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Abstract. The photochemistry of the diphenyl P,y-enones 2 and 3 and the methyl- and phenyl-sub- 
stituted a-phenyl ketones 4-9 has been studied, using mainly benzene as solvent. Irradiation of 2 
with h 300 nm leads to the 1,3-acyl shift (1,3-AS) product 17, relatively small amounts of the decar- 
bonylation products 15 and 16, and the photo-oxidation products benzophenone (18) and the a$- 
unsaturated aldehyde 19. Direct irradiation of the 1,3-AS product 17 yields 15, 16, 18 and 19, but 
no 2. 
Direct irradiation of 3 with h 350 nm leads mainly to the formation of 1,3-AS products (E) -  and 
(2)-22, the decarbonylation products (E)-  and (2)-20 and 21 and, in addition, a small amount of the 
cis-di-n-methane isomer 23. 
Direct irradiation of the substituted a-phenyl ketones 4, 5, 8 and 9 with h 300nm leads pre- 
dominantly to the formation of the radical coupling products 2,3-butanedione and 24-27, respec- 
tively, whereas 6 and 7 yield 1,2-diphenyl- 1,2-ethanedione and the respective 24 and 25. The acetone- 
sensitized irradiation of 4 leads to 4-phenyl-2-butanone (33) in addition to 2,3-butanedione and 
1,2-diphenylethane (24). 

Introduction 

We have been interested for a number of years in the photo- 
chemistry of P,y-enones’*2. The most general reactions dis- 
played by these types of compounds are the 1J-acyl shift 
(1,3-AS) isomerization, the oxa-di-n-methane (ODPM) 
rearrangement and ( E ) - ( Z )  i s~mer iza t ion~.  The results of 
various investigations have led to the general conclusion 
that the ODPM rearrangement arises from the T(nn*) 
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Photochemistry of 0,y-enones 13. For part 12, see M. J. C. M. 
Koppes and H. Cerjhontain, Recl. Trav. Chim. Pays-Bas 107, 412 
(1988). 

state, which is usually the lowest triplet ~ t a t e ~ - ~ .  The 1,3-AS 
proceeds from the excited S(nn*) state7.* or, at least for 
certain systems, might proceed from the excited T(nn*) 
state9-13. However, in acyclic systems, the excited triplet 
(KIT*) state deactivates efficiently by bond rotation and the 
resulting ( E ) - ( Z )  isomerization then dominates over the 
ODPM rearrangementi4.”. 
In a detailed study using acyclic P,y-enones, Van der 
Weerdt’ showed that the occurrence of the 1,3-AS and 
ODPM rearrangements -which are in competition with the 
(E)-(Z) isomerization - is strongly related to the degree 
and type of a-alkyl substitution. It appeared that the 
a-cleavage and the 1,3-AS are favoured by a-alkyl substi- 
tution and homoconjugation, whereas the ODPM 
rearrangement only occurs if the (E)-(Z) isomerization is 
retarded by bulky y-substituents. 
Extensive studies have shown that 3-phenyl- and 3-arylpro- 
penes and derivatives thereof which may formally be con- 
sidered to be lP-pentadienes, in which one “double” bond 
is contained in the phenyl and aryl ring, respectively, 
undergo the aryl-vinyl methane, also referred to as di-n- 
methane (DPM), rear~angernent ’~”~.  a-Methyl substitution 
and the presence of electron-delocalizing substituents at  the 
phenyl group lead to an increase in the relative yield of the 
DPM 
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Table I UV-absorption data of the a-phenyf p,,y-enones 2 and 3, the related a-phenyi ketones 8 and 6 and acetophenone (13) in cyciohexane. 

Solute 
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II the blocking of one of the a-carbon hydrogens of 1,2-diphe- 

nylethanone (6) is necessary in order to avoid divinylation. 
The addition of the anion of 6 to methyl iodide afforded the 
monomethylated compound 10 in' high yields. The addition 
of phenyl vinyl sulfoxide to 8 and 10 provided the sulfoxides 
11 and 12, respectively. The pyrolyses in vacuo of these sul- 
foxides gave 2 and 3 in addition to diphenyl disulfide. 
The compounds 5,7 and 9 were synthesized by methylation 
of 4, 6 and 8, respectively. 
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II U V studies 

All the compounds exhibit vibrational fine structure in the 
UV spectra when cyclohexane is used as solvent. The nn* 
character of the absorption in the region 290-360nm is 
apparent from the 5-nm shift to shorter wavelength when 
ethanol is used as solvent. For the compounds 3 and 6, the 
absorption pattern in the region of 300-360 nm is ana- 
logous to that of acetophenone (13) (Table I), which may be 
considered as the parent chromophore. For 3 and 6, the 
wavelengths of the nsc* absorption maxima are quite 
similar; the intensities are higher for 3 than for 6, indicating 
additional interaction between the vinyl, the benzoyl and 
the phenyl groups". Similarly, the intensities of the ab- 
sorption maxima of 2 are enhanced as compared with 8. 
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Scheme I .  Synthesis of 2 and 3. 

In order to obtain further insight into the mechanism of 
these interesting rearrangements, we have recently investi- 
gated a series of a-phenyl P,y-enones (1) in which the car- 
bony], vinyl and phenyl groups are all substituted at one 
(i.e. the central) carbon atom2'. These systems are almost 
free of conformational and configurational constraints and 
allow competition between the ODPM and DPM 
rearrangements. Both thep-CN and o-Me0 substituted sub- 
strates were found to rearrange to the cis- and trans-DPM 
products upon triplet-sensitized irradiation. However, no 
ODPM products were observed. As an extension to that 
study, we have investigated the photochemistry of the two 
phenyl-substituted u-phenyl P,y-enones 2 and 3 and the re- 
lated a-phenyl ketones 4-9. 

The 0-0 bands of 2 and 3 correspond with an S'(nn*)  
energy of 373 3 and 398 i 3 kJ-mol- ' ,  respectively. 
Fluorescence has not been observed, preventing an inde- 
pendent confirmation of these values. 

2 16 17 15 

0 

Results 
18 19 

Synthesis of the photochemical reactants 

The syntheses of 2 and 3 are outlined in Scheme 1. Since 
phenyl vinyl sulfoxide is a strong and aselective reagent2', 

Scheme 2 .  Photoproducts resulting from 2 upon direct ir- 
radiation 1 300 nm) in 2-propanol. 
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Fig. 1 .  
(0.10 M) in 2-propanol on the irradiation (A 300 nm) time. 

Dependence of the composition of the reaction of 2 

Direct irradiation 

Upon direct irradiation (h 300 nm) of 2 in 2-propanol, the 
main photoreaction is the 1,3-AS leading to 17; in addition, 
four other products were isolated, viz. the decarbonylation 
products 15 and 16, benzophenone (18) and the aldehyde 19 
(Scheme 2). The dependence of the product composition on 
the irradiation time (Fig. 1) clearly shows that the 
compounds 15-19 are all primary products. The 1,3-AS was 
found to be irreversible, since, upon direct irradiation of the 
1,3-AS product 17 proper, the photoproducts 15,16, 18 and 
19 were formed in a ratio very similar to that observed on 
starting with 2 as substrate, although no 2 was formed. 
In order to investigate the mechanisms for the formation of 
18 and 19, irradiations were performed in both an atmos- 
phere rich and poor in oxygen. In the atmosphere rich in 
oxygen, the formation of the products 18 and 19 dominated 
that of the 1,3-AS product 17, whereas in an atmosphere of 
argon, the formation of both 18 and 19, relative to 17, was 
strongly suppressed. Addition of the triplet quencher 1,3- 
-cyclohexadiene prohibited the formation of 18 and 19, but 
not that of 17; the addition of 2,4-dimethyl- 1,3-pentadiene 
had no effect on the relative product formation. Essentially, 
the same results were obtained using the 1,3-AS product 17. 
Upon its irradiation in the presence of 1,3-~yclohexadiene 
or in an atmosphere of argon, 18 and 19 were not formed. 
Finally, the irradiation of 2 was performed in an N M R  tube 
and the photoconversion was followed directly by 'H NMR. 
The spectra indicated the formation of all the isolated pro- 
ducts, which illustrates that none of the products was 
formed thermally under the GLC conditions. 
Upon direct irradiation (A 350 nm) of 3 in benzene, a series 
of products was observed using GLC, of which only the 
main photoproducts were isolated. The main compounds 
formed are (E)- and (2)-20 and 21 and the 1,3-AS products 
(E)- and (2)-22. In addition, a small amount of the cyclo- 
propane derivative 23 was isolated. All these products, the 
structures and yields of which are shown in Scheme 3, are 
primary photoproducts. 
On the basis of the information obtained from the 'H N M R  
spectrum of the isolated cyclopropane product 23, four 
structures, viz. those of the ck- and trans-ODPM isomers 

22 (36) 23 (4) 

Scheme 3 .  Photoproducts resulting from 3 upon direct ir- 
radiation (A 350 nm) in benzene. The sum of the yields of 
(E)-  + (2)-20 and 21 is 38 %; the other yields are given in 
parentheses. 

and the cis- and trans-DPM isomers, may a priori be con- 
sidered. The definitive structure of 23 has been assigned on 
the basis of 'H N M R  NOE difference and Eu(fod),-shift 
experiments (Fig. 2). Upon irradiation of the cyclopropane 
CH, group, the signals of two cyclopropane hydrogens H2 
and H3b and the ortho hydrogens of COPh are observed. 
The appearance of the two cyclopropyl hydrogens indicates 
that the cyclopropane product is a ck-isomer. Complexation 
with added Eu(fod), led to the strongest downfield shift for 
the other cyclopropyl hydrogen H3a. The observed signal of 
the ortho hydrogens of COPh, upon irradiation of the methyl 
group, indicates the close vicinity of these two groups, 
which is taken to suggest that the methyl group and benzoyl 
group are substituted at one and the same cyclopropane 
carbon. On the basis of these results, the cyclopropane pro- 
duct was assigned as the cis-DPM isomer 23. 
Upon direct irradiation (h  300 nm) of 4, 5, 8 and 9, after 
initial a-cleavage, the respective corresponding radical 
coupling products 2,3-butanedione and 24-27 were formed 
in greater than 98% yield (Scheme 4). In addition to the 
main photoproducts, a trace (< 1 %) of the decarbonylation 
product tert-butylbenzene (28) was formed in the case of 5, 
and in the case of 8, small amounts (< 1 %) of the decar- 

A8 

I I I 
0 100 200 
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Fig. 2.  Shift reagent study of the DPM isomer 23. Variation 
in the ' H  NMR chemical shift in ppm versus the amount of 
added shift reagent. 
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bonylation products 29 and 30 and the pinacol31. Variation 
of the solvent had no effect on the product formation. 
However, upon direct irradiation (h  350nm) of 6 in the 
hydrogen donating solvent 2-propanol, the pinacol type of 
products meso- and racemic-32 were obtained as the main 
photoproducts, in addition to some benzaldehyde and' the 
radical coupling products I ,2-diphenyl- 1,2-ethandione and 
24. The latter two compounds are the predominant pro- 
ducts (>98%)  observed on using benzene rather than 
2-propanol as solvent. Irradiation (h  350 nm) of 7 afforded 
predominantly the radical coupling product 25 and 1,2- 
-diphenyl- 1,2-ethanedione. 

Scheme 4. 
1 300 nm. 

Photoproducts of 4-9 upon direct irradiation with 

Triplet-sensitized irradiation 

Upon sensitized irradiation of 2 and 3 using triplet 
sensitizers with triplet energies in the range of 335-210 
kJ . mol- I ,  no photoproducts could be detected by TLC, 
GLC and 'H NMR spectroscopy. After prolonged ir- 
radiation (> 10 days), decomposition of starting material 
and sensitizers was observed. 
Upon acetone-sensitized irradiation of 4, in addition to the 
photoproducts 2,3-butanedione and 1,2-diphenyl- 1,2-etha- 
nedione (U), which were also found upon direct irradiation, 
a third photoproduct, viz. 4-phenyl-2-butanone (33), was 
isolated. The ratio 24/33 was determined to be 1.28. Aceto- 
phenone failed to photosensitize 4, since the only product 
then obtained was the pinacol of acetophenone (34). In the 
case of 8 and 9, the triplet-sensitized irradiations yielded 
the same products as observed in the direct irradiations. 
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Discussion 

The solution photochemistry of acyclic dibenzyl ketones has 
been extensively ~ t u d i e d ~ ~ - ~ ~ .  These types of compounds, 
upon direct irradiation, undergo decarbonylation to form 
radical coupling products and it has been suggested that a 
very short-lived triplet state is responsible, to a large extent, 
for the formation of these or-cleavage products, which 
resulted from coupling of free, as opposed to caged, benzylic 
radicals in solution. 
Benzyl methyl ketone (4), upon direct irradiation in hexane, 
was reported26 to give p-methylacetophenone (0.4%), the 
pinacol (1 1.2%) and 1,Zdiphenylethane (24). The ratio of 
24 to p-methylacetophenone decreases with increasing con- 
centration of 4. In 2-methyl-2-propanol as solvent, the pina- 
col formation was suppressed, but o-methylacetophenone 
was reported as an additional product. A mechanism in- 
volving or-cleavage, in-cage formation of acetophenone and 
diffusion out of cage with subsequent dibenzyl formation 
was suggested. Our present results are inconsistent with 
those reportedz6. Using solvents such as heptane, acetoni- 
trile, 2-methyl-2-propanol or 2-propanol, the direct irra- 
diation of 4 yielded the radical couping products 2,3-bu- 
tanedione and 1,Zdiphenylethane in yields >99% and we 
were unable to detect any pinacol type of product or me- 
thylacetophenones. Our results on the irradiation of 5, 8 
and 9 are similar to those of 4 in that the radical coupling 
products are formed in >98% yield. This clean and 
eficient photoreaction is apparently a very convenient and 
general method of preparing symmetrically substituted 
1,2-diarylethanes, which are normally synthesized by reduc- 
tive "homocoupling" of the corresponding benzylic halides27. 
The formation of 33, upon irradiation of 4 in acetone with 
3, 300 nm, indicates the intermediacy of acetonyl radicals, 
most likely formed by reaction of free acetyl and - although 
less likely - of benzyl radicals2' with acetone. The formation 
of the pinacol 34, when acetophenone was used as adden- 
dum, illustrates the extremely high hydrogen donor ability 
of 4. 
The present results lead to the conclusion that the photo- 
chemistry of the studied u-phenyl ketones does not differ 
markedly from that of dibenzyl ketone in that they all 
proceed by initial or-cleavage, subsequent decarbonylation 
and coupling of the relatively long-living free radicals. The 
photochemistry of the ketones 6 and 7 has been previously 
r e p ~ r t e d ' ~ - ~ '  and our results are in complete accordance 
with these earlier reports. 

2 35 17 

1 9  

4 0 n = 1 . 2  41 n = 1 , 2  42 
Scheme5. Mechanism of formation of 18 and 19 from both 
2 and 17. 
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The introduction of a vinyl group in 8, as in 2, strongly 
influences the photochemical behaviour. Compound 2 upon 
direct irradiation undergoes - in addition to photodecarbo- 
nylation - the irreversible 1,3-AS isomerization (see 
Scheme 2). The apparent irreversibility of the 1,3-AS of 2 
may be explained in terms of prohibitive steric hindrance to 
the addition of the acetyl radical at the 1- as compared with 
the 3-position of the 1,l -diphenyl-2-propenyl radical3’. For 
the formation of 18 and 19, the presence of oxygen is essen- 
tial. Since 2 and its 1,3-AS isomer 17 both yield the 
compounds 18 and 19 as primary products in essentially the 
same ratio, it is suggested (Scheme 5 )  that these products 
both result from the ally1 radical 35 by addition of oxygen at 
the a- and the y-position, respectively. The so formed 
peroxy radicals eventually provide benzophenone (18) and 
the aldehyde 19, respectively. As to the formation of 19, the 
y-peroxy radical may first recombine with the acetyl radical, 
followed by dissociation of the resulting diphenylalkenyl 
peracetate into the aldehyde 19 and acetic acid; this acid, 
however, was not identifed among the photoproducts. 
Related photo-oxidations have been reported for 1,2-diphe- 
nylethanone (6)  and its 4’,4”-disubstituted  derivative^'^-'^, 
di- and tetraphenylethenes under conditions of 9,lO- 
-dicyanoanthracene sen~i t iza t ion~~,  1,1 -dichloro-2,2- 
-diarylethene~~~ and 9-(a-bromoben~ylidene)fluorene~~, 
which yielded the corresponding benzaldehydes and/or 
benzoic acids, or diary1 ketones, and mechanisms for their 
formation have been s ~ g g e s t e d ~ ‘ . ~ ~ - ~ ~ .  
Compound 3, upon direct irradiation, yields the radical 
coupling products 20 and 21 and, in addition, the 1,3-AS 
and the DPM products 22 and 23, respectively (Scheme 3). 
The formation of the DPM product, upon direct irradiation, 
and the absence of any photochemical reactivity, upon 
triplet-sensitized irradiation, are highly remarkable, espe- 
cially since DPM rearrangements were observed to occur 
for the reactants l b  and Id upon triplet-sensitized 
irradiation”. Since the (0)DPM rearrangements normally 
proceed from a (nn*) excited state, in contrast to the 
a-cleavage and 1,3-AS which arise from an excited (nn*) 
~ t a t e ~ , ~ ’ ,  the formation of the DPM product 23 probably 
results from a higher excited singlet state, the Sz(nn*), 
which may be populated in part by the “350-nm irradiation 
employed, which in fact ranges from 410-305 nm. In this 
respect, it should again be noted that this DPM product is 
formed only in a relatively low yield (cf: Scheme 3). 
On comparing the photochemistry of the P,y-enones 3, 3638 
and 3738, it appears that the a-cleavage and 1,3-AS are rela- 
tively more favoured by a-vinyl than by a-methyl substi- 
tution, in agreement with the enhanced radical-stabilizing 
effect of the vinyl group. Secondly, the introduction of the 
a-vinyl group clearly diminishes the degree of ISC, since 
none of the products formed upon triplet-sensitized 
irradiation is obtained upon direct irradiation. 
Finally, the presence of a vinyl group and/or a phenyl group 
at C(a), as in 2, creates additional possibilities of radiation- 
less decay for the triplet states, which might be ISC and/or 
degenerate ( E ) - ( Z )  isomerization of the vinyl group. In this 
respect, the stability, upon triplet photo-sensitization, of the 
related compounds 3S4, 3939 and 4039 and the related 
up-divinyl compounds 41 is worthy of mention2b. For the 
latter compound, the photostability was ascribed to a rapid 
internal conversion due to CT complexationZb. 

Experimental 

Material5 

All synthetic reactions were carried out under a dry nitrogen 
atmosphere. Tetrahydrofuran (THF) was distilled from lithium 

aluminium hydride. Dichloromethane was distilled from P,O, . 
Benzene was distilled and stored over sodium wire. Flash column 
chromatography4’ was performed on a dry-packed column of 
Kieselgel 60 (Merck 230-400 Mesh ASTM). Melting points were 
determined on a Reichert hot-stage microscope and are uncor- 
rected. NMR spectra were recorded on Varian ,460-D (using 
Me,Si as internal standard). Bruker WM-250 and Bruker AC-200 
spectrometers in C’HCI, solution. Eu(fod), was purchased from 
Aldrich (gold label 97%). IR spectra were recorded on a Perkin 
Elmer 1310 apparatus, using chloroform as solvent. UV spectra 
were recorded on a Hewlett-Packard 8451-A diode array spec- 
trometer. Mass spectra were obtained using a Varian MAT-711 
spectrometer at 70 eV. 
The fluorescence spectra were recorded on a Spex Fluorolog2 
equipped with 150 W Xe-lamp, MDI excitation and MD2 emission 
monochromator, SI emission detector R928 in photocounting 
mode. 

Synthesir of photoreacrants 

3,3-Dipheny1-5-(phenylsulfinyl)-2-pentanone (1 1). To a solution of 
50 ml benzene, containing 400 mg of NaH suspension, was added 
20 g (95 mmol) of 8 dissolved in 100 ml benzene. After 2 h stirring, 
17 g phenyl vinyl sulfoxide in 50 ml benzene was added dropwise 
to the solution over a period of 4 h. The mixture was stirred at 
room temperature overnight. The solution was then acidified with 
1.0 M HCI to pH 1 and extracted with ether. The combined orga- 
nic extracts were washed with water and brine and dried over 
MgSO,. After evaporation of the solvent in vacuo, column chroma- 
tography using EtOAc/CH,Cl, (1/9) as eluent afforded a very 
viscous oil. Yield 76%. ‘H NMR, 250 MHz (6, ppm): 7.49-7.09 (m, 
15H, 3 x Ph), 2.65-2.35 (m, 4H, CH,CH,), 1.94 (s, 3H, CH,). IR, 
v(cm-I): 3060(w), 3000(m), 2940(w), 171O(s), 1600(w), 1570(m), 
1490(m), 1480(m), 1445(s), 1355(s), 1085(m), 1045(s), 1020(s), 
700(s). MS m/z (%): 362(M + *, not seen), 237( IOO), 193(98), 
178(32), 165(31), 137(32), 123(42), 115(81), 9I(44). High-resolu- 
tion mass spectrum, m/z:  237.1280; calcd. for CI2H,,O 
(M + *-SOPh) m/z:  237.1279. 

3,3-Diphenyl-l-penten-4-one (2). The sulfoxide 11 was heated at 
180-200°C in vacuo (0.10 mm Hg). The pyrolysis resulted in the 
formation of 2 and diphenyl disulfide, which were distilled off at 
120” C. Compound 2 was isolated by column chromatography 
using CH,Cl,/pentane (1/1) as eluent. Yield 32%. ‘H NMR, 
250 MHz ( 6 ,  ppm): 7.38-7.12 (m. IOH, 2 x Ph), 6.77 (dd, J 18 and 
10 Hz, IH, CH=CH,), 5.42 (d, J 10 Hz,, IH, CH=CH,H,), 4.76 
(d, J 18 Hz, IH, CH=C&H,), 2.18 (s, 3H, CH,). IR, v(cm-I): 
3080(w), 3060(w), 3000(w), 1710(s), 1630(w), 1600(w), 1490(s), 
144O(s), 1350(s), 930(m), 700(s). MS, m/z (%): 236(M”, 26), 
194(51), 193( loo), 178(62), 115(85), 91(49), 65( 10). High-resolu- 
tion mass spectrum, m/z:  236.1191; calcd. for C,,H,,O, m/z:  
236. I20 1. 

1.2-Diphenyl-I-propanone (10). To a solution of 2.45 g NaH sus- 
pension in 100 ml THF, 9.95 g (50 mmol) 1,2-diphenylethanone (6) 
in 40 ml THF was added dropwise at room temperature. After 1 h 
stirring, the resulting solution was added using a syringe to a so- 
lution of 35 ml methyl iodide in 40 ml THF. The solution, which 
discoloured immediately, was stirred for a h  and then quenched by 
the addition of 25 ml of water. Extraction by ether, washing of the 
combined organic layers with water and brine, drying over MgSO, 
and removal of the ether in vacuo afforded, after recrystallization, 
white crystals. M.p. 50°C (lit.,’ 53°C). Yield 87%. ‘H NMR, 
250 MHz (6 ,  pprn): 7.94-7.90 (m, 2H, COPh,,z,,), 7.47-7.15 (m, 
8H, C,H, + Ph), 4.67 (4. J 7 Hz, IH, CHCH,), 1.52 (d, J 7 Hz, 3H, 
CH,CH). 
I ,  2-Diphenyl-2-methyl-4-(phenylsulJinyl)-l-butanone (12). This 
compound was obtained from 10 as described for 11. Yield 65%. 
’H NMR, 60 MHz (6, ppm): 7.6-7.1 (m, ]OH, 2 x Ph), 2.9-2.7 (m, 
2H, CH,SO), 2.4-2.2 (m, 2H, CH,CH,SO), 1.6 (s, 3H, CH,). 

1,2-Diphenyl-2-methyl-3-buten-l-one (3). This compound was 
obtained by pyrolysis of the sulfoxide 12 as described for the pre- 
paration of 2. The product 3 was isolated by column chromatogra- 
phy using CH,Cl,/pentane (5/95) as eluent. Yield 38%. ‘H NMR, 
250 MHz (6 ,  pprn): 7.54-7.50 (m, 2H, COPh,,,,), 7.39-7.18 (m, 
8H, C,H, + Ph), 6.60 (dd, J 17 and 11 Hz, IH, CH=CH,), 5.28 (d, 
J 1 1  Hz, IH, CH=CH,H,), 5.15 ( d , J  17 Hz, IH, CH=C&H,), 
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1.93 (s, 3H, CH,). IR, v(cm-I): 3080(w), 3060(w), 2980(w), 
1670(s), 1590(m), 1440(m), 1400(w), 1360(w), 950(m), 935(m), 
690(s). MS, m / z ( % ) :  236(M", 14), 148(33), 115(11), 105(100), 
91(19), 77(34), 51112). High-resolution mass spectrum, m/z: 
236.1 197; calcd. for C,,H,,O, m/z: 236.1201. 

3-Phenyl-2-butanone (14). This compound was obtained from ben- 
zyl methyl ketone (4) as described for 10. Yield 92%. 'H NMR, 
60 MHz (6, ppm): 7.4-7.2 (m, SH, Ph), 3.7 (q, J 7 Hz, IH, 
CHCH,), 2.0 (s, 3H, COCH,), 1.4 (d, J 7 Hz, 3H, CH,CH). 

3-Methyl-3-phenyl-2-butanone (5). This compound was obtained 
from 14 as described for 10. Distillation (0.5 mm Hg/61 "C) yielded 
a slightly yellow oil. Yield 75%. 'H NMR, 60 MHz (6, ppm): 
7.4-7.2 (m, SH, Ph), 2.0 (s, 3H, COCH,), 1.5 [s, 6H, (CH,),]. IR, 
v(cm- I ) :  3060(w), 3040(w), 3000(m), 1720(s), 1610(w), 1510(m), 
1480(m), 1460(m), 1400(w), 1380(m), 1370(m), 1140(m), 710(s). 
High-resolution mass spectrum, m/z:  162.1036; calcd. for 
CI,H,,O, m/z:  162.1044. 

1,2-Diphenyl-2-methyl-l-propanone (7). This compound was 
obtained from 10 as described for 5. Distillation (0.5 mm Hg/9O0C) 
yielded a slightly yellow oil. 'H NMR, 250 MHz (6, ppm): 
7.49-7.45 (m, 2H, COPh,,,,,), 7.37-7.17 (m, SH, C,H, + Ph), 1.59 
[S, 6H, C(CH3)21. 
3,3-Diphenyl-2-butanone (9). This compound was obtained from 8 
as described for 10. Distillation (0.1 mm Hg/IIZ"C) afforded a 
slightly yellow oil. Yield 97%. 'H NMR, 60 MHz (6, ppm): 7.4-7.2 
(m, IOH, 2 x Ph), 2.1 (s, 3H, COCH,), 1.9 (s, 3H, CCH,). 

Irradiation procedures 

All solutions were purged with nitrogen for 10 min prior to the 
irradiation. For direct irradiation at h 300 and 350nm, pyrex 
vessels were used employing a Rayonet RPR-208 photoreactor 
equipped with eight RUL-3000 and RUL-3500 lamps, respectively. 
Sensitized irradiations were performed at the appropriate wave- 
length such as to excite selectively (>98%) the sensitizer. The 
reactions were monitored by GLC (Varian 3700, stainless steel 
column, 4 m ,  1/8 inch, 3% OV-225 on Chromosorb W-(AW), 
80-100 Mesh, He 30ml/min). The GLC peak areas were deter- 
mined using a Varian CDS-IIIC digital integrator. After the 
irradiation, the photolyzate was eluted by flash chromatography 
over a kieselgel column, using mixtures of hexane, dichlorome- 
thane and ethyl acetate as eluent. Of the various mixtures thus 
obtained, the photoproducts were separated and purified by pre- 
parative GLC [Varian 2720, copper column, 2m,  1/4 inch, 10% 
OV-225 on Chromosorb W-(AW), 40-60 Mesh, He 100 ml/min]. 
The triplet sensitizers used came from a photosensitizer and quen- 
cher kit (Baker). An oxygen-rich atmosphere during irradiation 
was achieved by bubbling oxygen through the solution; the same 
procedure was followed using argon instead of oxygen to create an 
inert atmosphere. The products were identified on the basis of 
their spectral data or by comparison with reported spectral data. 
The quenchers 1,3-cyclohexadiene and 2,4-dimethyl- 1,3-pen- 
tadiene were purchased from Aldrich. 

Direct irradiation of 3.3-diphenyl-1 -penten-4-one (2). A solution of 
1.0 g of 2 in 250 ml of benzene was irradiated (h 300 nm) for 4 
days. Work-up of the photolyzate as described afforded the pure 
compounds 15-19. 
15. 'H NMR, 250 MHz (6, ppm): 7.60-7.16 (m, IOH, 2 x Ph), 
6.07 ( t , J  7 Hz, IH, olef.), 2.21 (quintet, J 7 Hz, 2H, CH,), 1.04 (t, 
J 7 Hz, 3H, CH,). MS-FID, m/z: 208(M +*). 

16. 'HNMR, 250MHz (6, ppm): 7.62-7.21 (m, IOH, Phx2) ,  
6.41(dd,J17and11Hz,1H,CH=CH2),5.I8(dd,J11 a n d I H z ,  
IH, CH=CH,H,), 4.92 (dd, J 17 and 1 Hz, IH, CH=C&H,), 
1.79 (s, 3H, CH,). MS-FID, m/z: 208(M"). 
17. 'HNMR, 250MHz (6, ppm): 7.38-7.12 (m, IOH, 2xPh). 
6.26 (t, J 7 Hz, IH, olef.), 3.24 (d, J 7 Hz, 2H, CH,), 2.11 (s, 3H, 
CH,O). IR, v(cm-'): 3080(w), 3060(w), 3005(w), 1710(s), 
1650(m), 1595(m), 1490(m), 1440(m), 1355(m) 1160(m), 690(s). 
MS, m/z (%I: 236(M", 26), 207(25), 206(27), 193(100), 178(35), 
165(28), 115(91), 105(38), 91(17), 77(18). High-resolution mass 
spectrum, m/z: 236.1 190, calcd. for C,,H,,O, m/z: 236.1201. 
19. 'H NMR, 250 MHz (6, ppm): 9.51 (d, J 8 Hz, IH, CHO), 
7.46-7.23 (m. IOH, 2~ Ph), 6.58 (d, J 8 Hz, IH, olef.). IR, 
v(cm- I ) :  3080(w), 3000(w), 2850(m), 1655(s), 1590(m), 1570(w), 

1445(m), 1130(m), 905(s), 690(m). High-resolution mass spectrum, 
m/z: 208.0878; calcd. for C,,H,,O, m/z: 208.0888. 

Direct irradiation of 1,2-d@henyl-2-methyl-3-buten- I-one (3). A 
solution of 1.5 g of 3 was dissolved in 300 ml of benzene and 
irradiated (h 350 nm) for 5 h. Work-up of the photolyzate as pre- 
viously described afforded the pure compounds (E)- and (2)-20, 
21, (E)-  and (2)-22 and 23 in the yields shown in Scheme 3. 
(E)-20. 'H NMR, 250 MHz (6, ppm): 7.39-7.17 (m, IOH, 2 x Ph), 
6.11 (dd, J 18 and 11 Hz, IH, CH=CH,), 5.67 (dt, J 7 Hz, IH, 
=CHCH,), 5.14 (dd,J  11 and 1 Hz, IH, CH=CH,H,), 5.10 (dd, 
J 10 and 1 Hz, IH, CH=CH,H,), 2.75-2.59 (m, 2H, CH,), 1.97 
(s, 3H, CH,C=), 1.43 (s, 3H, CH,CPh). MS-FID, m/z: 262(M"). 
(2)-20. 'H NMR, 250 MHz (6, pprn): 7.34-7.08 (m, IOH, 
2 x Ph), 5.97 (dd, J 18 and 10 Hz, IH, CH=CH,), 5.30 (t, J 6 Hz, 
IH, =CHCH,), 5.05 (dd ,J  10 and 1 Hz, IH, CH=CH,H,), 4.96 
(dd, J 18 and 1 Hz, H, CH=CH,H,), 2.44 (t, J 6 Hz, 2H, CH,), 
1.94 (d,J  1 Hz, 3H, CH,C=), 1.27 (s, 3H, CH,CPh). IR, v(cm-'): 
3080(w), 3060(w), 3000(w), 2960(w), 2930(w), 2870(w), 2850(w), 
1600(m), 1480(m). 1370(m), 910(s), 700(s). MS, m/z  (%): 
262(M", 2), 131(100), 115(19), 91(22), 77(8). High-resolution 
mass spectrum, m/z :  262.1706; calcd. for C,,H,,, m/z: 262.1721. 
21. 'H NMR, 250 MHz (6, ppm): 7.39-7.15 (m, ]OH, 2 x Ph), 
5.71 (dt, J 7 and I Hz, IH, CH,=CCH,), 5.16 (dt, J 7 and 1 Hz, 
IH, CH,=CCH,), 2.22-2.08 (m. 4H, CH,CH,), 2.03 ( d , J  1 Hz, 

m/z: 262(M + '). 
(E)-22. 'H NMR, 250 MHz (6, ppm): 8.04-7.98 (m, 2H, COPh,, 
tho),  7.51-7.21 (m, SH, C,H,+Ph), 6.10 (dt, J 7 and 1 Hz, IH, 
olef.), 3.90 (d, J 7 Hz, 2H, CH,), 2.21 (d, J 1 Hz, 3H, CH,). IR, 
v(cm- I ) :  3080(w), 3060(w), 3005(m), 2975(m), 1680(s), 1595(m), 
1575(m), 1490(m), 1325(w), 1260(w), 905(m), 690(s). MS, 
m / z ( % ) :  236(M+*, 8). 131(17), 105(100), 91(18), 77(57), 51(21). 
High-resolution mass spectrum, m/z: 236.1 199; calcd. for 
C,,H,,O, m/z: 236.1201. 
(2)-22. 'H NMR, 250 MHz (6, ppm): 7.87-7.81 (m, 2H, COPh,,- 
tho),  7.71-7.42 (m, 8H, C,H,+Ph), 5.81 (dt, J 7 and 1 Hz, IH, 
olef.), 3.67 (d, J 7 Hz, 2H, CH,), 2.31 (d, J 1 Hz, 3H, CH,). 
MS-FID, m/z: 236 (M+'). 
23 (for the numbering see Fig. 6.2). 'H NMR, 250 MHz (6, ppm): 
7.96-7.92 (m, 2H, COPh,,,), 7.55-7.12 (m, 8H, C,H, + Ph), 2.93 
(dd,J  7 and 5 Hz, lH,  H'), 2.21 (dd,J 5 and 4 Hz, IH, H3a), 1.66 
(s, 3H, CH,), 1.29 (dd, J 7 and 4Hz,  IH, H3b). I3CNMR, 
250 MHz (6, ppm) (cf: Fig. 6.2): 21(C3), 28(CH,), 33(C2), 36(C1), 
125-129 (12 x C,,), 196(CO). IR, v(cm-I): 3000(w), 2960(m), 
2920(m), 2850(w), 1660(s), 1595(m), 1575(m), 1445(s), 1260(s), 
980(s), 690(s). MS, m/z(%):  236(M", IS), 231(42), 105(100), 
91( 14). 77(38). High-resolution mass spectrum, m/z:  236.1209; 
calcd. for CI5H,,O, m/z: 236.1201. 

Direct irradiation of benzyl methyl ketone (4). A solution of 3 g of 4 
was dissolved in 300 ml of acetonitrile and irradiated (1 300 nm) 
for 2 days. Work-up of the photolyzate afforded only the bibenzyl 
(24). When the reaction was performed in acetone, 4-phenyl-2- 
-butanone (33) was also obtained, the 24/33 ratio being 1.28. 
24. 'H NMR, 250 MHz (6, ppm): 7.42-7.31 (m, ]OH, 2 x Ph), 
2.94 (s, 4H, CH,CH,). IR, v(cm-I): 3080(w), 3060(w), 3000(m), 
2940(m), 2920(m), 2860(m), 1710(w), 1600(s), 1490(s), 1020(m), 
700(s). MS, m/z (%): 182(M+', IS), 191(100). High-resolution 
mass spectrum, m/z: 182.1091; calcd. for C,,H,,, m/z:  182.1090. 
M.p. 50°C (lit?, 53°C). 
33. 'H NMR, 250 MHz (6, ppm): 7.32-7.16 (m, 5H, Ph), 2.88 (m, 
2H, CH,), 2.78 (m, 2H, CH,), 2.14 (s, 3H, CH,). IR v(cm-I): 
3080(w), 3060(w), 3000(m), 2960(m), 2940(m), 1710(s), 1600(m), 
1495(m), 1460(s), 1405(m), 1370(m), 1360(m), 1160(m), 690(s). 
MS-FID, m/z: 170(M + '). 

Direct irradiation of 3-methyl-3-phenyl-2-butanone (5).  A solution 
of 3 g of 5 in 300 ml of benzene was irradiated (1 300 nm) for 2 
days. Work-up of the polyzate afforded 25 and a trace of tert-butyl- 
benzene (28). 
25. 'H NMR, 250 MHz (6, ppm); 7.24-7.03 (m, IOH, 2 x Ph), 
1.29 (s, 12H, 4 x CH,). IR, v(cm-'): 3080(w), 3060(w), 2980(s), 
160O(w), 1480(m), 1460(m), 1440(m), 1370(s), 1140(m), 1020(m), 
780(s). MS, m / z ( % ) :  238(M" not seen), 119(100), 103(11), 
99(44), 79( 10). 7711 I ) ,  43( 13), 41(15). High-resolution mass spec- 
trum, mjz: 119.0796; calcd. for M + '-C,H,, , m/z: 119.0797. M.p. 
115°C 1 IS°C). 

3H, CII,C=CH,), 1.98 (d, J 1 Hz, 3H, CH,C=CH,). MS-FID, 
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Direct irradiation of 1.2-diphenylethanone (6). 3 g of 6 in 300 ml of 
benzene was irradiated (h  350nm) for 3 days. Work-up of the 
photolyzate afforded 24. When the irradiation was performed in 
2-propano1, in addition to a small amount of 24, the pinacols 
(meso)- and (racemic)-32 were isolated as the predominant pro- 
ducts. 
(meso)-32. 'H NMR, 250 MHz (6, ppm): 7.43-7.03 (m, 20H, 
4 x Ph), 3.69 (AB-system, J 14 Hz, 2H, 2 x CH,H,), 2.97 (AB-sys- 
tem, J 14 Hz, 2H, 2 x CH,H,), 2.24 (s, 2H, 2 x OH). IR, v(cm-'): 
3575(m), 3080(w), 3060(m), 3000(w), 1600(s), 1490(s), 144O(s), 
1060(m), 700(s). MS, m/z (2): 394(M+', not seen), 197(84), 
120(8), 105(100), 91(27), 77(36), 65(6). High-resolution mass spec- 
trum, mlz: 197.0968; calcd. for M +  '-C14H130, m/z:  197.0966. 
(racemic)-32. 'H NMR, 250 MHz (6, ppm): 7.42-7.05 (m, 20H, 
4 x Ph), 3.48 (AB-system, J 14 Hz, 2H, 2 x CH,H,), 3.00 (AB-sys- 
tem, J 14 Hz, 2H, 2 x CH,H,), 2.85 (s, 2H, 2 x OH). IR, v(cm-'): 
3560(w), 3090(m), 3060(w), 3000(m), 1600(m), 1490(s), 144O(s), 
1380(w), 700(s). MS m / z ( % ) :  394(M+', not seen), 197(100), 
120(9), 105(96), 91(32), 77(28). High-resolution mass spectrum, 
m/z: 197.0971; calcd. for M + '-C14H130, m/z: 197.0966. 

Direct irradiation of 1.2-diphenyl-2-methyl-1 -propanone (7). A 
solution of 3 g of 7 was dissolved in benzene and irradiated (1 
350 nm) for 3 days. Work-up of the photolyzate afforded 25 as the 
predominant product (> 96%) in addition to benzil. 

Direct irradiation of 1.1-diphenylacetone (8). A solution of 2.5 g of 
8 was dissolved in 250ml of benzene and irradiated for 2 days. 
Work-up of the photolyzate as previously described afforded 26 
and a trace of 29, 30 and 31. 
26. IH NMR, 60 MHz (6, ppm): 7.4-6.9 (m, 20H, 4 x Ph), 4.7 (s, 
2H, 2 x CH). IR, v(cm-'): 3090(w), 3060(w), 3000(m), 1600(m), 
1490(s), 1070(s), 1020(s), 690(s), 605(s). MS, m/z (%): 334(M+', 
1 l), 167(100), 152(63), 139(7), 1 15(13). High-resolution mass spec- 
trum, m/z:  334.1723; calcd. for C2,H2,, m/z :  334.1722. M.p. 208°C 
(lit.44 208-209' C). 
29. 'H NMR, 250 MHz (6, pm): 7.53-7.13 (m, IOH, 2 x Ph), 4.14 

m/z: 182(M+'). 
30. MS-FID, m/z:  168(M + '). 
31. IH NMR, 250 MHz (6, ppm): 7.58-7.16 (m, 20H, 4 x Ph), 
4.23 (s, lH,  CH), 4.06 (s, IH, CH), 2.21 (s, IH, OH), 2.15 (s, IH, 
OH), 1.39 (s, 3H, CH,), 1.33 (s, 3H, CH,). IR, v(cm-'): 3470(m), 
3090(w), 3060(w), 3000(w), 2930(m), 1600(w), 1490(s), 1450(s), 
1355(s), 905(s), 695(s). MS, m / z ( % ) :  422(M", not seen), 
21 I (  100). 195( 14), 133(44), 105(38), 59(58), 43(29). High-resolu- 
tion mass spectrum, m/z:  21 1.1 131; calcd. for M+'-C,,H,,O, m/z: 
21 1.1 123. 

Direct irradiation of 3.3-diphenyl-2-butanone p). A solution of 2 g 
of 9 was dissolved in 250 ml of benzene and irradiated for 3 days. 
Work-up of the photolyzate as previously described afforded 27. 
27. 'H NMR, 60 MHz (6, ppm): 7.4-6.9 (m, 20H, 4 x Ph), 2.1 (s, 
6H, 2 x CH,). IR, v(cm-'): 3100(w), 3060(w), 3005(s), 1600(m), 
1495(s), 144O(s), 1385(s), 1030(s), 700(s). MS, m/z (%): 362(M+', 
not seen), 181(100), 165(97), 152(28), 105(57), 89(23), 77(69), 
51(50). High-resolution mass spectrum, m/z: 181.1010; calcd. for 
M+*-CI4Hl3, m/z:  181.1017. M.p. 122°C (lit?' 122°C). The pro- 
duct 27 was found to be thermally unstable4'. Under the GLC 
conditions, the resulting 1 ,I-diphenylethyl radical dispropor- 
tionates to 1 ,I-diphenylethane (30) and 1 ,I-diphenylethene (42). 
42. 'HNMR,  250MHz (6 ,  ppm): 7.53-7.18 (m, ]OH, 2xPh) ,  
5.45 (s, 2H, CH,). MS-FID, mlz: 180(M+'). 

(q, J 7 Hz, IH, CHCH,), 1.64 (d, J 7 Hz, 3H, CH3CH). MS-FID, 
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