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Abstract—Monosubstituted tricyclo[2.1.0.02,5]pentan-3-one derivatives have been synthesised and subjected to hydride reduction.
Quite unexpectedly and in contrast to earlier observations in related systems, anti-selectivity has been encountered in these
substrates. Computational studies employing various models reproduce the observed facial preference and indicate that the
causative factor for the anti-preference could be the polarization of the C1�C5 strained � bond. © 2003 Elsevier Science Ltd. All
rights reserved.

Control of diastereoselectivity during nucleophilic addi-
tions to carbonyl groups is a key issue in stereogenesis.
It is now well recognised that both steric and long
range electronic effects can profoundly influence �-face
selection during addition to the carbonyl group.1 While
the role of steric effects in determining face-selectivity is
quite predictable, the precise nature, effectiveness and
predictability of remote electronic effects in determining
�-face selectivity is still a matter of ongoing scrutiny
and debate.1,2 Efforts from our group and of others
over the past decade have focussed on studying systems
where the two faces of the carbonyl group are virtually
in an isosteric environment but are amenable to long
range electronic perturbation.3 These approaches have
enabled the segregation of steric effects from electronic
effects and firmly established the role of the latter in
influencing �-face selection.3,4 For example, we have
reported that in endo substituted bicyclo[2.2.1]heptan-7-
ones 13a,b and bicyclo[2.2.2]octan-2-ones 2,3c 4-substi-
tuted-9-nor snoutanone 33d and 5-exo-substituted-
bicyclo[2.1.1] hexan-2-ones 4,4 where the carbonyl
group is in a sterically neutral disposition, distal sub-
stituents (R) can significantly influence the stereochemi-
cal outcome (syn- versus anti-addition). The issue of
concern now is the delineation of the precise nature of
the electronic effects operating in these systems. Several
explanations based on hyperconjugative interactions at
the transition state (Cieplak effect), electrostatic effects,
various orbital mixing/tilting effects and cation com-

plexation, among others have been proffered to explain
the various experimental data.1–5 A scrutiny of the
available experimental and computational data reveals
that many of these electronic effects operate simulta-
neously, within a narrow energy range, either co-opera-
tively or in opposition and their cumulative effect
determines the observed �-face selectivities. Thus, eluci-
dation and quantification of the subtle role of the
various electronic factors that determine facial selectiv-
ity is still a challenge that mandates continued search
and study of newer probe systems. As part of our
continuing efforts in the area, we introduce tricy-
clo[2.1.0.02,5]pentan-3-one 5 as a new probe system
wherein �-facial discrimination is introduced through
the remote C-1 substituent (R).

Besides having an isosteric environment around the
carbonyl group as revealed by high level calculations
and crystal structure data (vide infra), the overlay
diagram (6) of 5 (R=CN, red) with the parent bicy-
clo[1.1.1]pentan-2-one (black) and its endo-4-cyanobicy-
clo[1.1.1]pentan-2-one derivative (blue) indicates that
the skeleton of 5 is much more strained (cf. 1–4) and
the C1 substituent does not come in the way of the
trajectory of the approaching nucleophile. Interestingly,* Corresponding authors. E-mail: gm@orgchem.iisc.ernet.in

0040-4039/03/$ - see front matter © 2003 Elsevier Science Ltd. All rights reserved.
doi:10.1016/S0040-4039(03)00515-X

mailto:gm@orgchem.iisc.ernet.in


G. Mehta et al. / Tetrahedron Letters 44 (2003) 3101–31043102

the electronic effects of the C1 substituent in 5 are
transmitted through the connecting cyclopropane
bonds. Further, the stereo-differentiating C1 and C5
carbons in 5 are connected through a unique bond
which is the central bond of the bicyclo[1.1.0]butane
moiety embedded in it (see bold). Thus, a study of face
selection in derivatives of 5 was of intrinsic interest and
we wish to report here the results of experimental and
computational studies on this system.

Our initial task was to access derivatives of 5. However,
a literature search revealed that C1 monosubstituted
derivatives of tricyclo[2.1.0.02,5]pentan-3-one 5 are not

Figure 1. ORTEP diagram of 5b.

Scheme 3.

Scheme 1. Reagents and conditions : (a) N2CHCOOtBu,
Rh2(OAc)4, rt 50–60%; (b) TBAF, THF, 0°C, 2 h, 75%; (c)
TFA, 0°C, 1.5 h, 80%; (d) i. (COBr)2, ether, 0°C, 4 h; ii.
CH2N2, ether, −78°C, 24 h, 50% (two steps); (e) Rh2(OAc)4,
CHCl3, 60°C, 1 h, 30%; (f) K2CO3, MeOH, rt, 4 h, 85%.

known.6 Therefore, a new synthesis of the C1 monosub-
stituted tricyclo[2.1.0.02,5]pentan-3-ones was developed
as shown in Scheme 1 and was based on earlier
approaches to this ring system.7 We selected three
monosubstituted derivatives 5a–c for the present study.

Careful addition of tert-butyl diazoacetate to an excess
of TMS-protected 2-propynyl acetate 7 in the presence
of dirhodium(II) tetraacetate catalyst resulted in con-
trolled nitrogen evolution and formation of cyclo-
propene 8.8 Protodesilylation and hydrolysis of the
ester group in 8 led to cyclopropene carboxylic acid 9
(Scheme 1). Carboxylic acid 9 was elaborated to the
�-diazoketone 10 for an intramolecular [2+1]-
cycloaddition. Decomposition of 10 in the presence of
the Rh2(OAc)4 catalyst furnished the tricyclic ketone 11
which was further hydrolysed to the hydroxymethyl
derivative 128 (Scheme 1). The hydroxymethyl bearing
tricyclic ketone was elaborated to the desired deriva-
tives 5a–c as shown in Scheme 2. These transformations
were devised to avoid any carbonyl group protecting
manoeuvres in view of the extreme sensitivity and
volatility of the substrates. At this stage an X-ray
crystal structure determination of 5b was carried out
(Fig. 1)9 to secure the structures and confirm that the
two faces of the carbonyl group were in a near iso-steric
environment. Tricyclic ketones 5a–c were subjected to
sodium borohydride reduction to furnish (E)-13a–c and
(Z)-14a–c alcohols in nearly quantitative yields
(Scheme 3). The observed diastereoselectivities (E :Z
ratio) are displayed in the Scheme and were determined
through 1H NMR analyses.

Scheme 2. Reagents and conditions: (a) PDC, CH2Cl2, 4 h,
90%; (b) i. NH2OH·HCl, py, CH2Cl2, 1 h; ii. TsCl, py, 0°C–rt,
36 h, 50% (two steps); (c) i. RuO2–NaIO4, acetone–H2O (1:1),
2 days; ii. CH2N2, 0°C, 15 min 50% (two steps); (d) CH3I,
Ag2O, CH2Cl2, 2 days, 85%.
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The stereostructures of 13a–c and 14a–c were unam-
biguously determined on the basis of the relative
deshielding (ca. 0.2 ppm) of the H(5) protons in the
(E)-alcohols 13a–c compared to the (Z)-alcohols 14a–c.
Additionally, the H(5) proton in (E)-13a–c appeared as
a diagnostic doublet (J=�7.5 Hz) due to long range (4
bond) coupling with the syn-H(3) proton and could be
readily recognised.

The stereoselectivities observed during hydride reduc-
tion of 5a–c exhibit a small preference for the anti-face
addition but this result is in contrast with the trend
observed earlier with related systems.1–4 We have con-
sistently encountered syn face preference of the remote
electron withdrawing substituents such as cyano and
ester in the systems 1–4, among others, studied so far.3

To understand the underlying reasons for this unex-
pected deviation, tricyclic ketones 5a–c were studied
computationally employing five different models.
Orbital and electrostatic effects were assessed employ-
ing the hydride and charge models as described earlier,
i.e. by placing an H− ion and a negative point charge,
respectively, at a distance of 1.4 A� away from the
carbonyl carbon along the trajectory perpendicular to
the �-plane.3b The LiH transition states (Table 1) were
characterized as saddle points through geometry opti-
mizations followed by frequency calculations.5b

Semiempirical calculations were performed using the
AM1 Hamiltonian.10 The NBO analysis11 and cation
complexation models (Table 2)5c were investigated at

the B3LYP/6-31G* level of theory.12 Interestingly, all
five models employed in the present study (see Tables 1
and 2) predict addition from the anti-face in agreement
with the experimental results.

The unexpected and seemingly contra-intuitive
diastereoselection observed in the case of 5a–c may be
attributed to charge polarization induced by an elec-
tron-withdrawing substituent on the central � bond of
the bicyclobutane moiety (see bold in 5). Thus, the
polarized C1�C5 bond renders a �+ on C-5 to facilitate
the anti attack of the nucleophile.

The high preference for anti-selectivity in the charge
model (Table 1) may be directly traced to the overrid-
ing electrostatic influence, effectively countering the
opposing orbital interactions. The LiHTS model and
hydride models (Table 1) also reproduce the observed
anti-selectivity but the small magnitude of such prefer-
ence is perhaps more realistic. The NBO analysis
(except in 5c) and cation complexation model calcula-
tions summarized in Table 2 also support the anti-pref-
erence observed in 5a–c.

If the contention that the anti-selectivity observed in
5a–c is due to the polarization of the central cyclobu-
tane bond C1�C5 is valid, then the removal of this
bond should restore the commonly observed syn-prefer-
ence. Indeed, we tested all the above computational
models with the model compound endo-4-cyanobicy-
clo[1.1.1]pentan-2-one and found complete reversal and
prediction of the expected syn-selectivity. Efforts are
underway to experimentally validate this prediction.13

In summary, we have devised a synthesis of 1-substi-
tuted tricyclo[2.1.0.02,5]pentan-3-ones 5a–c, with the
carbonyl group positioned in a near iso-steric environ-
ment, and introduced these substrates as a new probe
system for studying �-face selectivity during nucle-
ophilic additions. The small anti-preference observed
for the hydride addition to 5a–c is quite unexpected and
a departure from earlier observations in related sys-
tems. Computational studies reproduce the observed
selectivities and indicate that polarization of the C1�C5
bond and the resulting electrostatic interaction as the
possible causative factor.
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