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generalizations can be drawn. The method is most successful for
primary alcohols. The approximate rates of oxidation suggest that
the process is sensitive to steric factors and relatively insensitive
to electronic features such as an allylic double bond. Secondary
alcohols are driven to completion in a reasonable time (12-18 h)
only with a full equivalent of 1. The diol in entry 8 is oxidized
preferentially at the primary hydroxyl and is subsequently con-
verted to the lactone, presumably via the cyclic hemiacetal. At
the same time, the presence of 10 mol equiv of water in the
electrolysis medium does not lead to further oxidation of aldehydes
to acids. Benzylic primary alcohols react particularly fast, pro-
ducing turnover numbers in excess of 40 (e.g., entry 4, 0.05 mol
equiv of 1). At least 0.2 mol equiv of 1 (10 turnovers) is needed
for complete conversion of typical aliphatic alcohols.

The compatibility of the electrochemical system with other
functional groups should be high,” but little is known about the
functional group compatibility of 2. We find that a 1:1 mixture
of n-dodecanol and thioanisole under the conditions of entry 1
in Table I produces n-dodecanal (90%) and recovered thioanisole
(>90%). However, entries 7 and 9 suggest intramolecular se-
lectivity is less efficient.

An equimolar mixture of 1-dodecanol and 5-dodecanol under
the conditions of entry 1 of Table I leads to complete conversion
of the primary alcohol (83% yield of n-dodecanal) and <3% yield
of the ketone (93% recovery of the secondary alcohol). This
selectivity for primary over secondary alcohols is also easily
demonstrated in the intramolecular test cases, 4-7.2° Table II
displays results with diol substrates that were chosen to test for
the steric effect of a- and $-methyl substituents and the allylic
double bond.2! In the competition of simple primary vs. secondary
(4, 5) selectivity for the primary site is nearly quantitative. In
the more difficult test of primary vs. secondary allylic (6, 7),
catalytic electrooxidation at 25 °C shows a good preference for
the primary hydroxyl, but oxidation of both hydroxyls is significant
even at just 90% conversion for 6 and 75% conversion for 7. At
-40 °C with preformed 2 in equivalent amount, better selectivity
is observed, allowing isolation of (£)-8-hydroxy-2-methylnon-6-
enal in 58% yield (63% when corrected for 7 not reacted). We
are unaware of other methods that produce comparable selec-
tivity.2223  Work is in progress to devise nitroxyl catalysts with
better turnover numbers and to further define the scope and origins
of the selectivity.
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The burgeoning use of allylsilanes as synthetic intermediates’
opens the question of their methods of preparation.®™* In at-
tempting to synthesize new conjunctive reagents, we sought a
method to effect an “umpolung” of allyl acetates, i.e., to convert
these electrophilic partners into nucleophilic ones by transforming
them into allylsilanes. Limitations associated with generating
trimethylsilylcuprates® led us to examine tris(trimethylsilyl)alu-
minum (1)° as an alternative. Unfortunately, direct reaction of
allyl acetates with 1 normally proceeded very slowly, if at all, at
room temperature and was accompanied by substantial elimination
at elevated temperature. We report that palladium® and mo-
lybdenum’ catalysts facilitate the transfer of the trimethylsilyl
residue from aluminum to carbon with surprising regioselectivity
and the first example of the use of “hard” nucleophiles in mo-
lybdenum-catalyzed coupling.

The reactions were very simple to perform. In a palladium-
catalyzed reaction, an aliquot of a standardized pentane solution
of (Me;Si);Al-etherate® (0.5 mol) was added to a solution of 1.0
mol of allyl acetate and 4-6 mol % of the palladium catalyst in
benzene or THF. After being stirred at room temperatue or below
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Table . Metal-Catalyzed Coupling of 1 and Allyl Acetates
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entry allyl acetate catalyst solvent temp, °C, time, h product(s)? yield/ %
1 & (Ph,P),Pd THF 0,0.5 B 87*
= o4 )\/SEMeS
2
>~ P W )%/\JQY/\
SiMes
Chc SiMes i
2 3
(a) (Ph,P),Pd THF rt,m 2 61 390 86
(b) 2Ph,P, Pd(OAc), PhH it, 4.5 19 81¢ 70
(c) Mo(CO), PhCH, reflux, 2 1004 72
3 W (a) (Ph,P),Pd THF It 20 55 45¢ 69
X N (b) 2Ph,P, Pd(OAc), PhH It 24 29 717 58
4 cac 3iMes Simes
4 5 6
(a) (Ph,P),Pd THF I, 3 64 368 73-83
(b) 2Ph,P, Pd(OAc), PhH I, 2 18 82¢ 78
(c) Mo(CO), PhCH, reflux, 2.5 100" 65
5 o134 SiMey
(CH30)CHICH, )gCHOH===CH; (CH30),CHICH, JgCHCH==CH,;  [CH30),CHICH, )gCH===CHCH, SiMey
(a) (Ph,P),Pd THF i, 2 76 24 65
(b) 2Ph,P, Pd(OAc), PhH i, 3 45 55 63
6 OAc Mo(CO), PhCH, reflux, 20 s 66
7 COaMe CO,Me COoMe
f “0ac ©"’/s,iMe3 ©‘sme3
7 8
(a) (Ph,P),Pd THF it, 20 72 28 42
(b) (Ph,P),Pd PhH i, 2 75 25 56
(c) Mo(CO), PhCH, reflux, 8 30 70 42
8 .
Y ,
SiMe
Mo(CO), PhCH, reflux, 0.6 78 22 83!
9 OAc giMel
i & N Mty SiMesy
2}
o] o o]
9 10 11
(Ph,P),Pd THF -78,0.2 82 18 76
0,1
rt, 3

@ All products have been fully characterized by spectral means and elemental compositions determined by high-resolution mass spectro-

scopy. PE:Z=1:1. CE:Z=32. 9EZ=21 €EZ=41.

I>95%FE #p.z=32. hEz=2:1. 'E:Z=2.5:1. | All yields are for

isolated pure product unless otherwise noted. ¥ Yield determined by VPC. ! The yield corresponds to the unseparable mixture of diene and

allyl silane. ™ Room temperature.

for 0.5-24 h, the reaction was quenched with water, extracted with
ether, and purified. In a molybdenum-catalyzed reaction, 1 mol
of allyl acetate was added to a solution of 0.75 mol of
(Me;Si);Al-etherate in toluene. After addition of 10 mol % of
Mo(CO), the reaction was refluxed for 0.6-20 h and worked up
as above. Table I summarizes the results.

The most striking aspect of the results is the dependence of the
regiochemistry on the nature of the catalyst and solvent. The
molybdenum catalyst invariably introduces the silyl group at the
less hindered end of the allyl group (entries 2c, 4¢, and 6).° To

demonstrate the role of the molybdenum catalyst, subjection of
4 to the aluminum reagent 1 in the absence of catalyst led mostly

(9) The regiochemistry and stereochemistry is readily assigned on the basis
of the NMR spectral data. Ratios are verified by VPC analysis using a 2.13
m X 0.16 cm SE-30 column. For example, § shows characteristic NMR
absorptons at § 0.95 (s, 3 H), 4.67 (dd,J = 17,2 Hz, 1 H), 490 (dd, J =
11, 2 Hz, 1 H), and 5.76 (dd, J = 17, 11 Hz, 1 H), and 6 shows the viny!
methyl groups at § 1.52 (£ isomer) and 1.65 (Z isomer). In the case of 10
it shows 8 ~0.03 (s, 9 H), 0.69 (s, 3 H), 0.98 (d, J = 7 Hz, 3 H), 1.15 (s, 3
H), 4.85 (m, 2 H), 573 (m, 1 H), 5.70 (s, 1 H).
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Table II. Solvent Dependence of Pd-Catalyzed Silylation of 4
time, 5:6 yield,

entry catalyst solvent h ratio %
1 (Ph,P),Pd THF 3 64:36 78

2 (Ph,P),Pd CH,CN 20 42:58 58

3  (Ph,P),Pd DME 2 35:65 85

4 (Ph,P),Pd PhH 2 35:65 78

5 (Ph,P),Pd ether 2 9:91 86

6 (Ph,P),Pd C,H,OAc 2 8:92 83

7  2Ph,P + Pd(OAc), THF 3 34:66 68

8 2Ph,P + Pd(OAc), PhH 2 18:82 78

9 none THF 20 0
10 none PhH 72 0:100 57

to elimination product.

In contrast to the Mo reactions, the regioselectivity of the
Pd-catalyzed reactions proved sensitive to reaction conditions. As
Table II shows, the regiochemistry depended upon solvent although
no discernible trend is obvious. That the nature of the ligands
on palladium plays a major role is readily seen by comparing
entries 1 and 7 (Table II), where by changing the type of palladium
catalyst, opposite regioselectivity is obtained.!® That the intro-
duction of the Me;Si group into the more hindered position can
be synthetically useful is especially demonstrated in the case of
allyl acetate 9 (Table I, entry 9).° Obtention of the silane at the
less substituted carbon can be accomplished in one of three ways:
(1) use of 2Ph;P + Pd(OAc), in PhH for the silylation reaction;
(2) use of Mo(CO), in PhCH; for the silylation reaction; (3)
fluoride-initiated isomerization of a regioisomeric mixture ac-
cording to eq 1.1

5+6——2t g (1)
100 °C, 84%

The two catalysts give stereochemically complementary results
(Table I, entry 7); in particular the Pd catalyst gives net inversion,
but the Mo catalyst gives net retention—a most unusual result
considering their similarity in stereochemical course with carbon
nucleophiles. If it is assumed that the initial ionization proceeds
with inversion,®’ then the Me,Si group first undergoes trans-
metalation from Al to Pd and then transfer to carbon!? but directly
transfers to carbon with the Mo catalyst. The stereochemistry
of 7 and 8 rests on the 3C NMR data since it has been observed
that the methyl carbon of an axial Me;Si group resonates at lower
field than an equatorial Me;Si group.!* High diastereoselectivity
was also noted with 9, which, being essentially a single diaste-
reomer, translates into a single diastereomer of 10 (mp 159-161
°C, unrecrystallized).

The chemoselectivity of this method is particularly noteworthy.'#
In Table I, entries 1-3, 5-7, and 9 show that acetals, esters, enones,
and isolated double bonds are unreactive. To our knowledge, none
of the current methods for converting allyl derivatives to allylsilanes
possesses this range of chemoselectivity. The results also illustrate
that great flexibility exists in modifying the nature of the coupling
process by choice of catalyst. Considering the possible compli-
cations such as the transition-metal-catalyzed coupling of allyl-
silanes with allyl acetates,'’ the efficiency and selectivity of this
process is especially noteworthy. Thus, the simply available
tris(trimethylsilyl)aluminum combined with transition metals
offers a valuable approach for introduction of a Me,Si group into
organic molecules.
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Accurate measurements of all scalar (J) coupling constants
between nuclear spins are very important for studies of molecular
conformations. Since coupling between chemically (and mag-
netically) equivalent hydrogen nuclei does not appear in '"H NMR
spectra, a special measuring procedure was developed.!? It is
based on the fact that isotopic labeling removes magnetic
equivalence and the J coupling shows up in the fine splitting of
satellite lines arising from natural abundance '*C spins. The
present communication describes an alternative technique that
utilizes correlated motion of *CH spin pairs.?*

The new pulse sequence is depicted in Figure 1. It combines
polarization transfer® with evolution of the spin system in the
doubly rotating frame. Since precession resulting from the
chemical shift has to be refocused at the last 7/2(y) pulse for 'H
spins and at the beginning of data acquisition for 13C spins, re-
focusing = pulses cannot be applied simultaneously. Evolution
from J coupling becomes opposite between the 7 pulses, and the
total evolution period is not ¢; + 27 but only ¢,. This technical
detail has no significant influence on the behavior of the spin
system. Description is simplified by assuming that precession
resulting from chemical shift is suitably refocused and that only
J coupling has to be considered.

The initial '"H w/2(x) pulse turns equilibrium proton magne-
tization of CH groups from the z to y direction of the rotating
reference frame. Due to coupling with 3C nuclei in the up (C°a)
or down (C°) state proton spins are divided into two groups (H°,
and HO,), which start to precess in opp051te directions. During
the time 7 = 1/(2'Jcy) magnetization is split into M"H and M"Hb
along £x. At this moment '*C 7/2(x) pulse is apphed and the
attached '3C spins are also brought into the xy plane of the rotating
frame.

*On leave of absence from J. Stefan Institute, Ljubljana, Yugoslavia.

(1) Cohen, A. D.; Sheppard, N.; Turner, J. J. Proc. Chem. Soc. 1958,
118-119.

(2) Sheppard, N.; Turner, J. J. Proc. R. Soc. 1959, 252, 506-519.

(3) Pegg, D. T.; Bendall, M. R.; Doddrell, D. M. J. Magn. Reson. 1981,
44, 238-249.

(4) Rutar, V. J. Phys. Chem. 1983, 87, 1669.

(5) Morris, G. A.; Freeman, R. J. Am. Chem. Soc. 1979, 101, 760-762.

© 1983 American Chemical Society



