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Hydride Transfer from NADH Maodels to sp3-Hybridized
Carbon. Competition with Enamine Alkylation
Sir:

Following the initial recognition that reactions of simple

1,4-dihydropyridines,' including the readily accessible
Hantzsch esters,?? can be used to mimic certain aspects of

hydride transfer from NAD(P)H, an avalanche of examples
has accumulated in the literature.* Conspicuously absent
(to the best of our knowledge) among these many reactions
is any demonstration of reduction of a sp*-hybridized car-
bon via (formal) nucleophilic displacement by hydride de-
rived from the dihydropyridine. We report here the discov-
ery of examples of such reactions using either sulfonium
salts or activated halides as substrates. For several impor-
tant biological processes NAD(P)H reduction of sp-carbon
provided with a good leaving group may reasonably be pos-
tulated (direct reduction of a free carbonium ion being less
likely). Examples suggest themselves in the in vivo (overall)
methylations by S-adenosylmethionine (1)° of unactivated
double bonds in fatty acids (the reaction, however, involves
initial methylation and subsequent reduction)é2® and ste-
roids’® as well as the presqualene alcoholpyrophosphate-
squalene interconversion® and related models of monoter-
pene biosynthesis. '?

When 2 was allowed to react in C3DgO at 60° with the
protected methionine sulfonium salts (3a, b),!!!? a quanti-
tative reaction ensued with the results shown in Scheme I1.!3
The desired reduction is clearly taking place. With benzyl
sulfonium salt (3a), hydride incorporation is (surprisingly)

Scheme 1
E N E
SCH CO,CH, B $ L KE
CH .CH,CHCO,CH,, BF,~ =2 T
AORLCH, o ! + e0° HC T CH,
CH;R, NHCOCH, CH, CH,
3 2(E = CO.CH,) 8
(a) 50%
leo° (b) 43%
E E
“
« | + R,CH, + RCH,SCH, + RZCHZCHQ(IDHCOZCHJ
N
HC i+ O NHCOCH,
CH, BF,”
4 5 6 7
(3a) R,=CH; (40%) (0%) (41%) R, = H' (33%) R, =CH,S (0%)
(3b) R,=CH,CO— (53%) (25%) (31%) (26%) (27%)
Table I.  Reductions by 3,5-Dicarboethoxy-1,2,6-trimethyl-1,4-dihydropyridines (2)'3

Sulfonium salt R}S*R3R;

% reduction products % transhydrogenationd¢

% oxidation
R, R> R3 product 4 R/H R,-S-R; 1,2-DHP 8 Unreacted substrate

9 C¢HsCOCH; CH; CH3; X~ ¢ 40 33 33 53 9 57
10 C¢HsCOCH, CH; Ce¢Hs Y™ 37 34 38 52 10 57
11 CH,CO,CH; CH; C¢Hs Y™ 13 10 14 700 11 75
12 CH; CeHss CeHs X~ 18 ¢ 20 86 12 86
13 Ce¢HsCH> CH; CH3; Y~ 3-5 3-54 3-5 86¢ 13 93
14 CeHsCH; CH; Ce¢Hs Y™ 42 114 82 11 14 8
15¢ Ce¢HsCH;, Ce¢Hs CeHs Y~ 54 3d 100 f 15 f
Alky! halides

162 BrCH,COC¢H; 39 35 (8b) 35k 16 71
172 BrCH(CN), 63 70 (18) f 17 f

4 X~ = ClO47, Y~ = BF4~, solvent C3D¢0, temp 60°. ¢ 2 remained in 11% yield. ¢ No attempts were made to detect methane. ¢ The radical
coupling product, bibenzyl, was not present. ¢ 2 remained in 10% yield. / Not detectable. € Carried out at room temperature. # 2 remained in 26%
yield. / Lower limit for yield.
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Scheme II
CONH,
| ] CH,0H
(NY + BrCH(CN), —=
17
CH,C.H;
20
(NC),HC CONH,
|
\N+
Br-
CH,C¢H;
CH,;OHlNaBH‘
(NC),HC CONH,
1y
CH;0 T
CH2C6H5
21

exclusively at a methionine carbon whereas with phenacyl
salt (3b) both the methionine and phenacyl methylenes ac-
cept hydride. Reduction is prevented from proceeding to
completion by the previously discovered competing transhy-
drogenation of 2 to 8 catalyzed by product 4;% this reaction
is irreversible and 8 also fails to react with the sulfonium
salts, which are recovered unchanged in yields equivalent to
that of 8. The isomerization proceeds, of course, with a
steadily increasing rate as the concentration of 4 increases
with progress of the reaction.

The sulfonium salts 9-13'5 listed in Table I also react
cleanly and essentially quantitatively as shown. One notes
that the presence of electron withdrawing groups on the
carbon to be reduced enhances the hydride accepting ability
but this is not an absolute requirement as witnessed by 12
and 13, wherein the sp3 carbon is inefficiently but unmista-
kably reduced. In a departure in pattern, 14 and 15 give
poor material balances (note that the sum of 4 + 8 is much
less than 100%) and indeed intractable material is formed.
We believe this to be an alkylation product of 2, the conten-
tion of which is supported by further results (see below).

Phenacyl bromide (16) reacts smoothly but not too rapid-
ly with 2 whereas the better activated halide, bromomaloni-
trile (17),'® is consumed completely within the time of mix-
ing giving in good yield malonitrile (18).!7 This observation
coupled with the fact that 9-11 fail to exchange protons for
deuterium in deuterated acetone!® makes unlikely that ei-
ther a sulfur ylide (or an enol in carbonyl activated sub-
strates) participates in the reaction.

Structural changes in the 1,4-dihydropyridine affect the
mode of reaction. Removal of the N-methyl group of 2 and
replacement by hydrogen leads to initial reduction of, for
example, 10, but thereafter side reactions ensue owing to
the protons being released to the medium.!® With 1-benzyl-
1,4-dihydronicotinamide (20), presumably a better NADH
mimic,? total consumption of 20 and the substrates 10, 12,
14, and 15 is seen but no reduction products can be detect-
ed.'” Working on the hypothesis that this is due to alkyla-
tion of C-5 of 20,2° we allowed 17, the most reactive sub-
strate, to react with 20 in methanolic solution; sodium bor-
ohydride (which acts as a base) was then added. Workup
gave 21 in 48% yield, mp 112-114 °C, apparently a single
diastereomer of undetermined stereochemistry.?! In con-
trast to the reaction with 2, no malonitrile could be detected

1963

in this case. The reaction course must surely be that shown
in Scheme II.

In summary, we have uncovered a variety of previously
unrecognized examples of reduction by 1,4-dihydropyri-
dines and some of the structural factors governing the effi-
ciency and type of reaction involved have been revealed.??
Further investigations of the scope and mechanism (direct
hydride displacement or initial electron transfer)?? are un-
derway.
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The Facile Rearrangement of Lithium
Dialkyl-9-borabicyclo[3.3.1]nonane “Ate” Complexes
via Hydride Transfer. A Simple Synthetic Route to
cis-Bicyclo[3.3.0]oct-1-yldialkylboranes and Derivatives
Sir:

Lithium “ate” complexes (1), derived from the addition
of alkyllithiums to representative B-alkyl-9-borabicyclo-
[3.3.1]nonanes (B-alkyl-9-BBN), react with a variety of re-
ducible organic substances to form cis-bicyclo{3.3.0]oct-1-
yldialkylboranes (2). This reaction apparently proceeds by
the transfer of one of the bridgehead hydrogens on the
‘““ate” complex to the organic substrate followed by subse-
quent or concurrent migration of the bridge bond from
boron to carbon (eq 1). This sequence provides not only a
novel means for reducing aldehydes, ketones, alkyl halides,
and acid chlorides but also a remarkably simple route to the
cis-bicyclo[3.3.0]oct-1-yl system.

R R
H \_/
R B
__R o u
13\R Li* + RX — ({ g R ® Cb (1)
H + RH + LiX \
1

Recently we noted that hydrogen peroxide oxidation of
lithium dialkyl-9-BBN “ate” complexes proceeds anoma-
lously, giving rise to a mixture containing variable quan-
tities of cis-bicyclo[3.3.0]Joctan-1-0l (3) (eq 2), instead of
the expected cis-1,5-cyclooctanediol.! A rearrangement
with formation of a new carbon-carbon bond was evidently

OH
- R H
7~ .. HO.
[@B\ ]Lw RO, Ob @)
R
1 3

involved. We undertook to explore the possibility of achiev-
ing this rearrangement without the destruction of the postu-
lated organoborane intermediate (2). Such organoboranes
could provide simple routes to many compounds incorporat-
ing the cis-bicyclo[3.3.0]oct-1-yl moiety.?3

Almost concurrently with our initial report of the anoma-
lous oxidation of these “ate” complexes, it was reported
that the same reagents were capable of reducing certain
alkyl halides.* Consequently, we examined such halide re-
ductions and established that the rearranged organoborane
is indeed produced. Unfortunately, these reductions pro-
ceeded well only in hydrocarbon solvent. The presence of
even small amounts of ethers inhibited the reaction. This
became important in reactions utilizing methyllithium, sol-
uble only in ethers. Removal of the ether to facilitate the
desired reaction proved difficult.

Accordingly, another substrate was sought which would
react with the “‘ate” complexes in the presence of ether.
Simple aldehydes and ketones were reduced in hydrocarbon
solvents, but the reaction was incomplete and sluggish when
ether was present. An exception was chloral, which reacted
rapidly even in the presence of ether.

The use of acetyl chloride as the reducible substrate of-
fered major advantages. The reaction in hydrocarbon, as
well as mixed ether-hydrocarbon solvent, was very vigor-
ous. Analysis of the reaction mixture by GLC showed an es-
sentially quantitative formation of the rearranged organo-
borane, while analysis by '"H NMR indicated a high yield of
ethyl acetate. Apparently 2 equiv of the “ate” complex (1)
react with 1 equiv of acetyl chloride producing the rear-
ranged organoborane (2) and lithium ethoxide. The ethox-
ide is then scavenged by the remaining equivalent of acetyl
chloride to form the ester (eq 3).° This result was substan-
tiated by the isolation of n-hexyl caproate from a similar re-
action with hexanoyl chloride. We used this acid chloride.
route to examine the generality of this synthesis of cis-bicy-
clo[3.3.0]oct-1-yldialkylboranes. The results are summa-
rized in Table 1.8

_ R i
2 [©B<R}Li+ + 2CH,CCl —

1
R
7

B .
QQ:H\R + CH;CO,CH,CH; + 2LiCl (3)

The preparation of cis-bicyclo[3.3.0]oct-1-ylethylmethyl-
borane is representative.” To an oven-dried, flamed-out, ni-
trogen-flushed, 50-ml flask fitted with a septum inlet, mag-

Table I. Preparation and Properties of cis-Bicyclo[3.3.0]oct-1-yldialkylboranes (2)

Physical data

Alkyl groups "B NMR
% yield® % yield? % purity®
R? R'b (GLQC) (Isolated) (GLC) bp, °C (mmHg) R;B/ 6 “Ate” complex,8 §

Methyl Methyl 96 94 93k 76-78 (20) —81.9 +20

Ethy! Methyl 99 97 97 28-32 (0.005) —-82.7 +20.4
Isopropy! Methy! 92 97 94k 39-43 (0.003) -81.3 +18.2
n-Butyl Methyl 93 - — — -82.7 +20.8
Methy! n-Butyl — 95 99 53-56 (0.005) —-82.3 +20.8
tert-Butyl Methy! 91 97 86H 46-49 (0.005) -80.3 +16.7
n-Buty! n-Buty! —i 94 — 65-68 (0.005) -81.8 +18.5

¢ B-R-9-BBN. # R'Li. ¢ Reaction scale 4 mmol. ¢ Reaction scales of 15-35 mmol. ¢ '3C NMR showed only one set of peaks for the bicycloocty!
ring./ ''B NMR shift from BF3:0Et; in ppm for 2. £ ''B NMR shift from BF3:0Et; for the “ate” complex precursor (1). # The major impurity ap-

pears to be the B-R-9-BBN. { The organoborane decomposes in the GLC.
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