 1.65. Found: C 39.41, H 1.66. 

Irradiation of CA with 9: 
In benzene: A solution of CA (l.OOg, 4.lmmol)and 9(2.OOg, 24mmol) in benzene (1OOml) 

was photolysed for 5h to give recovered CA (O.l18g, a conversion of 88%), 18(0.295g, 20%) and 
TCH (0.37Og, 42%). 
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18: M.p. 212-214C. IR(KBr): 2920,2850,1720,1450, 11 IS, lO20,890,805,740,675cm-‘. 
IH NMR(CDC1,): 1.36(8H, br, 4CH3, 1.71(8H, br, 4CH3, 2.67(2H, br, 2CH). 3.21(2H, br, 
2CH). MS(m/z): 373(M’-Cl, 9.5), 338(14.6), 337(23.9), 303(14.7), Il(base). Anal. calcd. for 
C,sH,Cl,O,: C 52.71, H 4.91. Found: C 52.68, H 4.80. 

In acetonitrile: A solution of CA (l.OOg, 4.lmmol) and 9(2.OOg, 24mmol) in acetonitrile 
(100ml) was photolysed for 4.5h to give unreacted CA (O.O89g, a conversion of 91%), 19(0.487g, 
40%) and TCH(0.423g, 46%). 

19: M.p. 105-107C. IR(KBr): 3400, 3005,2920,2810, 1650,1548, 1435, 1388, 1202,1000, 
945, 71ocm-‘. 1 H NMR(CDC1,): 2.05(6H, m, 3CH,), 4.70(1H,m,CH), 6.31(3H, m, CH=CH, 
OH). MS(m/z): 292(1.0), 250(8.5), 248(17.9), 244(1.7), 211(2.1), Bl(base). Anal. calcd. for 
C,,H,sCi,O,: C 43.94, H 3.07. Found: C 44.07, H 2.95. 

In dichloromethane: A solution of CA (l.OOg, 4.lmmol) and 9 (2.OOg, 24mmol) in 
dichloromethane (100ml) was photolysed for 3.5h to give unreacted CA (26mg, a conversion of 
97%), 18(0.326g, 20%), 19(0.56Og, 43%) and TCH (O.lSOg, 16%). 

Formation Constant for CTC of CA with 7. The UV-visible spectroscopic measurements 
were done with a pair of matched quartz cells. To a solution of CA (1.003 x lo-‘M) in Ccl,, the 
donor (7) was added stepwise to a large excess. The spectrum of the solutions was recorded. 
Benesi-Hildebrand treatmentw was employed to calculate the extinction coefficient ecr and the 
formation constant K, of the complex. The plot of I/ (71 - CCA) / A, gave a straight 
line with correlation coefficient r=0.999. The scr is 888 M-‘cm-r (467nm) and K, is 1.1 
M-r as calculated from the intercept and the slope respectively. The saturation fraction used in 
this measurement is in the range of 0.37- 0.63 (S = K, (71 / (l+K, (71 )w. Treatment of 
the data with Scott’s and Scatchard” methods gave scr and Kc, values with errors not ex- 
ceeding f 10% from that by Benesi-Hildebrand method. 
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