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synf-Hydride elimination ofo-bound alkyl, alkoxy, or alky- Scheme 1
lamine ligands is a fundamental process in organometallic catalysis, , [ anti .
i - R R H., R PAL g R
and the stereochemistry of such processes can have important = PdL ROH \ )
mechanistic consequences. Indeed, the restrictions placee-6n C iy S syn %’ H
rotation by use of a cyclic substrate and thyn nature of the 1 L PdLX hX CDs
p-hydride elimination that develops from an agostic interaétion cDs ) PdL PhMCH
are essential components of the asymmetric Heck reatfidre OAc PdL CD3 3 cp, 2 @
ubiquitous nature ofyn-H elimination from Pe-c-alkyl com- Ph™ 7" "CH, Ph/“\|}\CH3 N
plexes, has resulted in the rather rare casesitf3-H elimination 2 : PdLX HX/DX PR = "CHy
attracting significant attentiohFor example, general base-mediated
anti--H eliminations in the Pd-catalyzed generation of dienes from Scheme 2
allylic esters of typel have been independently demonstrated by H R MezN  NMe; R Slojii
@ 1M ]
Anderssoff and by Takacé? Scheme 1, eq 1. H@\F‘{N @ /\/m/// MeoN" N NMe,
In the absence of additional stereochemical information, e.g. in Z/H\/pd Tz + Py +
li he pri Kinetic i ffedni- f / ~omh —— ~ . ) ac
acyclic substrates, the primary kinetic isotope effecinG-KIE) for R,C
R 2~ (10) CDClg, 25 °C R2C
pB-H elimination from {H/D—C—C—Pd; has been employed to 5a R=H <Bs. 6a R=H (EZ=50)

distinguish betweesyn-(ku/kp ca. 2-3)* andanti- (kq/kp ca. 5-7) 5b.R=D Z=C(CO,Me), 6b R=D(EZ=44) [THDIOT
mechanism8.For example, largk./kp values (5.4-6.9) were found
by Takacs for the Pd-catalyzed eliminatior2db give 3/4 (Scheme Scheme 3

1, eq 24* Herein we demonstrate that larggkp values (6-7) can 7-C D H
' =C(COMe),
also accompany syn3-H elimination process in a-alkyl Pd com- H Z/\/\allyl b Z/\/\allyl
plex and the magnitude d§./kp should thus be interpreted with /\Di\/” , DHC) E-6¢ /\”i\/ﬂ , ond E-6d
caution. Z‘\‘H \ — gyt 24\“’ — M
. . ~Pd  CDCI HN “Pd coCl /
The fully characterized Pdo-alkyl complex5a® (Scheme 2), is ond ™ omt 25°C Z/j\/\ H ond " ot ¢ 2 D
remarkably stabfein CDCl; solution (<20% decomposition after R T wsd T pu? 28

5 d at 25°C).5¢ Single-crystal X-ray diffraction 05a® shows that

a nonsynrelationship between the Pd and the fglihydrogens  gave a colorless solution containing a highly fluctional complex
(C(4) and C(6)) is enfqrced by coordination _of the G¥0(2) anc_i (8a) together with FH]JOTf but no trace oféa (*H NMR). On
C(9y=C(10) alkene units to Pd. In CDg$olution, NMR analysis  ywarming the solution slowlyfa and P were irreversibly
confirms that5a is the sole observable species and that the generated fronga at ca.—20 °C.? However, addition of TfOH to

conformation and die_tsterzq(gace coordination of both alk_en_es arega(_50~25 °C) cleanly regenerateih (> 95%). The primary and
analogous to the solid stateHowever, on addition of stoichio- rather unstable producB#) from reaction of5a with 7 is thus

metric water anccatalytic _hahde (Nat), smootIﬁ-H el_lmlna_t|on assigned as a Pdomplex of6a, most likelyn® in naturel® All of
occurs at C(4) over a period of ca. 60 min at’Z5to yield triene . .
the above are suggestive of a general base-catalgnée3-H

6a.%2 Since both halide and water alone are not effective, we . .~ . . . . . .
. - . elimination. However, inconsistent with this conclusion, the rates
considered the possibility that aqueous halide acts as a general basée

: - LT . . . of reaction ofseparatesamples oba and5b with 7 at —60 °C in
catalyst in aranti-3-H elimination. Consistent with the expectation cD.Cl found 1o b do-first-ord d indistinauishabl
that a stronger base would effect more efficient eliminatiopNEt 212 Were found to be pseudo-first-order and indistinguishable

pyridine, Hinigs base, and Proton Sponge $cheme 2) were all (Kops= 3.5 0.4 x 10~¢s7).2 Thus, in contrast to the competition
found to effect rapid generation 6f. experiment at 28C, theprim-KIE on the absolute rate of reaction

The reaction obawith 7 in CD,Cl, and in CDC4 solution was &t ~60 °C is negligible. _
studied in detail byH NMR. At 25 °C, reaction was essentially ~1he base-mediated reaction's generate& andZ isomers of
instantaneous, and titration with 0.1 equiv aliquots7oflemon- triene6a. With 7 at room temperature, tH&Z ratio of 6a is found
strated a strict 1/1 stoichiometry to gié&/[7H]OTf as the only to be 5.0+ 0.1'2 By preparation of stereospecificalfyi-labeled
NMR-observable products, together with a Pd black deposit. An complexessc and5d, Scheme 37 in which the-carbon (C(4))
analogous NMR-titration of a 50/50 mixture & and the D-labeled ~ bears one D and one H, we were able to study both the

complex5b in which 8-D elimination must occur, yielded aet stereochemistry of thg-H elimination process and also perturb
kq/kp value of 64 18 In contrast tosyn3-H elimination which the E/Z partitioning through KIEs. The reactions &t and 5d
would generate a P@H)(alkene) complexanti-5-H elimination demonstrate that theH elimination proceeds viagynmechanism

would lead directly to a Pigalkene) complex. Conducting the  and is thus not a base-mediated anti eliminatfddowever, analysis
reaction of5a and 7 at low temperature<{60 °C, =90%, 1.5 h) of the E/Z ratios in6¢/6d yields netky/kp values of up to 7.1
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Supporting Information Available:
reaction of complexes and selectiegky values for-H elimination
inH—
at http://pubs.acs.org.

in [7TH]JOAc has been suggested as the origin of this efféct.
Diastereoselective deprotonation of the primary (alkene)Pd(X)-H
species by7% or by acetate would provide an alternative
explanation.
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0.3® more thandoublethe maximunprim-KIE expected forsyn
B-H elimination®

Using theky/kp values from5¢/5d and assumingecKIEs are
small, anE/Z ratio of 1.8 is predicted fobb—6b (see Supporting
Information). However, the experimentalZ ratio of 4.4+ 0.2 is
closer to that oba—6a and this suggests that tli#Z partitioning
is controlled by more than a single st&plhe complex features of
the generation 06 from 5 mediated by7 can be accommodated
by the mechanism outlined in Scheme 4. Reversible and disfavor-
able dissociation of the alkene unit (CAT(2)) in 5 generate®
in which syn$-H elimination, presumably with a “normaKu/kp
value, is now possible due to free C{4}(5) rotation. The primary
products would be dierePd—H complexes-/Z-10, which, in the
absence of base, undergo rapid intramolecular hydropalladation to
regenerate9. The stereospecific nature of both trsyng-H
elimination and addition results in the diastereoisotopic stability
of 5¢c and5d.

In the presence of base, tBgnS-H elimination product-/Z-
10 undergoes deprotonation at Pdy(k'p) to yield complexE-/
Z-8 which can be observed by NMR below?20 °C. At high [7]
and low temperature<60 °C), the absolute rate of reaction ®fs
controlled by alkene dissociation and thus pseudo-first-order
kinetics, with netky/kp close to unity is found fobb.11 In NMR
titration experiments at room temperature, with low and limiting
[7],8 the relative rates of generation, hydropalladation, and depro-
tonation of10&/10b result in a large neky/kp value (up to ca. 6).
Moreover, the equilibrium distributions, equilibration rates, and the
efficiency of the base in partitioning-10 andZ-10 all contribute
to the netE/Z ratios in6a—d and thus the largky/kp values (up
to ca. 7)8

In summary, diastereospecific labelirec(l) shows the genera-
tion of triene6 from Pd-o-alkyl complex5 to proceed withsyn
stereochemistry. NMR/kinetic studies suggest that the base serves
to deprotonate isomeric PdH diene complexe€-/Z-10. The
complex interplay of threprim-KIEs (5-H elimination, hydropal-
ladation and Pd&H deprotonation) gives rise tmet kinetic/
equilibriumky/kp values which are much larger than those usually
associated witlsyn5-H elimination. It is of note that the conven-
tional mechanism for the Heck reactfoimvolves dissociation of
[Pd—H] from the alkenebefore its reduction to P# In the
asymmetric P&BINAP catalyzed arylation of dihydrofuran, the
strong hindered base is found to upgrade the initial selectivity
through diastereoselective liberation of the minor enantiomer of
primary alkene product, prior to Pd/H dyotrofyWeak ion-pairing
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