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Photochemistry of 
cyclopentenones 
By Gopala Gowda and T. 

Ireland 

J.C.S. Perkin I 

Substituted Cyclic Enones. Part 2.' 5-[Prop-Z-enyl]- 

Brian H. McMurry,' University Chemical Laboratory, Trinity College, Dublin 2, 

The preparation of 5- (prop-2-enyl)-3,4,4-, and -2,4,4-trimethylcyclopentenones is described. Both isomers 
undergo an intramolecular Eaton-de Mayo photochemical reaction to give the appropriate trimethyltricyclo- 
[3,2,1 ,03~s]octan-2-ones, The reaction appears to proceed via a singlet excited state. 

The tricyclo-octanones can be oxidised under Baeyer-Villiger conditions to afford the expected lactones, and the 
6,7,7-trimethyl isomer on treatment with acid gives 6-exo-7,7-trimethylbicyclo[3.2.1 Ioct-3-en-2-one. The 3,7,7- 
trimethyl ketone has been reduced to the corresponding alcohol. Quantitative europium-shift measurements have 
been used to determine the structure of these compounds. 

THE photochemical addition of olefins to ap-unsaturated 
ketones (Eaton-de Mayo reaction) is now well known.2 
It had been suggested that the mode of addition of an 
unsymmetrical olefin to the enone system is such that the 
initially formed exiplex collapses to a diradical in which 
the new bond links the ene to the a-position of the 
e n ~ n e . ~  The most stable diradical is formed, which sub- 
sequently collapses to the four-membered ring (Path A, 
Scheme 1). This has been interpreted in terms of 
' frontier orbital theory ' .3b However in looking at  
intramolecular cyclisations, exceptions to the general 
rule abound. We leave aside the cases of cyclisation 

Very recently, Pattenden et aZ.12 have reported photolysis 
studies of 3-acetoxy-5-allylcyclopentenones and our 
results parallel theirs. 

RESULTS AND DISCUSSION 

Synthesis.-3,4,4- and 2,4,4-Trimethylcyclopentenones 
(1 la )  and (1 lb)  were already available from another 
study.I Synthesis of the 5-ally1 derivatives was achieved 
by the route shown (Scheme 2) and was unexceptional, 
but i t  is worth noting that 2- and E-isomers of the 0- 
ally1 derivatives of 2,4,4- trimeth ylc yclopen t enone were 
obtained but that only the E-isomer was obtained from 
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where the enone and ene are held rigidly close to each 
other, and where the electronic factors can play no part 
in controlling the regio-specificity. However, in the 
many examples where free rotation of the olefin is pos- 
sible, the factors controlling the mode of ring-closure are 
less clear.5 For example, while isopiperitenone (1) 
undergoes photo-cyclisation to give the predicted com- 
pound (2),2 carvone (3a) affords (4a), and cryptomerion 
(3b) yields (4b). Furthermore the 4-allylcyclopen tenone 
(5) affords (6). In these latter cases, the alternative 
and predicted product [e.g. (7) instead of (6)] contains 
two fused cyclobutane rings and the transition state in 
forming this type of ring system may be too strained. In  
the case of 6-allylcyclohexenones (8a-d) ,lo* l1 products 
(loa), (9b) and (lob), (9c) and (lOc), and (10d) are 
obtained in varying yields from the respective enones. 
Clearly steric factors must control the ratio of the 
products formed in these cases. 

We wished to investigate the photolysis of 5-(prop-2- 
eny1)cyclopent-2-enones, and we now report on the 
synthesis and photochemistry of 5-(prop-2-enyl)-3,4,4- 
and -2,4,4-trimethylcyclopent-2-enones (l2a) and (12b). 

--0 

3,4,4- trimet h ylc yclopen tenone. The s tereoc hemistry of 
the isomers was inferred from the position of the n.m.r. 
peak due to the hydrogen attached to the 5-methylene 
group. The literature suggests that this lies a t  lower 
field in the E- than in the Z-i~omer.l~9~* We attempted 
to  decarbonylate the 5-allyl-5-formyl-2,4,4-trimethyl- 
cyclopentenone using Wilkinson's ~a ta1ys t . l~  While this 
gave the required product, a second compound, probably 
(13), was also obtained, whose stereochemistry was 
assigned by analogy with the n.m.r. spectra of related 
compounds.16 The two compounds required separation, 
and the route was not pursued. 

Photolysis.-Yhotolysis of (1%) using a medium- 
pressure mercury lamp produces a single photo-product . 
From the fact that  i t  is also formed in the presence of 
ferrocene,17 but not in the presence of propiophenone, 
suggests that the singlet excited state of the enone is 
involved in the reaction. 

The photo product, from (12a), should have either the 
structure (14a) or (15a). The n.m.r. spectrum showed 
three methyl singlets a t  7 8.80, 9.10, and 9.20, supporting 
either structure. The compound had an i.r. carbonyl 
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band at  1741 cm-’. Model compounds suggest that 
(14a) should show an i.r. band around 1 750 cm-l,l* 
while (15a) should give a band around or above 1 760 
cm-1.19. 20 The spectroscopic and chemical evidence 
outlined below also favours (14a), and we shall assume 
in further discussion that this is correct, pointing out, 
however, where the formulation as (15a) is unsatisfactory. 

Treatment of the photo-ketone with boron trifluoride- 
ether in refluxing methylene dichloride afforded a product 

Me-Me 

Me 

( 1 4 )  a ;  R’= H, R2= Me 

b ;  R’=Me.R2=H I \  

hexanone (urnax. 1 700 em-l). The spectroscopic evidence 
favours the bicyclo[3.2.l]octenone structure (16) 21 for 
the acid rearrangement product and (17) for its dihydro- 
derivative. The gross structure, and the assigned 
stereochemistry to (16) is confirmed by lanthanide shift 
measurements, and also by oxidation of (16) by per- 
manganate to afford what we believe to be the tri- 
methylcyclopentanedicarboxylic acid (18). This has the 
same 1n.p. as that reported for a compound 22 with the 

0 

(15) 

I 
Me *: 8 3 0  Me ** Me *; Me *o Me H 

Me Me Me Me M e  OH 0 

(19) (20) ( 2 1 )  ( 2  2) (23) 
whose i.r. and U.V. spectra showed that i t  contained an stereochemistry as shown in (18). The diacid isomeric 
ab-unsaturated cyclohexenone ring. In addition to two at  the 5-position has a different m.p.22 Compound (16) 
coupled vinyl protons at  7 2.6 and 4.13, there were two can be formed by the route A (Scheme 3) from (14a). 
methyl singlets a t  T 8.93 and 9.02, and a methyl doublet Compound (15a) would only yield (16) by the very un- 
at ‘c 8.95. A dihydro-derivative prepared by hydro- likely route B, which involves the formation of a 
genation shows the characteristic i.r. peak of a cyclo- secondary from a tertiary carbonium ion. 

(13) (12) 
a;R =H,R2= Me b;R ’=Me,R*=H 

SCHEME 2 (2) EtO,CH, OMe-; (ii) CH,=CHCH,Br, K2C0,, acetone; (iiz) heat, 250 “C; ( iv)  (Ph,),RhCl; (v) OH- 
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Europium shift measurements were used to assign the 
methyl and also the 1-H signal in the n.m.r. spectrum 
of (16). The 7-exo-methyl proved to have the signal a t  
highest field, presumably because i t  is shielded by the 
ap-unsaturated ketone. Using the standard methods 23 
we found that the best fit occurred when the europium 
atom lies on an extension of the C-0 axis a t  a distance of 
3.5 A from oxygen and when the 6-methyl was endo. 

spectrum showed three methyl singlets and a broad 
doublet at T 5.65 (J  5 Hz). Europium shift measure- 
ments indicated that the signal due to the hydrogen next 
to carbonyl was a double double doublet. 

If the photo-ketone has the structure (14a), then the 
structures of the two lactones are (19a) and (20a). On 
the other hand, if the photo-ketone were (15a), then the 
lactones are (2la) and (22a). It is known that a ketone 

A+- Me Me% Me OBF, OBF, 

A 
( 1 4 0 )  - 

Me 

(15a) Me 

Me 
b F, OBF, 

Me 

M e  

I 
- -  

Me 

SCHEME 3 

Oxidation of thc photo-product from (1%) with DOu/, 
hydrogen peroxide-boron trifluoride 24 afforded a mixture 
of two lactones. The less-polar product had a carbonyl 
absorption at  1 735 cm-l, indicative of a six-membered 
lactone. The r1.m.r. spectrum showed three methyl 
singlets, and a double double doublet a t  T 5.66 ( J  9, 3.5, 
and 1.5 Hz), indicative of a proton on carbon also linked 
to the oxygen of the lactone ring. The rest of the spec- 
trum is complex, but addition of europium shift reagent 
enabled us to pick out the hydrogen next to the carbonyl 
group as a doublet ( J  6 Hz). The more polar product 
had carbonyl absorption at  1720 cm-l, and the n.m.r. 

having tlie same ring system as (154, but lacking the 
methyl substituents, is oxidised to afford one lactone 
[related to (21)] whose i.r. carbonyl band occurs a t  
1770 crn-l.l9 As we obtain two lactones, neither of 
which shows a band at 1 770 cm-I, the structure (15a) is 
excluded for the photo-ketone. Our preference for (14a) 
is also supported by examination of models which sug- 
gest that the two lactones mentioned above are (19a) and 
(ZOa) respectively, but not (214 and (22a). In  par- 
ticulaI the 3-H in each case is coupled to 2-H, [Jcalc. > 8.3 
and 3.0 Hz for (19a); 8.0 and 3.2 Hz for (20a)], and by 
long range coupling with 1-H. The 6-H is coupled with 
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one of the 9-H (J  ca. 6 Hz), but only slightly with the 
second (J  < 0.5 Hz). These assignments are con- 
firmed by quantitative europium shift measurements, 
which also enable us to assign the methyl signals in 
(19a) and (20a). In  each case the 7-exo-methyl lies a t  
lower field than the 7-endo, and the %methyl at still 
lower field. Curiously, the best fit for the shift results 
occurs if we assume that (19a) and (20a) exist as the 
conformations shown. 

There is only one photo-product formed during the 
photolysis of (12b). As in the case of (l2a), the reaction 
proceeds in the presence of ferrocene l7 but no product is 
formed on photolysis in the presence of propiophenone, 
indicating that a singlet excited state of (12b) is probably 
involved in the reaction. By analogy with the previous 
reaction, the photo-product should possess the structure 
(14b) and this is supported by an i.r. band at 1 740 cm-l. 
In this case the photo-ketone did not rearrange with 
boron trifluoride , presumably because the carbonium 
ion which would be formed on ring-opening of the 
cyclobutane ring is secondary and not tertiary. 

Oxidation of the ketone with boron trifluoride- 
hydrogen peroxide affords, as expected, a single lactone 
(19b), which lacks a CH-0 signal. Europium-shift 
measurements enable us to identify the 6-H signal as a 
doublet ( J  4 Hz) and also show that the 7-exo-methyl 

Europiuni-shift measurements ; values of lo3 (3 cos2~-l/r3) 
a.re given in parentheses 

-a 7 

[Eu (fod) 3] /[Compound7 

Compound 1-H 
(16) 10.6 

(10) 

3-H 
(19a) 3.5 

(4.4) 

(8.5) 
(20a) 8.4 

3-Me 
2.8 

(2.9) 
( 1 9b) 

I-H 
(23) 10.3 

(9.0) 

3-H 4-H 
7.9 2.3 

(9.5) (2.9) 

6-H Me 
8.0 3.9 

(9.0) (5.0) 
3.5 3.38 

7-exo- 

(4.4) (4.2) 
7-exo- 

6-H Me 
11.2 5.1 
(9.0) (5.0) 

:&Me Me 
9.4 11.4 

(6.0) (7.4) 

7-exo- 

B-Me 
1.6 
1.9 
7-endo 

Me 
2.0 

1 .A3 
(2.5) 

( 2 . 1 )  
7-eVLdO 

Me 
2.4 

7-endo 
Rile 

3.5 

(2.5) 

(2.3) 

7-exo- 7-endo- 
Me Me 

5.3 2.5 

8-Me 
(6.4) (3.1) 

1.7 

1.60 
(2.3) 

(2.2) 

signal is a t  lower field than the 7-clzdo-methyl signal. 
Quantitative measurements support the structure (19b) 
with the conforination shown (europium atom on C-0  
axis 3 from oxygen) though (21b) is not too unsatis- 
factory. However, quantitative measurements on the 
alcohol obtained by borohydride reduction of the photo- 
ketone, and presumably formed by attack of the hydride 
from the less hindered side, strongly supports the struc- 
ture (23) for this compound, and hence structure (19b) 
follows for the ketone. 

These results and those of Pattenden et aZ.12 show that, 
unlike the 4-(prop-2-enyl)cyclopentenone,s the 5-(prop- 
2-eny1)cyclopentenones undergo ring-closure in the 

expected manner.2 There can be nothing unique about 
prop-2-enylcyclopentenones which cause them to  react 
in the ' abnormal ' manner. The factors involved in the 
cyclisation of the 4-(prop-2-enyl)cyclopentenone (5) 
must be special for this system, and, as suggested above, 
must be steric in origin. 

EXPERIMENTAL 

For general methods, see Part  1.l Photolyses were 
carried out at room temperature under nitrogen using a 
250-W Hanovia niedium-pressure lamp through a Pyrex 
window. 

5-HydroxynzetlzyEene-3,4,4-tr~il.tethylcyclope~~tenone.-3 ,4,4- 
Trimethylcyclopentenone (10 g), ethyl formate (9.5 ml), and 
sodium metlioxide (7  g) in anhydrous benzene (100 ml) 
under an atmosphere of nitrogen were set aside with stirring 
for 24 h a t  room temperature. Water (100 ml) was added, 
and the aqueous layer separated, washed with ether, and 
then acidified with hydrochloric acid. This aqueous 
solution was extracted with ether (3 x 30 ml), and the 
combined ether layers washed with water, and dried 
(MgSO,) . Removal of the ether afforded 5- (Jzydroxy- 
nzetl~ylene)-3,4,4-trinzethylcyclopentenone (4 g) which was 
purified by preparative t.1.c. and sublimation, m.p. 88 "C 
(Found: C, 71.3; H, 7.85. C,H1,O, requires C, 71.0; H 
7.95%); Y,,,,. 1 670 and 1 610 cm-l; Amax. 285 and 245 nm 
(log E 3.00 and 4.08); z 2.94 (5-methylene-H), 4.05 (br, 2-H), 
8.0 (d, J 1.3 Hz, 3-Me), and 8.8 (a-Me,). 

Under the same conditions, 2,4,4-trimethylcyclopentenone 
(2 g) afforded 5-(hydroxymetF~ylene)-2,4,4-trinzetlzylcyclo- 
pentenone (1.3 g) which was purified by preparative t.1.c. 
and sublimation, m.p. 82 "C (Found: C, 71.2; H, 7.80/,); 
v,,,,. 1 670 and 1 610 cm-l; A,,,. 291 and 247 nm (log E 3.83 
and 3.87); T 0.26 (OH, exchangeable with D,O), 2.89 (5- 
methylene-H), 3.19 (q, J 1.3 Hz, 3-H), 8.18 (d, J 1.3 Hz, 
2-Me), and 8.74 (4-Me2). 

tenone.-- 5-(Hydroxyniethylene)-3,4,4-triniethylcyclo- 
pentenone (1.5 g), ally1 bromide (1.65 g), potassium car- 
bonate (2.25 g),  and dry acetone (100 ml) were reflused 
under nitrogen for 7.5 h .  Water (200 ml) was added and 
the mixture extracted with ether (3 x 40 ml). The 
combined ether laycrs were washed with water and dried 
(MgSO,) to give 5-(firofi-2-enyloxy~netlzylene) -3,4,4-triinethyl- 
cyclopentenone (1.5 g) which was purified by preparative 
t.1.c. and distillation, b.p. 120 "C at '3 mmHg (Found: C, 
74.6; H, 8.15. CI2Hl6O2 requires C, 75.0; H, 8.40/); 
v,,,,. 1 690, 1 630, and 1 610 cm-l; A,,,,,. 285 and 249 nm 
(log E 4.0 and 4.02); T 2.92 (5-methylene-H), 4.1 (q, J 1.5 
Hz, 2-H), 4.1-4.7 (m, propenyl vinyl-H), 5.5 (in, propenj'l- 
CH,), 8.0 (d, J 1.5 Hz, 3-Me), and 8.7 (4-Me2). 

E- and 2 - 5- (prop- 2-enyloxymethylene) - 2,4,4-tri methy lcyclo- 
pentenone .- 5- (Hydroxynietli ylene) -2,4,4- triinethylcycl o- 
pentenone (1.5 g) with the same reactants and the same 
conditions afforded a mixture which could be separated by 
preparative t.1.c. to give E-5-(prop-2-enyloxyinetl~ylenc)- 
2,4,4-trinzethylcyclopentenone (990 nig), b.p. 90 "C a t  0.3 
mmHg (Found: C, 75.1; H, 8 . 5 5 7 0 ) ;  v,,,. 1 695, 1 650, 
and 1 625 cm-l; A,,,,,. 285 and 251 nni (log E 3.69 and 3.59); 
z 2.87 (5-methylene-H), 3.15 (q, J 1.3 Hz, 3-H), 4.2-4.7 
(m, propenyl vinyl-H), 5.46 (ni, propenyl-CH,), 8.22 (d, 
J 1.3 Hz, 2-Me), and 8.71 (4-MeJ; and the Z-isomev (100 
mg), b.p. 95 "C a t  0.3 mmHg (Found: C, 74.6; H, 8.6%); 

5-( Hydroxymethylene)-2,4,4-trinzetl~ylcyclo~entenone .- 

E-5- (prop-2-enyloxymet~~ylene)-3,P,4-trinietl~ylcyclope~~- 
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v,,,, 1 695, 1 650, and 1 625 cm-l; a,,,. 287 nm and 235 nm 
(log E 4.01 and 3.87); T 3.25 (9, J 1.3 Hz, 3-H), 3.61 (5- 
methylene-H), 4.1-4.7 (m, 3 H, propenyl vinyl-H), 5.57 
(m, 2 H,  propenyl-CH,), 8.22 (d, J 1.3 Hz, %Me), and 8.76 
(4-Me2). The E-isomer was the less polar fraction. 

Fi-(Prop-2-enyl)-3,4,4-trimetlzylcyclopentenone (12a). The 
corresponding propenyloxymethylene ketone (4 g) was 
heated in a thin-walled test tube at 250 "C under nitrogen 
for 15 min. The reaction mixture was cooled, and purified 
by t.1.c. or by column chromatography to give 5-(prop-2- 
enyl)-3,4,4-trirnethylcyclopentenone (1.5 g), b.p. 115 "C at 
10 mmHg (Found: C, 80.6; H ,  10.0. CllHl,O requires C, 
80.4; H, 9.8%); v,,,,,, 1 700, 1 640, and 1 620 cm-l; 
230 nm (log E 4.14) ; T 4.2 (q, .I 1.3 Hz, %H), 4.2-4.9 (m, 
3 H, propenyl vinyl-H), 7.2-7.9 (m, 3 H, 5-H and propenyl- 
CH,), 8.0 (d, J 1.3 Hz, 3-Me), and 8.8 and 8.9 (a-Me,). 

A further fraction (2.0 g) contained a mixture of (12a) and 
5-formyl-5- (prop-2-eny1)- 3,4,4-trimethylcyclopentenone. 
Without further purification, this fraction, sodium hydroxide 
(2.0 g) ,  methanol (50 ml), and water (5  ml) were stirred at 
room temperature under nitrogen for 30 min; the reaction 
was monitored by t.1.c. The solvent was removed in vacuo, 
and the residue diluted with water and extracted with ether 
(3 x 40 ml). The combined ether layers were washed with 
water, dried (MgSO,), and the ether removed to afford 
(12a) (1.6 g). 

5- (Prop-2-enyl)-2,4,4-trimethylcyclo~entenone ( 12b) .-(a) 
The corresponding E-(propenyloxymethy1ene)cyclopenten- 
one (130 mg) was heated in a thin-walled test tube at 250 "C 
under nitrogen for 30 min. The reaction mixture was 
cooled, diluted with ether, and purified by preparative t.1.c. 
to afford 5-(~rop-2-enyl)-2,4,4-trinzethyZcyclo~entenone ( 12b) 
(20 mg), b.p. 48 "C a t  0.6 mmHg (Found: C, 80.8; 13, 
9.9"/b); vJ,,,,. 1710 and 1625 cm-l; Amx. 230 nm (log E 

4.03); T 2.99 (9, J 1.3 Hz, 3-H), 3.7-4.9 (m, propenyl 
vinyl-H), 7.2-8.0 (m, 5-H and propenyl-CH,), 8.27 (d, 
J 1.3 Hz, 2-Me), 8.79, and 8.94 (4-Me,): and 5-formyl-5- 
(prop- 2-enyl) - 2,4,4-trimethylcyclopentenone (65 m g) , b .p. 
106 "C a t  2.5 mmHg (Found: C, 74.6; H, 8.15%); vrnax. 
1 725, 1 700, and 1 640 cm-l; A,,,, 231 nm (log E 3.79); 
T 0.45 (CHO), 2.81 (q, J 1.3 Hz, 3-H), 3.9-4.75 (m, 3 H 
propenyl vinyl-H), 7.4 (m, 2 H, propenyl-CH,), 8.2 (d, J 
1.3 Hz, 2-Me), and 8.78 (4-Me,). 

(b)  Similar pyrolysis of the Z-isomer afforded the same 
products. 

(G) The above 5-formyl derivative (130 nig) and tris- 
(tripheny1phosphine)rhodiurn chloride (200 mg) were re- 
fluxed under nitrogen in benzene ( I0  nil) for 10 niin. The 
solvent was removed, ethanol (15 ml) was added, and the 
tvans-chlorocarbonylbis(triplienylphosphine)rhodium(I) col- 
lected a t  the pump. Ethanol was removed from the filtrate 
and the residue chromatographed (t.1.c.) to give 5-(prop-2- 
enyl)-2,4,4-triniethylcyclopenteno11~ (12b) (50 nig), starting 
material (40 mg), and a compound which was probably 5- 
propylidene-2,4,4-trimethylcyclopentenone ( 10 m g )  ; vIlIax~ 
1 695, 1 650, and 1 635 cm-l; A,,,,. 256 (log E 3.76); T 3.13 
(q, J 1.3 Hz, 3-H), 4.05 (t, J 7 Hz, 5-methylene-H), 7.2 (dq, 
J 7 and 7 Hz, propylidene-CH,), 8.22 (d, J 1.3 Hz, 2-Me), 
8.8 (4-Me2), and 8.9 (t, J 7 Hz, 5-propylidine-Me). 

( d )  The formyl ketone ( 3  g), sodium hydroxide ( 3  g)  
methanol (100 ml), and water (10 ml) were stirred a t  room 
temperature under nitrogen for 30 min. The solvent was 
removed under reduced pressure, and the residue diluted 
with water and extracted with ether (3 x 40 1111). The 
combined ether layers were washed with water and dried 

(MgSO,). The ether was removed, and the residue chronia- 
tographed to give 5-(prop-2-enyl)-2,4,4-trimethylcyclo- 
pentenone (12b) (2 g) identical with the sample described 
above. 

Photolysis Experiments 

Photolysis of 5-(Pvop-2-enyl)-3,4,4-trimethylcyclopentenone 
( 12a) .-(a) 5- (Prop-2-enyl) -3,4,4-trimethylcyclopentenone 
(500 mg) in benzene (520 ml) was irradiated with U.V. light 
for 7 h. The solvent was removed under reduced pressure 
and the residue separated by column chromatography on 
silica to give 6,7,7-trimethyltricycl0[3.2. l.039 6]octan-2-one 
(14a) (400 mg) as rhombs, imp. 165 "C (from hexane) 
(Found: C, 80.0; H,  9.8%); vmx. 1 740 cm-l; T 7.5-8.5 
(m), 8.8 (6-Me), 9.1 (7-endo-Me), and 9.2 (7-exo-Me). 

(b)  The same ally1 cyclopentenone (200 mg), sublimed 
ferrocene (1 g), and benzene (520 ml) were irradiated with 
U.V. light for 1 h. The solvent was removed under reduced 
pressure and the tricyclic ketone (14a) (180 mg) isolated by 
column chromatography. 

(c) The allylcyclopentenone (200 mg), propiophenone 
(4 g), and benzene (520 ml) were irradiated for 7 h. T.1.c. 
showed that no tricyclic ketone was formed, b u t  that  most 
of the product was polymeric. 

Photolysis of 5-(Prop-Z-enyl) -2,4,4-trimethylcyclopentenone 
(l2b).-(a) This ketone (12b) (500 mg) in benzene (520 ml) 
was irradiated for 3 h ,  monitoring the reaction by t.1.c. 
The solvent was removed under reduced pressure, and the 
residue chromatographed to give 3,7,7-trimethyltricyclo- 
[3.2.1.03.6]octan-2-one (14b) (450 mg), b.p. 40 "Cat 0.5 mmHg 
(Found: C, 80.3; H, 10.0%); vmax. 1741 cm-l; T 7.5-8.5 
(m), 8.87 (3-Me), and 9.09 (7-endo- and exo-Me). 

(b)  The ally1 ketone (200 mg), and sublimed ferrocene (1 g) 
in benzene (520 ml) were irradiated for 5 h. The solvent 
was removed under reduced pressure, and the residue 
chromatographed on silica to give the tricyclo-ketone (14b) 
(180 mg) . 

(c) The ketone (12b) (200 mg), propiophenone (4 g), and 
benzene (520 ml) were irradiated for 3 h.  T.1.c. showed that 
no tricyclo-ketone was formed. 

Reaction of 6,7,7-Trimethyltricyclo[3.2. 1.03v6]octan-2-one 
with Bovon Trifluoride-Ether. The photo-ketone (14a) (1 g), 
boron trifluoride-ether (10 ml) and dry methylene dichloride 
(25 ml) were refluxed for 6 h. The reaction mixture was 
cooled, and washed with a 50/, solution of sodium hydrogen- 
carbonate antl then water. The organic layer was dried 
(MgSO,), the solvents removed, and the residue chromato- 
graphed (preparative t.1.c.) to afford 6-exo-7,7-trimethyl- 
bicycl0[3.2.l]oct-3-en-2-one (16) (100 nig) as needles, m.p. 
40 "C (from ethyl acetate) (Found: C, 80.9; H, 9.9%; v,,,. 
1 675 antl 1 600 cm-l; Allla,+ 237 iim (log E 3.80) ; T 2.6 (dd, 

8.0 (in), 8.95 (d, J 7.5 Hz, 6-exo-Me), 8.93 (7-endo-Me), and 
9.02 (7-exo-Me). 

6-exo-7,7-T~~i~~zet~iylbicycl0~3.2.1 Joctan-2-one (1 7) .-The 
above unsaturated ketone (16) (100 mg), 10% palladium- 
charcoal (50 mg), and ethanol (10 ml) were stirred in an 
atmosphere of hydrogen until no more hydrogen was 
absorbed. The product was purified by preparative t.1.c. 
to give the satwated ketone (17) (90 mg) as rhombs, m.p. 
60 "C (from ethyl acetate) (Found: C, 79.9; H,  11.1. 
CllHl,O requires C, 79.5; H ,  10.9%) v,,,,. 1 700 cm-l; 
T 7.5-8.5 (m), 9.0 (d, J 7.5 Hz, 6-Me), and 9.05 (7-exo- 
and endo-Me). 

J4,3 9.5, J4, 7 132, 4-H), 4.13 (dd, Ja,4 9.5, J 3 ,  1.4 Hz, 3-H), 
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Oxidation of 6-exo- 7,7- Trimet hylbicyclo [ 3.2; 11 oct- 3-en-2- 
one.-Potassium permanganate (800 mg) was added to a 
stirred suspension of the enone (250 mg) in water (25 ml) a t  
70 "C. The mixture was stirred for 3 h, and the manganese 
dioxide collected at the pump, washing with water. The 
aqueous solution was acidified with dilute hydrochloric acid, 
saturated with sodium chloride, and extracted with ether 
(4 x 40 ml). The combined ether extract was dried 
(MgSO,) and the ether removed. The solid residue was 
recrystallised from water to give the cyclopentane- 
dicarboxylic acid (200 mg) as rhombs, m.p. 180 "C (lit.,l9 
m.p. 185 "C) (Found: C, 59.95; H, 8.05. Calc. for Cl,Hl,- 
0,: C, 59.98; H, 8.05%); vmx. 1700 cm-l; 7 (CD,OD), 
7.76 (m), 9.01 (d, J 7 Hz, 5-Me), and 9.01 (4-Me2). 

7,7,8-TrimethyZ-4-oxutricydo[4.2. 1.03~8]nonan-5-one (19a) 
and 7,7,8-TviunethyZ-5-oxatri~ycZo[4.2.1 .03*8]nonan-4-one(20a). 
-A mixture of 90% hydrogen peroxide (150 mg) and boron 
trifluoride-ether (1 g) was added dropwise to a stirred solu- 
tion of the tricyclic ketone (14a) (500 mg) in ether (5 ml), 
keeping the temperature of the reaction below 15 "C. The 
mixture was stirred a t  25 "C for 70 h, the reaction being 
monitored by t.1.c. and g.1.c. The reaction mixture was 
diluted with ether, washed with 10% sodium hydrogen- 
carbonate solution, and the ether layer dried (MgSO,) and 
evaporated. The residue was chromatographed on silica 
to  give a mixture of products (300 mg) and unchanged 
ketone (200 mg). The products were separated by careful 
preparative t.l.c., using multiple development. The least 
polar fraction, 7,7,8-trinzethyZ-4-oxatr~cyc20[4.2.1 .03* 9- 
nonan-5-one (19a) sublimed without melting a t  100 "C; 
v,,,. 1 735 cm-l; T 5.66 (ddd, J 9, 3.5, and 1.5 Hz, 3-H), 
7.5-8.5 (m), 8.8 (%Me), 9.0 (7-exo-Me), and 9.16 (7-endo- 
Me). 

The more polar fraction, 7,7,8-triunetlzyZ-5-oxatricycZo- 
[4.2.l.O3**]nonan-4-one (20a), also sublimed without melting 
at 100 "C (Found: C, 73.0; H,  8.93. Cl1Hl,O, requires C, 
73.3; H, 8.9%); vmnx. 1 720 cm-1; 7 5.65 (d, J 5 Hz, 3-H), 
7.5-8.5 (m), 8.83 (%Me), 9.08 (7-exo-Me), and 9.2 (7-endo- 
Me). 

3,7,7-TrfunethyZ-4-oxutri~ycZo[4.2. 1.03~8]no~an-5-one (19b). 
--Similar oxidation of the tricyclic ketone (14b) (500 mg) 
afforded starting material (100 mg) and a single product 
(1 9b) (400 mg). The mixture was separated by preparative 
t.1.c. to give 3,7,7-triunetlzyl-4-oxat~icyeZo[4.2.1 .O3.8]nonan-5- 
one, b.p. 85 "C a t  0.5 mmHg (bath temperature) (Found: 
C, 73.3; H, 8.99%); v,,,. 1740 cm-l; T 7.5-8.5 (m),  8.6 
(3-Me), 8.9 (7-exo-Me), and 9.1 (7-endo-Me) . 

3,7,7-Tri~ethyZtricycZo[3.2.1 . 0 3 9  6]octan-2-exo-oZ (23) .- 
Sodium borohydride (300 mg) in water (5 ml) was added to 
the photo-ketone (14b) (550 mg) in methanol (50 ml), and 
the mixture set aside for 2 h. Removal of the solvent and 
chromatography of the residue on silica afforded the aZcohoZ 
(23) (270 mg), m.p. 44 "C (Found: C ,  79.4; H, 11.1. 
C1,H,,O requires C, 79.5; H,  10.9%); v , , , ~ ~ ~ ,  3 350 cm-l; z 
6.23 (2-H), 7.99 (m), 8.33 (OH), 8.80 (3-Me), 8.86 (7-exo-Me) 
and 9.13 (7-endo-Me) . 

Europium-shi f t  Measurements.-Europium-shift measure- 
ments were carried out by the standard pr~cedure . ,~  Suc- 
cessive quantities of the reagent, Eu(fod), were added to 

solutions of the compounds in CDCI, (n.m.r. tube) (molar 
ratios 0.19 increasing to 0.65). Plots of chemical shift to 
molar ratio of Eu(fod), gave the values of -Az/[Eu(fod)J- 
[compound] recorded in the Table. The expected values 
were estimated using standard methods. 23 Interatomic 
and inter-group distances and angles were estimated using 
Dreiding models. The Europium atom was assumed to be 
on the axis of the C=O or C-0 bond, and the distance of the 
Eu atom from oxygen were varied to give the optimum fit. 
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