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Rules for Ring-fusion Geometry and the Preparation of trans- or cis-Fused Bicyclic

Compounds by Radical Closure
Derrick L. J. Clive,* David R. Cheshire, and Lu Set
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Aldol condensation with (phenylseleno)acetaldehyde and radical cyclization leads to cis-fused bicyclic compounds
when applied (Scheme 1) to esters of cycloalk-2-enylacetic acid; trans-isomers are formed when the reactions are
used (Scheme 2} in conjunction with organocuprate-mediated addition to cycloalkenones.

The construction of bicyclic compounds via radical closure
proceeding under conditions of kinetic control [asin (1) — (2)]
has stereochemical consequences for the ring-fusion geometry
that are predictable by empirical rules.! The processes (1) —
(2) for n = 1,2,3 may be described! as S5-exo-[endo-5],
5-exo-[endo-6], and 5-exo-[endo-7] cyclizations, respectively,
and the preferred stereochemistry of the reaction is as
indicated:

& — D

(n (2)

Process trans-Ring-fusion
5-exo-[endo-5] Disfavoured
5-exo-[endo-6] Disfavouredt
S-exo-[endo-7] Allowed

A corollary to these rules is that trans-ring-fused com-
pounds, trans-(2), n = 1,2, are best prepared by reactions in
which the last bond to be made in the ring-forming process is
not a bond to one of the ring junction atoms. We report that an
aldol reaction with (phenylseleno)acetaldehyde followed by
radical cyclization can be used, in conformity with these ideas,
to prepare either cis- or trans-ring-fused bicyclic compounds.

The route to cis-materials (Scheme 1) is based on esters of
cycloalkenylacetic acid (4). These are readily available by
several routes,*> but their preparation from allylic alcohols
(3) by methods based5 on the Claisen rearrangement are
particularly convenient in the present context. The suprafacial
nature of the rearrangement means that the stereochemistry
of the esters [see (4) starred atom] is controllable by proper

Table 1. Results for cis-ring fusion based on cyclization of the radical

(6).2

% Yield
4 R R n
a; H Me 1b (5a),74 (7a), 89¢
by H Me 2o (5b), 84 (7h), 91¢
c; But Et 2e (5¢),93 (7¢), 71

2All yields refer to isolated and pure materials and isomer ratios were
determined by 'H n.m.r. spectroscopy (400 MHz). All compounds are
racemic. ® Made by esterification (MeOH-H,SO,) of the appropriate
acid. © Isomer ratio: 49:27:10:14. d Isomer ratio: 44:40:10:6.
¢ Prepared in two steps (89%; 56%) by the general method of ref. 5b,
starting from trans-4-t-butylcyclohex-2-enol (ref. 7). f2 major
isomers.

t For MM2 force-field calculations on S-exo-[endo-6] and 6-exo-
[endo-6] processes see ref. 2. For an example of a 6-exo-[endo-6]
reaction (leading to cis-fusion) see ref. 3.

choice of stereochemistry at C-1 of the alcohol. The esters are
deprotonated by addition to lithium di-isopropylamide (LD A)
(1.1 equiv.) [tetrahydrofuran (THF), —78°C, 20 min] and the
resulting carbanions give aldol products, (4) — (5), with
(phenylseleno)acetaldehydeé [1.25 equiv., —78°C, 5 min;
quench with AcOH (1.5 equiv.) in THF]. Treatment of the
hydroxyselenides (5) with triphenyltin hydride (1.30 equiv.)
and azoisobutyronitrile (AIBN) (0.10 equiv.) in refluxing
benzene under our standard conditions! generates a radical,
(5) — (6), which furnishes the bicyclic products (7). Both
stages (4) — (5) and (5) — (7) are efficient, and our results®

OH
1 , SePh
{ — . — |
Y ? [ o OH
Ly S H 2 2t H 2
R R' ™ co,R R co,R
(3) (4) (5)

H
|
i OH <«
1
R'H  Co,R?
(7)

Scheme 1. Reagents: i, LDA then PhSeCH,CHO; ii, Ph;SnH, AIBN;
iii, PhySnH.
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Scheme 2. Reagents: i, MeLi, then ZnCl,, followed by PhSe CH,CHO;
ii, Ph3SnH, AIBN.
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Table 2. Results for trans-ring fusion based on cyclization of the
radical (9).2

Starting Aldol product, Cyclization
material °fo yield product(s), % yield
05iMey 0, OH Oy OoH

SePh 3
2
/ i / 1 1
1 '
H
(10a) H g
(10bB)>° 56 (10c B), 58
(0ca), 25 (10cx), 56°
0y OH
3
2
H 1
iM OH Y AN
0Si 93 0 H H
SePh (1cp), 40
(Mcx), (81F
]
H < +
(Ma) (11b),2¢ 56
(11b ), 25
mdp), 29'
| (Mda), (81’
6] H OH Q 4 OH
SePh 3
(12a) =(10a) P -
H
(12b), 53" (12c), 51’
83'
. o OH o HOH
Me 3SiQ, SePh
1l
b\// t / t
H H
(13a) (13b), 73" (13¢), 34"

2 Except where otherwise indicated, yields refer to isolated and pure
compounds. All compounds with asymmetric centres are racemic. b «
and B (with their usual meaning) define the orientation of the hydroxy
group. ¢ The B- and «-epimers were isolated, in the yields shown, from
the same aldol condensation. Each epimer was cyclized separately.
d As a mixture of two compounds (>80:20, 13C n.m.r.) isomeric at
C-1. ¢ Two isomers (ca. 9:1, H n.m.r.) epimeric at C-1. f Two
isomers (ca. 2:3, 'H n.m.r.) epimeric at C-5. & Combined yield of
(11ce) and (11da) which were chromatographically inseparable; ratio
(11ca) to (11da) 1:1.6 (\Hn.m.r.). ® As asingle isomer. Stereochem-
istry in side chain not established. #rans-Relationship of side chains
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i OH 0

(14)

with several examples are collected in Table 1. The cis-ring-
fusion for (7b) was proved by deoxygenation® (thiocarbonyldi-
imidazole; tributyltin hydride, AIBN, THF, 70 °C) to give the
known epimeric cis-esters.! In the case of (7¢) the ring
junction stereochemistry was assigned by nuclear Overhauser
effect (n.0.e) measurements.

The intermediates (6) are $-hydroxy radicals and must have
a different level of reactivityl® from corresponding species
lacking the adjacent hydroxy function. However, as expec-
ted,!! no problems were met on this account and the
cyclizations proceed smoothly, even for the third example,
(5¢) — (7¢), in which the pendant side chain is restrained (at
least in the ground state) pseudo-equatorially by the strong
conformational preference of the t-butyl group.

Preparation of frans-ring-fused compounds involves the
sequence of Scheme 2, in which the trans-disposition of the
side chains [as in (8)] is set up by conjugate addition and aldol
condensation, a sequential process knowné to give this
stereochemical result. Treatment with triphenyltin hydride
and AIBN, again under standard conditions,! generates the
desired radical, (8) — (9), which then cyclizes. The mode of
closure [S-exo (as shown in Scheme 2) or 6-endo] depends on
the substitution pattern of the double bond. Our results with
(phenylseleno)acetaldehyde and with 2-(phenylseleno)propa-
nal are summarized in Table 2. For an unsubstituted double
bond, (10b) — (10c); (12b) — (12¢), 5-exo closure takes place,
but internal monosubstitution [as in (11b)] leads to a mixture
resulting from both exo and endo closure. When the trans-
disposed side chains are appended to a five-membered ring,
(13b), then cyclization is not the main pathway and that which
does occur follows mainly, if not exclusively, the 6-endo
route.2.12

The transformations (10bf) — (10cf) and (10ba) — (10ce)
are highly stereoselective. The ratio of the isomers of (10c§) is
>80:20 and, for (10cer), the ratio is ca. 9:1. An X-ray
crystallographic analysis of the 3,5-dinitrobenzoate derivative
(m.p. 167—168°C) of (10cp) showed that the preferred
pathway in the radical cyclization must resemble the all chair
conformation (14), which leads to the observed (X-ray)
1a-Me,33-OH stereochemistry of the major product.

In summary, we have shown that bicyclic compounds,
suitably functionalized to permit further modification, can be
made with predictable cis- or trans-ring-fusion geometry by a
judicious use of conjugate addition, aldol condensation with
an «-(phenylseleno)aldehyde, and radical cyclization.

Satisfactory combustion analysis and full spectroscopic data
were obtained for all new compounds, with the reservation
that some materials were analysed as isomer mixtures when
separation was not possible.

assigned by analogy. i As a mixture of isomers. | Two isomers (ca.
1:3.2, 'H n.m.r.), both with same stereochemistry at C-3. k Two
isomers (ca. 1:1) epimeric at C-1'. ! Calculated from the 'H n.m.r.
spectrum of a mixture of (13c) and the non-cyclized reduction product
[PhSe replaced by H in (13b)].



J. CHEM. SOC., CHEM. COMMUN., 1987

Acknowledgement of financial support is made to the
Natural Sciences and Engineering Research Council of
Canada. We thank Dr. R. G. Ball for the X-ray structure
determination.

Received, 7th October 1986, Com. 1430

References

1 A. Y. Mohammed and D. L. J. Clive, J. Chem. Soc., Chem.
Commun., 1986, 988.

2 A. L. J. Beckwith and C. H. Schiesser, Tetrahedron, 1985, 41,
3925; S. K. Pradhan, J. N. Kolhe, and J. S. Mistry, Tetrahedron
Lett., 1982, 23, 4481.

3 G. Stork, R. Mook, Jr., S. A. Biller, and S. D. Rychnovsky,
J. Am. Chem. Soc., 1983, 105, 3741.

4 A. A. Youssef and S. M. Sharaf, J. Org. Chem., 1968, 33, 2581.

355

5 (a) R. E. Ireland and R. H. Mueller, J. Am. Chem. Soc.,1972,94,
5897; (b) R. Pitteloud and M. Petrzilka, Helv. Chim. Acta, 1979,
62, 1319.

6 D. L. J. Clive, C. G. Russell, and S. C. Suri, J. Org. Chem., 1982,
47, 1632.

7 E. Dunkelblum, R. Levene, and J. Klein, Tetrahedron, 1972, 28,
1009.

8 W. R. Leonard and T. Livinghouse, Tetrahedron Lett., 1985, 26,
6431.

9 D. H. R. Barton, W. B. Motherwell, and A. Stange, Synthesis,
1981, 743.

10 D. H. R. Barton, W. Hartwig, and W. B. Motherwell, J. Chem.
Soc., Chem. Commun., 1982, 447.

11 Cf. D. G. Wujek and N. A. Porter, Tetrahedron, 1985, 41, 3973,
C.-P. Chuang and D. J. Hart, J. Org. Chem., 1983, 48, 1782; C. S.
Wilcox and L. M. Thomasco, ibid., 1985, 50, 546.

12 Cf. G. Stork, in ‘Current Trends in Organic Synthesis,” ed. H.
Nogaki, Pergamon Press, Oxford, 1983, p. 359.






