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Table III. Rates of Solvolysis of Bridgehead Chlorides 1b—4b in
80% Aqueous Dioxane
AAGH, E(V’)/

Com- keal/ E(yp=q) =
pound &, (sec™’) krel krel mol  cos?y

Ib =2.6x10% 1.0

2b 6.87 X 10°3% 2.7 x 10% 1.5 0223

3b 5.81x10*% 22x10° 1.0

4b 2.24 X 107! 8.6 x 10 3.9 x10° 9.0 0164

@ Estimated from the experimental solvolysis rate of 1-bromobi-
cyclo[2.2.2] octane!® in 80% aqueous ethanol, the known rate ratio
of tert-butyl chloride and tert-butyl bromide,!* and the Y value from
ref 15b. b Taken from ref 17.

most 10'2 times faster than 1b, by this 4b is the most reac-
tive bridgehead chloride known to date, being 1.6 X 10°
times more reactive than rert-butyl chloride.'® However,
only part of this high reactivity of 4b is due to cyclopropyl
stabilization of the intermediate carbenium ion 4¢, the
other part originates in a normal strain effect,'® since the
1-hexahydrobullvalyl chloride 3b also solvolyzes 2.2 X 10°
faster than 1b. In fact, the three cyclopropyl groups in 4b
cause a rate enhancement of only 3.9 X 106 over 3b, where-
as the same three cyclopropyl groups in 2b enhance the rate
by a factor of 2.7 X 10® over that of 1b.

This remarkable difference in cation stabilizing power of
the three cyclopropyl groups in 2c¢ and 4c must be attrib-
uted to the second important structural difference between
the skeletons 2a and 4a, i.e., the difference in the dihedral
angles between the axis of a bridgehead orbital and that of
an adjacent cyclopropyl p orbital (angle ¢ in Table I). Since
the stabilization energy of a cation by a neighboring elec-
tron donating group should be proportional to the overlap
between the two interacting orbitals and this overlap for
two adjacent p orbitals is proportional to cos? of the dihe-
dral angle ¢ between the two orbital axes,2® it can be as-
sumed that the relative stabilization of the two tricyclopro-
pyl carbinyl cations 2¢ and 4c can be expressed by

E(w)/E(w=0) = cos’ ©

With ¢(2a) = 61.8° and ¢(4a) = 66.1° this gives 0.223 and
0.164 (see Table III), meaning that the cyclopropyl groups
should exhibit 22.3 and 16.4% of their maximum stabilizing
ability in 2c and 4c, respectively. From the difference in ori-
entation of the cyclopropyl groups in 2¢ and 4c alone one
would conclude that 4c experiences only 74% of the cyclo-
propyl stabilization effective in 2c. Experimentally it is ob-
served that the difference in the free energies of activation
between 4b and 3b is only 78% of the one between 2b and 1b
(see AAGY in Table III). This almost perfect agreement be-
tween the experimental ratio and the one predicted on the
basis of structural differences excludes the possibility that a
“leveling effect””?' might be responsible for the decreased
stabilizing ability of the three cyclopropyl groups in 4c.

The results presented here strongly corroborate the con-
clusions drawn from CNDO calculations?? by which the en-
ergy change of a cyclopropyl carbinyl cation upon rotation
of the cationic center follows a function very similar to a
cos? relationship (with ¢ being the angle of rotation). It
should be pointed out, however, that only the comparison of
symmetrical systems such as 1-4 can yield a significant
structure reactivity relationship for the cyclopropyl carbinyl
system. In unsymmetrical systems such as I-tricyclo-
{3.2.2.024]nonyl cation* distortion of the bridgehead geom-
etry may play an important role.23
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Concerning the Role of 43-Methyl Sterols in
Cholesterol Biosynthesis!
Sir:

The enzymatic conversion of lanosterol to cholesterol in-
volves the removal of two methyl groups attached to C-4 of
the sterol nucleus. Studies of the metabolism of 4,4-dimeth-
yl sterols have indicated initial removal of the equatorial

4a-methyl substituent.? This process has been proposed to
involve successive oxidations to yield the 48-methyl-4a-car-
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Table I
NMR TLC (Ry, silica GLCe
C—-3a-H C-4-CH, gelH, CHCL,
Compound Mp, °C [¢] D ) (/,Hz) 2 developments) 3% OV-1 3% OV-17
4a-Methyl-S5a-cholest- 136,5-137.5'5 +55.2°18 3.14a 6,54 0.23a 2.132 2.98a
8-en-3g-ol'% (Vila)
4a-Methyl-5a-cholest- 138-1402 — 3.12a 6.54 0.232 2.12a 2.964
8-en-3g-o01'¢ (VIIb)
45-Methyl-Sa-cholest- 155-156.54 +41.6°a 3.75a >7¢ 0.192 2.47a 3.634
8-en-36-ol (VI)
Suspected 4g-methyl-Sa- 134-134.5% +50.6°P 3.05b 6d - — —

cholest-8-en-3g-0l (VIII)

a Experimentally determined in this laboratory. ® These values are those reported®® for “4g-methyl-5a-cholesta-8,24-dien-36-ol”. The A%-
double bond has a negligible effect on the magnitude of these parameters. ¢In this particular case the chemical shift of the upfield wing of the
C-4-methyl doublet could not be determined accurately due to overlapping resonances. However, the J value was definitely in excess of 7 Hz.
dValue measured from the partial spectrum published by Sanghvi.* € These values are retention times relative to cholestane.

boxy-38-hydroxysterol which, upon dehydrogenation to the
3-ketone in an NAD-dependent reaction, undergoes decar-
boxylation.? The nature of the primary product of this de-
carboxylation has not been unequivocally established. Gay-
lor and coworkers? have proposed that the initial product is
the equatorial 4a-methyl-3-ketone which is then reduced in
an NADPH-dependent reaction to give the 4a-methyl-33-
hydroxysterol. An alternative scheme can be envisaged in
which the primary product of the decarboxylation reaction
is the 48-methyl-3-ketone which could then undergo epim-
erization to give the more stable 4a-methyl-3-ketone or be
reduced to yield the 43-methyl-33-hydroxysterol. The latter
possibility or a variant of it has been supported by the re-
ported isolation of 483-methyl-5a-cholesta-8,24-dien-33-ol
from the skins of rats treated with triparanol®-® and the re-
ported isolation of 483-methyl-5a-cholest-8-en-33-ol from
rat liver homogenates incubated with ['4C]mevalonic acid
in the presence of cholestan-33,5a,683-triol.® Moreover, the
efficient conversion of this sterol to cholesterol upon incu-
bation with rat liver homogenates has been reported.®

The purpose of this communication is to report the chem-
ical synthesis of 43-methyl-Sa-cholest-8-en-38-0l and to
present comparisons of its properties with those of its 4a-
methyl isomer and of 4-methyl sterols, isolated from animal
tissues, to which an assignment of the 48-methyl configura-
tion has been made. In addition, an assessment of the enzy-
matic convertibility of 48-methyl-5a-cholest-8-en-38-ol to
cholesterol is reported herein.

3B-Acetoxy-48-methyl-cholest-5-ene (I) was prepared by
the method of Julia and Lavaux.” Allylic bromination of I
with dibromodimethylhydantoin followed by dehydrobromi-
nation with collidine in xylene yielded, after two recrystalli-
zations from ether-methanol, 38-acetoxy-43-methyl-cho-
lesta-5,7-diene (11).2 Treatment of diene (II) with a reflux-
ing mixture of HCl-benzene-95% ethanol (1:4:10) yielded,
after purification of the crude product by preparative TLC
on 12% silver nitrate on silica gel G® and crystallization
from methanol-water, 43-methyl-5a-cholesta-8,14-dien-
3B8-0l (III).'9 Alternative work-up of the crude reaction
mixture by acetylation followed by purification by column
chromatography (12% silver nitrate on alumina) and two
recrystallizations from ether-methanol gave 3(3-acetoxy-
43-methyl-5a-cholesta-8,14-diene (IV).!' Catalytic reduc-
tion (Raney nickel; 40 psi) of 11l in benzene yielded a crude
product which gave, after acetylation and purification on an
alumina-Super Cel-silver nitrate column'? and crystalliza-
tion from methanol-water, 33-acetoxy-48-methyl-5a-cho-
lest-8-ene (V).'? Catalytic reduction (Raney nickel; 40 psi)
of 1V and purification of the crude product on an alumina-
Super Cel-silver nitrate column'2 and crystallization from
methanol yielded 3(-acetoxy-48-methyl-5a-cholest-8-ene
(V).'? Reduction of V with lithium aluminum hydride in

ether yielded 48-methyl-5a-cholest-8-en-33-ol (VI)!* as
needles from methanol-water.

Table I provides data collected and reported for 43-
methyl-5a-cholest-8-en-38-0l (VI), its 4a-methyl isomer
(VII), and the suspected “483-methyl-Sa-cholesta-8,24-dien-
383-0l” (and its 24,25-dihydro derivative (VIII)).>-> VI and
VII can be distinguished from each other by melting point,
optical rotation, NMR,!” TLC, GLC, and IR (vide infra).
The mass spectra of VI and VII are essentially identical.
The cited data published by Sanghvi et al.>-* do not support
the assignment of the 43-methyl configuration for the 4-
methyl sterol isolated from skins of triparanol-treated rats.
Assignment of the 43-methyl configuration to the sterol iso-
lated from liver (IX)® was based largely on the identity of
its ir spectra with the spectra presented for VIII by Sangh-
vi. The ir spectra of VIIa, VIIb, VIII, and IX are essential-
ly indistinguishable. The spectrum of VI differs markedly
from those of VIIa, VIIb, VIII, and IX in the 1350-700-
em™~! region. It is concluded that the 4-methyl sterols-
previously assigned the 43-methyl configuration most prob-
ably represent 4a-methylsterols.

In further studies we have prepared [3a,4a->H]-43-
methyl-5a-cholest-8-en-38-0l (X) by chemical synthesis
from {3a,4a-*H]-43-methyl-cholest-5-en-33-0l!® using the
same synthetic approach outlined above. No conversion of
labeled X to cholesterol upon incubation with a 10,000g su-
pernatant fraction of a rat liver homogenate could be de-
tected,'” a finding in variance with the results reported by
Scallen et al.% for labeled IX.

In summary, the evidence presented herein does not sup-
port a significant role of 43-methyl-33-hydroxysterols in the
biosynthesis of cholesterol.
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Model Dehydrogenase Reactions. Neighboring Group
Effects in Dihydronicotinamide Reductions
Sir:

Recent X-ray crystallographic studies of an abortive ter-
nary complex of the NAD*-dependent lactate dehydroge-
nase from dogfish have revealed that the carboxylate of a
glutamyl residue is in close proximity to the nitrogen of the
bound coenzyme’s nicotinamide moiety.! We wish to report
a nonenzymic reaction which suggests the catalytic function
of this residue. Specifically, we have found that dihydroni-
cotinamide derivatives in which a carboxylate is adjacent to
the nicotinamide moiety reduce nonenzymic oxidants in an-
hydrous media much more rapidly than homologous dihy-
dronicotinamides in which the carboxylate is absent. The
acceleratory effect of the neighboring carboxylate group in
acetonitrile is most likely due to the stabilization of the de-
veloping positive charge on the nicotinamide ring in the
transition state. By analogy, the role of the active site gluta-
mate may be to stabilize the partial positive charge which
develops in the nicotinamide moiety of the coenzyme in the
transition state during its reversible oxidation and reduction
by pyruvate and lactate. These studies provide the first ex-
ample of a noncovalent interaction capable of enhancing the
reactivity of a dihydronicotinamide that is of potential im-
portance in the mechanism of action of NAD+/NADP*-
dependent dehydrogenases. Previous nonenzymic studies
have focused on mechanisms of enhancing the reactivity of
the hydride acceptors.2-*

Our most important observation, reported in Table I, is
that the second-order rate constant for the reduction of N-
methylacridinium ion by N-2’-carboxybenzyldihydronicoti-
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| ] N
N
| + —
CH, I‘II:
CH,
I
X
11
Q
.
N+
l
CH,
< I
v

namide (IITh) in acetonitrile is two orders of magnitude
greater than the corresponding rate constant for N-benzyl-
dihydronicotinamide (I11a) or any of its other 2'- or 4’-sub-
stituted derivatives (IIla-g). The observed kinetic isotope
effect for this reduction using monodeuterio-/V-2’-carboxy-
benzyldihydronicotinamide (ITTh) is 1.11. The ratio of un-
deuterated N-methylacridan (m/e, 195) to monodeuterio-
N-methylacridan (m/e, 196) formed, using the monodeut-
ero form of I1Th as reductant, is 3.8. Similar isotope effects
have been observed for the reduction of N-methylacridin-
ium ion® and trifluoroacetophenone® by N-propyldihydroni-
cotinamide in aqueous solution. They suggest the formation
of a noncovalent complex between the “hydride donor” and
“hydride acceptor” during the course of the reaction.*
Since the various neutral dihydronicotinamides react
with 1 considerably faster in water than in acetonitrile, a
significant amount of positive charge must develop on the
nicotinamide ring in the transition state at the expense of
the larger acridinium cation. As noted above, we propose
that the ability of the negatively charged carboxylate of
111k to stabilize this positive charge in acetonitrile is pri-
marily responsible for the efficiency of IIIh as a reductant
compared to the neutral dihydronicotinamides. Comparable
rate accelerations are not observed in aqueous solution be-
cause water is probably better able to stabilize the incipient
positive charge and the hydration of the carboxylate group
in aqueous solution would restrict its access to the dihydro-
nicotinamide ring. In acetonitrile, the carboxylate is less ef-
fectively solvated” and therefore able to approach the nico-
tinamide ring more readily. Moreover, electrostatic interac-
tions would be greater in acetonitrile because of the lower
dielectric constant. Consistent with the presence of a nega-
tive charge at the nitrogen of the dihydronicotinamide in
acetonitrile, we have found a red shift in the characteristic
dihydronicotinamide absorption of I1Th in acetonitrile.®
Inductive effects are not responsible for the enhanced re-
activity of IITh because the rate constants for the reduction
by other N-benzyldihydronicotinamides exhibit little sensi-
tivity to substituents on the phenyl ring. The possibility that
the carboxylate group permits the formation of a reactive
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