New Synthetic Reactions. Stereochemistry of Allylic
Alkylation
Sir:

The synthetic utility of the allylic alkylation procedure
previously reported increases greatly if it provides stereo-
chemical control in an absolute and relative sense.! Fur-
thermore, the mechanism of carbon-carbon bond formation
via w-allyl complexes has not been determined.2-6 In partic-
ular, the question of whether bonding of the attacking re-
agent occurs initially at the metal (path a) with subsequent
migration to carbon or directly at carbon (path b) remains
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unanswered. To probe these points we undertook an exami-
nation of the stereochemistry of the reaction of nucleophiles
with 7-allyl palladium complexes.

The single stereochemically homogeneous w-allyl com-
plex (1) (found: C, 45.34; H, 5.94; Cl, 12.22) is obtained
from an E,Z mixture of 2-ethylidenenopinane’ (PdCl,,
NaCl, CuCl,, NaOAc, HOAc, 60°, 75 min, 55%), the lat-
ter available from nopinone by the Wittig reaction. Exami-
nation of the crude reaction mixture by NMR spectroscopy
reveals the absence of any other 7-allyl complexes. The
structure of the complex as 2a (see Scheme I) rather than
2b, 2¢, or 2d was based initially upon the NMR spec-

trum.3% Of the two faces of the pinene (i.e., 2a-2b vs. 2¢c-
2d), steric congestion on the face syn to the gem dimethyl
bridge precludes isomers 2¢-2d. Indeed, virtually all addi-
tions to the pinene system are known to occur from the «
face.'%-12 The NMR spectrum supports such a contention.
The gem dimethyl groups should experience a differential
shift in 2¢-2d relative to the pinenes as a result of the an-

Scheme I. Alkylation of 2-Ethylidenenorpinane
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isotropy of the palladium. In fact, the chemical shift differ-
ence of these groups in the complex (§ 0.93 and 1.36, Aé =
0.43) is identical with this difference in «-pinene (& 0.84
and 1.27, Aé = 0.43). The stereochemistry of the complex
as syn-2a rather than anti-2b is also based upon the NMR
spectrum,®? in particular, a single doublet (J = 6.7 Hz) at §
1.14 for the allylic methyl group and a broad singlet at §
3.81 and a quartet (J = 6.7 Hz) at § 3.71 for the =-allylic
methines. These deductions leading to assignment of struc-
ture 2a have been confirmed by a preliminary X-ray analy-
sis.?

Alkylation of 2a (see Scheme 1) with the anion of di-
methyl malonate (DIPHOS, THF, room temperature, 16
hr, 69%) produces a single diastereomer 3a or 3b (5 3.71,
2H,s; 3.66,3 H,s;3.43,1H,d,J=9.6 Hz;099,3H,d, J
= 7 Hz). Decarbomethoxylation (LiIl, NaCN, DMF, 120°,
10 hr, 80%) led to a stereochemically homogenous com-
pound, 4 (6 5.24, 1 H, bs; 3.63,3 H,s;1.00,3 H,d,J =7
Hz).
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In order to determine the stereochemistry at the newly
formed chiral center, acyclic geometry was converted into
cyclic geometry by hydroxylation (OsO,, ether, pyridine,
room temperature, 15 hr) of 4 on the « face!! followed by
lactonization (TsOH, benzene, reflux, 0.5 hr) to give 5a or
5b in 62% overall yield. The presence of the five-membered
ring lactone was confirmed by ir spectroscopy (1780 cm™!)
and of a secondary alcohol by acetylation (Ac,O, pyridine,
room température 80%) (methine proton, § 4.52, adjacent
to alcohol shifts to 6 5.57 in acetate).

Europium(+3) induced shifts of 5 and 6 allow differen-
tiation between the “a” and “b” series. One of the hydro-
gens « to the carbonyl group of the lactone in 6 appears as a
doublet of doublets (J = 17, 8 Hz) at & 2.80 indicating it to
be H, with Hy, appearing at § 2.08 as a doublet of doublets
(J = 17, 2.5 Hz). Addition of 20 mol % Eu3* shifts the for-
mer 132 Hz and the latter 150 Hz confirming the assign-
ment. In 5, H, appears at § 2.89 (dd, J = 17.4, 8 Hz). Ad-
dition of 25 mol % Eu3* to the alcohol 5 should lead to pref-
erential complexation at the hydroxyl group.!? Under these
conditions, H, shifts by {64 Hz but the secondary methy!
group on the lactone ring shifts by 237 Hz (from 6 1.23 to
3.60)! This observation demands that this methyl group be
closer to the hydroxyl group than H, and allows the stereo-
chemistry depicted in the *““a” series to be assigned.

The stereospecificity of allylic alkylation has potentially
important consequences in the application of the method for
the creation of stereochemistry in acyclic and macrocyclic
systems. It is interesting to note that in this case high stere-
ospecificity is achieved even though the nucleophile must
approach the more congested face of the molecule. Further-
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more, it establishes the fact that alkylation occurs on the
face of the w-allyl unit opposite to that of the palladium.2:4>
This supports our earlier contention that w-allyl palladium
cationic complexes are ambident electrophiles and that
“soft” nucleophiles which attack directly at carbon are re-
quired for successful alkylation.'2
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Regarding =-Electron Transmission of Substituent
Polar Effects on Fluorine Nuclear Magnetic Resonance
Shielding!
Sir:
Recent interest centers in the mode of transmission of the

o) effects of polar substituents? on the F NMR shifts of flu-
oroaromatics. Dewar and students have viewed? (and based

Table I. F NMR Substituent Shielding Effects for Ketones in
Dilute Methylene Chloride Solutions?

X Series 115 Series 111¢
NMe, 2.32 1.21
OMe 0.80 0.32
Me 0.46 0.23
F -0.16 -0.28
Cl -0.51 -0.44
H (0.00)¢ (0.00)e
CF, -1.29 (~0.94)
CN (-1.79Y -1.21
NO, ~2.00 ~1.38
s 2.55 1.82
—0R(BA) 274 1.49
A= PRI 1.07 0.82
SD 0.12 0.06
f=SD/RMS 0.091 0.064

@ Shifts in ppm relative to unsubstituted (H) member. b Reference
7. ¢ This work. @ Shift of unsubstituted member relative to external
reference of TCTFCB (60 wt % in HCCl,) is —6.42. € Shift of unsub-
stituted member relative to external reference of TCTFCB (60 wt %
in HCCl,) is +5.73. f Calculated shift by DSP equation, ref 11b.

their FMMF treatment*) upon these effects as arising pre-
dominantly from field transmission (electrostatic field theo-
ry). However, this view is poorly supported by the extreme-
ly small magnitude of substituent effects on the F NMR
shifts for systems with saturated hydrocarbon molecular
cavities.> Further, Stock et al.5 have observed recently that
relative to para-substituted fluorobenzenes there is a
marked enhancement of the polar effects of 10-substituents
in 9-fluoroanthracene. This enhancement was interpreted to
mean that the 7 electron framework connecting the meso
positions of anthracene provides a more effective internal
transmission of the effects of polar substituents than does
that for the para positions of benzene. Dayal et al.” have
studied extensively the effects of polar substituents, X, in
structure | as a function of the nature of the variable molec-
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ular cavity, G. Greater than 25-fold increase in the effects
of corresponding polar substituents was observed, for exam-
ple, on going from G = C(CF3;)OH to C(CF;)*. This and
similar results led Dayal et al. to conclude that the marked
enhancements of substituent polar effects on the F NMR
shifts arise predominantly from the improved transmission
through the 7-electron system.®

Comparison of the F NMR shielding effects of polar sub-
stituents (X) in ketones II and III and their complexes pro-
vides for a definitive decision regarding the relative impor-
tance of transmission of the polar effect through field or in-
ternal w-electron framework. The extension of w-electron
framework beyond a phenyl ring is strongly subject to steric
twisting influences.® Yet twisting of the phenyl rings of 11
and III alters but little the X-F distance. In consequence,
corresponding polar effects on the F NMR shielding will be
little altered in III relative to II if transmission is by field
but will be substantially reduced if transmission is by the in-
ternal m-electron framework.
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