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Summary: =-Face selectivities in electrophilic additions
(typically CCly) to 7-methylenenorbornenes and 7-iso-
propylidenenorbornenes are modulated by endo-substitu-
ents.

The role of long-range electronic effects in controlling
w-facial diastereoselection during nucleophilic and elec-
trophilic additions to trigonal carbon centers has come
under incisive scrutiny in recent years and generated a
lively ongoing debate.l? In particular, segregation and
evaluation of the relative importance of the electrostatic

t Dedicated to Prof. C. N. R. Rao on his 60th birthday.
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and orbital contributions are the key issues that need to
be further clarified. We have recently demonstrated the
profound effect of endo-substituents on the n-face selec-
tivities in rigid, sterically neutral 7-methylenenorbornanes
la and 7-isopropylidenenorbornanes 1b.2e# The endo
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electron-withdrawing groups, e.g.,, -CN and -COOMe,
seem to consistently promote electrophile approach from
the syn-face. These observations have been interpreted
using ab initio electrostatic potentials and semiempirical
energetics.®¢ The interesting results with la,b have
provided an impetus to probe the 7-methylenenorbornene
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Scheme 1

CCLCOO™Na*, A
2b,e +
DME or TCE, 70-80%
X = Cclg
CCHCOONa',
3a-¢ + 7
DME or TCE, 70%
] )
Ry Xx=cCC Ry
Sa~¢ " 7a-¢

2a and 7-isopropylidenenorbornene 3a systems, which are
of intrinsic interest due to the presence of the much
acclaimed homoconjugative interaction between the two
olefinicbonds.5 Several subtle electroniceffects have also
been proposed by Paquette and Gleiter to account for the
dependence of the face selectivities on the nature of
electrophile in additions to unsubstituted 3a.22 Therefore,
studies on endo-substituted 3b,c were expected to unravel
the direct response of the substituent on the face selectivity
without perturbing the steric environment. Herein, we
report the results of addition of dichlorocarbene to 2b,c
and 3b,c and explain the persistent directing influence of
the substituent on the basis of a topographical analysis of
molecular electrostatic potentials (MESP) and electron
densities as well as semiempirical transition-state calcula-
tions. The results are particularly interesting in the
context of a recent suggestion that reagent-specific
electrostatic effects are important in determining face
selectivity in electrophilic additions to 7-isopropylidene-
benzonorbornenes.zh

Addition of dichlorocarbene (CCl3COO-Na*, A)22to 2b,c
and 3a—¢ furnished the syn-4b,c, and -6a—c and anti-
adducts 5b,c and 7a-c (separated and characterized in
each case), Scheme 1 (for the sake of uniformity with the
results for 1, we retain the prefix syn- for additions from
the side of the endo-substituent). The stereostructures
of the 1:1 adducts were determined on the basis of !H and
13C NMR data and in particular from the greater deshield-
ing of the Cs, C¢ exo-protons in the syn-series as compared
to the anti-series.8 The syn/anti face selectivities, de-
termined through !H NMR integrations and/or GLC, are
presented in Table 1. It is quite apparent that for both
2 and 3 syn-approach preference increases with the
placement of electron withdrawing endo-substitution.

In order to interpret the observed substituent effects,
a topographical investigation’ of the electron density
distribution p(r) and molecular electrostatic potentials
(MESP) for 2 and 3 was carried out at the ab initio level
using the parallel SCF program INDMOL.%? For a bond
between a pair of atoms in a molecule, there exists a (3,
-1) saddle point (termed as bond critical point, CP)? in
p(r). The density at these bond CPs gives an indication
of donor strengths for hyperconjugative interactions and
can be used to explain the stereoselection. The densities
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Table 1. Observed Syn/Anti Product Ratios and
Calculated Heats of Formation (kcal mol-!) for the
Transition States of CCl; Addition

obad caled

syn:anti site of
compd ratio carbene attack syn anti AE

2b 11:89 C-8 21456 2068 -0.77
C-7 2748 2763 0.15
2c 28:77 C-8 -46.59 -47.07 -0.48
C-7 -41.50 -39.62 1.88
3a 12:88% C-7 99.22 9950 0.28
C-8 10042  99.97 -0.46
3b 35:65 C-7 18212 13320 1.08
C-8 183.97 13356 -0.42
3c 34:66 C-7 17.87 1871  0.84
C-8 19.556 19.09 -0.46

Table 2. Electron Density at Bond CPs and MESP Minima
(au) from ab Initio Calculations Using MNDO-Optimized
Geometries

C7=Cs C2=Cs
0 A syn anti exo endo

2a 0.2134 0.2279 -0.0416 -0.0488 -0.0433 -0.0302
2aDzp 0.2363 0.2527 -0.0401 -0.0477 -0.0425 -0.0298
2b 0.2092 0.2282 -0.0416 -0.0464 —0.0393 -0.0199
2¢ 0.20956 0.2286 -0.0214 -0.0346 —0.0337 nomin
2d 0.2083 0.2287 -0.0004 -0.01566 -0.0136 nomin
3a 0.2139 0.2285 -0.0380 -0.0463 -0.0464 -0.0339
3b 0.2082 0.2288 -0.0172 -0.0306 —0.0312 -0.0243
3d 0.2085 0.2291 0.0012 -0.0015 -0.0177 nomin

at bond CPs for various systems with the 6-31G basis set
are reported in Table 2. A test calculation on 2a using a
Dzp basis set shows that there is no change in the relative
trends of p(r) and MESP minima. An electron-withdraw-
ing substituent at Cs marginally increases the density at
the Cs—C, (¢,) bond CP, relative to that at the C4~Cs (o,)
bond CP (see structures 1 and 3). The enhanced asym-
metry should favor electrophilic attack from the syn-face
on the basis of the Cieplak hyperconjugative model,10

The computed MESPs provide valuable insight con-
cerning the role of electrostatics in determining the face
selectivities. For a typical olefin, there exist two (3, +3)
minima in the scalar field of V(r) on either side of the
double bond (V(r) =—0.0383 au for ethylene with the 6-31G
basis set). A negative minimum in V(r) is a signature of
localization of electron density. For the unsubstituted
systems 2a and 3a, four such minima are obtained, as
expected (Table 2). For the C+—Cjg bond, the minimum
toward the Co=C; face is deeper. Interestingly, the
isopotential surfaces for 3a reveal that the negative
contours of the two double bonds merge, providing a visual
definition of homoconjugation. Thus, the two double
bonds reinforce electron localization and may direct
electrophilic attack from the olefin face.

The introduction of an endo-substituent produces a
dramatic change in the MESPs. The values of V(r) at the
minima around the exocyclic double bond are substantially
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reduced. The isopotential surfaces for 3b show that the
endo-cyano group extensively drains the negative potential
contours from the reaction sites. While the minima on
the syn- and anti-faces are unsymmetrical, it is unlikely
that electrostatics are important in these substituted
derivatives in determining face selectivities. It may be
expected that the MESP minima should be deeper than
a certain threshold for electrostatic effects to play any
discriminating role. We suggest a value of -0.0383 au, as
foundinethylene, asa practical guideline for electrostatic
takeover. Invoking electrostatic effects on the basis of
MESP minima or the ratio of volumes enclosed by a given
closed surface! may not be appropriate in systems such as
3b with shallow MESP minima.

Transition-state energies calculated at the AM1 level!l
for CCl; addition to 2b,c and 3a—c¢, though not in
quantitative agreement with all the experimental results,
confirm the electronic role of endo-substituents in influ-
encing face-selectivities. Transition structuresfor carbene
addition to olefins are generally unsymmetrical, with one
C-C bond being formed to a greater extent with the
chlorine atoms tilted toward the other olefinic carbon.412
For the present substrates, two sets of first-order saddle
points, characterized by a closer approach of the carbene
to C; or Cg, are obtained for the syn- as well as anti-face
additions. In 2b and 2c, the energetically favored transi-
tion states correspond to those derived by attack at Cs.
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For this mode of approach, anti-face addition is computed
to be more stable for 2b by 0.8 kcal mol-, in accord with
the experimental trend. Significantly, the endo-ester
substituentsin 2¢ reduce the anti-preference. Differential
hyperconjugative interactions in 2¢c seem to override
electrostatic effects resulting from the downward-pointing
chlorine atoms. In the 7-isopropylidene series, carbene
attack at both C; and Cg is energetically feasible. Since
the facial preferences derived from the resulting transition
states are in opposing directions there is some ambiguity
in the predicted face selectivity. However, the effect of
endo-substitution is clear. For C; attack, even a single
electron-withdrawing group 3b,c enhances the syn-face
preference, while the transition states for Cg attack retain
their energy difference favoring the anti-approach. The
overall consequence is that the electron-withdrawing
groups reduce the preference for anti-face addition.

The present study demonstrates that orbital interactions
involving endo-electron-withdrawing groups consistently
reduce the preference for the electrostatically favored anti-
face selectivity in 7-alkenylnorbornenes.
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