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The diastereoselectivities of tricyclo(5.2.1.026)decan-10-one
and its derivatives are controlled by antiperiplanar and
vicinal 0 — 7%c—0o interactions rather than the hyperconju-
gation effects as reported previously.

Introduction

7-Norbornanones have been the subject of intense ex-
perimental and theoretical investigations for their s-se-
lectivities caused by the endo-substituents at positions
2 and 3.! The endo-tricyclo(5.2.1.026)decan-10-one, 1,
endo-tricyclo(5.2.1.02%)dec-3-en-10-one, 4, and endo-tricy-
clo(5.2.1.0>%)decan-3,10-dione, 7, undergo preferred anti
attack by hydride ion when treated with NaBH, in MeOH
(Scheme 1). The anti/syn selectivity that decreased from
76:24 for 1 to 63:37 for 4 to 55:45 for 7 was interpreted
by Mehta and Praveen? to follow Cieplak’s hyperconju-
gation model® that envisages 0yicinal — 0*# interaction in
the transition state. Interestingly, a oc—g is hyperconju-
gatively more electron donating than oc—c, oc—c, or
0c-c—o0).* The endo hydrogens on Cg and Cq will, therefore,
support syn attack to all these molecules in strict
compliance with Cieplak’s hyperconjugation hypothesis.
However, it contradicts the above experimental findings.
It is significant to note the increase in syn selectivity from
24% for 1 to 37% for 4 to 45% for 7 for presumably the
increasing electron-withdrawing abilities of oc-¢, oc=c,
Or 0c—c=0), in that order, in apparent compliance with
the hyperconjugation hypothesis. A suitable explanation
for the preferred anti selectivity is, therefore, desirable.

We considered applying the cation complexation ap-
proach® to understand the origin of observed anti prefer-
ences. We demonstrate in this manuscript that (a) the
cation-complexation approach predicted the experimental
selectivity throughout, (b) antiperiplanar effects® rather
than hyperconjugation effects determined the electron-

(1) Mehta, G.; Chandrasekhar J. Chem. Rev. 1999, 99, 1437.

(2) Mehta, G.; Praveen, M. Tetrahedron Lett. 1992, 33, 1759.

(3) Cieplak, A. S. J. Am. Chem. Soc. 1981, 103, 4540. Cieplak, A.
S.; Tait, B. D.; Johnson, C. R. J. Am. Chem. Soc. 1989, 111, 8447.

(4) The relative electron-donor ability of a oc—g bond as compared
to that of a o¢c—c bond has been disputed. However, see: Gung, B. W.
Tetrahedron 1996, 52, 5263.

692  J. Org. Chem. 2005, 70, 692—695

SCHEME 1. Experimentally Observed
Diastereoselectivities of 1, 4, and 7
0 H_ OH HO_ H
10
7
8 6
—_— + 2/3=76:24
9 1 5
1 3Ly, 2 3
(0]
H OH HO_ H
ol X X
;
g 6
—_— + 5/6 = 63:37
5 2 ¢ &

H__OH HO_H
6
s + 8/9 =55:45
4 8 9
0 0

TABLE 1. Calculated Geometrical Parameters of

Tricyclo(5.2.1.0>%%)decan-10-ones and Their Complexes
with Na* (Dl = 0—010—01—02; Dz = 0—010-01—09; D3 =
0—-C10—C7—Cs; Dy = 0—C19—C7—Cs; D5 = C7—C10—0—-C1)

D, Dy D3 Dy Ds

1 121.30 —124.90 —121.30 12490 —178.80
1-Na* 119.50 —127.00 —119.50 127.00 —177.20
4 123.00 —124.60 —120.40 126.10 —178.90
(4—Nat)e 122.00 -126.20 —118.90 127.80 —177.80
(4—Nat) 12150 —126.60 —118.50 12830 —177.40
7 123.00 —124.60 —120.80 125.70 —179.10
(7—Nat)e 121.10 —126.80 —118.40 12840 —177.20
(7-Nat) 121.10 —126.80 —118.40 12840 —177.20
(7-2Nat)  125.90 —121.90 —123.80 122.80 —181.90
(7—-2Na*)?  125.70 —122.00 —123.60 122.90 —181.80

@ Complexation was allowed syn to C7.° Complexation was
allowed syn to C;i. ¢ C10=0 was complexed syn to C7, and C3=0
was complexed anti to Ca. ¢ C10=0 was complexed syn to C, and
C3=0 was complexed anti to Cs.

donating and electron-withdrawing abilities of oc1-co/
0ce-c7, on one hand, and o¢;-co/0c7-cs, on the other hand,
which, in turn, controlled the experimental selectivity,
and (c) the observed erosion in the anti selectivity of 7 is
likely to be due to the preferred syn selectivity of the
species in which both the carbonyl functions have been
subjected to cation complexation. We also explored the
related substrates 10 and 12 and commented on the
origin of their selectivities. It is important to note that
whereas the hyperconjugation effect is independent of
orientation,” the antiperiplanar effect is fully dependent
on it.

(5) (a) Jeyaraj, D. A.; Yadav, A.; Yadav, V. K. Tetrahedron Lett. 1997,
38, 4483. (b) Jeyaraj, D. A.; Yadav, V. K. Tetrahedron Lett. 1997, 38,
6095. (¢) Yadav, V. K.; Jeyaraj, D. A. J. Org. Chem. 1998, 63, 3474. (d)
Yadav, V. K,; Senthil, G.; Jeyaraj, D. A. Tetrahedron 1999, 55, 14211.
(e) Yadav, V. K.; Jeyaraj, D. A.; Balamurugan, R. Tetrahedron 2000,
56, 7581. (f) Yadav, V. K.; Sriramurthy, V. Tetrahedron 2001, 57, 3987.
(g) Yadav, V. K. J. Org. Chem. 2001, 66, 2501. (h) Yadav, V. K;
Balamurugan, R. J. Org. Chem. 2002, 67, 587. (i) Yadav, V. K.; Ganesh
Babu, K.; Balamurugan, R. Tetrahedron Lett. 2003, 44, 6617.

(6) Deslongchamps, P. Stereoelectronic Effects in Organic Chemistry;
Pergamon Press: New York, 1983.

(7) Paddon-Row, M. N.; Wu, Y.-D.; Houk, K. N. J. Am. Chem. Soc.
1992, 114, 10638. Frenking, G.; Kohler, K. F.; Reetz, M. T. Angew.
Chem., Int. Ed. 1991, 30, 1146.
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TABLE 2. Calculated Antiperiplanar Interactions in Tricyclo(5.2.1.026)decan-10-ones and in the Complexes with Na* ¢

interaction energy (kcal mol~1)

oc1-c2 oc1-c9 0ce-C77 oc7-c8 JTC3=C4 OCc5-H TTC3=0 """

substrate ¥C10=0 ¥010=0 T¥10=0 ¥C10=0 o¥c1-ce o¥ce—cr o¥c1-ce
1 3.37 3.18 3.37 3.18

1-Na* 5.22 4.12 5.22 4.12
4 3.36 3.31 3.51 2.99 4.27 1.66

(4—Nat)e 5.15 4.49 5.28 3.93 4.95 1.84

(4—Nat) 5.24 4.40 5.37 3.86 4.96 1.82

7 3.46 3.13 3.57 2.89 2.41 1.43
(7—Nat)e 5.27 4.10 5.44 3.68 2.52 1.36
(7—Nat)p 5.27 4.10 5.44 3.68 2.52 1.36
(7—2Na™)e 3.85 4.29 4.53 4.25 2.52 1.19
(7—2Na*)d 3.86 4.28 4.55 4.24 2.52 1.19

@ The superscripts carry the same expansion as those given in Table 1.

Results and Discussion

In application of the cation complexation approach, we
calculated the dihedral angles D; (O—C1—C1—Cy), Dy
(0—C1p—C1—Cy), D? (O—C19—C7—Cp), D4 (0—C1p—C7—Cy),
and D5 (C;—C1p—0O—C;) both before and after cation
complexation to assess the degree and direction of
carbonyl pyramidalization.®® We term the pyramidaliza-
tion ‘anti’ when D; and D3 are smaller than Dy and Dy
and ‘syn’” when D; and D3 are larger than Dy and Dy,
respectively. Anti pyramidalization leads to anti selectiv-
ity, and syn pyramidalization leads to syn selectivity. The
changes in Ds may also be used to discern anti/syn
pyramidalization. A decrease in D5 suggests anti pyra-
midalization. Likewise, an increase in D5 suggests syn
pyramidalization. Since 4 and 7 are unsymmetrical about
Tc10—0, cation complexation syn to both C; and C; was
considered. For reasons of steric interactions, cation
complexation of Cs-carbonyl in 7 was allowed only anti
to Co. Further, since the experimental results were
obtained from reduction with NaBH,, we considered it
prudent to use the Na™ cation for complexation. Selected
geometrical parameters and relevant (to selectivity)
antiperiplanar and vicinal 0 — 7%c—¢ interactions (thresh-
old = 0.50 kcal/mol)!° are collected in Tables 1 and 2,
respectively.

Smaller D; and D3 in comparison to Dy and Dy,
respectively, favor anti selectivity for 1 and 4. This is
supported by the antiperiplanar interactions as well. The
sum of the interactions of oc1_c2 and ocg_c7 with 7*c10=0
is superior to the sum of the interactions of oc1—c9 and
ocr-cg With m%c10=0 in both 1 and 1-Na™. Likewise, the
sum of the interactions of o¢1-ce and ocg—c7 with 7*c10=0
is superior to the sum of the interactions of o¢c1-c9 and
oc7-cg With m*c10=0 in both 4 and 4—Na*. In 1 and 1-Na™,
one of the two oc-yg bonds on C; and C; are nearly
antiperiplanar to oc1-ce and ocg—c7 (H—C3—Cy—C; and
H—-C5—Cs—C7; = 144—145°), respectively. Their interac-
tions (0cs-g — 0%ci1—ce = 2.80 kcal/mol in 1, ocs-g —

(8) All the calculations were performed using GAUSSIAN 94,
Revision C.2. Frish, M. J.; Trucks, G. W.; Schlegel, H. B.; Jones, P. M.
W.; Johnson, B. G.; Robb, M. A.; Cheeseman, J. R.; Keith, T.; Petersson,
G. A.; Montgomery, J. A.; Raghavachari, K.; Al-Laham, M. A,
Zakrzewski, V. G.; Ortiz, J. V.; Foresman, J. B.; Cioslowski, J.;
Stefanov, B. B.; Nanayakkara, A.; Challacombe, M.; Peng, C. Y.; Ayala,
P.Y.; Chen, W.; Wong, M. W.; Andres, J. L.; Replogle, E. S.; Gomperts,
R.; Martin, R. L.; Fox, D. J.; Binkley, J. S.; Defrees, D. J.; Baker, J.;
Stewart, J. P.; Head-Gordon, M.; Gonzalez, C.; Pople, J. A. GAUSSIAN
94, Revision C.2; Gaussian, Inc.: Pittsburgh, PA, 1995.

TABLE 3. Calculated NBO Charges on Selected Atoms
inl1,4,7, 10, and 12

substrate C2 Cé6 C8 C9
1 —0.2581 —0.2581 —0.4660 —0.4660
4 —0.2786 —0.2510 —0.4661 —0.4639
7 —0.3557 —0.2585 —0.4690 —0.4695
10 —0.2845 —0.2602 —0.4638 —0.4670
12 —0.3492 —0.2542 —0.2292 —0.2276

0%ce—c7 = 3.04 kecal/mol in 1—Na™) make oci1-ce and ocg-c7
more electron rich than oc1-co and o¢7—cs, which, in turn,
supports anti pyramidalization and, hence, anti selectiv-
ity.

The major factor that supports anti pyramidalization
in 4 is the mc3—cs — 0%c1-c2 interaction that is 4.27 and
4.96 kcal/mol in 4 and 4—Na™, respectively. The 7c3=c4
bond is held in an orientation that it is nearly parallel
to the oci1-c2 bond to allow the above interactions. The
possibility of such an interaction has been contemplated
earlier by Mehta and Khan'! and proved later by us.'? It
is interesting to note that the contribution from the o¢s-g
— o*ce_c7 Interaction in 4 is reduced to 1.84 kcal/mol as
compared to 2.80 kcal/mol in 1. This is likely to be due
to relatively inferior antiperiplanar relationship of o¢s-n
with ocg—c7 in 4 (H—C5—C¢—C; = 131°) as compared to
that in 1 (H—C5—CG—C7 = 1450)

The diketone 7 is particularly interesting because
arguments as stated above favor better anti selectivity
for it than for 4. The sum of the antiperiplanar interac-
tions of 0ci1-c2 and ocs—cr with 7*¢10=0 is 1.01 kecal/mol
larger than the sum of the antiperiplanar interactions
of oc1-c9 and o¢7-cs with 1%¢190=0 in 7. In comparison, this
difference is 0.57 kcal/mol only in 4. However, it contra-
dicts the experimental finding. It was, in fact, 4 that
exhibited higher anti selectivity (anti/syn = 63:37) than
7 (anti/syn = 55:45). The larger interactions of 0¢1-c2 and
Oce—c7 in comparison to those of oc1—co and og7—cs with
7¥c10=0 In 7 are supported by ocs-g — 0%cs—cr, 2.41 keal/
mol, and 7c3=0 — 0%c1-ce, 1.43 kecal/mol, interactions.

We envisioned the above discrepancy in the level of
observed selectivity of 7 for a supposedly valid reason.
Why must only the Cip-carbonyl be allowed for cation
complexation when the Cs-carbonyl has a similar charge
distribution?? Natural bond orbital (NBO)® analysis at
the B3LYP/6-31G* level showed the charges on the
oxygen atoms as —0.5150 and —0.5290, respectively.
Consequently, on allowing the additional complexation
of C3=0, the situation changed in support of syn selectiv-
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TABLE 4. Product Distribution from the Reaction of 7 with Selected Hydride Agents

entry hydride solvent temp time yield % products anti/syn
1 NaBH4 MeOH =78 °C 30 min 85 8+9 55:45
2 DIBAL-H CH,Cl, —78°C 100 min 75 8+9 65:35
3 NaCNBH;3 MeOH, pH 3—4 —78 °C 50 min 80 10:11=10:1 11a:11b = 85:15

ity. The dihedral angles D; and D3 increased and the
dihedral angles D; and D, decreased in 7—2Na' in
comparison to the dihedral angles in 7. Alternatively, the
sum of the antiperiplanar interactions of o¢1—ce and oce—c7
with 7%c10-0, 8.38—8.41 kcal/mol, was inferior to the sum
of the antiperiplanar interactions of gci-c9 and oc7—cs
with 7%c10-0, 8.562—8.54 kcal/mol, by an average of 0.14
kcal/mol, which supports syn pyramidalization. The
selectivity of 7 will, therefore, be compromised and the
observed selectivity will depend on the progress of double-
level complexation under the given reaction conditions.

It is important to note that the reaction of 7 was carried
out at —78 °C and 8, and 9 were obtained directly from
the reaction.? In our hands, also, 8 and 9 were formed
predominantly along with small amounts of diols. The
reported anti/syn (55:45) selectivity, therefore, is truly
the selectivity of reduction of C10=0 in the presence of
C5=0. The concentration of the doubly cation-complexed
species is, therefore, a likely limiting factor in determin-
ing the observed selectivity. This, in turn, will depend
on the reaction conditions, including the solvent and
source of the nucleophile. The CHOH resonates at a lower
field in 8 (6 4.33, s) than in 9 (0 4.11, s).2

In the application of the cation-complexation model to
substrates 1, 4, and 7, use of H" performed similar to
the use of Na'. The changes in dihedral angles on
carbonyl protonation followed a trend similar to that on
complexation with Na*. However, the changes on proto-
nation were larger than the changes on complexation
with Na'. This demonstrates the significance of the
cation and its possible effect on the observed selectivity.!?

In the application of Houk’s electrostatic model,'* the
sum of the charges on C, and Cg, on one hand, and those
on Cg and Cy, on the other hand, will be considered for
the prediction of selectivity. The sum of the NBO charges
on C; and Cs and Cg and Cyg in 1, 4, and 7 are,
respectively, —0.5162 and —0.9320, —0.5296 and —0.9300,
and —0.6143 and —0.9385 (Table 3). These charges
predict syn attack throughout that contradicts the ex-
perimental finding. The electrostatic model, therefore, is
not suitable to predict the selectivity of these substrates.

(9) All the results reported in this manuscript are at BSLYP/6-31G*
level. Becke, A. D. J. Chem. Phys. 1993, 98, 5648. Lee, C.; Yang, W.;
Parr, R. G. Phys. Rev. B 1988, 37, 785).

(10) Reed, A. E.; Curtiss, L. A.; Weinhold, F. Chem. Rev. 1988, 88,
899. Glendening, E. D.; Weinhold, F. J. Comput. Chem. 1998, 19, 610.
Glendening, E. D.; Badenhoop, J. K.; Weinhold, F. JJ. Comput. Chem.
1998, 19, 628. The NBO analysis is based on optimally transforming
a given wave function into localized forms that correspond to one-center
(lone pair) and two-center (bond) elements in the Lewis structure
regime. Donor—acceptor interactions can be estimated by the second-
order perturbation theory analysis using the NBO 3.1 program
implemented in GAUSSIAN 94.

(11) Mehta, G.; Khan, F. A. J. Am. Chem. Soc. 1990, 112, 6140.
Mehta, G.; Khan, F. A. Chem. Commun. 1991, 18. Li, H.; Mehta, G.;
Padma, S.; le Noble, W. J. J. Org. Chem. 1991, 56, 2006.

(12) Yadav, V. K.; Balamurugan, R. J. Chem. Soc., Perkin Trans. 2,
2001, 01.

(13) Harada, T.; Nakajima, H.; Ohnishi, T.; Takeuchi, M.; Oku, A.
J. Org. Chem. 1992, 57, 720.

(14) Wu, Y.-D.; Tucker, J. A.; Houk, K. N. J. Am. Chem. Soc. 1991,
113, 5018.
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TABLE 5. Calculated Geometrical Parameters for
3-endo-Hydroxytricyclo(5.2.1.026)decan-10-one 10 and Its
Complexes with H" (D; = O—C19—C7-—¢; D2 =
O—Cy9p—C7—Cg; D3 = O—C19—C1—C2; D4 = O—Cy9p—C1—Cg; D5
= H—C1—Clo—0; D¢ = H-C7;—C10—0)

substrate D1 Dz D3 D4 D5 DG
10 120.8 -125.3 —120.7 1233 -1.35 1.35
10-H* 1140 -132.8 —114.7 1297 -8.79 9.51¢
10—-H* 1154 —-1315 —114.6 129.7 —-8.79 9.51°

@ Complexation was syn to C7. ® Complexation was syn to Cj.

TABLE 6. Antiperiplanar Interactions (kcal/mol) in
3-endo-Hydroxytricyclo(5.2.1.026)decan-10-one, 10, and Its
Complexes with H™

gc1-c2 — oc1-c9 — oce-C7 oc7-c8
substrate ¥ c10=0 ¥ c10=0 *010=0 *c10=0
10 3.10 3.43 3.45 2.98
10—-H* 7.74 6.06 9.15 4,982
10—H* 7.63 6.00 8.95 5.26

@ Protonation was syn to C7. ® Protonation was syn to Cj.

The preferential reduction of C1p=0 in the presence
of C3=0 in 7 is interesting but not new. Brown and Muzo
observed that 7-ketonorbornanones reduced 2100 times
faster than cyclopentanone by NaBH,."> We wished to
explore this reactivity profile further and, thus, repeated
the reduction of 7 not only with NaBH, but also with
other reducing agents such as DIBAL-H and NaCNBH3;.
Under the conditions of reduction with NaCNBH;3 at pH
3—4, an enhanced syn selectivity was expected on account
of possible protonation of both the carbonyl functions,
provided the C10-carbonyl reacted chemoselectively.

wﬂ) H OH HO. H 9 H_OH  HO_H
8 i 6 g\\l \ g\z - ? :\ /? ; gi
9 1 5 —> + + + +
, 04 8 J 90 HO_H HO-H HO_H
10 11a 11b
In the event that we conducted the reductions, the anti/
syn (55:45) selectivity reported by Mehta and Praveen?
on reduction with NaBH, at —78 °C was reproduced. The
reduction with DIBAL-H exhibited somewhat enhanced
anti selectivity (anti/syn = 65:35). This is possibly due
to stronger complexation of Al with the ketone than with
Na' and, hence, larger carbonyl pyramidalization leading
to greater discrimination of the two faces. The reduction
with NaCNBHj; was highly chemoselective. However, it
was rather the C3=0 that reacted in preference to C1p=
O as 8 and 9 had not formed. The products 10 and 11
were formed in a 10:1 ratio, estimated from the relative
weights of 10 and the mixture of 11a and 11b. The
selectivity of reduction of 10 with NaCNBHj3, established
from a separate experiment under identical conditions,
was anti/syn = 85:15, estimated from the relative 'H

(15) Brown, H. C.; Muzo, J. J. Am. Chem. Soc. 1966, 88, 2811.
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TABLE 7. #- and Chemoselectivities of the Reduction of 12 by Selected Hydride Agents

entry hydride solvent temp time (min) yield (%) product(s) composition anti:syn
1 NaBH4 MeOH =78°C 20 85 14:15 =1:1 15 (>99:1)
2 DIBAL-H CH.Cly —78°C 60 75 14
3 NaCNBH; MeOH —78°C 300 80 13,14, 15 13 (>99:1)
pH3-4 13:14 = 2:3 15 (>99:1)

integrals of C10-H. The said proton in 1la resonated
downfield (6 4.20, s) compared to the proton in 11b (6
4.08, s) in keeping with the arguments used previously
for such a characterization.? The ratio estimation was
also possible from the relative integrals of C3—H as the
same in 11a appeared downfield (6 4.50—4.43, q,J = 8.4
Hz) compared 11b (6 4.34—4.27, q, J = 8.4 Hz). These
results are collected in Table 4.

How do we account for the observed anti preference of
10? A comparison of the dihedral angles D:/D3 vs Do/Dy
collected in Table 5 supports anti selectivity. D; and Ds
have decreased and Ds and D, increased on carbonyl
protonation.'® The relevant antiperiplanar interactions
are collected in Table 6. The difference of the sum of the
interactions of oci—c2 and oce—c7 and oci1—co and ocr—cs
with 7%c—0 is 0.14 kcal/mol in 10 itself. Though this is in
favor of the observed anti selectivity, its level may not
be predicted to be as high as observed. However, this
energy difference increased to 5.91 kcal/mol on carbonyl
protonation. The sum of the NBO charges on C; and Cg
and Cg and Cy in 10 are, respectively, —0.545 and —0.931,
which will predict syn selectivity in keeping with Houk’s
electrostatic model. This, however, contrasts the experi-
mental results. The NBO charges in 10 are collected in
Table 3.

In the course of the above investigations we had easy
access to tricyclo(5.2.1.0%26)dec-8-en-3,10-dione, 12, and
were interested in studying its selectivity for hydride
additions to C1p=0 under the influence of Cs=0 on one
side of the bridge and s-bond on the other side. To our
knowledge, such a combination of functional-group dis-
crimination of a carbonyl group has not been explored
previously. In addition, 12 presented an opportunity to
study the chemoselectivity of reduction of one carbonyl
over the other as well. The wc—c — 7¥c10=0 interaction,
4.15 kcal/mol, should render C;;=0 less reactive, and
thus, a chemoselective reduction of C3=0 appeared to be
a possibility. The sum of the NBO charges on C, and Cg,
—0.6033, and C8 and C9, —0.4568, predict syn-to-olefin
selectivity as indeed observed. The NBO charges in 12

are collected in Table 3.
it H_ OH 0 H_ OH
10 7
I 6
. /1 s — /L + £ + [/
s Ho- Ho-
120 O3 14 H 15 H

NaBH; furnished a 1:1 mixture of 14 and 15 (deter-
mined from the isolated weights) and none of 13. We take

it to understand that the chemoselectivity of C3=0O
reduction over C(c—=0 was exclusive and that 15 was

(16) Since the dihedral angle changes on protonation are similar to
the changes on complexation with a metal cation such as Na', only
protonation of 10 was studied. Alternatively, under the conditions of
reduction with NaCNBH;3 at pH 3—4, protonation is more likely than
complexation with Na*.

formed from 14 on further reduction that entailed
exclusive hydride attack from syn to the ;7 bond. This was
confirmed separately from the reduction of 14 under
identical conditions when only 15 had formed. DIBAL-H
was highly chemoselective as it reduced only Cs=O to
generate 14 as the sole product. Further reduction of 14
into 15 did not occur. The reaction with NaCNBHj; at pH
3—4 was less chemoselective as both 13 and 14 (13/14 =
2:3) were formed. The product 15, formed from either 13
or 14, was also formed in trace amounts. Irrespective of
the hydride reagent used and irrespective of whether it
was C3=0 as in 13 or C3-endo-OH as in 14, C1,=0 was
reduced exclusively syn to the & bond. This was secured
from separate experiments with 13 and 14 when only 15
had formed from each. The results are collected in Table
7.

The faster reduction of C3=0O over C1p=0 in 12 sug-
gests lower reactivity of the latter function due possibly
to c=c — ¥ c10=0 interaction. We indicated in a previous
publication that vicinal effects did not predict the selec-
tivities of bicyclo[2.2.1]hept-2-en-7-ones well and that the
observed selectivity was modulated probably by the acid—
base interaction of the olefin and the cation end of the
nucleophile, allowing the nucleophile to be delivered to
C10=0 exclusively syn to the olefin.’"

Conclusions

Antiperiplanar and o — 7¥¢—o effects controlled the
selectivities of 1, 4, 7, 10, and 12. The ground-state
conformers are possibly less important than the conform-
ers generated on cation complexation in the determina-
tion of diastereoselectivity. The species 7 is inherently
anti selective for the vicinal effects arising from mgz—0 —
0*c1-ce interaction. Its poor anti selectivity in comparison
to 4 is possibly a consequence of competitive cation
complexation of Cs-ketone vs Cjo-ketone, which favored
syn selectivity. The species 10 exhibits high anti selectiv-
ity in comparison to 7. This can be explained by consider-
ing vicinal effects in the cation-complexed species. Species
12 exclusively undergoes syn-to-olefin reduction of the
Cio-ketone. This is possibly due to the acid—base-like
coordination of the cation end of the nucleophile with the
olefin, and thus, the nucleophile is delivered to C;o-ketone
syn to the olefin. Houk’s electrostatic model predicts the
incorrect selectivity for several of the compounds.
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