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Abstract - Irradiation of a cyclohexane eolution of hexafluorobensene 

and i-phenyl-2-alkylsubstituted acetylenes resulted in the formation 

of bicycle (4.2.0) octatriene derivatives, the quantum yield of(2+2) 

photoadditlon depending on the structure of the acetylene, the con- 

centration of hexafluorobensene, and the solvent polarity. Reaction 

with phenylacetylene resulted in the formation of two isomeric cyclo- 

o-ctatetraene derivativea. Regiospeclfic (2+2) photoaddition of l- 

phenyl-2-tert-butylacetylene to position C-3 and C-4 in alkoxySUbSti- 

tuted pentafluorobentene derivatives was observed. (2+2) photoaddftfon 

of I-phenylpropyne-1 to alkoxysubetltuted pentafluorobensenee resulted 

in 3-phenyl-4-methyl-7-alkoxy-1,2,5,6,8-pentafluorobicyclo(4.2.0)octa- 

trlene derivatives. Replacement of the fluorine atom in haxafluoro- 

benzene with alkoxy substituents diminished quantum yield8 of (2+2) 

photocycloadditfons. 

Aromatic molecules undergo various photochemical transformations, depending on 

their structure, the reagents, and the reaction conditions, and their phototrans- 

formations have been widely investigated in the last twenty years'. The advantage 

of fluorine a8 a substituent in phototranlrfOnnation8 has been shown in several 

studies with fluoroeubstltuted aromatic molecule8 2 . Irradiation of benzene aolu- 

tlons of various acetylenes resulted in cyciooctatetraene derivatives and the for- 

mation of bicyclo(4.2.0)octatriene derivative8 was SUggeSted, while we have pre- 

vlously shown the first example of their feolation in photocycloaddition of phenyl- 

3 substituted acetylene8 to hexafluorobenzene . 
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Re8ults and Discussion 

Irradiation of a cyclohexane solution of l-phenyl-2-tort-butylacetylene and hexa- 

fluorobenzene at A = 253.7 nm gave 1,2,3,4,5,6-hexafluoro-7-phenyl-B-tert-butyl- 

bicyclo(4.2.0)octatrlene in high yield. The structure of 

by X-ray analyeie'. Bicyclo(4.2.O)octatriene derivative8 

toreaction vith phenylpropyne and 1-phenylpentyne, while 

the product van emtablirhsd 
, 

vere al80 isolated by pho- 

reaction with phonylacety- 

lone gave tvo cyclooctatetraene derivative8 :, and 1 (Scheme L). lieating of bicycle 

(4.2.0)octatriene derivatives (1) at T-150°C re8ulted in ring opening, and l-phenyl- 

-8-alkyl-2,3,4,5,6,7-hexafluorocycloocts-lr3,5,7-tetraene8 vere formed. 

We further studied the effect of the rtructure of the acetylene on the quantum 

yield of photocycloaddition to hexafluorobensene, and the result8 are preoented in 

Table A. In figure the effect of variation of phenylpropyne and hexafluorobenzene 

concentration is pre8ented, and it ie evident that increa8e of hexafluorobentene 

concentration for a constant aawuht of phenylpropyne increa8ed the quantum yield, 

while variation of acetylene concentration hadno significant effect. The 8olvent 

polarity also ha8 an effect on the quantum yield of photocycloaddltlon, kmlng lower 

in more polar solvents than in n-hexane, While temperature variation only 81ightly 

influence8 the quantum yield /Table z/. 

Further, we etudied the regioselectivity of 

substituted acetylene8 to alkOXysUb8titUted 

hexane solution and found that two type8 of 

photocycloadditlon reaction8 of phenyl- 

pentafluorobentene derivatives in cyclo- 

products vere formed, depending on the 

structure of the acetylene (Scheme 2). Reaction8 with 1-phenyl-2-tort-butylacetylene 

reeulted in each experiment in only one product. The ma88 spectrum of each of the 

three product8 /a, R3 - Me, Et, i-Pr/ Contain8 the IMjOr 8lgnal8 at m/e 158 and m/e 

143, obeerved aleo vlth 1,2,3,4,5,6-hexafluoro-7-phenyl-8-tert-butylbicyclo(4.2.O) 

octatriene /2/, correepond'ing to phenyl-tort-butylacetylene epecie8 and tertbutyl- 

acetylene specie8 loo8ing a methyl group, reepectlvely. On the ba818 of the spectro- 

scopic data and spin-epin decoupling nmz experiment8, ve e8tabli8had that(2+2) 

cycloadditlons of phenyl-tert-butylacetylene occurred regloepeclflcally to C-3 and 

C-4 position8 of the alkoxybensene ring. Replacewnt of one fluorine in hexafluoro- 

benzene by an alkoxy group dlmlnlehed the quantum yield of(2+2)cycloadditlon, while 

the Btructure of the alkoxy group had little effect /Table A/. 

Photoreactlons of alkoxysubatltuted pentafluorobentenes with 1-phenylpropyne re8ul- 

ted in one product in each experiment, the nmr spectrum and ma88 spectra being very 

different from those oboerved for prducte 1 or 5. Dn the ba8i8 of the 8pectro8copic 
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SCHEME 2 

hv ( 253.7nm) 

data and spin-spin decoupling nmr experiments, we established that 3-phenyl-4- 

methyl-7-alkoxy-l,2,S,6,8-pentafluoro-blcyclo(4.2.0)cyclooctatrlenes were formed. 

The quantum yields of(2+2)photocycloaddltions are presented in Table 1 and diud- 

nlshment is again observed when fluorine is replaced by alkoxy group. In order to 

detect primarily formed(2t2)adducts between alkoxy substituted pentafluorobentenes 

and 1-phenylpropyne, we reduced the irradlatlon time, but we were unable to detect 

any signals in the 19 F nmr spectra of crude reaction mixture which would give evl- 

dence for initial formation of adducts similar to compounds 6, transforming further 

to products 2. 

Experlfnsntal Section 

Preparative experiments were carried out with a Rayonet Model RPR 100 wlth RPR 

253.7 run lamps. Ir spectra were recorded using a Perkln Elmer 727 B spectrometer 

and 'H and 
19 F nmr spectra by Jeol JNM-PS-100 spectrometer from CDCl3 or CC14 so- 

lutions as internal reference. Mass spectra and high resolution measurements were 

taken on a CEC 21-110 spectrometer. Tic was carried out on Merck PSC Fertlgplatten 

F 254 and glc on a Varian Aerograph, Model 1800. 



Table 1: 

Regioqxcitity ofrctyltne photocyckradditionsto fluorowbs~ituted twwnrs 

The Effect of Substituents on the Quantum Yield of12+2lPhotocycloaddftfon in 

Cyclohexane a) 
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Benzene derivative Acetylene Q/2+2/ /mol Einstein-l/ 

C6F6 Ph-CrC-Cti3 0.035 2 0.005 

C6F6 Ph-CrC-CH2CH2CH3 0.053 _?. 0.001 

c6F6 Ph-CsC-C(CH3)3 0.133 _?. 0.001 

'6F50C"3 Ph-CrC-CKH3)3 0.028 + 0.004 

C6F5CCH2CH3 Ph-CsC-CKH3f3 0.027 _t 0.002 

C6F50CHKH3)2 Ph-CsC-C(CH3)3 0.026 + 0.002 

'bFSwH3 Ph-CsC-CH3 0.028 + 0.002 

')Concentration of benzene derivative: 0.1 mall--f concentratfon of acetylene: 

0.1 mol l-l, I = 253.7 nm, T - 30°C, light Intensity: 3.2~10~' photons rnl-'~-~. 

Tabie 2: 

Solvent Effect on the Quantum Yield of Hexafluorobentene-I-Phenyl 

Photocycloadditlons a) 

Solvent ~/~+~,/mol Einstein-i/ 

n-C6H14 0.039 + 0.002 

C-C6H12 0.035 2 0.005 

(CH312C0 0.024 + 0.001 

CH3CN 0.02s + 0.002 

Propynel2+21 

a)Concentration of C6F6: 0.1 mol 1-1, -1 concentration of 1-phenyl propyne: 0.1 mol 1 , 
T = 30°C, A * 253,7 ITII, Ught intarraity: 3.2x1015 @otaur ml-%-'. 

Table 3: 

The Effect of Xe and O2 on the Quantum Yield of Hexafluorobenzene - l-Phenyl-2- 

tert-Butyl Acetylenet2+2IPhotocycloadditions In Cyclohexane a) 

Condition 

presence of air 

degassad 

02-saturated 

Xe-saturated 

~,2+2,/w1 Efnstefn-'/ 

0.133 + 0.001 

0.134 + 0.004 

0.130 + 0.006 

0.131 2 0.001 

")Concentratlon of C6F6: 0.1 Klol 1-l , concentration of 1-phenyl-2-tort-butyl 

acetylene: 0.1 mol l-l, T - 30°C, A = 253.7 run, light intensity: 3.2~10~' 

photons ml-'s-l. 
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Materials: 

Hexafluorobentene, pentafluroanleole, phenylacetylene, phenylpropyne-1, and phenyl- 

pentyne-1 were commercially available and dietilled before use. Ethoxypentafluoro- 

benzene, ieopropoxypentafluorobentene, and 1-phenyl-2-tart-butylacetylene were 

synthesized. Solvents were purified and dietilled before use. 

A. Reactions of Hexafluorobentene with Acetylene@ 

1 mm01 of l-phenyl-2-alkylacetylene and 2 ~1s of hexafluorobenrene were dissolved 

in 18 ml of cyclohexane, the solution was irradiated for 60 hours at ). - 253.7 nm, 

the solvent was evaporated in vacua, the crude reaction mixture wan analyzed by 

19F nmr, and the product8 were purified. 

The crude product wan crystallized from methanol and 280 mg /86U/ of white cry- 

stalline product, mp 98-99'C, was obtalned. Nmrr 6 
F1 

-154.9(dd), bF -153.4(ddddd), 
2 

‘F3,F4 -161.6, -162.75 (m), b 
F5 

-150.75(dddddl, bF -159(dd) bCH 1.4 (e,9H), bC H 

7.22(s,SH), 3J 
FlF2 

- 3J 
F5F6 

- 3OHz, 'J 
FlF5 

- ‘J 6 - ‘JF F - :5 HZ, 'J 
65 

- 'J 

3J 
F2F3 

- 'F4F5- 
F2F6 25 F2F4 F3F5- 

7.5 Hz. Mass epectrum: calcd. for ~~~~~~~~ m/e 344.1000, found 
- - 

m/e 344,1001, m/e: 345 &I' + 1,18t), 344 W+,eO), 329 (19), 283 (30), 186 (321, 

159 (19), 158 (821, 144 (41), 143 (1001, 141 (151, 129 (55), 128 (22), 115 (31)~ 

91 (14), 77 (251, 57 (641, 41 (35). 

Product was purified by preparative tic and 215 mg /658/ of cryetallti aqzo.z& 

mp 40-42OC, wan isolated. Nmrr bF -159 (ddt), bF -lSS(ddddd), bF3,F4-162 (m), 

tF, -150.5 (ddddd), 

3J- 
FlF2 

= 3J 
'5'6 

- 30 

'F4F5- 7.5 Hz, 'JF 

I ‘ 

,$F -158.3 (dd), bp2.6 (n,2H), 1.8 (m,ZP), l.O(t,311), 7.4(b,5H), 

64 
Hz, 4J 

4J - Is 

‘2’6 
- "2'5- l5 I" ‘2’4 F5F3 

- 3F2F3 - 

lCH2 
- 3 Ht. Maen spectrum: calcd.for C17H12F6 m/e 330.0843, 

found m/e 330.0850, m/e: 331 CM+ U4+,100), +1,201), 330 301 (41), 288 (311, 287 (39), 

281 (341, 269 (181, 268 (19), 261 (171, 237 (22), 144 (191, 129 (271, 121 (191, 

120 (211, 119 (60), 117 (611, 115 (28). 



181 mg /60%/ of white 

-160 (ddq), CP - 156.4 
2 

-161.25 fdd), 6,_R 2. 
1 

The product was purified by preparative glc /FFAP 30% Chrom A/AW, T - 210°C/ and 

crystal line compound, mp ?O-71'C, was isolated. Nmr: 6 
FI 

fddddd) , ~P3,~4-162.0, -162.3 (m), 6FS-150.4 (ddddd), bF6 

lfd,3H), 6C L, 7.4(m,5Ii), 'J = 3J = 3ORZ, 'J = 

4J 
F2P6- 

5J 
F2F5 

- ;5 HZ, 4J 
-64: 4J FlP2 FlF5 

43 
F5F3 

F5F3= P2F4- 

3J 

F2F3 
_FS::F F = 7.5 112, 

4 5 

PlCH3 
= 3 Wz. Sass spectrum: calcd. for C)SH8F6 302.0530, found 302.0525, m/e: 

302 W+,100), 300(23), 287(31), 283I18), 282(12), 281(13), 237(26), 186(27), 120(48). 

117(33), 116(96), 115(83). 

3881 Rcgiorpaifity of rmykne phorocydoadditions to borosubstiIutcd ~C~ZI’NS 

1,2,3,4,5,6-Hexafluoro-7-Phenyl-8-Xethylb~~yclo~4.2.O~octatriene 

l-Phenyl-3,4,5,6,7,8-Hexafluorocycloocta-l,3,S,7-Tetra%ne (3) 

From the reaction mixture obtained by irradiation of hexafluorobenzene and phenyl- 

acetylene, _3 was isolated by preparative tic, and 115 mg /40%/ of oily product 

was obtained. Nmr spectrum: 6P-107.25 (m,lF),-lll-75(m,2F), -129.4(m,3F), fH6,l 

(broad 8,)X). Mass spectrum: calcd.for Ci4H6F6 288,0374, found 288,0370, m/e: 

289 (H++l,l?%), 288 fM+,88), 287(18), 270(35), 237640), 220(18), 219(26), 186(22), 

120(26), 102000). 

t-Phenyl-2,3,4,5,6,7-Hexaf~uorocycloocta-1,3,S,7-Tetraena (4) 

From the reaction mixture obtained by irradiation of hexafluorobenzene and phenyl- 

acetylene, 4 was isolated by preparative tic and 62 mg /21.5%/ of liquid product 

was obtained. Nmr spectrum: dF-123.75 (m,2Ff, -125.25 (m,lF), -127.5 (dd,lF); 

-129 [m,lF), -135.75 (m,lF), 6R6.3 cd), 3JPH- 24 Ht. Mass spectrum: calcd. for 

C14H6F6 288.0374, found 288.0380, m/e: 289 fH++i,lSt), 288(M+,lOO), 287(28), 270129), 

269(22), 238(18), 237(32), 219 (30),120(42), 102(22). 

3. Raactions of Alkoxypentafluorobenzenes with 1-Phenyi-2-tert-Butylacetylene 

8 mmols of alkoxypentafluorobenzene and 8 mm018 of phenyl-tert-butylacetylene were 

dissolved in 144 ml of cyclohexane and irradiated for 70 hours /R3=CR3, C2ii5/ or 

30 hours /R3=C3ii7/ at X = 253.7 run. The solvent was evaporated Ln vacua, the crude 

reaction mixture was analyzed by “F nmr and the products were purified. 

The product was isolated by preparative tic /Al 0 
2 3' 

chloroform: petrol ether 5:95/, 
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crystallized from methanol and 574 mg /20.19/ of crystalline product, mp 50-51°C, 

was obtained. Nmr spectrum: 6 
F1 

-155.25(dd), 6P -153.75(ddd), 
2 

bF -156.75(m), 
4 

bF5 
-153(dddd), 6 

F6 
-157.5(ddl, 6 

‘J 

C (CH3) 3 
1.2 (broad s,9H), bWH 3.9(broad s.3H), 

!C H 7.2(m,SH), 
FlF2 

= 33 Hz, 3J JJ 
3 

- 30 Hz, 4J = 15 HZ, ‘J -21 Hz, 

3J 
6 5 F5F6 PIPS- F2F6 F2F5 

F4F5 
- 7.5 Hz. Mass spectrum calcd. for C1g~17~50 356.1199, found 356.1212, m/e: 

357 (M++1,119), 356 (M+,52), 341 (231, 336 (IS), 321 (131, 316 (161, 303 (151, 

301 (lo), 299 (la), 295 (341, 281 (lo), 280 03), 238 Ill), 237 (26) t 183 (15) e 

158 (52), 144 (251, 143 (1001, 128 (461, 127 (271, 115 (281, 103(15), 91 (20) e 

77 (251, 73(16), 61 (13),57 (561, 51 (16). 

The product was isolated by preparative tic /A1203, petrol ether: chloroform 95:5/, 

crystallized from methanol and 390 mg /13.21/ of crystalline prduct, mp 98-99OC, 

was obtained. Nmr spectrum: 
bFl 

-155.25 (da), bF -151.9 (ddd), 
2 

bF -156.4 (ml, 
4 

bF -153.75 (dddd) 6 
F6 

-157.5 (dd), 6 

bci 4.05 (m,ZH), 6 

1.2 (broad s,9H), bCH 1.3 (m,3H), 

7.2 (m,SH), 35 C(CH3) 3~ 33 Hz, 3 
2 

5J 
‘gH5 

3J 
FlF2 JF5F6 

-303Hs, 4J 
F1F5 

m4J 
2F6- 

= 15 Hz, 
F2F5 

- 21 Hz, 
F4F5 

= 7.5 Hz. Mass spectrum calcd. for C20H1gF50 m/e 

370.1356, found m/e 370.1347, m/e: 371 (M’+1,88), 370 (M+,24), 158 (321, 144 (141, 

143 (loo), 128 (21), 127 (101, 115 (14), 77 (111, 58 06). 

The product was isolated by preparative tic /A1203, petrol ether: chloroform 95:5/, 

crystallized from methanol and lg /32.58/ of crystalline product, mp 86-88OC, was 

obtained. Nanr spectrum: bF -155.3 (dd), 
1 

bF -148.1 (ddd), 
2 

bF -155.6 (ml, 
4 

bF -153.4 
5 

(dddd), bF -157.2 (dd), 6 
CKH3) 3 1.26 (broad s,9H), 6 

6 
1.3 (m,6H), bCH4.35(m,lH), 

bc ,, 7.3 (m,SH), ‘J 
FlF2 

- 33 HZ, 3J ‘J 

(+I 2 
= 30 HZ, I iJ 5 

3J 
6 5 F5F6 FlF5 F2F6 

- 15 Hz, 
JF2F5 

921 Hz, 

F4F5 
- 7.5 Hz. Mass spectrum: calcd. for C 12~21~50 m/e 384.1512, found m/e 

384.1520, m/e: 385 (M*+l,l%), 384 (M+,S), 342 (191, 327 (141, 322 (151, 307 (411, 

281 (281, 264 (301, 229 (151, 158 (971, 144 (23), 143 (1001, 128 (401, 127 (181, 

115 (21), 77 (211, 61 (19). 57 (89). 

C. Reactions of Alkoxypentafluorobensenes with l-Phenylpropyne-1 

8 uartols of alkoxypentafluorobenzene and 8 mmols of 1-phenylpropyne-1 were dissolved 

in 144 ml of cyclohexane and irradiated for 71 hours /R3-CH3/, 17 hours /R3=C2H5/ 

or 15 hours /R =C H / at A - 
3 37 

253.7 run. The solvent was evaporated in vacua, the 

crude reaction mixture was analyzed by 
19 F nmr and the crude products were purified. 
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3-phenyl-4-Methy~-?-Hethoxy-1,2,5,6,8-Pentafluoro~4.2.O~octatriene 
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The product was isolated by preparatlve tic /A1203, petrol ether: chloroform 95:5/ 

crystallized from methanol, and 65 mg /2.69/ of crystalline product, mp * ?9-80°C, 

was obtained. Nmr spctrum: 6F -163.5 (ddd), 6F -126.0 (dddd), 6P -129.4 (dddq), 
1 2 5 

3F6 
-157.8 (dddqf, 6P -133.5 (ddd), 6CH 1.65(t,3H), 

dOCH 3 
3.96 (broad s, 3Hf, 

8 
6C H 7.2 (m,!Xf , 3J - 

3 

45 6 5 PlF2 
36 Hz, 35 = 

‘SF6 
30 Hz, ‘5 

F2F5 
= 30 Hz, ‘J 

‘1’8 
= 24 HZ. 

= 
FlFS 

= 4J 
F2F6 

- 12 HZ, 4J 
F6F8 

= 9 Hz, 4J 
F8F2 

=3Hz, ‘J 
FSCH3 

3Hz. Ha66 spectrum: 

calcd. for C16HllF50 m/e 314.0730, found m/e 314.0730, m/e: 315 (M++ 1,1691, 314 

(M+,lOO), 300 (271, 299 (??I, 280 (46), 279 (461, 271 (241, 252 (451, 251 1471, 

250 (OS), 237 (461, 233 (281, 232 (SO), 219 (SO), 206 (211, 202 (37). 201 (581, 

194 (33)) 183 (231, 181 (24), 143 (191, 117 (19), 116 (58), 115 (471, 77 (35), 75 

(241, 69 (441, 61 (271, 51 (47). 

The product was isolated by preparative tic fA1203, petrol ether: chloroform 95:5/ 

and 142 mg /10.89/ of oily product was isolated. Nmr spectrum: bF -163.5 (ddd), 
1 

6 - 
F2 125.8 (ddddd), 6 F5 -129.0 (dddq), 6F 6 -158.0 (dddq), 6F 8 -132.8 

(ddd), 
6C,, 

1.65 
3 

(t,3H), 6 1.35 
CH3CH2 

(m,3H), 6CH 4.3 (m,ZH), 6C 7.2 (m,SH), 3 JPlP2 - 36 Hz, 
2 6 I~ 5 

3J 
F5F6 

- 30 Hz, 5J 
F2Fs 

= 30 Hz, 3J 
FlF8 

=24Ilt, ‘J 
FlF5 

-‘J - F2F6 12 Hz, 

4J ‘J = ‘5 

4J F6F8 = 9 HZ, 

F8F2 
= 3 Hz, 

FSCH3 F6CH3 
- 3 Hz. Mass spectrum: calcd. for C17H13F50 m/e 

329 (M++ 1,14%), 328 (M+,?Of , 300 1481, 299 (501, 328.1124, found m/e 328.1120, -m/e: 

280 f92), 279 (361, 251 (351, 237 

120 (36)) 119 (951, 117 (loo), 116 

f (421, 232 (311, 219 (331, 201 (531, 121 (39 

(72)) 115 (661, 82 (36), 57 (181, 55 (22). 

I 

The product wa8 Isolated by preparative tic /A1203, petrol ether: chloroform 95:5/, 

crystalllred from 

wa8 obtained. Nmr 

6F6 
-157.5 (dddql, 

2 

methanol, and 540 mg /19,?t/ of crystalline product, mp 64-66OC, 

spectrum: bF -163.8 fddd), EP -126.0 fddddd) ,bF -129.3 (dddqf , 
1 2 5 

EF8 -131.3 (dddf, 6CH 1.6 
1 

3 

% 

ft,3til, dfCH ) 2 1.35 (m,6H), 
13 A 

bcH4.62 

(m,lHf , ‘-JF = 
, 
P 36 Hz, 

-3 
-‘JF - 30 F Hz, 24 Hz, ‘J = 

4J = 12 ;1z: 4J 
5 6 

-JF2F5 = 30 Liz, ‘J - 

F2F6 F6F8 
- 9 Hz, 4J 

F8F2 
= 3 Hz, ‘JF = ‘J 

F1F8 FlF5 

5 CH 3 F6CH3 
= 3 HZ.H88S spectrum: 

calcd. for C18ii15P50 m/e 342.1043, found m/e 342.1042, m/e 343 (M*+ 1,59), 342 (M+, 

231, 301 

251 (37), 

120 (34), 

(19), 

250 

117 

300 

(181, 

(11). 

(loo), 299 (1g), 281 (24), 280 (901, 279 (241, 253 (32) t 252(48) r 

237 (55), 233 (351, 232 (37). 219 (29), 202 (23), 201 (531, 

116 (77). 115 (351, 77 (181, 51 (211. 
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Determination of Quantum Yields 

B.SKElttf.d 

Quantum yields were measured by using a ferrioxalate actinometar and in each expe- 

riment the amount of transmitted light was meassured. Quartz cuvettes /12 ml/ were 

filled with 10 ml of a solution /cyclohexane, n-hexane, methanol, or acetone/, of 

nexafluorobenzene or alkoxysubstltuted pentafluorobenrene and phenylsubstltuted 

acetylene, and thermostatted by external cooling, and the temperature of the solu- 

tion was measured. The light source was an RPR 253.7 nm without filters. In a sepa- 

rate experiment with filters we found only 2-3a difference. Products were analyzed 

using lgF nmr spectroscopy with CF3C6H5 or octafluoronaphthalene as an internal 

standard which was added after solvent evaporation. Irradiation times were chosen 

so that conversion of fluorosubstituted benzene8 was no larger than S-7% of their 

initial concentration. Each quantum yleld determination was repeated at least three 

times and the average data are presented in the Tables. The concentrations of rea- 

gents, light intensity and temperatures are also listed in the Tables. 
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