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satisfactory linear log K vs. 1/T plots were obtained. The cal-
culated equlibrium constants at 50 °C were listed in Table I, from
which the Hammett relation, log K*/KH = 1.12¢,* (r = 0.975),

was derived. The magnitude of the equlibrium constant increases
as the electron-withdrawing nature of the substituent increases.
This coincides with the difference in the calculated free energy
change (AG) for the six derivatives and implies that the more
electron-withdrawing substituent destabilizes 4 but stabilizes 5.
Thus, when 4a was dissolved in carbon tetrachloride, yellow orange
color due to 5a spontaneously developed and a mixture containing
31% of 4a and 69% of Sa was obtained even at 25 °C. In contrast,
4f was stable at 25 °C. Destablization of 4 and stabilization of
5 by the more electron-withdrawing group reflects on the rate
acceleration of the retro-1,1-cycloaddition by the more electron-
withdrawing substituent as shown in the table. The same sub-
stituent effect on the first-order rate constants was also observed
in the 1,1-cycloaddition, but the rate acceleration by a strong
electron-withdrawing group such as the nitro group is not sig-
nificant as compared with that of the retro-1,1-cycloaddition as
the Hammett relation, log k,%/k,™ = 0.38 o, (r = 0.996), shows.
The observed rate acceleration of the 1,1-cycloaddition by the more
electron-withdrawing substituent contradicts the conclusion
reached by Padwa and Fukunaga that allyldiazomethane sub-
stituted with an electron-withdrawing group cannot be expected
to undergo 1,1-cycloaddition.!! Their conclusion unfortunately
was based on a single experimental result that prolonged heating
of trans-1-phenyl-4-(p-nitrophenyl)-4-diazobut- 1-ene did not afford
any clear product but not on a rate analysis based on the rever-
isibility of this reaction.

It should be noted that the substituent effect on the rate of the
1,1-cycloaddition is opposite to that of the intermolecular 1,3-
dipolar cycloaddition of the substituted phenyldiazomethanes with
dipolarophile’ but resembles that of the amino—nitrene 1,1-
cycloaddition to the C=C double bonds.!> This observation
indicates the electrophilic nature of the terminal nitrogen of
diazomethane and provides an intriguing mechanistic rationale
for the 1,1-cycloaddition reaction of allyldiazomethane. When
the terminal nitrogen approaches the C=C double bond in a
manner that resembles the nonlinear nitrene 1,1-cycloaddition,
as shown in Figure 1, the highest stabilization should be gained
by interaction between the LUMO(diazomethane)!® and the
HOMO(olefin). This interaction is strongly reinforced by the
cyclic geometry which prevents the HOMO(diazomethane)-
LUMO(olefin) controlled parallel-plane approach.!* Thus, the
substituent effect on the rate of the 1,1-cycloaddition reaction of
allyldiazomethane is a result of the change of the electrophilic
LUMO energy level of diazomethane.!> Further mechanistic
investigations of the intramolecular 1,1-cycloaddition reaction of
diazoalkenes are in progress and will be soon reported elsewhere.
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The biosynthetic mechanism of phytosterol side-chain formation
has been postulated to include transalkylation at C-24 from the
methyl group of methionine (Scheme I).!2 The hydrogen mi-
gration from C-24 to C-25 was demonstrated to be stereospecific
by examining isofucosterol (3-I). Thus, the pro-R methyl group
(C-26) in 3-1 originates from the E methyl group in lanosterol
(1).}> Double-bond migration (3 — 4 or 5) followed by reduction
was suggested to produce sitosterol.>* From the stereochemical
viewpoint, each migration and hydrogenation reaction occurs in
two ways, leading to opposite configurations at C-25 (6 or 7).
Recently, we demonstrated that the sitosterol side chain (6) is
formed stereospecifically from [1,2-'*CJacetate, although '*C
NMR signals of C-26 and C-27 (pro-R and pro-S methyl group
at C-25, respectively) could not be unambiguously assigned.®

Here we report the assignments of these signals and the
biosynthetic stereospecificity of phytosterol side chains. We es-
tablished cell cultures of Physalis peruviana from which iso-
fucosterol as well as 24-methylenecholesterol, sitosterol, and
stigmasterol, but not withanolide,® were isolated. [1,2-1*C]Acetate
was incorporated into the sterols, which were isolated as their
acetates.

Of the 3C-labeling patterns of the phytosterols obtained from
[1,2-"*Clacetate, the singlet at § 20.93 and the doublet at 5 21.01
of ['*Clisofucosteryl acetate (3-1I) can be assigned to C-26 and
C-27, respectively, according to Nicotra et al.?

On catalytic deuteration, 3-II was converted into an acetate
mixture of [1*C,24,28-2H]sitosterol (10-) and ['3C,24,28-2H]-
clionasterol (11-I) (M* of 10-1I and 11-II, m/z 456:457:458 =
6:7:5). As no signals arisen from 25-2H could be observed, the
labeling patterns of C-26 and C-27 should be almost the same
as those of 3-II.

To analyze the labeling patterns of the methyl groups at C-25
in the mixture, we applied the “INADEQUATE” pulse sequence,
which was originally proposed for observing naturally abundant
13C-13C couplings.® '*C-"3C coupled signals due to doubly en-
riched carbons from [1,2-1*CJacetate were observed selectively.
Carbon-13 NMR spectral analysis of the 10-IT and 11-11 mixture
was done at 50.309 MHz with a Varian XL-200 NMR spec-
trometer. The sample was dissolved in [*H]chloroform (40.7 mg
in 0.5 mL) in a 10-mm spherical cell. The “INADEQUATE” pulse
sequence was optimized for 'Jec = 37 Hz {r = 1/(4J)}: 32K data
points were acquired with a frequency range of 3200 Hz giving
a digital resolution of 0.2 Hz/point. To suppress the single '*C
signals, an optimal 90° pulse was set for the sample and
steady-state condition was employed before data accumulation
(number of transients, 29K). Results are shown in Figure 1,° and

(1) Goad, L. J.; Goodwin, T. W, Prog. Phytochem. 1972, 3, 113-198.

(2) Lenton, J. R.; Goad, L. J.; Goodwin, T. W. Phytochemistry 1975, 14,
1523-1528.

(3) Nicotra, F.; Ronchetti, F.; Russo, G.; Lugaro, G.; Casellato, M. J.
Chem. Soc., Perkin Trans. | 1981, 498-502.

(4) Tomita, Y.; Uomori, A. Ibid. 1973, 2656-2659.

(5) Seo, S.; Tomita, Y.; Tori, K. J. Chem. Soc., Chem. Commun. 1978,
319-320.

(6) Sakurai, K.; Ishii, H.; Kobayashi, S.; Iwao, T. Chem. Pharm. Bull.
1976, 24, 1403-1405.

(7) Mclnnes, A. G.; Walter, J. A.; Wright, J. L. C. Org. Magn. Reson.
19806, 73, 302-303.

(8) Bax, A.; Freeman, R.; Kempsell, S. P. J. Am. Chem. Soc. 1980, 102,
4849-4851.

(9) See text and ref 10 for '3C NMR measurement conditions. Expo-
nential resolution enhancement and Gaussian apodization were applied.

0002-7863/83/1505-6343801.50/0 © 1983 American Chemical Society



6344
&
o ~
9 > _
I
= o
@
a
&
8]
0 Al g
@ @ 1
= JCa7=Ca8=36H,
UCiemCio=35H; g 27 Casr36Hz
|JCz|-Czo=3&3Hz
b

18.88 Cz7~ Cad

- 5@721(:26""C242H
1895 Ca7—-C24?H

b
AWWWWMWM

I \JCz7'Cz5 of 19-1
“ lJCﬂ'Czs of 11-I

ooy

=
=

3

20 19 18 3c
Figure 1. 'H-complete-decoupled *C NMR spectra, region of C-26 and
C-27 of (a) clionasteryl acetate (12-1I), (b) sitosteryl acetate (6-1I) from
[1,2-13Clacetate in tissue cultures of P. peruviana, (c) a mixture of
['3C,24,28-*H]sitosteryl acetate (10-11) and ['*C,24,28-*H Jclionasteryl
acetate (11-11) derived from 3-II which was biosynthesized from [1,2-
13Clacetate in P. peruviana, and (d) the same sample determined using
Freeman’s “INADEQUATE” pulse sequence (ref 8). The following *C-13C
coupled signals are observed in d: Cig (5c 19.24, Joc = 35), Cy (¢
18.77, Joc = 34), and Cy; (8¢ 18.92, Joc = 36) coupled to Cyq (8¢ 36.46),
Cyg (8¢ 36.15), and Cys (8¢ 28.84), respectively, for 11-11; C,y (6¢ 19.24
Jee = 35), Cy (8¢ 18.72, Joc = 34), and Cyy (8¢ 18.98, Joc = 36)
coupled to Cyq (8¢ 36.46), Cyg (8¢ 36.03), and Cys (8¢ 29.06), respectively,
for 10-11. The singly labeled C,q signals (8¢ 19.53 for 11-11, o¢ 19.75
for 10-11) were suppressed in d.
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the signal assignments of C-26 and C-27 of sitosteryl and clion-
asteryl acetates are shown in Table I.
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Table I. '*C NMR Spectral Data for C-26 and C-27 of
Phytosterols from [1,2-'*C]Acetate in Tissue Cultures of Some
Higher Plants? 1°

3-117 6-11 1211 8-II

8A-II 2-11

C-26 6¢ 20.93,s 19.75,s 19.53b 21.01,s 21.02,5 21.79, s
C-27 8¢ 21.01, 18.98, 18.92% 18.92, 18.93, 21.93,
(Jco, Hz) d(36) d(36) d(36) d(36) d(36)

@ 3-I1 and 2-11: Isofucosteryl acetate and 24-methylene-
cholesteryl acetate from Physalis peruviana. 6-11: Sitosteryl
acetate from Physalis peruviana, Dioscorea tokoro,* and Isodon
Japonicus.® 8-11: Stigmasteryl acetate from Physalis peruviana,
Bupleurum falcatum, and Dioscorea tokoro. 12-11: Clionasteryl
acetate. 8A-II: o-Spinasteryl acetate (A7 isomer of 8-I1) from
Bupleurum falcatum. These assighments were reversed in ref 4,
11, 12, and 13.

We examined the labeling patterns of C-26 and C-27 of several
typical sterols, sitosterol (6-I), stigmasterol (8-I), a-spinasterol
(8A-1), and 24-methylenecholesterol (2-1), biosynthesized from
[1,2-3C]acetate in cell cultures of some higher plants (see Table
119, In all cases, C-26 (pro-R methyl group at C-25) predom-
inantly originated from C-2 of MVA and C-27 (pro-S methyl
group) from C-6.
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Cyclization of alkenylmetals via cyclialkylation (eq 1) is a
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X

potentially useful but largely untested methodology.? We disclose
herein two such reactions in which silicon plays subtle but critical
roles. A particularly noteworthy feature of these reactions is that
the cis arrangement of the two cyclizing groups, i.e., M and X,
that might seem a requisite, either is unimportant or can readily
be attained under the cyclization conditions.

In our recent study of the effects of hetero substituents on the
Zr-catalyzed carbometalation of alkynes,® 1-(trimethylsilyl)-4-
bromo-1-butyne (1b) was treated with Me;Al (2 equiv) in the
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