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Abstract Irradutron of a,&epoxyketones rn acetonrtrtle at 254 run rn the presence of 
trlethylamtne &o&d B-hydroxyketones tn good to moderate yields 

Smce the hscovery of P-dlketone formauon by u-radlatlon of a-epoxyketones ‘, extensive studies 
showed that more than one photochermcal process can occur dependmg on the subsatunon and on the nature 
of the reacnve excited states 2 While p-&ketones are formed predommantly by rupture of the Ca-0 bond 
from a singlet nx* excited state, a&ketones are the major products when the Cp-0 bond 1s cleaved or when 
there 1s an aryl group in the P-posrtton 3 Eplmenzed epoxyketones 4*5, as well as fragmentanon 6 and 
cycloaddmon products lsa are isolated when the carbon- carbon bond a to the carbonyl 1s cleaved (Nomsh 
type I) The C&b bond cleavage produces a carbonyl yhde intermediate that can be trapped with 
appropnate olefins 9 (Scheme 1) 
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Many of the factors dlrectmg the course of the photolysls remam unclear today, although It appears 
that eplmenzaaon and yhde formatlon occur preferennally from the mplet excited state of the 
a-epoxyketones 

It has been shown recently that Cp-0 bonds of chalcone epoxldes can be cleaved selectively by 

7775 



7776 
J COSSY et al 

pynhum salt sensluzed photoreacnons to This leads to p-ketoaklehydes when CH&lz 1s used as solvent and 
to methanol adducts when the reactton 1s run m methanol. Snmlarly and m the dark, cermm(IV) salts catalyze 
methanol-adduct formanon from the chalcone epoxlde lo (Scheme 2) 
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Alternatively selective C,-0 bond cleavage occurs when the a$-epoxyketones are Irradiated or 
heated with azoisobutyrommle m the presence of mbutylun hydnde m benzene l1 (Scheme 3) 

Scheme 3 
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In connection with our studies l2 on the chenustry of radical-amens produced photochemtcally by 
induced electron transfer onto carbonyl compounds from methylamme, we envisaged that the nradlatlon of 
a$-epoxyketones under these condmons might cause selective Ca-0 bond cleavage Protonafion and 
hydrogen atom abstraction by the radical-amon mtermdate would lead to the formation of 
P-hydroxyketones 

RWlltS 
The epoxyketones l-6 were prepared from the correspondmg unsaturated ketones usmg a mixture of 

hydrogen peroxlde and s&urn hydroxide in methanol l3 The urtiatlon (low pressure mercury lamps, 254 
nm, m quartz vessel) of l-6 were performed m acetomtnle solutions contammg 5 equivalents of 
tnethylamme 

The results of the reactions are summmzed m Table I 

The only product Isolated after one hour of u-radlatlon of 1 was the hydmxyketone 7 l4 (45 % yield, 50 
% conversion) Prolonged madlatlon of the soluuon resulted m the decomposmon of the photoproduct 7 and 
led to a complex mixture which could not be analyzed The madlauon of lsophorone oxide 2 produced 
3,4,4-mmethyl-3-hydroxycyclohexanone 8 wnh a yield of 62 % when the conversion of 2 1s 80% The 
photolysls of 3 m the presence of methylamme allowed the Isolation of the hydroxyketone 9 with a yield of 
65 % After one hour of lrradlanon of 4, m the presence of methylamme, a 56 % conversion rate was 
observed and 10 1s formed m 68 % yield The photoreductlon of the rrans-chalcone epoxlde 6 gave a angle 



FrodLlcts 

0 

P 0 

1 

Formatron of P-hydmxyketones 

Table I Photoreducaon of l-6 (3x10-* M) m CHsCN (25 “C) 

6 

Watton Conversion 96 Products (yrelds %) 

lhr 50 % 

45 mm 80 96 

1 hr 85 % 

Ihr 56 % 

45 mm 80% 

45 mm 88 % 

a OH 
0 

8 (62 %) 

a OH 
’ 9(65 %) 

OH 

11 (18 %) 12 (52 8) 

PhaPh 

13 (42 %) 
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product rsolated by thm layer chromatography (TLC) on srhca gel, and tdennficd as the hydroxyketone 13 
(42% yield for a 80 % conversron of the startmg product) On longer trrathatton, decomposmon of the 
hydroxyketones occurred Irradiatton of 5 under the standard condthons led to a rmxture of two 
hydroxyketones 11 and 12 m a ratto 1 2 8 which could be separated by preparahve TLC on silica gel The 
relatrve configuratton of the two rsomers was established by ‘H NMR spectroscopy In compound 12, the 
proton H-C(2) at 3 9 ppm showed coupling constants of 10.0 Hz , 10 0 Hz and 4 5 Hz which are consistent 
with a warts configuratron for compound 12 Thus product IS obtamed wtth a yteld of 52 % For compound 11, 
proton H-C(2) resonates at 4 2 ppm and the value of the couplmg constants of 2 0 Hz, 4 0 Hz and 9 0 Hz, 
uuhcated that 11 had a CIS configuranon Thrs product was rsolated wrth a yield of 18 % The photoreductron 
of the rrans-chalcone epoxtde 6 gave a smgle product isolated by preparanve thtn layer chromatography (42 
% yield, 88 96 conversion) Decomposmon of the hydmxyketone 13 was observed for longer nradtatton 
nmes 
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Discussion 
When 11s dated m the presence of tnethylamme almost all the hght 1s absorbed by the ketone 

1 (A~/AE~N = 2 46, [l] = 3x10” M , [EtsN] = 0.175 M , ~254 [l] = 41% [Et3N] = 3 26) and a fortmn for the 
epoxychalcone 6 where the rauo AdAEfiN = 1121 (Ed [6] = 21333) 

When epoxychalcone 6 was dated w&out any ternary amme, the tietone was observed as the 
mqor product cormng from an excited tnplet state t*t5 When the uradlatton of the same epoxychalcone 6 
was performed m the presence of 5 eqmvalents of methylamme, the dtketone was no longer observed and the. 
only product isolated was the hydroxyketone 13 This result mhcates that a single electron transfer occurs 
from methylamme to 6 The abtity to transfer an electron to or from an excited molecule can be estunated by 
usmg the Rehm-Weller equatton 16, which gves the free enthalpy of the process, accordmg to 
electrochermcal parameters and the excited state energy For an ahphatlc ketones [E(A/AT) = -2 4 ViECS = 
-55 3 kcal mol-‘1 “, the electron transfer from tnplet [ET = 79-82 kcal mol-‘1 l* as well as singlet excited 
ketone [E, -., 88 kcal mol-‘1 l7 1s a favored pmcess [AG < 0] when methylamme 1s used as an electron donor 
[E(Dt/D) = 0 78 ViECS = 17 9 kcal mol- ] ’ l9 For an aromanc ketone @X(A/AT) = 1 85 V/ECS = 42 6 
kcal mol-‘1 *O the singlet excited state 1s estimated to Es = 78 7 kcal mol.’ and the mplet to & = 74 kcal 
mol-’ z0 is also a favored process 

Cohen and coworkers have camed out extensive mveshgahons on the photoreducuon of aromatic 
ketones by ammes *l They showed that mltlal electron transfer to generate a radical ion pan 1s followed by 
proton transfer to give a ketyl r&Cal and an a-ammoalkyl n&al when tertrary ammes are used This radical 
pan can undergo back electron transfer and proton transfer to regenerate startmg materials m competlhon 
with radical combmatlon, &menzahon of ketyl radicals and reaction of the a-ammoketyl radicals with 
ground-state ketone to gve an lrmne and another ketyl r&Cal (Scheme I) 
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In the case of epoxyketones, the formation of the hydroxyketones can be interpreted m terms of single 
electron transfer between the methylamme and the ketone chromophore Thus leads to ketyl ra&cal A which 
undergoes epoxlde rmg opening mto radical amon B or C These two latter species might be m fact two 
limiting structures of the same mtermedtate (single mmlmum vs double mmlmum energy hypersurface) 
Proton transfer from Et,N? to C gves the radical mtermedlates Q + E which exchange an hydrogen atom and 
afford the mtermdates F_ + Q Alternatively, ra&cal E could abstract an hydrogen atom from Et3N to 
generate Q and the dlethylammoethyl radical Q In this latter case, a tennmahon phase could also imply a 
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dtsmutaaon of Q mto methylamme and E 

Scheme II 
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The photoreducove nng opening of the a-epoxyketones 1s an efficient and general reactlon The 
advantage of our condmons 1s that the reactlons are camed out m very mild and homogeneous condmons 
wlthout any problem concerning the reproduclblhty, and we can obtam P-hydroxyketones very easily 

Experimental Section 
General 

All expenments were mn under an argon atmosphere ‘H NMR and 13C NMR spectra were obtamed 
on a Bruker AC 300 Instrument at 300 MHz and 75 MHz respectively, m CDCl,, employmg Me& as an 
Internal standard IR spectra were obtamed as soluuons m CHC13, on a SP 3-300 Pye-Umcam 
spectrophotometer U V spectra were taken on a Beckman Spectrophotometer Mass Spectra were run on a 
Kratos M 50 spectrometer at 70 eV at the ICSNKNRS of Gtf-sur-Yvette Preparative TLC was conducted on 
Merck silica leselgel 60, PF254+2aa and flash chromatography was accomphshed with Merck slhca 
0 043-O 063 mm 

Preparative rrradlations were conducted m a merry-go-round type system equipped with 12 
low-pressure mercury Phlhps TUV15 lamps (254 nm), 10 mm o d quartz tubes were used The solutions 
were degassed by bubbhng argon for 15 mm Solvents such as ether and THF were &snlled from sodium 
benzophenone Acetommle and tnethylamme were distilled from CaH, 

Preparmon of epoxykewnes 
A typlcal expenment 1s described To a well-stlmd MeOH (5 ml) solunon of enone (3 5 mmoles) 
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cooled m a ice bath was added dropwtse a mtxture of H202 30 8 (2 4 ml) and a soluhon 6 N NaOH (0 4 ml) 
in methanol (4 ml) The mrxture was surred for 2 hours at 0 “C, and then 1 hour at room temperature, the 
reactron mrxture was dtluted wtth water (100 ml) and extracted wtth ethyl acetate (3x100 ml) The combmed 
extracts were washed with brute, drted over anhydrous MgSO4, filtered and concentrated purifcatron of the 
crude matenal by flash chromatography afforded pure products 

Irradtatwn of epoxykztones with methylamme 
A solutton of epoxyketone m dry acetommle (3~10~~ M) was deoxygenated by argon buhblmg 

Tnethylamme (5 es) was added, and the soluuon was rrnuhated at 254 nm. Acetommle and methylamme 
were d~strlled off, and the crude product was puntled by preparattve TLC or by flash chromatography The 
reacuon can be camed out on a 1 or 2 g scale 

4,4-Dimethyl-2,3-oxabicyclot4.l.Olheptanone (1) 
IR (CHCls) 1710, 1474, 1413 , 1249, 1020,856 cm- 1 ‘H NMR (CDCls) 1 10 (s, 3H) , 120 (s, 

8H) , 130-l 40 (m, 1H) , 180-2 00 (m, 1H) ,2 10-2 30 (m, 1H) ,2 30-2 50 (m, 1H) ,3 20 (d, J = Hz, 1H) 
“CNMR(CDCls) 2257,2714,2959,3046,3287,5558,5999,6378,16007,20580 MSm/e= 
140 (20 %) ,99 (100 %) W (CH$N) Earn”‘= = 287 , em = 41 , q98msx = 2091. 

4,4-Dimethyl-3-hydroxycyclohexanone (7) 
IR (CHCls) 3510, 1711 , 1453, 1262, 1050 cm- ’ ‘H NMR (CDCls) 1 10 (s, 3H) , 1 15 (s, 3H), 

140-l 60 (m, 1H) , 180-l 90 (m, 1H) ,2 20 (br s 1H) ; 2 30-2 50 (m, 1H) ,2 60-2 70 (m, 1H) ,3 70 (dd, J = 
42Hz,J=75Hz,lH) ‘3CNMR(CDC1s) 2106,2604,3414,3463,3770,4637,2008 MSm/e= 
142 (52 %) , 124 (100 %) Mlcroanalysrs Calculated C 67 57, H 9 92, found C 67 53 , H 9 88 

3,5,5-Trimethyl-2,3-oxoxabicyclo[4.l.O]heptanone (2) 
IR ((CHCls) 1750 , 1405 , 1250 , 1195 , 1025 ,800 cm-’ ‘H NMR (CDCls) 0 95 (s, 3H) , 1 15 (s, 

3H) , 160-l 90 (m, 2H) ,2 10 (d, J = 15 Hz, 1H) ,2 75 (d, J = 15 Hz, iH) 3 10 (s, 1H) “C NMR (CDCls) 
23 98 , 27 79 , 30 77 , 36 14 , 4270 , 61 39 , 64 33 , 208 17 MS m/e = 154 (29 %) , 138 (100 %) W 
(CHsCN) s2$‘= = 295, tm = 54, t1c,8max = 1050 

3,5,5-Trimethyl-3-hydroxycyciohexanone (8) 
MP 105 “C IR (CHCls) 3448 , 1711 ,908 cm- 1 ‘H NMR (CDCls) 1 12 (s, 3H) , 125 (s, 3H) , 

160 (br,s, 1H) , 175 (m, 2H) ,2 25 (s, 2H) ,2 40 (s, 2H) f3C NMR (CDCls) 28 31 ,32 30,33 00,35 42, 
49 88 ,53 77 ,53 90,74 73 ,21104 M~roanalysu Calculated C 74 96, H 8 38 , found C 75 01, H 8 41 

3-Methylbicyclo[3.1.O]hexanone (3) 
IR (CHCls) 1750,1405 , 1210,1050,800 cm-* ‘H NMR (CDCL,) 150 (s, 3H), 185-2 50 (m, 4H) 

3 10 (s, 1H) 13C NMR (CDCls) 
;lO %) W (CH,CN) 

17 76 ,27 56 , 32 71 ,6106 ,65 72 ,210 66 MS de = 112 (10 %) , 57 
t290 = 256, tm = 85 , t,95 = 1860 

3-hydroxy-3-methylcyclopentanone (9) 
IR (CHC&) 3520 , 1740 1260 cm-’ ‘H NMR , (CDCI,) 150 (s, 3H) 190-2 60 , (m, 7H) 13C NMR 

(CDCl,) 27 76,36 74,36 75 ,53 05 ,75 89,218 36 MS m/e = 114 (27 %) ,96 (100 %) 

Trans-1,2-epoxy-7,7-ethylenedioxy-6-methylb~cyclo[4.4.O]d~n-3-one (4) 

MP = 135 “C IR (CHCls) 1710, 1570, 1550, 1260, 1240, 1170, 1130, 1070 cm-’ ‘H NMR 
(CDCl,) 120 (s, 3H) , 140-2 40 (m, 1OH) , 3 00 (s, 1H) , 3 70-4 00 (m, 4H) 13C NMR (CDCls) 19 97 , 
2145,2520,2938,2999,3432;6303,6304,6525,11339,16413,19998 MSm/e=238(2%), 
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99 (100 %) U V (CH,CN) : t330”‘u = 45 , cz4 = 50 , &“n = 432 

Tmn~-l-hydroxy-7,7sthylenedioxy-6-methylbicy~o[4.4.O]~n-~e (10) 

ZR (CHCl$ 3520 , 1701 , 1468 , 1250 , 1150 , 1120 , 1070 ,950 cm-’ ‘H NhfR (cDf&) 120 6, 
3H) , 140-2 80 (m, 13H) , 3 80-4 20 (m, 1H) 13C NMR (CDCl3) * 16 16 ; 27 42 ; 28 04 , 32 59 , 35 69 , 
44 25, 50 66 , 64 00 , 64.94 , 76 00 , 114 02 , 198 87 MS m/e = 240 (30 %) , 99 (100 %) iUlcroanalysrs 
Calculated C 64 97 , H 8 38, found C 64 01, H 8 41 

1-Acetyl-1,2-oxabicyclo[4.l.O]cycloheptane (5) 

IR (CHC13) * 1710.1435 ; 1355 , 1173 , 1138 ,856 ; 770 cm-’ ‘H NMR (CDC13) * 120-2 60 (m, 8H), 
2 50 (s, 3H) 3 40 , (dd, J = 3 Hz, J = 1.5 Hz, 1H) “C NMR (CDCl,) 18.66, 19 17 ,2192 ,24 14,56 77 , 
62 80, 140 70 MS m/e = 140 (13 %) ,43 (100 %) U V (CH$!N) ~290~~ = 205 = 47, tz~,~“” = 2057 ,954 

Cis-1-acetyf-2-hydroxycyclohexane (11) 

ZR (CHC13) 3410,1703,1450,1356,1066 cm- 1 IH NMR (CDC13) 120-2 60 (m, H) ,2 20 (s, 3H) 
420(ddd,J=20Hz,J40Hz,J=90Hz,lH) “CNMR(CDCI,) 1973,2325,2530,2873,3184, 

;3 88,66 19,190 61 MS m/e = 142 (35 %) ,71(100 %). 

Tmns-acetyl-1,Shydroxycyclohexane (12) 

ZR (CHC13) , 3415 , 1698 , 1450, 1356, 1070, 973 cm- 1 ‘H NMR (CDC13) 100-2 40 (m, 1OH) , 
220(s,3H),380(ddd,J=10OHz,J=10OHz,J=45HZ,1H) ‘3CNMR(CDC13) 1970,2438,2568, 
2539,2790,3361,5889,7068, 19061 MSm/e=142(20%),43(100%) 

Tmns-epoxychalcone (6) 

IR (CHCl,) 1688 , 1600, 1580 , 1450, 1420, 1300, 1240,900 cm-’ ‘H NMR (CDC13) 2 00 (d, J= 
18 Hz, 1H) , 2 30 (d, J = 18 Hz, 1H) , 5 20-6 20 (m, 1OH) 13C NMR (CDCl,) 59 03 , 60 59 , 125 49 , 
12799, 12810, 12842, 12852, 12870, 12979, 12981, 13332; 13366, 13507, 13515, 19273 MS 
me = 224 (30 %) ,77 (100 %) U V (CH,CN e320max = 75 , es4 = 21333 , cm- = 23578 , Q,-,- = 37052 

1,3-Diphenyl-1-hydroxypropanone (13) 

IR (CHCI,) 3510, 1680, 1450,754,700 cm-’ *H NiUR (CDCl,) 3 30-3 40 (m, 2H) ,5 30 (dd, J = 
7 Hz, J = 5 5 Hz, 1H) , 7 00-8 00 (m, 10H) f3C NMR (CDC13 47 33 , 69 98 , 125 70, 127 38 , 127 61 , 
128 10,128 50,128 52,128 63, 128 65,133 58,136 53,200 08 MS m/e = 226 (46 %) , 105 (100 %) 
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