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Bicyclo[5.3.l]undec-I (1 O)-en-g-one undergoes photodeconjugation to give bicyclo[5.3.l]undec-l(2)-en-9- 
one, which, in turn is transformed into the corresponding methylenebicyclo[4.2.2]decanone. The non-volatile 
fraction of the photolysate is shown to be a mixture of cyclobutane-type dimeric derivatives. 

WE have previously reported the photochemical behavi- 
our of bicyclo[9.3.l]pentadec-l(14)-en-13-one and of 
bicyclo[6.3. lldodec- 1 (1 1) -en- 10-one .2 For both ketones 
the photochemical behaviour depends on the presence of 
the polymethylene bridge. 

We now report the photochemistry of bicyclo[5.3.1]- 
undec-l(lO)-en-9-one (2) and show that in this case the 
polymethylene bridge is not directly involved in the 
photochemical behaviour, the main products being 
cyclobut ane-type dimcrs. 

The title compound (2) was prepared from cyclo-oct- 
Z - e n ~ n e , ~  in 57% overall yield. 

The enone (2) was irradiated in benzene solution 
(2.07 X ~O-,M) with a high-pressure Hg lamp through 
Pyrex. After irradiation for 12 h, g.1.c. analysis 7 of the 
volatile fraction (24.4%, see Experimental section) 
shows the presence of three products: unchanged (2) 

0 

47%, (3) 21%, and (4) 32:/,. A study of product 
distribution us. extent of irradiation established that 
the ratio (3) : (4) increases as a function of time : this sug- 
gests that (3) arises from (4). The two photoproducts 
(3) and (4) were isolated by silica-gel column chromato- 
graphy and by preparative g.l.c.1 For both compounds 
(3) and (4) elemental analysis and mass spectroscopy 
indicate a composition, C,,H160, isomeric with the start- 
ing material. The n.m.r. spectrum of (4) shows the 
presence of an olefinic proton (1 H, t, J = 7.5 Hz, a t  
6 5.6) and the i.r. spectrum the carbonyl absorption a t  
1715 cm-l. On this basis we assigned to (4) the struc- 
ture of bicyclo[5.3.ljundec-l (a)-en-g-one. Catalytic 
hydrogenation of (4) and (2) affords the same dihydro- 
derivative ( 5 ) .  M'e also obtained (4) from (2) by decon- 
jugation with KOBut. 

The pho todecon j ugat ion of substituted c yclo hex-3- 
enones is a well known p r o c e s ~ . ~ ~ ~  

t Glass column, 2 m x 3 mm, QF-1 5% on silanized Chromo- 
sorb W, 100-120 mesh, N, 40 ml min-1, 160 "C. 

The n.m.r. spectrum of (3) shows the presence of an 
exocyclic methylene group (2 H, m, a t  S 4.95 and 4.85) 
and the i.r. spectrum the carbonyl absorption at  1710 
cm-l. Ozonization of (3) afforded a diketone (6) with 
loss of formaldehyde. 

Irradiation of  a benzene solution of (4) (4.17 x 1(F2M, 

# 
0 

20 h) afforded an apparent yhotostationary state of (3) 
(76y0) and (4) (24y'). The presence of oxygen does not 
affect this reaction, but in acetone the formation of (3) 
from (4) was completely prevented. These facts suggest 
that  a singlet excited state of (4) is involved in the form- 
ation of (3). Moreover the assigned structure (3) is also 
in line with the well known photochemical behaviour 
of @,y-unsaturated ketones.6 

T.1.c. analysis $ of the non-volatile fraction (75.60/,) 
shows the presence of four products : (7)-( lo), obtained 
in a pure state by silica gel column chromatography. 

F 
0 

( 3 )  ( 6 )  

For each of them elemental analysis and mass spectro- 
scopy indicate a composition C,,H,,O,, strongly suggest- 
ing a cyclobutane-type dimeric structure. In  the n.m.r. 
spectrum of (7) and (10) a singlet due to two hydrogens, 
respectively a t  6 2.43 and 2.79, is present, in agreement 
with the dimers obtained from 3-methylcyclohexen-2- 

$ Glass column, 2 m x 6 mm, QF-1 57; on silanized Chrorno- 

8 Eluant Et,O-n-hexane (1 : 1 v/v). 
sorb W, 60-80 mesh, N, 140 ml min-1, 170  "C. 
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Corey et aZ.8 have demonstrated that both cis- and 
trans-ring junctions between six- and four-membered 
rings may be obtained in a photochemical reaction. 
They have also shown that a trans-junction adjacent 
to a carbonyl group is less stable than a cis-junction, and 
that on treatment with dilute alkali such tram-joined 
compounds isomerize to the more stable cis-isomers. 

Compounds (7)  and (10) were completely stable to 
alkaline treatment; it is therefore clear that  in both 
compounds ring junctions are cis. 

Dipole-moment measurements allow a distinction 
between head-to-head (h-h) and head-to-tail (h-t) 
dimers9 and afforded a value of 1 . 2 9 ~  for (7) and of 
5 . 4 6 ~  for (lo). Therefore (7) must be a h-t and (10) 
a h--h dimer. I t  is also known lo that the ratio h-h/h-t 
for enone climers increases with solvent polarity. The 
ratio (10) : (7) ,  which is ca. 1 : 1 in benzene, becomes ca. 3 : 1 
in MeOH. 

Tlie structure head-to-head cis-anti-cis was assigned 
to (10) basccl on the above data and the chemical 
behaviour. Rayer-Villiger oxidation of (10) afforded 
a dilactone (1  1)  from whicli a dihydroxy-diester (12) 
was o1,taincd by reaction with acidic MeOH. 

2 ? I  

I 

(12) R = H ,  R = CH2Ci3,Me 
(13) R =Ac,R I CH,C02P:e 

Tlie dilactone ( 11) showed a band in its i.r. spectrum a t  
1 7 4 0  cm-l (1Ectone C=O) and its n.m.r. spectrum 
included a singlet a t  6 4.16 (cyclobutyl protons). The 
mass spectrum agrees with the proposed structure. In 
the dihydroxy-diester (12) the presence of two OH 
groups was inferred from spectroscopic data and con- 
firmed by formation of the corresponding cliacetate (13). 
The dihytlroxy-cliester (12) was oxidized by lead tetra- 
acetate, in M c O H  and in the presence of CCl,CO,H, 
giiring (14), obtained in a pure state by silica-gel column 
cliromatograpliy. This product showed in its n.m.r. 
spcctrum four singlets: a t  6 3.26 (3 H, OCH,), 3.6 (6 H, 
CO,CH,), 4.5 (1  H, OCHOCH,), and 5 (1 H, OCHOH). 
Treatment of (14) with dilute H,SO, in tetrahydro- 
fu ran  affordcd ;t mixture of a t  least two products 

(14) R = CH,CO,Me 

whose n.m.r. spectrum lacked signals a t  6 3.26, 4.5 and 
5 ,  and showed two singlets a t  6 9.7 and 5.33. Although 
the products were not isolated, we suppose they represent 
the parent aldehyde of (14) and the cyclic form of the 
corresponding hydrate. 

Chromic acid oxidation of (14) afforded a mixture of 
two products, (15) and (16). 

The i.r. spectrum of (15) had bands a t  1730 cm-l 
(ester C=O) and a t  1 7 7 0  and 1835 cm-l, typical of a 
substituted succinic anhydride.ll The i.r. spectrum of 
(16) showed no OH band while the carbonyl absorptions 

(15) 

R = CH,CO, Me 

were a t  1730 and 1765 cm-l. Its 1i.m.r. spectrum had 
four singlets a t  6 3.4 (3 H, OCH,), 3.63 and 3.66 (3 €I 
each, CO,CH,), 4.7 (1 H, OCHOCH,). Hydrolysis of 
the anhydride (15) with dilute niethanolic KOH gave 
an acid, which was esterified with CH2N2 and purified 
by silica-gel column chromatography to give the tetra- 
methyl ester (17).  Alkaline hydrolysis of this ester 
afforded the diester-diacid (18). 

The above reactions establish a h-h orientation in the 
dimer (10). The dihydroxy-diester (12) does not react 
with sodium periodate in aqueous methanol, showing that 
the two OH groups in (12) must have a trans-relation- 
ship.12 In the dimer (10) the stereochemical relationship 
of the two six-membered rings must be anti since the 
Baeyer-Villiger oxidation is known to proceed with 
retention of configuration l3 and transesterification 
should not affect the stereochemistry of the molecule. 

(17) R = CO,Me, R'= CH,CO,Me 

(18) R = CO,Me, R' = CH,CO,H 

Qualitative experiments with Eu(fod), as shift re- 
agent (SR) supported the assigned stereochemistry for 
the ring junction of (10). For amounts of SR up to a 
1 : 1 molar ratio only two sets of signals were strongly 
displaced downfield: these were assigned to the CH a to 
C=O (singlet) and to the diastereotopic protons of the 
CH, a to C=O (two doublets of doublets, J o i c  = 7.6 and 
3.6 Hz, JgeIn = 16.5 Hz). Among them, the signal of 
CH was the most displaced one. No large shift for 
protons of the cyclo-octane loop was detected, and 
consideration of Dreiding molecular models indicate 
that they are placed on the opposite side of the molecule 
with respect to the carbonyl groups. 

The syqz h-t dimer structure was assigned to the com- 
pound (7) on the basis of the dipole moment value and of 
qualitative experiments with Eu(fod),. Compound (7) 
showed a more meaningful change on SR additon: the 
CH a to C=O were, as usual, the most affected, followed 
by the diastereotopic a-CH2 groups. A third set of 
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signals was remarkably shifted downfield : from their 
multiplicity these signals (two doublets of doublets, 
Jvie = 4.5 and 3 Hz, JSel,& = 17 Hz) were assigned to the 
diastereotopic protons of the CH, 6 to  C=O. To be so 
strongly affected by paramagnetic complexation at  the 
carbonyl group, these protons must belong to a structure 
with a syn relationship of the two six-membered rings, 
in which one C=O is found next to the 6-CH, of the other 
cyclohexanone ring. In  such a structure the cyclo- 
octane loop is not too close to the site of complexation 
and hence its protons do not show any large shift. For 
an aidi h-t structure, a CH, of the loop would have been 
found close in space to the complexed site, whereas the 
&CH, of the other cyclohexanone ring would be dis- 
tinctly far away from it. 

2 

( 7 )  

Considering now the 13C n.m.r. spectra of (10) and (7), 
a large difference in chemical shift is noted for C-5 and 
C-5' in (10) compared with the same carbons in compound 
(7). In fact the anti h-h configuration of (10) holds C-5 
and C-5' in a y-gauche relationship with C-11' and C-11 
respectively in the other half of the molecule: hence the 
strong upfield compression shift. In the syn h-t configur- 
ation of (7), C-5 and C-5' have no steric compression 
and their resonance is found further downfield a t  ca. 45 
p.p.m. In (10) C-11 and C-11' have a lower chemical 
shift than expected, partly due to the y-gauche compres- 
sion shift with C-5' and C-5 and partly because of the 
shielding effect of the anisotropic C-8 and C-8' carbonyl 
groups. In (7) C-11 and C-11' are found at  almost the 
same field strength as in (lo), probably because of a 
complex interplay of anisotropy effects of both carbonyl 
groups coupled with a y-gauche position with respect to 
one of them. 

Alkaline treatment of compounds (8) and (9) afforded 
in quantitative yields (20) and (19), respectively, through 

the cyclobutane ring opening with formation of a pp- 
disubstituted conjugated double bond. Since the rela- 
tive positions of the two carbonyl groups in (8) and (9) 
must allow this retro-Michael type reaction, (8) and (9) 
should arise from a regiospecific photocycloaddition 

reaction between (2) and (4). This hypothesis was 
verified by irradiating (2) in the presence of a large 
excess of (4). Under these conditions only (8) and (9) 
were formed. On this basis we assume the illustrated 
general structures for (8), (9) and the corresponding 
' open ' derivatives (20) and (19). 

EXPEKIMENTAL 

M.p.s and b.p.s are uncorrected. 1.r. spectra were 
taken on a Perkin-Elmer 377 instrument. lH N.1n.r. 
spectra were recorded in [2H]chloroform solution with a 
Varian HA 100 or A 60-A  spectrometer. Chemical shifts 
are given in 6 from tetraniethylsilane as internal standard 
and refer to the centre of the signal. The U.V. spectra were 
recorded for 96% ethanolic solutions on a Reckinann DB- 
GT spectrometer. The mass spectra were obtained with a 
Varian MAT 311-A mass spectrometer equipped with a 
combined FI, FD, and EI ion source. Dipole moments 
were measured with a WTW DM 01 dipole-meter for CC1, 
solutions. G.1.c. analyses were run on a Pye series 104 
chromatograph. Column chromatography was performed 
on Merck Kieselgel 60, 0.063-0.200 mm. T.1.c. was 
carried out using Merck Kieselgel F254. Magnesium sul- 
phate was used as drying agent. Evaporation was carried 
out i n  vacuo (rotary evaporator). Irradiations were 
carried out with a 125-W HPK Phillips high-pressure Hg 
lamp. 13C N.m.r. spectra were taken a t  20.0 MHz on a 
CFT-20 Varian instrument (6 from SiMe,, CDCI, solutions). 
Tentative assignments : peaks are exchangeable within 1 
p.p.m. 

lmmersion-well apparatus. This consists of a water- 
jacketted Pyrex well housing a 125-W- lamp. The well fits 
into a cylindrical 400 or 200 ml reaction vessel equipped 
with an inlet for gas and an outlet for the removal of aliquot 
portions. 

In a typical irradiation experiment, ketone 
was dissolved in the appropriate solvent and the solution 
placed in the reaction vessel, which was held in place 
around the immersion-well apparatus. Nitrogen was bub- 
bled through the solution for 10 min before irradiation. 

Ethyl 2- (3-Oxocyclo-octyZ)acetoacetate (1) .-To a mixture 
of cyclo-oct-2-en-one (12 .6  g) and ethyl acetoacetate (20  g) 
a solution of EtONa in EtOH [from Na (300 mg) and EtOH 
( 5  ml)] was added. After 12 h a t  room temperature, the 
reaction mixture was diluted with Et,O (200 ml) , washed 
with H,O ( 2  x 50 ml) and dried. I n  vacuo distillation 
of the residue remaining after solvent evaporation afforded 
( I ) ,  b.p. 145-147 "C at 1 mmHg (24 g, 93%), vmar. (film) 
1 7 4 0  and 1 7 0 5  cm-l; 6 4.2 ( 2  H, q, CO,CH,Me), 3.54 
[0.5 H, d,  J 7 Hz, -CH(CO,Et)COMe], 3.48 [0.5 H,  d, J 8 
Hz, CH(CO,Et)COMe], 2.4 ( 4  H, m, CH,COCH,), 2.27 
( 3  H, s, COCH,), and 1.28 (3  H, t, CO,CH,CH,). 

BicycZo[5.3.l]undec-l (lO)-en-g-one ( 2 )  .-Ethyl 2-(3-oxo- 
cyclo-octy1)acetoacetate ( 1 )  (24 g) was added to a mixture 
of AcOH (140 ml), II,O (80  ml), and H,S04 (20 ml). The 
solution was heated under reflux for 5 h. After cooling, 
water (400 ml) was added to the mixture which was then 
extracted with n-pentane ( 3  x 100 ml). The organic 
layer was dried and the solvent evaporated. The residue 
was distilled i n  vacuo affording (2)  (9 .5  g, 61 .3y0) ,  b.p. 
104-106 "C at 0.7 mmHg, vmK (film) 1 6 6 5  cm-'; 6 5.88 
( 1  H, s ,  =CHCO) ; A,,,. 243 (12  600) and 324 (60) ; A,,,. 
(n-hexane) 233 (12 6 5 0 ) ;  m/e 164 (M+, 41) and 82 (100). 

Irradiation of Bicyclo[5.3.l]undec-l (lO)-en-9-one ( 2 )  i r z  

Irradiation. 
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Benzene.-In a typical run the ketone (2) (1.2 g) was dis- 
solved in benzene (350 ml) and irradiation carried out for 
12 h .  Solvent was then evaporated. The residue from 
four runs, distilled in uacwo, afforded 1.16 g of volatile 
fraction, b.p. 80--125 "C a t  0.3-4.5 niinHg and 3.G g of 
non-volatile fraction. 

Volatdle f rac t ion .  G.l.c.* showed three products: (2) 
(47y0), (3) (21°4), and (4) (32%). Silica-gel (50 g) column 
chromatography (eluant n-pentane to  n-pentane-Et,O, 
10 :  1 v/v) afforded (2) (520 mg) and a mixture of (3) antl 
(4) (550 mg). Preparative g.1.c.t of the (3)-(4) mixture 
afforded: (3) (150 mg) {b.p. 130-135 "C a t  5 mniHg; 
v , , , ~ ~ ,  (filni) 1 710 and 1 638 c1n-l; 8 4.95 and 4.85 (2 H ,  in, 

=CH,), ancl 3.2  [I1 H ,  m ,  COCH(C=)CH,]; Yn/e 1G4 ( M + )  
(S5), 79 (100)j ant1 (4) (230 nig) [b.p. 94-98 "C a t  3 mniHg; 
v , ,~ ,~ ,  (film) 1 715 and 1670 cni-'; h,,,,,, 290 (142), 
(iso-octane) 288 (106), 297 (1421, 306 (SO), and 317 (46);  65.5  
(1 H ,  t ,  J 7.5 Hz, C=CHCH,), ancl 3.04 (4 H, ni); m / e  1G4 
( i W * ,  40) and 95 (LOO)]. 

Non-volatile f rac t ion .  T.1.c.: showed four products: 
(7) ( H F  0 . 3 7 ) ,  (8) (0.32), (9) (0 .27 ,  and (10) (0.20). SiIica- 
gel ( 170 a) column chromatography (eluant n-hexane to 
Et,O) afforded: (7) (780 mg), n1.p. 140 "C from Et,O; vlllilZ, 
(Wujol) 1 685 cni * ;  8 2.43 (2 H, s ) ;  13C 1i.m.r.: 28.1 (C-1, 
l '), 21.1 ( C - 2 ,  2'), 24.5 (C-3, 3'), 18.6 (C-4, 4'), 45.4 (C-5, 5'), 
38.6 (C-6, 6'), 60.8 (C-7, 7'), 210.0 (C-8, 8'), 46.0 (C-9, 9'), 
30.5 (C-10, I O ' ) ,  28.1 (C-11, 11'); nz/e:  338 ( l M t ,  0.5) 
and 165 (100) ; (8) (650 mg), m.p. 133-134 "C from Et,O- 
n-hesane; v ] , , : ~ ~ .  (Nujol) 1 700 cm-l; n.1n.r. spectruni was 
inconclusive; yn/e 328 (iW+, 0.4), 164 (100); (9) (590 mg), 
m.p. 157-158 "C from CH2Cl,--Pri20; vl,lnx. (Nujol) L 690 
cni l ;  S 2.67 ( 1  13, s ) ;  ? n / e  328 (Mt, 0 .2 ) ,  164 (100); (10) 
(820 mg), m.p. 182.-183 "C from CH,Cl,-Pri,O; v,,,,,, 
(Nujol) 1 700 and 1685 crn-l; 6 2.79 (2 H, s ) ;  lSC n.rn.r.: 
31.0 (C-1, l ') ,  22.3 (C-2, a'), 24.9 (C-3, 3'), 20.6 (C-4, 4'), 
28.8 (C-5, 5 ' ) ,  45.4 (C-6, S'), 51.0 (C-7, 7'), 207.1 (C-8, 8'). 
42.1 (C-9, 9'), 32.7 (C-10, lO'), 28.0 (C-11, 11'); m / e  328 
(MA, 0.5)  and 165 (100). 

Bicyclo[5.3.1]undec-1(2)-en-9-one (4) .-To a solution of 
bicyclo[S.3.l]undec-l( lO)-en-g-one (2) (0.5 g) in anhydrous 
1iex;tmethylphosphoric triamide (15 ml) under N,, IiOBul~ 
(1.7 g )  was atlded. After 1 h a t  room temperature, t h e  
reaction n i i x t u i ~  was diluted with 5% AcOEI (100 nil) 
ant l  extractetl with n-pentane (2 x 50 ml). The organic: 
layer was dricd. After evaporation of the solvent the 
residue cvas distilled under reduced pressure to afford (4) 
(400 mg). 

Bicyclo[5.3.l]undecan-!)-one (5) .--Hicy-clo[5.3.1]untlec-~ 
l(l0)-en-%one (2)  (160 nig) W ~ S  dissolved in AcOEt ( 3 0  nil) 
and 10u/o Pd--C catalyst (30 nig) added to the solution. 
Hydrogenation was then carried out a t  room teiiiperaturc: 
under atmospheric pressure until all the ketone (3) fix1 
disappeared, as shown by g.1.c. (ca.. 30 min). Catalyst was 
then filtered off ancl solvent evaporated. Vacuum distil- 
lation afforded (5) (150 mg), b.p. 70-75 "C, a t  0.5 niniHg; 
v , , ~ ~ ~ ,  (film) 1 700 cm-'. The same ketone (5) was obtained 
by an analogous reduction from the bicyclo[5.3.1]undec-- 
1 (2) -en-S-one (4). 

Irradiation of HicycZo[5.3.l]undec-l(2)-en-9-one (4) .--TIie 
ketone (4) (685 nig) was dissolved in benzene (I00 nil) aiicl 

* Glass column, 2 m x 3 mm, QF-1 6'%, on silanized Chromo- 

t Glass column, 2 m x Ci mm, QF-1 5'y0 on silanizetl C'liromo- 

$ Eluant Et,O-n-hexane ( 1  : 1 v/v). 

sorb W, 100-120 mesh, N, 40 ml miii-I. 160 "C. 

sorb W, 60-80 mesh, N, 140 ml inin-', 170 "C. 

irradiation carried out for 20 h. After solvent evaporation, 
the residue was distilled an VUGUO giving 435 mg, b.p. 70- 
75 "C a t  0.5 nimHg, mixture composition by g.1.c.: (4) 
(24%) and (3) (760;6). 

Bicyclo[4.2.2]decane-2, 7-dione (6) .-The photoketone (3) 
(0.4 g) was dissolved in CH,C12 (30 ml) and ozonized [10 1 
11-1 0, with 7.50/;, O,] a t  -20 "C. After flushing with N2, 
the solvent was evaporated at room temperature, and to the 
residue water (10 nil) ancl Na,SO, (1 g) were added. After 
2 h a t  room temperature the reaction mixture was extracted 
with CH2C1, (2 x 20 ml). Evaporation of the dried solvent 
afforded, after crystallisation from Et,O-n-pentane, pure 
(6) (210 mg), m.p. 156 "C; v,,,. (Xujol) 1710 cni-l; 6 3.17 
( 1  13, t ,  J 5 Hz), 2.65 (4 H,  In); m / e  166 (Mt, 40) and 95 

Irradiutio?z of BicycZo[5.3.1]undec-l(  l0)-en-9-otze ( 2 )  in the 
Presence of BicycZo[5.3.l]z~ndec-l(2)-en-9-one (4) .-The 
ketones (2) (550 mg) and (4) (1.18 g) were dissolved in 
benzene (100 nil) and irradiation was carried out for 2.5 11. 
Silica-gel (50 g) column chromatograplly (eluant n-liesane 
to Et,0) afforded (8) (430 mg) ancl (9) (445 1118). 

..I Zkaline f somevisa t ion  of the  Ilimers.-To tlie tliiner (250 
nig), dissolved in EtOH (15 nil), a solution o f  I<(-)H i n  water 
(0 .5  rnl) [from KOH (1 g) and water (1.5 nil)] was added. 
After 30 inin a t  70 "C, the solvent was evaporated, water 
(15 nil) was added and the mixture extracted with C,H,C'I, 
(3 x 20 nil) .  Whereas (7) and (10) were stable under 
these conditions, (8) afforded (20) (210 ma) [rii.p. 190 "C 
from CH,Cl,-JSt,O; v,,,,,, (Kujol) 1 710, 1 6G5, and 1 620 
cin-I; 8 5 . 9 6 1 ~  (1 H, s) ; Amax. 247 (12 000) ; nz/e 329 (Ad '- - t  
1 .  0.2) ant1 164 (loo)] and (9) afforded (19) (195 mg) [ni.p. 
166 'C from CH,CI,-Et,O; v ~ , , ~ ~ .  (Nujol) 1 715, 1 670, ant1 
1 630 cm l ;  8 5.83 ( 1  H, s ) ;  Alnax. 247 ( 1 2  000); in/e 329 

Baeyer-Villig:zr Oxidat ion  qf the  Dimer (10) .--;2 solution 
of the clinier (10) (2.9 g) in CH,C12 (50 nil) was treated with 
90% ??.z-cliloropei-benzoic acid (6.8 g) dissolved in CH,(& 
(150 nil). The reaction mixture was allowed to stand a t  
room temperature for 18 clays. After evaporation of part 
of the solvent, water (50 nil) ,  KaHCO, (3  g), and Na,SO, 
(2 .5  g) were aclded; the niisture was stirred for 24 h ,  ant1 
then extracted with CH,Cl, (3 x 50 ml). The extract u7as 
drietl ant1 cvapoi-ated and the residue was purified by silica- 
gel (GO g )  column chroniatograpliy (eluant n-hesaiie to 
Et,O) atforcling (11) (2.85 g ) ;  m.p. '>28---230 "C froni 
CzH2C'1,-Et,0; vlllnS, (Nujol) 1 740 cni I ;  6 4.16 (2 H ,  s ) ;  
m / e  360 (,%It, 0.2) antl 152 (100). 

The L)ih?/dvo,~y-niestev (12) .-.4 solution of the tlilactone 
(1  1)  (1.5 g) in MeOH (80 nil) was treated w i t h  three clrop.; o f  
€I,S04. After 1 11 a t  50 "C and 12 11 a t  rooni tetiiperaturc 
tlie solvent was evaporated, water (40 nil) was atltlecl ant1 
the mixture extracted with Et,O ( 2  s 50 ni l ) .  'J'lie estr-ac.t 
was dried and evaporated ant1 the residue was purified b y  
silica-gel ( 3 0  g) column chroniatogrrtpl~y (eluant Et,O) 
affording (12) (1.47 g ) ,  1n.p. 98-100 "C From Et,O-n- 
liexane; v , , , ~ ~ ~ .  (Nujol) 3 400 nntl 1 730 ciii..'; 6 4br ( 2  H ,  s ,  
OH), arid 3.67 (8 H ,  s); w / e  [F.I.] 424 (2Mt, 8) ,  :ind 312 

The Iliacetoxy-dieslsv (13) .--iZ solution of tlie ditiytlrosy- 
diester (12) (820 mg) in dry pyridine ( 2  nil) was treated 
with acetic anhydride ( 1  nil ) .  After 12 h a t  room temper- 
ature tlie solvent was evaporated, water ( I  0 ml) WAS added 
and the mixture extracted with Et,O (2 x 20 nil). The 
ethereal extract was washetl successively with 1 bi HC1, 
H,O, NaHCO, solution, and H,O. Solvcn t evaporation 

(100). 

(&I+ -1- I ,  0.5) antl 164 (loo)]. 

(100). 
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afforded (13) (160 mg), ni.p. 90-91 "C from n-pentane; 
vlllSx. (Nujol) 1730 cm-l; 6 4.77 (2 H, s ) ,  3.67 (6 H, s ) ,  and 
2.06 (6 H, s); nz/e [F.I.] 508 ( M + ,  16) and 43 (100). 

Oxidation of tJze Dihydroxy-diester ( 12) with Lead Tetra- 
acetate.-A solution of the  diester (12) (1.3 g) in MeOH (30 
1111) was treated with trichloroacetic acid (100 nig) and lead 
tetra-acetate (2 g) at 5 "C. After 3 h at 5-10 "C the 
solvent was evaporated, water was added (50 ml) and the  
mixture extracted with Et,O (3 x 50 ml). The extract 
was washed with water and dried. After removal of the 
solvent the residue was purified by silica gel (60 g) column 
chromatography (eluant n-hexane to  n-hexane-Et,O, 
1 : 1 v/v) affording (14) (960 mg);  non-distillable oil; 
v~,,;,~, (film) 3 440 and 1 730 cm-l; 6 5 (1 H, s), 4.5 (1 H, s), 
3.6 (6 H, s ) ,  3.26 (3 H, s), and 2.25 (4 H, m). 

Clarovnic Acid Oxidation of (14) .-Jones reagent was 
added dropwise t o  a solution of (14) (750 nig) in acetone 
(40 ml) at 15 "C until a brown colour persisted for 5 min. 
W O H  (2 ml) was added and then the solution was diluted 
with water (100 ml) and extracted with Et,O (4 x 50 nil). 
The ethereal extract was washed twice with water and 
dried. After removal of the solvent the residue was 
separated by silica-gel (40 g) column chromatography 
(eluant n-hexane to n-hexane-Et,O, 8 : 1 v/v) affording: 
(15) (250 mg) [non-distillable oil; vIr,,,. (film) 1 835, 1 770, 
and 1730 cm-l; 6 3.67 (6 H, s)] and (16) (300 mg) [m.p. 
96 "C from n-hexane; vlnnX. (Nujol) 1765 and 1730 cm-l; 
6 4.7 (1 H, s ) ,  3.66 (3 H, s ) ,  3.63 (3 H, s), and 3.4 (3 H, s); 
wale 452 (Mt, 5), 226 (loo)]. 

The TetruwzetJLyZ Ester (1 7) .-A solution of the diester 
anhydride (15) (250 mg) in MeOH (10 nil) was treated with 
KOH (1 g) and water (2 ml). After 24 h at room temper- 
ature the solvent was evaporated, water was added (15 
ml), and the mixture acidified with 5 N HC1 and extracted 
with CH2C1, (3 x 25 nil). The dried extract was esterified 
with an ethereal solution of CHzN,. Kemoval of the solvent 
then afforded (17) (170 mg), m.p. 99 "C from 11-liexane; 
v~,,:,~. (Nujol) 1720 cm-l; 6 3.72 (6  H, s ) ,  and 3.64 (6 H, 
s ) ;  m/e 482 (Mt ,  0.2), and 182 (100). 

The 1)imethyZ Ester D ~ c u ~ ~ o z $ ~ G  Acid ( 18) .-A solution of 
the tetramethyl ester (17) (150 mg) in MeOH (15 nil) was 
treated with KO€€ (1 R) and water ( 1  nil ) .  The solution 

was heated under reflux for 3 h. After evaporation of the 
solvent, water (10 ml) was added, the solution acidified 
with ~ N - H C ~  and extracted with CH2C1, (2 x 20 ml). 
Removal of the solvent afforded (18) (82 nig), m.p.  212 "C 
from acetone-Et,O; v , , ~ ? ~ ,  (Nujol) 1 735 ancl 1 720 ciii-'; 

6 3.64 (6 H ,  s) ; m/e 228 (16), and 43 (100) ; [F.D.] m/e 455 
(Mt + 1). 

Note  added in proof: During publication of this work an  
independent synthesis of the bicyclo[5.3.l]undec-l(10)- 
en-9-one has been reported by Herbert 0. House, lZonald 
F. Sieloff, Thomas V. Lee, and Marvin B. De Tar, J .  Org. 
Chem., 1980, 1800. 

We thank Professor D. Pitea, lstituto tli Chimica Fisica 
dell'UniversitA, di Milano, for dipole-moment niensure- 
men t s  . 
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