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Abstract: Regioselective bond scission of cyclopropyl ketones 1a-d in single electron transfer

sfer
reductive process with tributytin hydride has been found to be controlled by radical stabilizing effect. In
the case of le and 11 stereoelectronic effect was also operative. Under photoinduced electron transfer

(PETY condition cimilar recingelectivity wae alea gheerved A rino evnancion nrodnect 16 via
LR A} WATMINR IV AL SLAlAREGAL lbslv-‘l\l\\rl«l'LL] wao Qaiov VUOVL Y WAl EEY LALIS \,:\yuuanvu Hl\luu\/l AV via

intramolecular ketone-cyclopropane interaction was obtained from 1b in this case. © 1998 Elsevier
Science Lid. All rights reserved.
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Regioselective cleavage of the carbonyl conjugated cyclopropyl ring in tricyclo[3.3.0.0” * ] octanone
derivatives of type I provides a versatile starting point towards the syntheses of various cylcopentanoid natural
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by steric and electronic factors.” However, in fused systems, the selectivity has been attributed to geometrical
factors and the bond that cleaves is the one which has maximum overlap with the p-orbital of the carbonyl
grr\nng From the hondinog nronerties aof cvelonronane it is knov that. its interaction enerov with the
group. From the bonding properties of cyclopropane it is known that, its interaction energy with the
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neighbouring group is at 2 maximum when the p-orbitai axis of the neighbouring group and the pianc of the

cyclopropane ring are parallel to each other.”
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one or more of the three different routes (Fig. I).
C2-C8 bond (path a)”'m'13 arising from better overlapping of this bond with the neighbouring carbonyl p-

orbital. There has also been cases of cleavage of the C1-C2 bond (path b).z"‘jj’“’”'15

We have recently
disclosed that the selectivity in such systems can be completely altered by introduction of a second carbonyl
group at C1 leading to exclusive cleavage of the C1-C8 bond (path c).'®

A carbonyl group at CI in I will have free rotation of the carbonyl group. Under radical scission
condition of I, the ketyl radical from the cyclopentanone ketone is expected to have a better overlap with the
C2-C8 bond (A) " whereas, the ketyl radical from the side chain may have a comparable overlap with both
C1-C2 and C1-C8 bonds (B) leading to a lack of selectivity. However, radical stabilizatio

be expected to
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induce a selective cleavage of the C1-C2 bond. In view of the current continued interest in the radical induced

cleavage of rigid systems of type I for generating advanced intermediates to natural products, we have
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1a-e ¢) R,= OMe; R,= CO,Me

Resuits and Discussion
The tetracyclo[é.4.0.03'5‘04’8]dodecan-6-ones 1a-e were readily obtained from the oxa-di-pi-methane
(ODPM) photoisomerizations of the corresponding tricyclo[6.2.2.0"%]dodec-11-en-9-ones (2a-¢) (Scheme-
1y 1617
1).

The radical scissions of the cyclopropyl ketones 1a-e were carried out using the one electron reduction

process with tributyltin hydride. Although this reagent is commonly used to generate carbon centered
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'® the much less studied O-stannyl ketyl radical has recently been employed by Enholm and

13,14

radicals,

2]

coworkers to promote the cleavage of cyclopropyl rings.

The tetracyclic ketone 1a was treated with n-Bu,SnH and AIBN at 80°C for 8h and afforded the

Scheme 1
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I

1 .

presence of a six member ketone. In 'H-nmr, the proton at C-12 appeared as a doublet (Jg,, 5.23 Hz) which
confirmed its stereochemistry. The C-nmr spectra showed signals for one CH,, seven CH,, three CH, two

C=0 and one quat

ernary carbon,

la-c 3a-c
where, (2) R =CH, ; (b) R=CH(CH;), ; (c) R = CH;

In a similar fashion cleavage of 1b and 1¢ afforded the tricyclic ketones 3b and 3¢ respectively in good

yields. Compound 3¢ was found to be identical to the compound obtained by dehalogenation of 12-benzoyl-8-

'"019{7.2.l.Ol’b}dodecan-IO-nne (4) which was obtained from HCl-promoted cleavage of l¢

T/ VY ilivix
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(Scheme-3)'°. The selective cleavage of the ‘b’ bond in 1a-c thus underscores the importance of radical
stabilizing factors.
Scheme 3
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The reductive cleavage of 1d afforded an epimeric mixture (4:1) of Sa and 5b (Scheme-4), in

1t1onai a-substituent does not affect the mode of

Scheme 4
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15.78 presumably for 5a and 5b respectively. The major epimer 5a could be obtained in a pure form by
fractional crystallization. The doublet at  3.24 (J 5.7Hz) confirmed its stereochemistry at C-12. The BConmr

spectral data for 5a are recorded in Table-I. On treatment with base 5a epimerized to 5b confirming the

structural assignments.

Scheme 5
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In contrast to the above when the ketodiester 1e was subjected to the reductive cleavage, it afforded a

mixture (4:1) of 6 and 7 (Scheme-5) in very good yields arising from cleavage of ‘a’ and ‘b’ bonds
respectively. The major product 6 could be obtained in a pure form by repeated fractional crystaiiization and

was found to exist as a keto-enol tautomeric mixture (1:2), the ratio of which could be determined from their

pmr signals for the respective methoxy groups.

Table-I ">C-nmr data and characteristic pmr data for 5-6, 8-9, 13-14, 16

5 (ppm)
i
Compound —CH, %CH, —CH; W(I:_ :C“—‘O —OH —OMe
Sa 20.6,25.1,26.3,36,9 379,479,596 42.4,114.1, 200.4,201.1 15.62
382,397 127.3,127.7, 127.8  134.5,137.4
128.3,128.5,129.6  177.1
132.6
6a 22.1,255,274,27.8 449,52.2,523 not not 3.72,3.73
29.7,33.3,42.7 61.1 identified identified

6b 22.5,25.6,26.7,29.6 48.5,51.2,51.7 61.1,63.6 1744,1753 10.28 3.63,3.69

34.9,36.5,38.7 105.3, 169.4
7b 11.6 3.58,3.70
9 22.6,258,28.1,289 464,524 55.7,592 175.7,216.9 3.71
33.8,34.5,43.7,48.6
i0 20.3,25.4,26.1,33.4 34.2,48.2,51.3, 445 172.9,211.4 3.68
35.8,42.6,46.4 552
14b {303, 34.8,36.7 33.9,34.7,49.5 103.2,171.7 170.7,172.4 1191 3.69,3.8
516,519
16 20.8, 26.1,26.2,26.4 16.3,19.9,43.6 48.7,102.7 206.3
36.4,40.9 49.3,53.9,85.7 147.7

The assigned structure was further confirmed by decarbomethoxylation of 6 by Krapcho procedure'’

using lithium chloride in hot aqueous dimethyl sulfoxide which also resulted in hydrolysis of the tertiary ester
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structure was further supported by the nmr spectral data. Esterification of 8 with diazomethane furnished the
ketoester 9 (Scheme-6). The analytical as well as pmr and BC-nmr data (Table T) of 9 confirmed its structure.
The minor compound 7 could not be obtained in a pure form. Attempts at decarboxylation and esterification of
the mixture 6 and 7 and separation of the resultant ketoesters 9 and 10 were also not fruitful. The structure of
10 was arrived at from the pmr spectrum of a partially pure (75% of 10) mixture which showed a doublet at &
2.53 (Jy,; 5.4 Hz) for 12-H, a multiplet around & 2.7 for the bridgehead proton and the corresponding '*C-nmr
spectrum (Table-1).
Scheme 6
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The isolation of 6 and 7 from the reductive cleavage of le points to the operation of both steric and
radical stabilisation factors in the cyclopropyl bond scission of this substrate. Although this was in
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conformance with an earlier observation relaung io the ClCdvagC of both ‘a’ and ‘b’ bonds in i 1, this was n
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fragmentation of 1Z."” The later in a configurationally restricted a-ketocyclo-propane has been expiained on
the basis of preferential cleavage of the bond with the maximum overlap with the ketyl radical even in the

presence of radical-stabilizing groups. In view of such observed discrepancy we decided to reinvestigate the

Reductive cleavage of 12 furnished essentially a mixture of two products in 75% combined yield.

Although a complete separation was not possible, purc forms of both could be obtained by flash

chromatography. The less polar fraction corresponded to 13, arising from bond ‘a’ cleavage and was
—alao o oo tall PSR, [ | ,_‘20 A e o PN L A L 4 -
Lonnrmea Irom lIS pmr spectral 1 Cniity witlhh reported vaiues (dScneme /). 11€ more poiar Component was
identified as the bridged compound 14 from detailed analysis of its analytical and spectral data (Table I).
These two products were obtained in aratio of 1.2 : 1.
From the above results it anppeared that although cleavage of bond ‘a’ may be a kinetically favored route
bove results it appeared that although cleavage of bond ‘a’ may be a kinetically

in system I, in the presence of a radical stabilizing substituent, ‘b’-cleaved product becomes
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thermodynamically more preferred. Such thermodynamic preference has been supported by MMX energy

calculation also. This has also been reflected in the case of a derivative of I (R, = CO;Me) where only the ‘b’-
T A 1 ancrnd el it fo emenmetad tm s Lo 13
DOIId C1Cavea p OUuUcCt 18 I Orcd o o 1o1mea

N ~7 N \ﬁ
MeG,C CO,Me HC g i
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i - : O
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14a 14b
The radical cleavage of strained 3- and 4- member ring systems under photoinduced electron transfer
(PET) condition has been reported to proceed via radical anion*' A regioselective ‘a’-cleavage of the
_____________ PR R PR SR | em alin L Lo ST — TIT\ 1 __. DT L % - 12 A% ¢4
Lyuupmpyl H g nds DCCn 1CpOrica i tne €d4se o1 1 [l\l - ) unaer rei condaiion. we explore(] Sucn

reductive cyclopropyl ring scission of 1a-e under PET condition also.
When an acctonitrile solution of 1a was irradiated for 8 hr in the presence of triethylamine (TEA), 15%

rmed alone with 80% of the u

o 0
AU S vrauii OV /0 a QLLE LGloiada. 193 3 4 4

of 3a was found to be
starting material was not obtained even after irradiation of 38 h when the reaction mixture gave 40% of 3a
along with 50% of 1a.
Scheme 8
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When an ethanol solution of 1b was irradiated for 16 hr in the presence of triethylamine (TEA), the

intramolecular PET induced ketone-cyclopropane reaction was also observed in this reaction where a small
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amount (10%) of 16 was obtained from this reaction (Scheme-8). Although PET initiated ketone-olefin
lopropane ring expansion is known in the literature,”” ketone-cyclo

IO S 8 L TLEa Ty a5 1 J

action. The structure of 16 has been assigned on the basis of its analyticai and

=

spectral data. In the IR it showed a carbonyl absorption at 1725 cm™ characteristic of a six-member ketone.

The "*C-nmr spectrum was particularly informative and it showed signals due to two CHj, six CH,, four CH,

and a doublet at 6 4.22 (J 6.3Hz) for the acyl proton supported the assignment.
In the case of 1¢ no definite product could be obtained even after a short irradiation of 30 mins. On the
other hand the triketone 1d, under similar reaction condition gave 71% of the expected ring-opened product

14a in a mixture (5 :1) with its epimer 14b.
The dicarbomethoxy derivative 1e gave 37% of a mixture of 5 and 6 (5:1) and 50% of the starting

compound. Increase in irradiation time led to destruction of the product as well as the starting material.

Experimental:
All melting points are uncorrected and were determined in a Gallenkamp apparatus. IR spectra were

recorded on a Perkin-Elmer 298 spectrometer. Electronic spectra were recorded on a Hitachi 200-20 UV

UL R T Ity amaam e <
nanoi as soiveni. n-NMR specira w

[y - . | Fa R Va¥al

re recorded on Bruker-300, Bruker AC-200
or Varian EM 360 spectrometer in CDCl; using tetramethylsilane as internal standard. BC-NMR spectra were
recorded at 75 or 50 MHz on Bruker-300 and Bruker AC-200 instruments. Elemental analyses were performed

7
with the Heraeus combustion apparatus or 2400 series-Il.

—
)

erkin Elmer CHN analvzer. Column

AL

t
¢
(
:
;

chromatography was performed using dry-packed silica gei (60-120 mesh) column under normal pressure.
Solvents for photolysis experiments were purified, dried and distilled before use. Petroleum ether used was the
fraction of b.p. 60-80°C. Ether refers to diethyl ether.

Starting Compounds: Compounds 1a-e and 2a-e were prepared following previously reported

17
16,17

procedures. " n-Bu,;SnH and AIBN were purchased from Aldrich Chemical Company Inc.

(A) Reductive cyclopropyl ring opening of 1a-e by nBu;SnH: General Procedure: The tetracyclic
ketones (0.1M) were dissolved in dry benzene, catalytic amount of AIBN and nBu,SnH (two equivalents)
were added and the reaction mixture was stirred at 80°C for 3h under argon atmosphere. Solvent was removed
in vacuum and water (5ml) and hydrochloric acid (1-2 drops)were added and stirring was continued for further
1h. reaction mixture was extracted with ether and dried over anhydrous Na,SO,. After removal of the solvent
the crude material was puriﬁed by column chromatography.

of 1a (100mg, U45mm01) in dry benzene (5mi) and catalytic amount of AIBN and n-Bu3SnH (200mg,

0.72mmol). Elution of the column with 10% ethyl acetate in petroleum ether gave 12-acetyltricyclo-
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[6.3.1.0'°]dodecan-10-one (3a, 85mg, 85%) as a liquid; Anal Calcd for C,,H,,0,: C, 76.32; H, 9.15; Found:
C, 75.87; H, 9.08; IR (neat) vyay' 1705 cm™. 'H-NMR (200MHz) & (ppm): 0.78-0.91 (m, 1H); 1.02-1.73 (m,

10H); 1.85-1.97 (m, 1H); 2.17 (s) superimposed with 2.19-2.35 (m, total SH); 2.53 (d, J 5.23Hz, 1H), 2.69 (d,
J 6.8Hz,1H), 2.71-2.77 (m, 1H). "C-NMR (50MHz) 8(ppm): 20.22, 25.09, 26.12, 33.78, 35.78, 42.45, 46.08,
1

with a solution of 1b (200mg, 0.81mmol) in dry benzene (8ml) and catalytic amount of AIBN and nBu,SnH
(400mg, 1.44mmol). Elution of the column with 10% ethyl acetate in petroleum ether gave 12-isobutyryl-
tricyclo[().B.l.O 1dodecan-10 -one (3b, 165mg, 82%) as a liquid. Anal. Calcd. for C,(H,,0,: C, 77.37; H,
9.74; Found: C, 77.07; H, 9.58. IR (neat) vpyax: 1710 em™. '"H-NMR (200MHz) &(ppm): 0.81-0.92 (m, 1H);
1.04 (d, J 6.8Hz) and 1.06 (d, J 6.8Hz) superimposed with 1.15-1.23 (m, total 8H); 1.29-1.61 (m, 6H); 1.65-
1.82 (m, 2H); 2.08-2.32 (m, 3H); 2.55 (d, J 18.3Hz), 2.67 (d, J 5.7Hz) and 2.76 (d, J 18.3Hz) superimposed
with 2.62-2.76 (m, total 4H). *C-NMR (50mhz) 8(ppm): 17.52, 18.71; 20.32, 25.15, 26.19, 34.58, 35.87
42.56, 46.18; 45.22; 34.68, 41.35, 48.08, 59.93, 211.34, 216.26.
4-Benzoyltetracyclo[6.4.03'5.04’8]dodecan-6-one (1c): The above mentioned procedure was repeated
with a solution of 1¢ (100mg, 0.35mmol) in dry benzene (4ml), catalytic amount of AIBN and n-Bu3SnH
(200mg, 0.72mmol). Elution of the column with 10% ethyl acetate in petroleum ether gave a solid (70mg,
70%), which on crystallization from ether and petroleum ether gave white crystals of 12-
benzoyltricyclo[6.3.1‘Ol’(’]dodecan-l()—one (3c) mp. 124°C (mrnp]3 124OC).

4 §_Nihan7zn
A4

Ve TAS ARV ARL,

<

repeated with a solution of 1d (140mg, 0.36mmol) in dry benzene (4ml) and nBu;SnH in presence of catalytic
amount of AIBN for 3h and then hydrolysis of the reaction mixture by water gave a mixture (120mg, 86%) of

Sa and 5b (4:1). Fractional crystallization of the mixture gave pure crystals of 9-syn-12-dibenzoyl-

p. 1
6.78; Found: C, 80.42; H, 6.58 ; IR (KBr) vmax: 1675, 1610 cm™. UV (EtOH) Apax: 312.8nm (loge, 4.04);
245.6 (4.15) '"H-NMR (300MHz) 8(ppm): 0.84-1.71 (m, 9H); 2.23 (d, J 12.3Hz, 1H); 2.39-2.49 (m, 1H); 2.8

(s, 1H, enolic -OH).
Epimerization of Sa : To a solution of 5a (50mg, 0.13mmol) in dry methanol, NaOMe (50mg, 2mmol)

nd the reaction mixture was stirred overnight at room temperature. Solvent was removed and the

b (6 ]) respectively.
50

*8)dodecan-6-one (le): The same procedure was repeated

o
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(200mg, 0.72mmol). Elution of the column with 10% ethyl acetate in petroleum ether gave a solid mixture

(4:1) of 6 and 7 (85mg, 85%). Repeated fractional crystallization of the mixture gave white crystals of th

l'D

major product 9,10—dicarbomethoxytricyc]o{7.3.0.0"g]dodec-10-en-11-one (6, 45mg, 45%) m.p. 116°C. Anal
Calcd for C¢H,,05: C, 65.29; H, 7.53. Found: C, 65.24; H, 7.68; IR (KBr)vyax: 1725, 1680, 1630 cm™ ; UV
(EtOH) Amax: 251nm (loge, 3.86); 'H-NMR (200MHz) 6(ppm): 0.88-2.08 (m, 16H); 2.1-2.9 (m, 6H); 3.63 (s,
3H); 3.69 (s, 3H), 3.72 (s, 1.5H) 3.73 (s, 1.5H); 10.28 (bs, 1H) for the keto-enol mixture.
Decarbomethoxylation of 6. To a solution of 6 (200mg, 0.68mmol) in DMSO (5ml) two drops of water
and LiCl (50mg, 1.3mmol) were added and the reaction mixture was heated at 165-170°C for 8h. The reaction
mixture was extracted with ether. Removal of solvent gave a solid, which on crystallization gave crystals of 8
r esterification without further purification; IR (KBr) 1745,
1H); 1.13-1.51 (m, 5H); 1.62-2.05 (m, 6H); 2.11 (d, J

(m
19.3Hz, 1H); 2.30 (d, J 19.3Hz, 1H); 2.43 (d, J 18.3Hz, 1H); 2.52-2.67 (m, 1H); 3.16 (d, J 18.3Hz, 1H); °C

acid (8, 50mg, 0.23mmol) in ether (15ml) diazomethane prepared
from nitrosomethylurea (1.4gm) and 70% KOH in 15 ml ether was passed slowly in ice cold condition and the

reaction mixture was stirred for further 15min and then was decomposed with acetic acid. The reaction

nd the ether layer was washed with NaHCQ. and brine scluti

JLLAAR v iih .~ vy a 4 W Teaa A AL i YV AT ¥V wl S d ¥ Aivia A‘NJ\/VB “‘A“ Ullll\l
removal of the solvent, the crude reaction mixture was purified by column chromatography. Elution of the
column with 5% EtOAc in PE gave 9 as a liquid (45mg, 85%). Anal. Cald for C,,H,,0;; C, 71.16, H, 8.53;
Found, C, 70.87, H, 8.73. IR (Neat) 1745, 1725cm™, 'TH-NMR (300MHz) 8(ppm): 0.92-1.42 (m, 6H); 1.63-

1.92 (m, 6H); 2.05 (d, J /9Hz, 1H); 2.24 (d, J 19Hz, 1H); 2.37 (d, J 18Hz, 1H); 2.47-2.58 (m, 1H); 3.17 (d, J
18Hz, 1H); 3.71 (s, 3H).

Decarbomethoxylation of T: The above procedure of decarbomethoxylation followed by esterification of
the acid was carried out with a mixture of 6 and 7 (100mg, 0.34 mmol). A pure sample of 12-

arbomethoxytricyclo[6.3.1. 0' 6Hnd can-9-en-10-one (10) could not be se

iUV Le FLV LY

(2]

10. The nmr spectra were recorded with a 75% pure sample of 10. 'H-nmr (300MHz) 3(ppm): 0.87-0.95 (m),
1.13-1.39 (m), 1.42-1.55 (m), 1.74-1.79 (m). 2.01(d, J 12Hz), 2.11-2.27 (m), 2.36-2.47 (m), 2.53 (d, J 5.4Hz),
2.66 (m, J 1.8Hz), 2.71-2.77 (m).

. . 2,8 .
1 2-Bls(methoxycarbonyl)trlcyclo[3.3.0. 0""]octan-3-one (12) : The above mentioned procedure w
repeated with a solution of 12 (640mg, 2.67mmol) in benzene (25ml) with tributyl tin hydride (2.1gm, 7.2

mmol) and catalytic amount of AIBN. Elution of the column with 10% EtOAc in PE gave a clear thick oil of

13 and 14 (1.2:1) (470mg, 74%) which were separated by flash column chromatography. Elution of the

column with 10% FEtOAc in PE firstl tly gave a clear thick liguic data

coiumn w AV

—

ing identical pmr spectr:
=] r
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n
J

as reportedz‘; followed by mixtures of 13 and 14 and lastly a thick liquid of 14a/14b. Anal Calcd for
C,H,405; C, 59.97; H, 6.71; Found C, 59.44; H, 7.0. IR (Neat) v,,,, 3450 (broad), 1735, 1650, 1610 cm™'; 'H-
NMR (300 MHz) 8(ppm): 0.95 (m, 1.2H); 1.30-1.47 (m, 2H); 1.51-1.74 (m, 2.5H); 1.78-2.02 (m, 2.3H); 2.05-
2.12 (m, 2H); 2.70-2.76 (m, 1.8H); 2.92-2.99 (m, 1.3H), 3.34-3.37 (m, 1H); 3.69 (s, 3H); 3.82 (s, 3H); 11.91
(s, 0.7H),

(B) Reductive cyclopropyl ring opening of 1a-e under PET condition: General Procedure : The
substrate (0.02M) was dissolved in 20% triethylamine (TEA) in ethanol or acetonitrile (by volume). The
solution was purged with slow stream of argon gas for 10-15 mins and then irradiated in Rayonet photoreactor

at 300nm. The progress of reaction was monitored by GC/TLC. The solvent was evaporated under reduced

EtOAc mixture as eiuent.
Irradiation of 1a : A solution of 1a (170mg, 0.078mmol) in acetonitrile was irradiated for 8h in the
presence of TEA. Elution of the residue with 5% EtOAc in PE gave 3a (25mg, 15%). Further elution of the
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mn with 5% EtOAc in PE gave 16 (30m
, H, 9.01; Found: 77.83, H, 8.72. IR (Neat) v,,, 1725 cm™; '"H-NMR (200MHz) §(ppm): 0.95-1.06 (m,
1H); 1.20-1.37 (m, 4H); 1.69 (s) superimposed with 1.52-1.78 (m, total 10H); 1.80-1.97 (m, 2H); 2.10 (d, J
16.5Hz, 1H); 2.60 (d, J 16.5Hz, 1H); 2.86-2.92 (m, 2H), 4.22 (d, J 6.3Hz, 1H).
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purified further.

Irradiation of 1d : A solution of 1d (140mg, 0.36mmol) in TEA-ethanol was irradiated for 8h. Elution
of the residue with 20% EtOAc in PE gave a mixture (100mg, 71%) of Sa and 5b (5:1). Fractional
crystallization of the compound gave pure crystals of 5a (50mg, 35%) m.p. 181°C (mmp 181°C).

Irradiation of le : A solution of 1e (320mg, 1.09mmol) in TEA-ethanol was irradiated for 6h. Elution
of the residue with 5% EtOAc in PE gave white solid (120mg, 37%) of 6 and 7 (5:1), which on fractional
crystallization gave pure white crystals of 6 (65mg, 20%) m.p. 116°C (mmp 116°C).Further elution of the
column with 20% EtOAc in PE gave e (160mg, 50%) m.p. 66°C (mmp 66°C).

Acknowledgment: Financial support from the DST is gratefully acknowledged. B. C. M. acknowledges

award of a fellowship from the UGC.

References
1. Demuth, M. in Modern Synthetic Methods; Scheffold, R. Ed.; Springer-Verlag, 1986; Vol. 4, p 89 and

references cited therein.



9122 B. C. Maiti, S. Lahiri / Tetrahedron 54 (1998) 9111-9]122

2. Imanishi, T.; Matsui, M.;Yamashita, M.; Iwata, C. Tetrahedron Lett., 1986, 27, 3161.

3. Mehta, G.; Subrahmanyan, D. J. Chem. Soc. Perkin I, 1991, 395,

4. Demuth, M. in Comprehensive Organic Synthesis; Trost, B. M.; Fleming, 1., Eds.;Pergamon Press: New
York, 1991; Vol. 5, p215.

5. Singh, V. K.; Deota, P. T., Bedekar, A. J. Chem. Soc. Perkin I, 1992, 903.

6. Paquette, L. A.; Kang, H-J.; Ra, C. S. J. Amer. Chem. Soc. 1992, 114, 7387.

7. Singh, V.; Porinchu, M. Tetrahedron, 1996, 52, 7087.

8. Dauben, W. G.; Wolf, R. E..J. Org. Chem. 1970, 35, 2361

9. Dauben, W. G.; Schaffer, G. W. Tetrahedron Lett. 1967, 4415; (b) De Meijer, A. Angew. Chem. Int. Ed.
Engl. 1979, 18, 809; (c) Wong, H. N. C.; Hon, M-Y; Tse, C-W.; Yip, Y-C. Chem. Rev., 1989, 89, 165

10. Schaffner, K.; Demuth, M. Angew Chem. Int. Ed. Engl. 1982, 21, 820.

11. Yates, P.; Stevens, K. E. Tetrahedron, 1981, 37, 4401.

12. Pandey, B.; Rao, A. T.; Dalvi, P. V.; Kumar, P. Tetrahedron, 1994, 50, 3843,
1997, 62, 174.

14. Enholm, E. J.; Jia, Z. J. J. Org. Chem. 1997, 62, 5248.

15. Demuth, M.; Mikhail, G. Tetrahedron, 1983, 39, 991.

16. Maiti, B. C.; Lahiri, S. Tetrahedron, 1997, 53, 13053.

17. (a) Maiti, B. C.; Singh, R.; Lahiri, S. J. Chem. Res. (S), 1993, 500; (b) Maiti, B. C.; Singh, R.; Lahiri, S. J.
Photochem. Photobiol. A. Chem, 1995, 91, 27.

18. Curran, D. P. In Comprehensive Organic Synthesis; Trost, B. M.; Fleming, I. Eds.; Pergamon Press, New
York, 1992, Vol. 4.

19. Krapcho, A. P.; Lovey, A. J. Tetrahedron Lett. 1973, 957; (b) Krapcho, A. P. Synthesis, 1982, 805.

20. We thank Dr. E. J. Enholm for kindly providing us with the analytical and spectral details of Compound
13.

21. Bischof, E. W.; Mattay, J. J. Photochem. Photobiol. A: Chem. 1992, 63, 249, (b) Cossy, J.; Aclinoa, P.;

Bellosta, V.; Furent, N.; Baranne-Lafont, J.; Spartel, D.; Sonchaud, C. Tetrahedron Lett., 1991, 32, 1315.
. (a) Mattay, J. Synthesis, 1989, 233-252, (b) Prinzbach, H.; Eberbach, W. Chem. Ber. 1968, 101, 4083.

(3]
[N



