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On the Evidence for Formation of an exo-n-Allyl Complex Intermediate in the
Pd°-Catalyzed Alkylation of a Bicyclic Allylic Diacetate
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This article is a comment on the paper by G. Buono et al.[%]

The elucidation of the relative or absolute stereochem-
istryl!ll of reaction products and subsequent inferences on
the mechanism or mechanisms of reaction is a fundamental
tool in both modern and classical physical organic chem-
istry. The stereochemical intricacies of Pd-catalysed allylic
alkylation! are now known to a sufficient extent that the
products of such reactions can, in suitable cases, be studied
to deduce the stereochemistry of m-allyl—Pd interme-
diates.’] In most cases! Pd-catalysed allylic alkylation pro-
ceeds via an inversion—inversion sequence, resulting in
overall retention of stereochemistry.l’] The last half of this
overall sequence, involving nucleophilic attack anti to the
palladium in the w-allyl complex, was recently employed by
Buono et al.,[ to probe the stereochemistry of the Pd-cata-
lysed reaction of bis-allylic diacetate 1 with the sodium salt
of dimethyl malonate ([NaCH(CO,Me),] = NaCHE,)
which gives spirocyclopropane 4 via the isolable monoalkyl-
ated intermediate (rac)-2 — Scheme 1. Internal nucleophilic
attack in the zwitterionic n-allyl-Pd intermediates exo-3 and
endo-3, derived from 2, leads to the spirocyclopropanes
endo-4 and exo-4 respectively.

It was found (Table 1 in reference!®®) that reaction of 1
with NaCHE, at room temperature in THF in the presence
of 1.5 mol-% (PPh;P),Pd gives a 95:5 ratio of isomers of 4
(93% yield). Analogous reaction at 65 °C reduced the select-
ivity and a 60:40 ratio of isomers of 4 is obtained in 75%
yield. Buono et al. suggested that the structure of the major
product (95%) obtained at room temperature allows the de-
termination of the configuration of the preferred n-allyl—Pd
intermediate (exo-3 versus endo-3). The identity and struc-
tures of spirocyclopropanes exo-4 and endo-4 were ‘con-
firmed by COSY and NOESY NMR experiments’. The
major isomer was assigned as endo-4. As evidence, the
NOESY spectrum of the 95:5 mixture of isomers of 4 was
presented (Figure 1).

Two sets of correlations in the NOESY are emphasised
by the authors; set i: between signals assigned as norbor-
nene alkenyl protons Hsz,H, (isochronous) and two sing-
lets!” assigned as the methylene protons Hg (8§ = 3.3) and
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Scheme 1. Reaction pathways for conversion of 1 to exo- and endo-
4 involving Pd-mediated ionisation of intermediate 2 to generate
exo- and endo-mn-allyl Pd intermediates exo-3 and endo-3

exo-4

H; (8 = 3.1); set ii: between the latter two protons and
one of the cyclopropyl protons (H;). These cross-peaks are
suggested to correspond to NOE contacts!® that would
confirm the relative stereochemistry of the major isomer
as endo-4. These contacts are represented in structure I in
Figure 2. It is surprising that the authors made no com-
ments about the near identical cross-peak intensity in cor-
relations between Hs;, Hy, and H; versus H;,H,, and Hg
and also between Hg and H;, versus H; and Hy,,.
However, it was later suggested to the authors that the
two singlets at § = 3.1 and 3.3 are not the methylene!
protons but are the two allylic methine protons!!®! (which
were not shown in the structure accompanying the NOESY
spectrum). Although this revised[®® assignment (II) is now
consistent with the two points raised above regarding the
similar intensities of NOESY cross peaks in sets i and i,

1434—193X/01/0305—1005 $ 17.50+.50/0 1005



CORRESPONDENCE

G. C. Lloyd-Jones

Hﬁ H:‘ |
H
H* N
il Tl
H'-~ H
MeQ,C COMe
H’ " H
H& H9
HI
|{34

8 H3,4

H1l
H10

il
=y

Figure 1. Original NOESY spectrum and assignment of a 95:5 mix-
ture of isomers of 4 from reference [6]
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Figure 2. Old (I; reference [6a]) and new (II; reference [6b]) assign-
ment of Hg and H; signals at 6 = 3.30 and 3.10 and corresponding
‘NOE contacts’ in I. Inset: Newman projection indicating that exo-
4 could be distinguished from endo-4 if NOE contacts are observed
between H;, or H; and any proton on the cyclopropane ring (H;,
or Hy;) or on the methyl groups of the malonate (3 X Hg and 3 X
Hy). Note that in Figure 1 (taken from Figure 2, reference [6a]), no
such contacts are evident.

we are now left with the methylene protons unassigned. In-
spection of the '"H NMR spectroscopic data presented in
the Experimental Section,['' suggests that the 4B spin sys-
tem at 6 ca. 1.5 (originally labelled as H;) corresponds to
H,,H,3, whilst the 4B spin system at o ca. 1.8 corresponds
to Hy,Hy; (originally labelled as H;;). Consequently, since
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no correlations are evident between either H; or H;, and
Hio/11 or Hgpe (see Figure 1), no conclusions can be drawn
regarding the relative stereochemistry of 4 (see Newman
projection in the inset to Figure 2).

However, even if the stereochemistry of the major prod-
uct had been satisfactorily assigned, what could we deter-
mine about which intermediate (exo/endo-3) is preferred?
Much is made of the observation that increased temper-
ature (65 °C) leads to a larger amount (40%) of the minor
isomer. According to the authors, ‘this may only result from
an interconversion between the two (m-allyl)palladium com-
plexes’ and mechanisms were suggested for facilitation of
the interconversion. However, there are a number of select-
ivity issues that are not discussed. There is a) the diastereo-
facial selectivity in the initial complexation and ionisation
of 2 to give exo- or endo-3, b) the rate at which exo- and
endo-3 interconvert versus the rate of intramolecular nucle-
ophilic attack to give exo- and endo-4, ¢) which isomer of 3
is the most reactive and d) whether exo- and endo-4 may
be interconverted via Pd-catalysed ionisation.['”! For such a
complex series of serial and parallel selectivity issues, identi-
fication of preferred intermediates (3) by analysis of prod-
uct ratios (4) from two experiments is, at best, speculative.

For example, the high selectivity (95:5) attained at ambient
temperature could arise from face-selective ionisation of 2
with no equilibration of 3 (as the authors assume to be the
case) or from selective trapping of one isomer of 3 under
Curtin—Hammet conditions, in which case this isomer of 3
may or may not be the most favoured, i.e. stable. Lower
selectivity (60:40) at higher temperature could arise from
reduced facial selectivity in ionisation of 2, or faster equilib-
ration of 3, or reduced selectivity on capture of 3, or equi-
libration of 4.

In summary, we suggest that the only evidence the au-
thors have for the ‘Formation of an exo-n-Allyl Complex
Intermediate in the Pd%-Catalyzed Alkylation of a Bicyclic
Allylic Diacetate’ is that a mixture of isomers of 4 is ob-
tained.
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Note that an AB spin system (%/yy) would be expected (as is

It should be noted that in 2D NOESY spectra, correlations
can arise from scalar coupling and chemical exchange as well
as NOE contacts. A phase-sensitive variant (often referred to
as PNOSY) can distinguish these. T. D. W. Claridge, High-Res-
olution NMR Techniques in Organic Chemistry, Pergamon, El-

In norbornyl systems this methylene group usually appears at
high field; cf: 6 ca. 1.2 in norbornane, 2.0 in norbornadiene,
1.32 and 1.03 in norbornene: H. Giinther, in: NMR spectro-
scopy, Second edition, John Wiley and Sons, Chichester, UK,

(12]

suggests an adjacent C=C (i.e. allylic) or heteroatom. Given
that 2D NMR technlques were employed (e.g. NOESY) it is
surprising that a direct ('Jcy) correlation sequence (e.g. ‘C.H
COSY’, ‘HETCOR’ etc.) was not also performed. This would
have clearly indicated that Hg and H; were not attached to the
same carbon and thus could not be methylene protons.

'H NMR (200 MHz, CDCl;) data from reference [6a]: major
isomer; 1.54 (m, 2 H), 1.84 (dd, 2 H, J = 34.7, J = 5.1 Hz)
3.10 (s, 1 H), 3.30 (s, 1 H), 3.58 (s, 3 H), 3.71 (s, 3 H), 4.22 (s,
1 H), 4.78 (s, 1 H), 6.22 (m, 2 H); minor isomer: 1.54 (m, 2 H),
1.76 (dd, 2 H, J = 28.6, J = 5.1 Hz), 3.10 (s, 1 H), 3.30 (s, 1
H), 3.62 (s, 3 H), 3.74 (s, 3 H), 4.22 (s, 1 H), 4.74 (s, 1 H), 6.27
(m, 2 H). We suggest that in the major isomer “1.84 (dd, 2 H,
J =347,J = 5.1 Hz)” is the AB system 6, = 1.93, g =1.75,
Jagp = 5 Hz corresponding to H;y, and Hy;. Analogously for
the minor isomer, 6, = 1.83, g =1.69, Jop = 5 Hz.

1,1-Diactivatated vinylcyclopropanes, of which 4 is an example,

are known to undergo Pd’-catalysed ring opening. For early

examples of this see: 1?21 K. Burgess, Tetrahedron Lett. 1985,

26, 3049—3052. — [121 1. Shimizu, Y. Ohashi, J. Tsuji, Tetrahed.
ron Lett. 1985, 26, 3825—3828.
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