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Photochemistry of py-Unsaturated Carbonyl Compounds. 3,3-DimethylW 
5,5-diphenylpent-4-en-2-one and 2 2 -  Dimethyl -4,4-d i phenyl but-3-enal 
By Albert C. Pratt, t School of Chemistry, The University, Bristol BS8 1 TS 

Irradiation of 3,3-dimethyl-5.5-diphenylpent-4-en-Z-one (1 ) resulted in formation of 5-methyl-3.3-diphenyIhex-4- 
en-2-one (3). an allylic rearrangement product arising from the singlet excited state. The product 2.2-dimethyl- 
3.3-diphenylcyclopropyl methyl ketone (8). was absent from both direct and acetophenone-sensitised irradiations. 
Irradiation of 2,2-dimethyl-4,4-diphenylbut-3-enal (2) resulted in decarbonylation. 

THE photoreactions of &-unsaturated ketones have re- suggested that the 1,3-acyl shift involves a-cleavage 
ceived considerable attention in recent years. Two followed by recombination of the intermediate acyl and 
major processes involving skeletal rearrangement have allylic radicals [route (i)] lb  and that an ' oxa-di-x- 
been recognised for such systems (Scheme) : (a) allylic methane ' intermediate (C) may be formed during the 
rearrangement involving 1,3-acyl migration (A _t B) 1,2-acyl migration [route (ii)] .lc 
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and (b) cyclopropyl ketone formation involving 1,2-acyl 
migration (A --w D). The singlet excited state appears 
to be responsible for the 1,3-acyl migration1 whereas 
cyc*opropyl ketone formation Occurs from the trip1et 
excited state.1 Both rearrangements may be concerted, 

Most studies have been on cyclic systems and, when the 
work outlined here was begun, results for relatively few 

(a) R. S. Givens, W. F. Oettle, R. L. Coffin, and R. G. 
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31. A. Schexnayder, ibid., 1972, 94, 4357;  (c) W. G. Dauben, 
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symmetry-allowed processes l a  although it has been 
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acyclic cases had been reported2 and, except for some 
detailed studies with cyclopentenyl  aldehyde^,^ little 
attention had been paid to the excited state reactions of 
py-unsaturated aldehydes. The solution photochemistry 
of the acyclic &unsaturated carbonyl compounds 3,3- 
dimethyl-5,5-diphenylpent-4-en-2-one (1) and 2,Z-d.i- 
met hyl-4,4-diphenylbut -3-enal (2) was investigated. 
Treatment of aldehyde (2) with methylmagnesium 
iodide followed by oxidation5 of the resulting alcohol 
yielded (1). 

RESULTS AND DISCUSSION 
Irradiation of ketone (1) in benzene or propan-2-01 

through a Pyrex filter resulted in the rapid production of 

The py-unsaturated ketone (1) was consumed much more 
slowly than in the direct irradiations and a complex 
product mixture was obtained. Examination of the 
mixture at various stages during the reaction failed to 
reveal the presence of either photoketone (3) or cyclo- 
propyl ketone (8). 

Irradiation of the aldehyde 2,a-dimet hyl-4,4-diphenyl- 
but-3-end (2) in benzene yielded a mixture of the two 
possible isomeric decarbonylation products, 3-methyl- 
1,l-diphenylbut-l-ene (10) (major) * and 3-methyl-1,l- 
diphenylbut-2-ene (1 1) (minor) ,Q identified by comparison 
with authentic specimens. Decarbonylation has been 
previously recognised as the major photoreaction of w- 
unsaturated aldehydes .3 
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a single ketonic photoproduct (3). More prolonged 
irradiation led to the formation of a complex hydrocarbon 
mixture with the simultaneous disappearance of both 
(1) and (3). The n.m.r. spectrum (Experimental section) 
indicated that photoketone (3) should be assigned the 
structure of the product arising from a 1,3-acetyl 
migration, 5-methyE3,3-diphenylhex-Pen-2-one. Con- 
fumation of this structure was obtained by catalytic 
hydrogenation of (3) to give ketone (4), which was ob- 
tained by an unambiguous route from the known 
carboxylic acid (5).6 Catalytic hydrogenation of (5) 
provided the saturated acid (6) which was converted into 
the acid chloride (7). Subsequent treatment of (7) with 
dimethylcadmium yielded authentic ketone (4), identical 
with that derived from photoketone (3). Cyclopropyl 
ketone (€9, synthesised for comparison purposes from 
2,2-dimet hyl-3,3-dip hen ylcy clopro panecar box ylic acid 
(9 ) ,1 s4b  could not be detected at any stage during the 
photochemical reaction. 

Ketone (1) was irradiated in benzene in the presence of 
acetophenone as sensitiser under conditions where essen- 
tially all the light was being absorbed by the sensitiser. 
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Attempted sensitised photoreaction of the P'y-un- 
saturated aldehyde (2) gave ambiguous results. De- 
carbonyIation to a mixture of olefins (10) and (11) 

Ph H 
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occurred, but this could possibly have resulted from com- 
petitive direct capture of light by the aldehyde. 

Since direct irradiation of methyl ketone (1) results in 
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formation of photoketone (3) and the latter is not 
observed during sensitised irradiations, it appears that 
ketone (3) is derived from a singlet excited state of (1). 
A similar result has been reported by Dauben and CO- 

workers l c  for the singlet excited state allylic rearrange- 
ment of the closely-related ketone (12) to (13). These 
1,3-acyl migrations may be explained in terms of the 
ketonic a-cleavage mechanism [route (i)] . Competitive 
loss of carbon monoxide from the intermediate acyl 
radical would account for the ultimate formation of 
decarbonylation products in both cases. Alternatively, 
a concerted, symmetry-allowed 1,3-acyl migration lo may 
be in competition with a less efficient a-cleavage reaction. 
These results for ketones (1) and (12) are in accord with 
those previously found for cyclic systems.la9 Since 
Pyrex filtered light was used it seems likely that an 
PZ X* excited state is responsible for the 1,3-acyl 
migration, particularly since it has been recently demon- 
strated that phenyl substitution on the carbon-carbon 
double bond is not essential for the success of the reaction 
in acyclic systems.11 

Acetophenone-sensitised irradiation of ketone (12) was 
reported by Dauben et aZ.lc to result in 1,2-acyl migration 
to  yield the cyclopropyl ketone (14) as sole product in 
93% yield. This is in marked contrast to the present 
report where the corresponding cyclopropyl ketone (8) 
could not be detected. This difference in behaviour 
observed for the ketones (1) and (12) on acetophenone- 
sensitised irradiation is difficult to  rationalise. Pre- 
sumably in the case of ketone (1) a x _t x* excited 
state associated with the diphenylethylene chromophore 
results from triplet sensitisation. Formation of cyclo- 
propyl ketone (8) may be prevented by preferred geo- 
metrical isomerisation. Such isomerisation has been 
previously observed for a &-unsaturated ketone.le 

EXPERIMENTAL 

Xrradiations were conducted using a water-cooled im- 
mersion well with Pyrex filtered light from a 100 W medium 
pressure mercury vapour lamp. Photolysis solutions were 
purged with nitrogen for 30 min before irradiation and a 
slow stream was maintained during the irradiation. 
Solvents used in the irradiations were of analytical reagent 
quality. N.m.r. spectra were recorded in carbon tetra- 
chloride as solvent with tetramethylsilane as internal 
standard. 1.r. spectra are reported for liquid films unless 
otherwise indicated. Preparative thin layer chromato- 
graphy (p.1.c.) was effected on Merck silica gel GF2,4. 

2,2-Dimethyl-4,4-diphenylbut-3-enal (2) .-This aldehyde 
was synthesised as previously de~cr ibed .~  

3,3-Dimethyl-5,5-diphenylpent-4-en-2-one ( 1) .-The alde- 
hyde (2) (6.0 g) in dry ether (50 ml) was slowly added to  
methylmagnesium iodide [from methyl iodide (4.5 g) ,  
magnesium (0-75 g), and ether (20 ml)]. The mixture was 
refluxed for 60 min and cooled to  room temperature. 
Saturated aqueous ammonium chloride solution (100 ml) 
was added and the mixture extracted with ether. The 
extract was washed with water and dried (MgSO,). Evapor- 
ation yielded an oil which was distilled to give 3,3-dimethyZ- 

lo R. B. Woodward and R. Hoffmann, ' The Conservation of 
Orbital Symmetry,' Verlag C.hemie, Aschaffenburg, Germany, 
1970, p. 96. 

5,5-diphenylpent-4-en-2-01 (4.9 g, 77%), b.p. 152" at 0.5 
mmHg, vms. 3375 cni-1, 6 0.78 (s) and 0.87 (s) (CMe,), 1.10 
(d, J 6 Hz, MeCO), 2-62br (s, exchangeable with D20, OH), 
3-45 (9, J 6 Hz, OCH), 6.05 (s, C:CH), and 7.10 p.p.m. (m, 
aromatic) (Found: C, 85.95; H, 8.05. C1,H2,0 requires 
C, 85.7; H, 8.25%). 

The carbinol (4.5 g) in ether (80 ml) was oxidised by drop- 
wise addition, with stirring, of a solution of sodium di- 
chromate dihydrate (4.2 g) and concentrated sulphuric acid 
(16 ml) in water (85 ml) while maintaining the temperature 
below 25". Stirring was continued for a further 60 min. 
Extraction with ether followed by washing with water and 
5% sodium hydrogen carbonate solution, drying, and con- 
centration gave an  oil which was distilled under reduced 
pressure to  give 3,3-dimethyl-5,5-diphenylpent-4-en-2-one ( 1) 
(3.9 g, 87y0), b.p. 140' at 0-2 mmHg, vmx. 1706 cm-l, 6 1.12 
(s, CMe,), 1-90 (s, COCH,), 6-06 (s, C:CIi), and 7.20 p.p.m. 
(m, aromatic) (Found: C ,  86-0; H, 7.25. C,,H2,0 requires 
C, 86-35; H, 7.55%). 

Direct Irradiation of 3,3-Dimethyl-5,5-diphenylpent-4-en-2- 
one (1) .-A solution of methyl ketone (1) (1.012 g) in benzene 
(270 ml) was irradiated for 3 h. Removal of the solvent 
under reduced pressure gave a pale yellow oil. P.1.c. [three 
developments with 35% petroleum (b.p. 40-60") in ben- 
zene] separated the material into three bands. 

The material recovered from the fastest-moving band 
(160 mg) by chloroform extraction showed no carbonyl 
absorption in the i.r. spectrum, and the n.m.r. spectrum 
suggested that i t  contained a number of components. 

The second band yielded an  oil (282 mg) which was dis- 
tilled to give 5-methyl-3,3-diphenylhex-4-en-2-one (3), b.p. 
138' at 0.2 mmHg, vmaX. 1708 cm-l, 6 1.24 (d, J 1.5 Hz) and 
1-87 (d, J 1.5 Hz) (CCMe,), 2-01 (s ,  COCH,), 6.17 (m, 
CXH), and 7.25 p.p.m. (m, aromatic) (Found: C, 86-0; H, 
7.25. C,,H2,0 requires C, 86-35; H, 7.55%). 

The slowest-moving band contained only starting material 
(310 mg). 

Similar results were obtained using propan-2-01 as solvent. 
Acetophenone Sensitised Irradiation of 3,3-Dimethyl-5,5- 

diphenylpent-4-en-2-one ( 1) .-A solution of methyl ketone 
(1) (500 mg) in benzene (200 ml) containing freshly distilled 
acetophenone (80 ml) was irradiated for 97 h. Benzene was 
distilled off and the acetophenone removed under reduced 
pressure (0.1 mmHg; bath temperature 45'). The resulting 
viscous oil was investigated spectroscopically and by t.1.c. 
Some starting material remained. No evidence for the 
presence of either photoketone (3) or the cyclopropyl ketone 
(8) could be obtained. The oil contained a complex product 
mixture. 

Catalytic Hydrogenation of 5-Methyl-3,3-diphenyIhex-4-en- 
2-one (3).-Photoketone (3) (165 mg) was dissolved in 
ethanol (20 ml) and hydrogenated in the presence of pal- 
ladium black (Johnson Matthey & Co.) (50 mg). Uptake 
of hydrogen was complete after 2 h. Following filtration 
and removal of solvent, the residual oil was purified by short 
path distillation (0.05 mmHg ; bath temperature 180"). 
The resulting oil was identical with a sample of authentic 5- 
methyl-3,3-diphenylhexan-2-one (4) (see below) as judged by 
t.l.c., and i.r. and n.1n.r. spectroscopy. 

5-Methyl- 3,3-diphenylhexan-2-one (4) .-4-Me thyl- 2,2-di- 
phenylpent-4-enoic acid (5) was prepared by the literature 
method,6 m.p. 121" (lit.,6 120.5-121.5"), 6 1.30br (s, 

l1 (a) J. M. Conia and M. Bortolussi, Bull. SOC. chim. France, 
1972, 3402; (b)  P. S. Engel and 31. -4. Schexnaydcr, J .  Anzev. 
Chern. SOC., 1972, 94, 9252. 
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C:CMe), 3.15br (s, CX-CH,), 4-57br (s) and 4.67br (s) 
(CXH,), 7.22 (m, aromatic), and 12.30 p.p.m. (s, exchange- 
able with D,O, C0,H). 

Hydrogenation of the acid (5) (3.5 g) in ethanol (20 ml) 
over palladium black (150 mg) gave 4-methyl-2,2-diphenyl- 
pentanoic acid (6) (2.8 g, 79%), m.p. 124-125" (from 
benzene), vmX. (Nujol) 2660br and 1690 cm-l, 6 0.65 (a, J 6.5 
Hz,  CMe,), 1.30 (m, CH), 2.32 (d, CH,), and 7.23 p.p.m. (m, 
aromatic) (Found: C, 80.8; H, 7.65. C18H200, requires 
C, 80.6; H, 7.45%). 

Anhydrous cadmium chloride (5.0 g) was added to  methyl- 
magnesium iodide [prepared from magnesium (1.08 g) and 
methyl iodide (8.0 g) in ether (100 ml)]. The mixture was 
refluxed for 2 h and then ether (70 ml) was distilled off. 
Benzene (50 ml) was added and further distillate (35 ml) 
collected. A further portion of benzene (50 ml) was added 
and the mixture cooled to room temperature. A solution 
of 4-methyl-2,2-diphenylpentanoyl chloride (7) [from the 
acid (6) (1-35 g)  and thionyl chloride (10 ml)] in benzene (25 
ml) was added slowly with stirring and the mixture was then 
refluxed for 2 h. Water (50 ml) was added to the cooled 
mixture and the organic phase was separated, washed with 
water and 10% sodium carbonate solution and dried. 
Removal of the solvent gave a pale yellow oil (1.02 g). 
The n.m.r. spectrum showed i t  t o  be predominantly the re- 
quired methyl ketone. It was purified by p.1.c. Elution 
with 5% ether in petroleum (b.p. 40-60") gave 5-methyl- 
3,3-diphenyZhexan-2-one (4) (820 mg, 61%) which was dis- 
tilled under reduced pressure, b.p. 135" at 0.2 mmHg, vmak 
1705 cm-1, 8 0.60 (d, J 6.5 Hz,  CMe,), 1-27 (m, CH), 1.93 (s, 
CH,*CO), 2-20 (d, J 5.0 Hz, CH,), and 7-27 p.p.m. (m, 
aromatic) (Found: C, 85.8; H, 8.5. Cl9H2,O requires C, 
85.7; H, 8.25%). 

2,2-Dimethyl-3,3-diphenylcyclopro~yZ Methyl Ketone (8) .- 
Using the method described for 4-methyl-2,2-diphenyI- 

pentanoic acid (6) (see above), 2,2-dimethyl-3, S-diphenyl- 
cyclopropanecarboxylic acid (9) 7s 4b (1 -2 g )  was converted 
into the ketone (8). The crude product (950 mg) was 
purified by p.1.c. Elution with 5% ether in petroleum (b.p. 
40-60") gave the cyclopropyl Ketone (8) (720 mg, 60%) which 
was distilled under reduced pressure, b.p. 146" at 0.3 mmHg, 
6 1.08 (s) and 1.40 (s) (CMe,), 2.32 (s, CH,*CO), 2.52 (s, cyclo- 
propyl H), and 7.20 p.p.m. (m, aromatic) (Found: C, 88.6: 
H, 7.85. C19H2oO requires C ,  86.35; H ,  7.55%). 

Direct Irradiation of 2,2-Dimethyl-4,4-diphenyZbut-3-enal 
(2).-A solution of aldehyde (2) (1.00 g) in benzene was 
irradiated for 2 h. Removal of the solvent gave a pale 
yellow oil. The n.m.r. spectrum showed tha t  all the alde- 
hyde had been consumed. P.1.c. [repeated development 
with petroleum (b.p. 40-60")] gave two bands. The less 
polar band yielded an  oil (722 mg) which was identified as 3- 
methyl-1, l-diphenylbut-l-ene (10) by comparison with an 
authentic specimen (see below). The more polar band 
yielded another oil (87 mg) which was shown to  be 3-inethyl- 
l,l-diphenylbut-2-ene (1 1) by comparison with an authentic 
specimen (see below). 

3-Methyl-1, l-diphenylbut-l-ene 8 (10) .-Reaction of ethyl 
isovalerate with excess of phenylmagnesium bromide in 
ether, followed by  dehydration of the resulting carbinol with 
hydrochloric acid in glacial acetic acid yielded olefin (10). 

3-Methyl-l,l-diphenylbut-2-ene (1 1) .-Reaction of iso- 
propylidenetriphenylphosphorane in hexane 4b with di- 
phenylacetaldehyde l2 yielded olefin (1 1). 
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