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Synthesis of Quaternary Carbon Compounds!

Summary: A general synthesis of quaternary carbon
compounds RR'R”CCH,NO, which gives excellent yields
of pure products is described. Of special interest is the
preparation of quaternary aldehydes by permanganate
oxidation of these nitro compounds.

Sir: A number of simple and effective procedures are now
available for the synthesis of tertiary nitroparaffins.212
Most of them are carbon—carbon bond forming processes,
and they enable one to prepare highly branched com-
pounds which are virtually unobtainable by other means.
Another attractive feature of these reactions is their ca-
pability for providing tertiary nitro compounds in which
other functional groups are present, e.g., keto, ester, and
cyano.

Of the common functional groups, a tertiary nitro group
is the most susceptible to electron-transfer substitution,
and this has enabled us to devise a general procedure for
converting tertiary nitro compounds into quaternary
carbon compounds.!®* Equation 1 is illustrative, and
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Table I. Replacement of NO, by CH,NO, ¢
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@ All reactions were carried out at 25 °C in Me, SO with
exposure to two 20-W fluorescent lights. Unless other-
wise noted the molar ratio of tertiary nitro compound to
nitromethane to NaH is 1:4:8. ? Pure, isolated product.
¢ No free NaH present. ¢ This experiment first carried
out by Dr. R. Boss. ¢ Less than the standard amount of
NaH was employed (25% to 100% excess relative to the
tertiary nitro compound). f This product contains ca. 5%
p-NCC.H,C(Me),CH,NO, which derives from fragmenta-
tion of the g-nitroaryl radical anion [cf. eq 18 of N.
Kornblum, J. Widmer, and 8. C. Carlson, J. Am. Chem.
Soc., 101, 661 (1979)].

Tables I and II summarize our results; yields refer to pure,
isolated products.
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Table II. Conversion of
Primary Nitro Compounds to Aldehydes
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compd aldehyde %
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@ Pure, isolated aldehyde.

The procedure for effecting the first step of eq 1 invokes
the use of more sodium hydride than is needed to convert
nitromethane to its salt. Although excess sodium hydride
is effective in facilitating these reactions when Me,SO is
used as the solvent, in DMF, despite excess sodium hy-
dride, there is no reaction. Presumably, in Me,SO a cat-
alytic amount of dimsyl sodium is formed, and this acts
as a potent one-electron-transfer agent,'® thereby inducing
electron-transfer chain substitution of nitro by nitro-
methyl.’® In accord with this view, the replacement of a
tertiary nitro group by nitromethyl is inhibited by di-
tert-butyl nitroxide, by nitrobenzene, and by m-dinitro-
benzene; these are the attributes of an electron-transfer
chain-substitution process.'® Presumably these reactions
proceed via the mechanistic sequence of eq 2-5.

RsCNO, + A" — R,CNO,™ + A- ©
Ar = “CH,S(0)CH,, "CH,NO,
R,CNO,™ — R,C- + NO, (3)
R4C- + “CH,NO, — RyCCH,NO,™ @)
R;CCH,NO,™ + R4CNO, — R,CCH,NO, + RBCN02(‘5-)

Our synthesis of quaternary carbon compounds incor-
porates a CH;NO, group into the molecule. In principle,
these primary nitroparaffins should be capable of under-
going a variety of transformations, one of the most useful
of which is conversion to aldehydes. The standard pro-
cedure for achieving this transformation has been the Nef
reaction!” which simply involves acidification of the ni-
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troparaffin salt. But although the Nef reaction has re-
peatedly been employed to advantage, there are a number
of reports of its inadequacy or downright failure, and,
consequently, numerous alternatives have been devised.®

Our initial attempts to prepare aldehydes by the Nef
reaction and by procedures employing TiCl; were un-
promising, and attention was therefore directed to the use
of potassium permanganate. We were encouraged to do
80 by the ready availability of this reagent and because
Shechter and Williams,'® following the early work of
Nametkin,'® had reported that neutral permanganate
provides an effective means for converting the salts of
primary nitroparaffins to aldehydes; but most important
was the fact that Schechter and Williams emphasized the
extraordinary ease with which nitroparaffin salts are ox-
idized at 0 °C by potassium permanganate. On the other
hand, even though nearly 20 years have elapsed since
potassium permanganate was proposed as an effective
reagent for converting primary nitroparaffin salts to al-
dehydes, it has not achieved the status of a synthetically
useful means of accomplishing this transformation. In-
deed, the numerous alternatives to the Nef reaction have
all been described since the Shechter-Williams paper ap-
peared.!®

In our hands the original permanganate procedure!s®
gave erratic results but, by making some simple modifi-
cations, it has proved possible routinely to transform
primary nitroparaffins into pure aldehydes in excellent
yields (Table II).1°

The general procedure is illustrated by the sequence of
eq 1. A 51% oil dispersion of NaH% (0.750 g, 16 mmol)
is washed with hexane, and the oil-free sodium hydride is
transferred to a No-filled flask with 20 mL of Me,S0,2.2?
The mixture is stirred, a positive pressure of N, is main-
tained, and nitromethane (0.488 g, 430 uL, 8 mmol) is
injected by syringe. After the foaming subsides, an ad-
dition tube® containing tert-butyl 3-nitro-2,2,3-tri-
methylbutanoate (1; 0.462 g, 2 mmol) is attached to the
flask, and the system is purged by evacuating and then
bleeding in N,; this purge is repeated a total of three times.
Then the nitro ester 1 is added without opening the sys-
tem,? and the stirred reaction mixture is exposed to two
20-W ordinary fluorescent lights for 5 h.2* The reaction
mixture is acidified with 3 mL (42 mmol) of glacial acetic
acid, stirred for 20 min, and then poured into 200 mL of
3-5% aqueous NaCl. The product is extracted repeatedly
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Lett., 2533 (1976). (f) t-BuOOH: P. A, Bartlett, F. R. Green III, and T.
R. Webb, ibid., 331 (1977). (g) Ce(NH,),(NO;)s: G. A. Olah and B. G.
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with methylene chloride; the methylene chloride solution
is washed repeatedly with dilute aqueous NaCl and then
dried (MgSO,). The solvent is removed under reduced
pressure, and the residual oil on Kugelrohr distillation at
70 °C (0.005 mm) gives 0.466 g (95% yield) of pure 2.2

A 60% oil dispersion of NaH? (0.100 g, 2.5 mmol) is
washed with pentane, and the oil-free hydride is trans-
ferred to a nitrogen-filled flask with the aid of 10 mL of
tert-butyl alcohol. The mixture is stirred for 10 min under
N,, and then a solution of nitro ester 2 (0.245 g, 1 mmol)
in 10 mL of tert-butyl alcohol is added. One minute later,
200 mL of ice-cold pentane?®?’ is added, and this is fol-
lowed at once by 25 g of ice and an ice-cold solution of
KMnO, (0.115 g, 0.73 mmol, 110% of the required amount)
in 40 mL of water. The resulting mixture is stirred vig-
orously for 10 min, and then 1 mL (1 mmol) of 1 M sodium
metabisulfite is added; this is followed by 2 mL (2 mmol)
of 1 M H,SO, whereupon the brown mixture is rapidly
decolorized. The pentane phase is isolated, and the
aqueous layer is extracted with more pentane. The com-
bined pentane solutions are washed thoroughly with ice-
cold water and dried (MgSO,) under N,. Removal of the
pentane under N, gives 0.195 g (91% yield) of pure,?
colorless aldehyde 3.#

There are well-defined methods for converting CH,NO,
into a variety of other functions, e.g., COOH, CN, and
CH.NH,, and, consequently, quaternary carbon com-
pounds with a wide range of functions now become readily
available. And if, as seems quite possible, the replacement
of tertiary nitro groups by the anions of higher primary
nitroparaffins proves feasible, this will provide a further
demonstration of the synthetic utility of electron-transfer
substitution reactions.
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Coupling Reactions of Vinylmagnesium Bromide
with Imidoyl Chlorides and with Amides. Synthesis
of Enol Imines, v,6-Unsaturated Ketones, and
Ketimines

Summary: Vinylmagnesium bromide undergoes successive
addition to imidoyl chlorides and to amides to give un-
saturated ketones, imines, enol imines, or enamines, de-
pending on the reaction conditions.

Sir: One of us has recently described several coupling
reactions of imidoyl chlorides with transition-metal or-
ganometallics resulting in the formation of mesoionic
compounds? and 1,4-diaza-1,3-butadienes.? Related to the
latter are 1-aza-1,3-butadienes, substituted derivatives of
which can be generated by treatment of alkenylmagnesium
halides with imidoyl chlorides.* We expected the very
reactive alkenyl Grignard vinylmagnesium bromide to
undergo successive additions to an imidoyl chloride to
produce a metallo enamine, which could be intercepted by
reaction with appropriate acylating and alkylating reag-
ents. Some elegant synthetic applications of metallo en-
amines have recently been described.® We now report that
imidoyl chloride (and amide)-vinylmagnesium bromide
reactions provide an entry into a variety of useful organic
compounds. The observation of an unusual N-alkylation
of a metallo enamine is also described.

Treatment of 1 (R = Ph, R’ = p-CIC¢H,) with 2 equiv
of vinylmagnesium bromide in tetrahydrofuran (THF) for
30 min at room temperature affords the v,6-unsaturated
imine 2 in 75% yield (eq 1). Reaction workup by chro-
cl

THF

RC==NR' + CHp==CHMgBr e

1

CHaCHoCH==CH, CHoCHoCH=CH,

RC==NR' ~— RC=0 (1)
2 3

matography on silica gel or acidic alumina gave the un-
saturated ketone 1-phenyl-4-penten-1-one (3, R = Ph) in
70-75% yield. Compounds 2 and 3 (R = p-BrC¢H,, p-
CIC¢H, R’ = Ph, p-CIC;H,) were similarly obtained in very
good yields (80-86%, Table I). Repetition of these ex-
periments in the presence of catalytic amounts of tetra-
kis(triphenylphosphine)palladium resulted in little change
in product yields.
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