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CHAPTER-I 

(A Short Review on the Molecular Rearrangement of a.,~·Epoxy 
ketones Induced by (1) the Lewis Acid, Boron Trifluoride .and (2) 

by Ultra-violet Irradiation) · 

Introduction : 

For several decades, ring contracted reactions involving molecular rear

rangements have attracted the attention of organic chemists. These provide conve-. . 

nient and expedient methods for the preparation of many naturally occurring and 

novel synthetic compou~ds. Of several techniques adopted for ring contraction, 

moleeular rearrangement of cx,j3·epoxy ketones induced by the Lewis acid, 
boron~fluoride- etherate is a un~que one and has successfully been utilised by 

many groups. This is because of easy availability and pronounced reactivity of 

boron trifluoride. Interestingly, this same molecular rearrangement, in many cases, 
of a,j3·epoxy ketones luis al.so bee~ effected by ultraviolet irradiation. Conse

quently, we have divided this review into two sections, SECTION- A, induced by 

BF3-etherate and SECTION· B. induced by ultr:&-violet irradiation. 
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SECTION A 

(Induced by BF3~Etherate) 

House1 initially noticed that acid-catalysed isomerisation of trans

benzalacetophenone oxide (1) yielded <Xmfonnyldeoxybenzoin (2) involving a in.traniOa 

lecular migration of the benzoyl group. 

C6H5
COCH-CHC6H5 -~) C6H5COCHC6H5 . \I I 

0 CHO 
(1) (2) 

House and Wasson2 then observed tha~ 2·benzalcyclopentanone oxide (3a), 2- · 

benzalcyclohexanone oxide (3b) and 2-benzalcycloheptanone oxide (3c) have 

undergone isomerisation ~o 2-phenyl-1,3-cyclohexanedione (4a), 2-phenyl-1,3-

cycloheptanedione ( 4b} and 2 ... phenyl-1 ,3-cyclooctane<lione (4c) respectively, on 

treatment with BF3·E~O in benzene .solution. When the sam~ cyclohexanone and ·. 
cycloheptanone derivatives were ~ted with BF3 in ether solvent, the products were 

fluorohydrins (5a-b) which ultimately produced (4a-b) on treatment with benzene. 

The products in these cases resulted from ring expansion. 



131 

Ho1.1se and Wasson3 have further extended their study and have observed 

that cyclic epoxy ketones of the type (6, n>l) in the presence of BF3-etherate 

undergo molecular rearrangement with reduction in ring size Qfketones to produce 

the ketoaldehyde (7). This reaetion is fairly general and . provides a convenient 

method for the conversion of a,~-epoxy cyclohexanone derivatives to the· 
COfn!Sponding ring contracted a-formyl or a-aceyl cyclopentanone accompanied 

in certain instances by 1 ,2-cyclohexane diones. 

0 

(6) 

R 

'-----<==0 

(7). 

Isophorone oxide (8) gave the ring contracted ketoaldehyde (9) as the major 

.Product along with some defonnylated product (10) and 1.2--diketone (11). Amaunt of 
(1 0) increased considerably on alkali treatment of (9). 

0 
(8) 

Me 

0 
(9) 

.o 
(10) 

e 

Me 
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On the other hand, 2,3-epoxy-2-methyl cyclohexanone (12) afforded the ring

contracted {3-diketone (13) as the sole product. They invoked the intermediate (14) 

which subsequently on ring contraction formed (13). 

0 
(12) 

BF, ) ~H 
'l('coc}\ 

0 
(13) 

This reaction did not produce ring-contracted cyclobutanone derivatives from 

corresponding cyclopentanone e.g. from the rearrangement of (15a, b),(l6a, b) were 

the only products isolated as the enol fonn of a-diketone. 

(15b)R=CH3 

BF 3 -etheratf) 
benzene J::' 

I 
0 

(16a) R = C6Hs 

(16b)R=~ 

This rearrangement is not monopoly of epoxy ketones. Suitable epoxides also 

can undergo this reaction. Setting and coworkers4 carried out molecular rearrange
ment of monoterpenoid , limonene oxide (17) induced by ZnBr2 and obtained a ring 

contracted aldehyde (18), a ring-contracted ketone (19) and a uncontracted ketone, 

dihydrocarvone(20) in 30%, 10% and 59% yield, respectively. They also applied this 

reaction on carvomentheneoxide(21) and obtained similar type of products (22), (23) 

and (24). 



'; 
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(17) (18) . (19) (20) 

ZnBr2 ) 

?! 

y+ 
~ 

(21) (22) (23) (24) 

Kartha and Chakrabartis studied the action of BF3-ethetate on epoxides and 
·epoxy:ketones. They noted that BF3 not only induced molecular rearrangement of · 

epoxyketones but also of epoxides. The success depends on the nature and position of 

the double bond from which epoxides are prepared. Several cadinenic and selenic 

epoxides deriVed from sesquiterpenoids, on treatment with BF3 have been found to 
undergo ring-contration resulting in the fonnation of fully substituted aldehydes. The 

epoxide (26) derived from dihydrokhusinol (25) by MCPBA on BF3 treatment afforded 

ring-contracted crystalline hydroxy aldehyde (27) possessing characteristic IR hands 
at 2703 and 1712 ·cm·1.The epoxyketone (28) derived fro:m (25) by Cr03 oxi<lation . 

_followed by epo~dation by alkaline H20 2, on BF3 treatment gave the ring-contraqed 

ketoaldehyde (29) showing IR bands at 2725. 1709 (CHO) and 1742 (cyclopentanone). 
The ketoaldehyde (29) on LAH treatment afforded the crystalline diol (30), and . 

chromatography through slightly alkaline alumina gave the defonnylated product, the 

cyclopentanone (31), the structure Of which was supported by NMR analysis which 
displayed a peak at 't 7.8 (3H) ·due to three protons a to the carbonyl group. · 



(i) Cr03 

OH .. .. 
MCPBA ·>" 

(ii) ~0/NaOH 

. (28) 

I -

I 

I 

H 
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I 

H 
(26) 

H 

(29) 

BF3 ) 

HO---
' 

I ' 

OHC H A 
(27) 

HO~C 

0 
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The epoxide (33) derived from a-santenolide (32) on BF3-ethera:te treatment 

gave fully substituted ring -contracted aldehyde (34) which exhibited IR bands at 

2703, 1724 (aldehy~), 1767 cm·1 ('Y-Iactone). The NMR spectrum is in conformity 

with its assigned structure. 

With a view to developing a method for partial sy_nthesis of the A-ring-con

tracted triterpene acid. cianothic acid (35). Chatterjee and colleagues6 took up the 

study of BF3-ehterate catalysed rearrangement of the model triterpene, la, 2a
epoxylupan-3-one (36) following the same procedure prescribed by House et al.5• 

However, in this reaction, they could not isolate the ketoaldehyde (37), but obtained 

only the keto~e, A-narlupan-2-one (38) in good yield. Most probably, the intermedi
ate ketoaldehyde (37) that was formed initially underwent easy loss of the formyl . . 

group under the reaction con~ition. 

HO 

(36) 

0 

_II .. .. 

(35) 

(37) r 

(38) 
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Gan~ly et al. 7 canied out BF3-catalysed rearrangement of la, 2a-epoxy lupan-

3~one (36) ood obtained a crystalline u~d a ketol which showed v max 3500(0H}, 
1712 (cyclohexanone)cm-1, A. end absorption at 208 nm; on acetylation it gave a 

, max 

crystalline acetate viDU 1740. 1220 (acetate). 1725 cm-1 (cyclohexanone). The NMR 

spectrum of the acetate showed sign.als at o 2.21 (-COCH3} and a sharp singl~t at 

o5.45 ' ~Ac 
c <'H 

which prior to acetylation appeared at a 4.5. Finally, olefinic Me signal of the· rear-
rangement product appeared as a singlet at o 1.3. Based on the above observation, the 

rearrangement product was assigned structure l-methyl~2a-bydroxylup-1(10)en-3-

one (39a) and the corresponding acetate (39b). Here, most probably due to the pres

ence of a neopentyl system adjacent to the epoxy ketone system, methyl migration 

· occu!l'ed instead of ring ~ntraction. 

(36) 

QR 
... 
' 

BF3 -Et;O ) 
Benzene /; 

0 

(39a) R=H ~ 

(39b) R=-C-Me 
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SECTION -B 
(Induced by UV Irradiation) · 

When atoms with 1t-bonding electrons such as carbonyl group, are attached 

to the carbon atom of. adjacent three membered cyclopropyl or a,~~epoxiketone 
group having. bent" bondings, some overlapping and interaction between the bent 

bonds and the 1t-orbitals oecur giving rise to delocalisation. This delocalisation .has 

·been .sw.died by UV,8•9 IR8 • NMR10 aQ.d theoreticaP1•12 considerations. The interaction 

becomes· maximum when the three-membered. ring lie parallel to the 7t.orbital of the 

carbonyl group. The delocalised orbitals of the three-membered ring in this geometric 

. position overlap with the non bcmding ~electrons of the. carbonyl oxygen. This 

sq:tall amount of admixed 1t character makes the n,7t* somewhat· comparable to the 

. allowed n,n* transition. As a result, the electric-dipole-transition moment of the 

n,1t* transition which is symmetry-forbidden in simple ketones, is no.longer forbidden 

in these systems13•14• 

Simple acyclic a.,f3-epoxyketones e.g. 3,4-epoxy-4-methyl-2.:pentanone (40) 

~n photolysis using wavelength above ~50 nm gave 3-methyl-pentane-2,4-dione 

(41) in yields of 2 to 12 per cent'~ Since the photoproduct 1,3-diketone (41) is also 
. ' 

photolabile, its yield is low and on further irradiation( 40) and ( 41) gave acetalde- . 

hyde~ acetone, methyl ethyl ketone, methyl isopropyl ketoQ.e, 2-butenyl acetate (42) 

and other high-boiling components. These host of products are obtained as second

ary processes particularly in the absence of any radica~ or ion -stabilizing groups. 

(40) 

MeCOC21\ + MeCOCHM.e + 

Me 
(41) 

hv · )MeCHO+ MeCOMe +-

YAe 
o ·Me· 

(£1Z) 
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Formation of (42} is accounted for in the following way: 

~~ 
(41) Me 

~~ 
Me • + Me--c~

0 

• 
) 

+ Me~ • 

t H 

~e 
(42) 

The photolysis of rnonocyclic isophorone oxide (43) ina variety of solvents 

gave a mixture of 1 ,3 diketones 2-acetyl-4, ~dimethylcyclohexanone ( 44) and 2,5 ,5-

trirnethylcyclohexanone- 1,3-dione (45) in 9: 1 ratio. 

Me 

hv 

Me 
Me 

(44) 

Me 

0 

+ 

0 

(45) 



139 

An analogous finding was reported in the polycyclic a,f3-epoxy ketone de

rivative of steroid16• On irradiation. the oxE_des (46) and (47) produced the 13-
diketones as a result of an alkyl group shift from the ~ to the a carbon. Irrespective of 

the relative configuration of the oxide ring, two stereoisomeric pairs ( 46a, 46b) and 

(47a. 47b) yielded a single 1,3-diketone. It has been demonstrated by Wehrli and 

coworkers17 that the photochemical transformations occu_~ng in. the 3-oxo-4,5-

oxidosteroids systems are stereospecific. 

h" ) 

hv 
> 

(47a,47b) 

Photolysis of stereoisomeric 4-methyl{estosterone oxides (48a, 48b) afforded 

the (3-diketones (49a) and (49b) which are sterespeeific, differing only in their con

figuration at C- 4. The stereospecificity has been accounted for by assuming that the 

cyclodecane system of the transition state retains the re~tive spatial arrangements• 
of the reaetion eentres in the starting epoxy ketone which makes the -observed ste

reospecificity of this rearrangement possible. 



(48a) 

, , 
Me 

(48b) 

hv 

hv 

140 

> 

(49a) 

> 

0 
(49b) 

ieger et al ... 8 carried out studies on the stereoehemical requirement of the ~
alkyl-group migration in some detail. From irradiation of a dioxane solution of 1~, 

2~- oxid~ 17~-acetoxy-5~-androstan-3-one(SO) a mixture of the 1 ,3-diketone(51) and 

ketoaldehyde (52) were obtained.'Si~ilarly, the Sa-isomer (53) gave the related 1,3-

diketone (54) and keto aldehyde (55). 



H 
(50) 

I . 

I 

t 

H 

(53) 

hv 

hv 
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H 
(51) 

+ 0 

.+ 

. . 

.H 
(52) 

t 
I 
t 

H 
'(5S) 

It has·been envisaged that these products are fonned as a result of migration, 

of carbon atom 10 and of a competing 1~2 hydrogen shift. In order to explain the 
obsel'Ved stereospecificity Jeger18 bas proposed that the hydrogen shift or the 1,10-

bond migration is concerted with the formation of carbonyl at C:.. L 
' 1 • • 

Johnson and co\vorkers15 carried out irradiation of 3-phenyl-5,5-dimethyl-2,3-

epoxycyclohexanOile (56) and obtained 2-benzoyl-4,4-dimethylcycl()pentanone (57) 

and surprisingly, no deteCtable quantity of the iso~eric cyclohexadienone. This pref

erential shift of alkyl rather than aryl group - an unusual order of migratory aptitude 
. ' . 

for the photochemical rearrangement of a,f3-epoxyketones to 13-diketone~ seems to 

be a fundamental chamcteristic of the reaction. 

Ph 
Ph 

hv 

(56) Me (57) 
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The absence of phenyl migration and the same preferential order of migra

tion has been observed too in many open-chain epoxy ketones (58)19• (59)20 and (61)21 • 

This appears to be not due to steric factors but rather suggestive of considerable 

bond-breaking in the transition state of this phototransformation. 

~COO\ 
Me 

hv ~)~(· Ph 

(58) 
0 0 

PM~--Ph Ph hv > 
~ 

/h 
H h I (59) 

0 

/0\ 
0 

Ph H-CH-COPh 
hv 

) 

N02 
N02 

(60) 

/0\ 

·~ ©-CH- CH-COPh 
Cl- hv ) Cl 0 0 

(61) 
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Zimmennan et al. 22 proposed a mechanism for the photochemical conversion 
of a.,(i-e:p.oxyk~tones to (i,;.di-ketone. This reaction occurs from n~7t* excited state in 
which the electron density at the carbonyl carbon is enhanced relative to that in the 

ground state. Substituents alpha to th~ carbonyl group would readily be expelled by 

elimination either as anion or as odd electron species from the n,1t* ex~ited manifold. 

Whether the excited state expels an anion or a radical is related to the ability of the 

environment to stabilize the ionic species by solvation. The unusual migratory apti

tude behavioui' in this system has been explained by Zimmerman by homolytic 

carbon oxygen fission as shown in the scheme : 

The preferred expulsion of the methyl radical as opposed to the phenyl radical 

in the case of epoxyketone is analogous to the direction. of radical fragmentation 

noticed in the decomposition of cumyl peroxide18 and phenyldimethylcarbinyl hy

pochlorite13. Upon direct irradiation in solution (6o) undergoes n,1t* excitation to 
form an excited state which rearranges and produces 1,3-diphenyl-3-buten-2-ol-1-

one (64 ). After the n,n* promotion one remaining 2p electron is still localised on 

oxygen which shows beh~vionr characteristic of reactive al~oxy radicals, one prop

erty of which is hydrogen abstraction. Abstraction of the y-hydrogen. gives rise to a 

species in which the odd electron is conjugated .with the oxirane group. Homolytic 
•, 
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ring cleavage followed by intramolecular disproportionation rationalises· nicely the· 

observed product as depicted below : 

0 

(63)' 

HO 
\. 

• · C-Ph 
~~· 

p~/ 

hv 
n,1t*. 

fl~ . 
--~)r Ph-C---CH --(C -Ph 

\,.~ 
/ 

r ~ 
Ph-C-CH~ 

I I 
OH OH 

(64) 

> 

This mechanism requires proximity. of the benzoyl and methyl groups for 

effective hydrogen transfer to ~r. That cis-dypnone oxide fails to give this reaction 

supports this proposition 22• 

Markos and Reusch24 observed that epoxy ketone photorearrangements are 

not sensitive to the. presence of oxygen or changes in the solvents. Furthermore, the 
known triplet quenehers such as piperytene and 2,5-dimethyt -2,4-hexadiene used in 

concentration ranging from 0.1 to 9.0 M, did not ·affect the rate and course of 

rearrangement, led to the proposition that this phototransformation is derived from 

singlet manifold. Besides, acetophenone (0.5 M), a triplet state sensitizer, did not 

function as a sensitizer for the rearrangement in acetonitrile solution. The low quantum 
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. yield observed for some of these rearrangements has been attributed to poor efficiency 

for the [81} ~1~3 diradical formation or an unfav~urable competition between 
rearrangement and 9ximne,ring formation from the diradicaL A reportzs concerning· 

the thermal decomposition of 13-methyl-Jl-phenyl-,p-peroxypropiolactone noted a 
~ ' 

fivefold preference for methyl migration vs. phenyl a~d suggi!Sted a 1,3-diradical 
intermediate similar to the photoreaction. This unusual migrational aptitudes suggest 

that migmting group must have radical chamcter. 

An inter~ng case of phot04"~tion of 0.,13-epoxy ketone-on the nature ~f 
the carbonyl grQUp has been noted. In con~t to 3,4-epoxy-4-phenyl-2•pentanone 

(58) which rearranges to 13-diketone (62), the structurally related trans-dypnone oxide · 

( 6'3) exhibitS an entirely different photochemical sequence22• T~ striking· di~erence . 
in the photochemical behaviour of (63) and (58). is due to th~ greater delooalisation 
of the electrOJ;l in the benzoyl group which' decreases the posibility of ring scission 
in (63). On the other ha:nd, the excited acetyl group hi (58) has the electron in the x* 

' . I' 

orbiW localised. on the carbon and consequently, more available for fJ-elimination. 

M\ :y1 
C · .CH- C__:..Me 

Ph/ "-..(/ . • . 

Me :r/1. " .. , 
---7'> c-cH = c - Me 

. /j 
Ph 

0
• · 

(58) 

. Irradiation of trans-dypnone oxide (58) in· aqueous ~.thanol i~ interesting20• 

Under· this condition (58) isomerised to the diastereosomer cis i8omer (66). In addi" 
tion, acetophenone and a-hydroxyacetophenone were obtained. Formation of these 
products has been explained by zwitterion type of intermediate. It has been postu~. 

lated that the zwitterionic species can rotate about 'the- central c- c single bond. 

resulting in the formation of the diastereosomer after collapse~ It can also react with . 

a molecule of water to forni an interme<tiate glycol (6s:): which subsequently under- . 

goes photochemical · dealdolisation to furnish acetophenone and a.
hydroxyacetophenone. 
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Ph 
~e ..COPh Me .Ph \ cg ... ' c-o 
PhJ\;7(H hv ) '•,!-( !!,0 > 

·. (58) 8 ~ _ 

, 

. ~H-

r to 
Ph--1~-

. Me / '-Ph 
OH r) 

PhCOMe + PhCOC~OH 

SX>Ph 

~Me \rf H 

(66) 
.t 

a,~-epoxy. ketones in several cases undertgo cis-trans isomerisation under 

photolytic condition. It would imply the reversible fonnatjon of a reactive intennedi:
ate. Homolytic c-c bond fisSion and rotation prior to collapse would also account 

. foi this cis-trans isomerisation. When an ether solution of a- and ~- pulegone oxides 

(67) and (68) were irradiated15 rearrangement to the· stereoisomeric 2-acetyl-2.5-
dimethylcyclohexanones (69) and (70) as well as isomensation to (67) and (68) were 

both observed. The ~te of isomerisation appears to he slightly greater than the rate . . 

of rearrangement. The ·steady state coneentrati~n of (69) and (70) is roughly 7% with 

(69) predominating .. 
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·' 

' -~ 

(67) 
~e·· 

H 

Me/~ 
Me 0 

0 

( 69) cis-methyl groups 
(70) trans-methyl groups 

Wuthrich and coworkers26 carried oui studies on rearrangement and 
racemisation of spirocyclic a.,f}-epoxy ketones induced by direCt: UV irradiation as 

well as· triplet sensitized by acetophenone. Spirocyclic cx,J3-epoxyketone (R)-(,-)(71) 

has undergone racemisation and rearrangement to the enantiomeric SJ)iro-f3- di ke

tones (R)-(+) (72) and (S)-(-) (72). Th~ have applied spectral techniques including 

ORD/CD measurement for structure eluCidation as well as racemisation studies. 

They have postulated the intermediate diradical type (X), produced. by Ca-0 ep

oxide cleavage. for r~rrangement requires that the rate of rearrangement is greater 

than.the rate of rotation around the Ca- CP in (X) and the rate difference is greater in 

singlet-generated (X) than in the triplet analogue. The reclosure of diradical (X) and/ 

or. photolytic Ca - Cj, cleavage to diradieal (Y) and reelosure can account for the 

racemisation of (71 ). 



(S)- (+). (71) 

0 
(R)-(+1) (72) 
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(R)- (-) (71) 

. (X) 

(S)- (-) (72) 

(Y) 

Gibson27 conducted photolysis of the epoxide (73) derived from epoxidation 

of (-) trans-vervenone. Upon irradiation with a medium-pressure mercury arc lamp 

for 12 hr ptentane or benzene solution of (73) produced a complex reaction mixture 

analysis of which by gas chromotography showed that starting material (73) compiised 

. 56% of the mixture. Isolation of t~e products by preparative GLC and analysis by 

spectroscopic methods allowed the identification of the enol lactone (74) 

(30%), its isomer (75) (2%) and an inseparable 3:1 mixture of the ring-contracted 

d~ketone (76) (12%). When irradiation was perfonned with lamps emitting at 300 

nm, only the ring-contracted diketone (76) was formed although at a slow rate. 

0 
(73) 

0 

(76) 

+ + 

(75) 
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In order to synthesise spiro J3-diketon.es, williams et al.28 subjected a.,J3-epoxy 

ketones to photochemical, thermal and ac'id:..catalysed rearrangements . 2a 

cyclopentenylidene- cyclopentan-1-one oxide (77) and 2-cyclohexylidenecyclohexan-

1-one oxide (79) have been isomerised photochemically and thermally via 1 ,2-alkyl 

shift to spiro [ 4.5] decane - 1 ,6-dione (78) and spiro [5 .6] dodecane -1.7- dione (80), 
respectively. On the other hand, acid-catalysed isomerisation of (77) occurs via 1,2-

acyl shift to yield spiro [4.5] decane -6,10-dione (81). Interestingly, in the presence 

of tri-n-buty I stannane isomcrisation does not take place and the reaction provides 
conjugated ketone with the elimination of epoxy oxygen, 2-cyclopentylidene 

cyclopentan-1-one (82) and 2-cyclohexylidenecyclohexan-1-one (83) were formed 

respectively from the epoxy ketones (77) and (79). 

(81) 

(79) 

(77) n= 1 
(79) n = 2 

(77) 

hv 
or~~ 

hv 
or{i > 

o-

(78) 

(80) 

0 

(n-b.:;l),sidtJ::rQ 
(82) n= I 
(83) n= 2 



150 

Wehrli et al.29 reported the formation of a strained four-membered ring (85) 
from the photolysis of (84) a eyelo_pen.tane_·epoxy ketone. This constitutes the first· 
example of rearrangement to a cyctobutanone derivative. The formation of this strained 

four-membered ring led them to prefer a single step or synchronous route for rear-

. rangement from 1 ,3-djradical. 

·~ 
----.:::::-~0 

(84) 

OH 

(enolised) 
(85) 

MuZart and Pet~ prepared· ei>oxides ®rived from 2-benzylioone-5a-cholestan-
3.;one. The photOchemical behaviour. of these compounds depends considerably on 

~hemistry. No photoepimerisation has been noticed. Expected P~iketones are 

fonned. A 8 ·hydrogen abstraction by the benzoyl group is involved in the photolysis of 

these diketones. 

Ph.· 
\h H0:t hv HO 

~· 
+ 

·o H I 
I 

(88) 199A, H 
(89) 48% 

p 
hv 

) (88) 43% + (89) 17% 

I 

H 

Ph hv (88) (89) .88/89=1 ) + . 
I 

H 
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The initially formed J3-dicarbonyt· compounds are themselves photolabile and 

prolonged irradiation lead to further phototransformation. for example. the epoxy 

ketone (91) first give.s rise to ~-<Uketone (92) which·undergoes partly a.-cleavage and 

acyl-alkyl diradical <lisproportionation to the enolised unsaturated aldehyde-ketone 

(93)31. 

hv ~ 

I. 
0 

(92) ( enolised) 

In the presence of tri-n-butylstannane, a very good hydrogen donor, the pho

tolytic reaction of epoxy ketones takes a different courseJ2.33• The ster~idal epoxy 

ketone (94). on irradiation at.>. 3iO nm in benzene solution is rapidly converted to a 

mixture of compounds (98) and (99) (74%~ combined yield) and (1~) (26%). It is 

proposed that the intermediate keto-oxy radical (95) which is in equilibrium with the 

isomer (97) through the diketo-alkyl radical (96) on addition of a stannane hydrogen 

produce (99} and (98}. respectively. The formation of saturated ketones (100, Sci and 

S~) has been post~llated to involve the intermediacy of testosterone acetate (lOOa) 

resulting from the addition of a second hydrogen to the enol forms of (95) and (97) 

and subsequent elimination of water. 
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l 
OH 

0 
(99) (96) 

(lOOa) 

bv "> 
RH 

( 61) (Sa+ S~) 

OH· 

~ 
(100) 

t A:J. . 
A discussion on the photochemistry of steroid UJi. h ~ -4,5-epoxy-3-ketop.e 

system (101) is of m«.c:h interest3<f. The corresponding rearranged 3,5-diketone(l02) 

·is obtained in exceilent yield upon excitation with light of wavelength 2537A to its 

· 1t,1t* absorption band. This photolytic rearrangement does not occur on excitation 
. . 

with light of wavelength 3300A to its n,1t• absorption band. This wavelength 
dependence photoreaction of a!, W - unsaturated a, ~- epoxy ketones has been 

attributed to the 1t*-assisted cleavage_ and occurs selectively in the presence of 

additional noneonjugated keto groups which absorb in the longer wavelength only. 
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Here too, the rearrangement is stereospecific indicated by the reaction of the 4J3-

methyl homologue (103) which give the 413- methyl diketone (104). 

hv ) 

(101) (102) 0 

hv 

(103) 




