The resulting pentacyclic ketol 14, mp 269-271°
(m/e 414.3493), differs from our goal, the ester 2, only
in ring E.  We now describe the steps which served to
transform 14 into 2. Ketalization of 14 gave the di-
oxolane alcohol, mp 188-190°, oxidized to the ring E
ketone, mp 230-232°, which was smoothly converted
to its enol acetate 15, mp 198-199°, by quench-
ing the enolate (2.5-hr reflux with excess sodium
hexamethyldisalazane in tetrahydrofuran) with acetic
anhydride. Ozonolysis of 15 (methylene chloride-
methanol (2:1), —70°, followed by sodium boro-
hydride-sodium hydroxide at 0°), acidification (1077
acetic acid), esterification (diazomethane), and tosylation
led to the isolation of the crude tosylate ester 16 (silica
gel-benzene ether, 10:1) which we expected to cyclize
readily to the (=)-pentacyclic ketal ester 2. This
proved to be the case. Upon heating for 30 min with
an excess of sodium hexamethyldisilazane in benzene,
cyclization of 16 gave an 80 yield of (#)-2, mp 200-
202° from ether-hexane. (A4nal. Found: C, 76.31;
H, 10.39). The ir, nmr, and mass spectra of (*)-2
were identical with those of the methyl ester 2 derived
from natural lupeol (vide supra).!!

OAc
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Since the path from 2 to lupeol had already been
delineated (vide supra) the route was now complete

between B-naphthol (the precursor of our starting
material, the tricyclic enone 3) and lupeol.
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(11) Although formally unnecessary, we also converted our (=)-2 to
(=)-lupeol, but because of the small scale on which we carried out this

transformation, the melting point (202-204°) of our material may be
low.
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Determination of Various Hydrogen-Deuterium
Isotope Effects in Carbanion Reactions

Using Electron Transfer as a Reference Reaction
Sir:

We wish to report a convenient method for measuring
isotope effects on carbanion protonation at steady-
state concentrations and to draw some general con-
clusions regarding such reactions. It has been sug-
gested! that observation of a substantial hydrogen iso-
tope effect on the ionization of a carbon acid requires
that the protonation of the resultant carbanion show a
similar isotope effect and that this is only possible in
cases where the reprotonation is not diffusion con-

(1) G. A. Russell, A, G. Bemis, E. J. Geels, E. G. Janzen, and A. J.
Moye, Advan. Chem. Ser., No. 75, 174 (1968).
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trolled. Other approaches to the assessment of repro-
tonation rates include the association of linear Bronsted
plots of log k (isotopic exchange) vs. pK,? and the
occurrence of internal return?® with diffusion-controlled
reprotonation.

Experimentally, the situation is highly contradictory.
Substituted triphenylmethane systems in rers-butyl al-
cohol show both internal return®’ and primary isotope
effects.® Substituted fluorenes in methanol not only
exhibit isotope effects” and internal return® but also
give linear Bronsted plots.®

Electron-transfer trapping of such carbanions®® adds a
new dimension to the problem and, in our opinion,
demonstrates a relatively slow reprotonation for those
anions which can be trapped. This category has pre-
viously been shown to include potassium triphenyl-
methide in rers-butyl alcohol® and in this paper is
extended to 9-methoxyfluorenide ion in methanol., Elec-
tron transfer trapping can also be used to demonstrate
isotope effects. We have determined not only the
primary isotope effect for proton removal from the
carbon acid, following the method of Russell,!! but
have extended the technique to determination of solvent
isotope effects. Most importantly, we have been
able to measure the primary isotope effect for proton
removal by the carbanion from solvent molecules. The
data on which these determinations are based are listed
in Table I. These resuits can be analyzed in terms of

Table I. Rate Constants for Exchange and Loss of
9-Methoxyfluorene Catalyzed by Potassium Methoxide
(0.47 N) in Methanol at 30.0°

Sub- Kex,® K1oss,?
Run strate Solvent Acceptore M~lsec™! M-1sec!

RH MeOD None 5.97 X 10~¢

RH MeOD 3,5-CL,.CsH;NO, 6.12 X 10~¢

RD MeOH None 4.40 X 107®

RD MeOH 3,5-Cl,C:H;NO, 4.45
RH MeOH 3,5-CL,CsH;NO. 2.53
RH MeOH CH;NO; 1.22 X 1078
RD MeOD 3,5-Cl,.C:H;NO, 1.15
RD MeOD C:H;NO; 2.4

00~ QN I L b —

e Exchange was followed by isolation of substrate and mass spec-
tral analysis. At least five points were taken per kinetic run and
rate constants determined by the least-squares method. The cor-
relation coefficient was greater than 0.99 and reproducibility in
duplicate runs was within 297, ? Loss was followed by gas chro-
matography, relating unreacted substrate to internal hexadecane.
Excellent first-order kinetics were again obtained with reproduci-
bility within 39, The product of the reaction was almost exclu-
sively (8097 recovery) 9,9’.dimethoxy-9,9'-bifluorene from deoxy-
genated reaction mixtures under purified nitrogen. This is in-
disputably the product of an electron transfer reaction. Un-
reacted substrate in run 2 containednoD. < 0.2 M.

(2) D. J. Cram in “Fundamentals of Carbanion Chemistry,” A. T.
Blomaquist, Ed., Academic Press, New York, N. Y., 1965, p 14,

(3) C. D. Ritchie and R. E. Uschold, J. Amer. Chem. Soc., 90, 2821
(1968).

(4) D.J. Cram, F, Wiley, H. P. Fischer, and D. A. Scott, ibid., 86,
5370 (1964).

(5) R. D. Guthrie and G. R. Weisman, Chem. Commun., 1316
(1969).

(6) R.D. Guthrie, J. Amer . Chem. Soc., 92,7219 (1970).

(7) A. Streitwieser, Jr., and F, Mares, ibid., 90, 2444 (1968).

(8) W.T. Ford, E. W. Graham, and D, J. Cram, ibid., 89, 689 (1967).
The authors observe about § % isoinversion. Isoretention, an invisible
process, might well be larger.

(9) A. Streitwieser, J. I. Brauman, J. H. Hammons, and A. H. Pud-
jaatmaka, ibid., 87, 386 (1965).

(10) R. D. Guthrie, ibid., 91, 6201 (1969).

(11) G. A. Russell and A. G. Bemis, ibid., 88, 5491 (1966).
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the illustrated reaction scheme.

kaw_ RD(H)
RH(D) ko) MeO~ R
_— 3> R-
MeOD (MeOH) ~
ke R
Within experimental error, k1 = k. (subscripts are
run numbers) and k; = ks, demonstrating that in

runs 2 and 4 the reaction is ionization limited. Mod-
erate changes in acceptor concentration produced no
change in rate constant, supporting this conclusion. Be-
cause k; = kg and k; = kp, the primary isotope effect
is ks/ks = kufkn = 5.7 (in MeOH). Similarly, kq/k; =
ku/kp = 5.3 (in MeOD). Solvent isotope effects are
kofks = kueom/kumeon = 2.4 and kr/ks = kpmeon)/
kpareom = 2.6.

The isotope effect for carbanion protonation is cal-
culated as follows: for loss of RH in MeOH, k4 =
kH(MeOH)ke/(ke + kh) and ké/kﬁ = (ke + kh)/ke: glVlng
kuk. = 19.7. The same method gives kg/k. = 3.7,
and, therefore, ku/ks = 5.3. (A value of 5.2 was ob-
tained at 0.81 ¥ KOMe.) If microscopic reversibility
is assumed, two conclusions are suggested: first that
the change from H to D produces about the same change
in zero-point energy for OH in methanol as for CH
in 9-methoxyfluorene and second that the change in
solvent (MeOH vs. MeOD) does not affect the electron-
transfer rate. These conclusions are not independent;
rather the assumption of one requires the other and the
incorrectness of one requires a fortuitously compensa-
ting incorrectness in the other.

If both kg and kp are measured in the same solvent,
kulkp=25.5. If kgand kp, are measured in isotopically
different solvents, ku/kp is modified by the solvent
isotope effect, for example, Kygn Meom/KD(in MeOD) =
ks/k; = 2.2. This shows that the isotopic nature of
the medium affects the free-energy difference between
the starting state (RH(D) and MeO~) and the transition
state in a manner independent of covalent bond-breaking
processes. As the free-energy difference between the
product state (R— and MeOH(D)) and the transition
state is affected by the isotopic nature of the medium
only to that extent expected for the primary, bond-
breaking i’-.otope effect (kh(MeOH)/kd(MeOD) = 5.3), it
may be inferred that the product state and the transi-
tion state are similarly solvated, whereas the starting
state, in particular methoxide ion, must be appreciably
desolvated enroute to the transition state.

It should be made clear that the reverse isotope
effect measured in this manner does not necessarily
indicate that the carbanion would select MeOH mole-
cules in preference to MeOD molecules if exposed to a
mixture of both. We have merely demonstrated a
longer lifetime!? for 9-methoxyfluorenide ion in the
deuterated solvent. Although this could result from a
greater fraction of productive encounters in MeOH
vs. MeOD, it could also indicate a situation in which
all encounters lead to protonation but where the aver-
age time between encounter and protonation is greater
in MeOD. This point deserves further study in that

(12) Although we can determine only relative lifetimes, reprotonation
of the carbanion must be well below the diffusion-controlled limit.
Ionization is rate limiting for the electron-transfer reaction at concen-
trations of 3,5-dichloronitrobenzene down to 0.05 M. Stoichiometric
studies show clearly that complexation between the reagents and the
acceptor is not important and that the acceptor is therefore acting as a
true bimolecular interceptor for the anion.

the latter alternative could allow the occurrence of
intramolecular reprotonation even in the case of trap-
pable anions.
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Reaction of Methylenecyclopropanes with

Tetracyanoethylene. A New Cycloaddition
Involving Three- and Two-Carbon Units
Sir:

Most thermal [2 4 2 + 2] cycloadditions! hitherto
presented are viewed as involving either a symmetry-
allowed {,4, + .,2,] process (Diels-Alder reaction)?
or a [,2 + ,2 4+ .2] reaction.? Comparatively few
examples are known of the intermolecular [,2 4+ ,2 +
=2} cycloaddition where a C-C single bond participates
as a two-electron component.4> This paper describes a
thermal cycloaddition of methylenecyclopropanes to
tetracyanoethylene (TCNE) which, at least formally,
falls into this category, and the substituent dependency
of the reaction mode.

When a mixture of 2-phenyl-1-methylenecyclopro-
pane (1a) and TCNE (1:1.2 mole ratio) in benzene was
heated at 100° for 5 days under nitrogen atmosphere,
five-membered cycloadducts, 2a {mp 151-152°; uv
(C,H;0H) A, 261 (log € 4.26) and 293 nm (shoulder);
nmr (CDCl;, TMS) & 3.63 (broad s, 4 H, CH,), 6.78
(m, 1 H, =CHC¢H;), and 7.37 (m, 5 H, C¢H;)] and 3a
[mp 97.5-98.5°; nmr (CDCly) § 3.68 (m, 2 H, CH,),
4.65 (m, 1 H, CHC¢H;), 5.29 and 5.62 (m, 1 H each,
==CH,), and 7.48 (s, 5 H, C;H;)]®" were obtained in 40
and 259 yields, respectively (eq 1). Similarly, re-
actionof 2,2-diphenyl-1-methylenecyclopropane (1b) and
TCNE (100°, 3 days) gave 2b (45%) [mp 142.5-143.5°;
uv (C;H;OH) AL, 260 nm (log € 4.07); nmr (CDCl;) 8
3.51 (s, 4 H, CH,) and 7.35 (m, 10 H, C¢H;)] and 3b

(1) R, B. Woodward and R. Hoftmann, Angew. Chem., Int, Ed. Engl.,
8, 781 (1969).

(2) Reviews: (a) A, Onishchenko, “Diene Synthesis,” Oldbourne
Press, London, 1964; (b) A. Wassermann, “Diels-Alder Reactions,”
Elsevier, Amsterdam, 1965.

(3) (a) A. T. Blomquist and Y. C. Meinwald, J. Amer. Chem. Soc.,
81, 667 (1959); (b) R. C. Cookson, S. S. H, Gilani, and I. D. R. Stevens,
Tetrahedron Lett., 615 (1962); (c¢) R. C. Cookson, J. Dance, and J.
Hudec, J. Chem. Soc., 5416 (1964); (d) H, Hearney and J. M, Jablon-
ski, Tetrahedron Lett., 2733 (1967); (e) H. K. Hall, Jr., J. Org. Chem.,
25,42 (1960); (f) J. K. Williams and R. E. Benson, J. Amer. Chem. Soc.,
84, 1257 (1962).

(4) For possible [¢2 4+ x2 + 2] cycloadditions previously reported:
(a) S. Sarel and E. Breuer, ibid., 81, 6522 (1959); (b) F. W. Fowler,
Angew. Chem., Int. Ed. Engl., 10, 135 (1971); (¢) J. E. Baldwin and R. K.
Pinschmidt, Jr., Tetrahedron Lett,, 935 (1971).

(5) For the l¢2, + 024 + x2.] cycloaddition, see C. D. Smith, J. Amer.
Chem. Soc., 88, 4273 (1966).

(6) All new compounds gave correct elemental analyses and consistent
spectral data (ir, uv, nmr, and mass spectra). The authors thank Pro-
fessor A. Tatematsu, Meijo University, for measurement of the high-
resolution mass spectra,

(7) Careful ozonolysis of 2a at —78° followed by reductive work-up8
gave 3,3,4,4-tetracyanocyclopentanone [mp 127-129° dec; ir (KBr)
2240 (CN) and 1778 cm~t (C=0)}¢ and benzaldehyde, whereas 3a was
converted into 3,4,4-tricyano-2-phenylcyclopentenone [mp 161.5-
163.5° dec; ir (KBr) 2240, 2220 (CN), and 1745 cm~t (C=0)].6

(8) J.J. Pappas, W. P. Keaveney, E. Gancher, and M. Berger, Tetra-
hedron Lett., 4273 (1966).

Journal of the American Chemical Society | 93:19 | September 22, 1971



