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Abstract—N-Primary and -secondary alkyl and N-{substituted benzyl) groups are transferred at <100°
from N-substituted 2,4,6-triphenylpyridiniums to give carbon alkylation of the anions of nitro-methane and
ethane and 2-nitropropane in preparatively useful yields (24 examples). Non-chain radical substitution

processes are probably invoived.

According to a recent review' there existed until
recently only two examples of simple C-alkylationt of
nitronate anions, both?'? intramolecular cyclisations.
C-Alkylation by radical-chain processes described by
Kornblum* had usually required additional activation
in the form of a nitro or p-nitrophenyl group at the
reaction centre.] After our preliminary com-
munication® was submitted, a preliminary com-
munication by Russell and co-workers® became
available which reported that primary and secondary
alkyl mercury halides participate with nitronate
anions in Sgn1 processes when irradiated in nitrogen-
purged dimethylformamide RHgX + R;C:NO;
- RR5CNO, + X~ + Hg® Previously, Seebach and
co-workers’ had shown that dilithio derivatives of
nitroalkanes are smoothly C-alkylated by primary
alkyl and benzyl halides.

Despite these recent advances, and in view of the
great potential of nitroaliphatics as synthetic
intermediates,’ the need clearly exists for a general C-
alkylation technique of simple nitronate anions. We
believe that the presently reported alkylation with 1-
substituted-2,4,6-triphenylpyridiniums fills this gap in
synthetic methodology.

We have shown that 1-substituted pyridiniums (2)
[themselves now available from primary amines and
pyrylium 1 under very mild conditions® (Table 1)]
transfer their N-substituent to a wide variety of
nucleophiles.” We now report conditions under which
they C-alkylate nitronate anions (3)
compounds (4) in moderate to high yield.
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tCarbon-acylations are somewhat more common, see €.g.
the use of acylimidazoles [D. C. Baker and S. R. Putt,
Synthesis 478 {1978)].

}Kornblum has recently shown that a p-cyanophenyl
group also facilitates Sgy1 processes: N. Kornblum and M. J.
Fifolt, J. Org. Chem. 360 (1980).
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N-Benzyl and N-(substituted benzyl) groups are
transferred to nitronate anions in refluxing ethanol
(Table 2): to optimise yields with respect to the
alkylating agent it was found best to use 3 moles of the
nitronate anion. Yields were 55-78 % (average 65 %)
for reactions with the anion of nitromethane,
somewhat lower (35-57 %, average 51 %) for the anion
of nitroethane, and lowest for reactions with 2-
nitropropane anions (41-44Y%, average 42 %) (see
later).

The reaction proceeds much faster in dimethyl
sulphoxide: lower temperatures and shorter times
being required than for comparable cases in ethanol.
Heating at 100° was required for alkylation while 50°
sufficed for benzylation (Table 3). However, we now
find that yields are high for reactions with 2-
nitropropane anion (44-75%, average 62%),
moderate for nitroethane anion (33-529,, average
43%), and low for the nitromethane anion: we believe
the reason for this to be the easy further reaction of the
products for the last two anions with further alkylating
agent, causing the formation of mixtures.

Noteworthy are the useful yields achieved using
secondary alkyl (isopropyl, cyclohexyl) and 2- and 3-
picolyl groups. Furthermore, benzyls other than p-
nitrobenzyl may be used successfully in the reactions
reported here (whereas the para nitro group is
necessary in the Kornblum reaction*?).

The '"HNMR spectra of the compounds prepared
here are reported in Table 4. All have been
satisfactorily analysed, and products were pure by glc
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1-Substituent Yield (%) M.p. (DC) I,it.om.p. Ref,
[ o

I’hCH2 81 193195 196-197 b
ClCGli4C112(g) 76 197-199% 200 c
C1,C H,CH,{0,p) 65 233235 239 c
CIC H,CH,ip) 83 x«wmzd 144 e
MQCSH;;CHQ(E) 78 118-120— 134 €
PhCHzCH2 15 265-270 274 {
n-C‘;ll9 69 196198 201-202 b
n-CSH13 57 240-242 236-238 e
Cyclohexyl 52 180-182 180-182 1
Pri 51 168-170 171-173 e
2-Picolyl 68 215-216 218-219 I
3-Pieolyl 63 159-163 166-168 1
Footnotes

2Reacuon time* 2 hr. Crystal form: white needles. b U. Gruntz,

A, R, Katritzky, D,H, Kenny, M,7, Rezende and H, Sheikh, J, Chem, Soc,

Chem, Comm, 701 (1977}, < AR, Katritzky, U, Gruntz, A A, Ikizler,

D.H, Kenny and B, P, Leddy, J, Chem, $oc, Perkin | 436 (1979),
¢é New polymorphic form plates (Found. C, 74,3; H, 5.1; N, 2,7,
requres C, 74,5, H, 5.2; N, 2,8%)., sA.R. Katritzky, G, laso,

Table 1. Preparation of I-alkyl-2,4,6-triphenylpyridinium tetrafluoroborates”

E. Lunt, R,C, Patel, S.8, Thind and A, Zia, J. Chens, Soe, Perkin i

in the press, paper 9/820, L A.R, Katritzky, U, Gruntz, D, H, Kenny,
M.C. Rezende and H. Sheikh, J. Chem, Soc. Perkin ] 430 (1979),

{Carbowax 220m) (as reported in Tables 1 and 2). For
further details see Ref. 10].

The mechanism of the reaction of nitronate anions with
pyridinium

Previous nitroalkane syntheses involving the
displacement of a leaving group by nitronate anion
have been shown to involve a radical chain mechanism
(eqns 1 and 2),'! termed Sgn! by Bunnett.'? Many
substrates are known to participate in Sgy1 reactions
and interest in this area continues to be considerable:
e.g. recent extension to primary or secondary alkyl
mercury chlorides or bromides.®

RX > RX~ =R + X~ (1)
R+ Nu™ - RNu™ - RNu +e¢". (2)

Although we observed no light acceleration, dark
inhibition, or rate retardation in the presence of m-
dinitrobenzene {usual criteria for establishing electron
transfer processes*?] of the reaction of 1-benzyl-2,4,6-
triphenylpyridinium BF; with sodium 2-nitro-
propanide, we nevertheless believe that the ease of
reaction under mild conditions indicates a radical
reaction mechanism. Typical S\2 reactions of these
pyridiniums with hundredfold excess of nucleophile

require a reaction time of lhr at 100° in

chlorobenzene.!®

We believe that our reactions involve charge transfer
complexes between 2 and 3 and/or intermediates of
type 6; the latter is similar to stabilised cyano and
carbethoxy substituted pyridinyls previously found.'®
Furthermore, (a) 2,4.6-triphenylpyrylium has itself
been reduced to its radical {7) with Zn in acetonitrile'®
and (b) N-(p-nitrobenzyl)-pyridinium chloride'®
reacts with the anion of 2-nitropropane via an
electron-transfer mechanism.

Quantitative kinetic measurements on this reaction
are under way to define the precise mechanism, order
of reaction, solvent dependence, etc.!”
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Table 4. "H NMR spectra® of nitroalkanes R'R?R3CNO,

Substituents 8 (ppm)
1 2 3 1 2 3
R R" R e R . R R
7 CHy “PR” Alky>
PhCH, i H 3.45(0 7.50(s) . 4.75() 4. 7500
Pl’!CH2 Me W 3. 40{t) 7.45(s} - 1. 80{a} 4, 95{m}
}’hCH2 Ae AMe 3.25{s} 7.30{s} - 1. 60{s) 1. 60{s)
c1cancn2(3) H H 3.35(t) 7.30(s) 4.65(1) 4, 65(t)
CICGH“CHZ(E) Me H 3.30(t)  7.20{m) 1. 55(dy 4. 90(m)
(TICGHQCH?(V) Me  Me  3,35(s) 7.1-7.4(m) 1. 53(s) 1. 35(s)
Clz('eﬂ:s(lﬂz(n, P i H 3.30{1) T.15{s,2H) - 4,504 4. 501}
7. 30(s, 1H)
C!2C6H3C}i2 (o, p} Me H 3.20{1)  7.15{s,2H} - 1. 30{d) 4. 853{my}
7. 30(s, 111)
C!C6Kl4C}lz(g) H H 3.25(t)  T.20(d) - 4. 55(1) 4.55(t)
(‘ICSHQCHZ(E) Me H 2,95(t) 7.15(d) 1. 40(d) 4. 50(m)
\leCsli4(7}lz(E) 1! 1§ 3.20(1)  T7.10(s) 2. 30(s) 4.50() 4.50(1
AMe H 3.10{) 7, 10(s) 2. 30{s) 1. 504d) 4, 75{m)
Me  Ale 3, 10(s) 7.00{s) 2, 30{s} 1. 50(s) 1. 50{s}
2-Preolyl MMe Me 3. 34{sy 7,154 1.80{s} 1. 60(s}
7.85(m}
8.3 oldd
3 Pieoly. e Me 3.15(s) 7.1-7.8(m,2H) 1. 56(s) 1. 56(s}
8,2-8,6(mm, 2H)
n-(;qu Me 1 - 0.7-2 0(m) 1,50{d) 4. 45(m)
n-C Hy Me Me 0.8 - 1.0-2,0(m) 1.45(s) 1.45(s)
n»(fsﬂ“3 KMe H - 0.55-2.2fm  1.55{d) 4, 85{m}
n-(,'s}[w Me e - - 0.8-2.8{m} 1,85(s) 1. 85(s}
I"h(.,'ﬂ,)CI*l2 Me  Ne 7. 2({s) 2 0-2.7(m)} 1.60(s} 1. 60¢{s}
Cyclohexyl Me H - 1.0-2,5(m) 1. 50(d) 4, 30(m}
Me Me - 1.6-2.1(m) 1, 45(s) 1. 45(s)
pr Me Me 0.8-2.5(m) 1, 45(s) 1. 45(s)

EXPERIMENTAL

M.ps were obtained on a Kofler hot stage apparatus and
are uncorrected. IR spectra were run using NaCl plateson a
Perkin--Elmer 257 grating infrared spectrophotometer, neat
in the case of the nitroalkanes and in Nujol mull elsewhere
unless otherwise stated. 'H NMR spectra were run on a
Perkin-Elmer 60 MHz R12 permanent magnet spectrometer
in deuteriochloroform, unless otherwise stated, with
tetramethylsilane as the internal standard.

2.4,6-Triphenylpyrylium tetrafluoroborate was prepared by
the method of Lombard and Stephan'® (45%), mp. 253°
(ht.'® 253-255%).

N-Substituted 2.4,6-triphenvipyridinium tetrafluoroborates.
For a typical preparation, 24,6-triphenylpyrylium
tetrafluoroborate (12g, 0.03mole) and benzylamine (2.8g,
0.03 mole) were stirred 1n abs. EtOH (50 ml) with Et;N (0.3 g,
0.003mole) for 2hr. The crude product was filtered off,
washed with ether (25m!) and recrystallised as white needles
from abs. EtOH {15ml). The same procedure was adopted for
the other pyridinium salts, except isopropyl and cyclohexyl,
which were instead stirred in ether.

Reaction of 1 alkyl-2,4.6-triphenylpyridinium
tetrafiuoroborates with nitronate anions in ethanol In a typical
experiment, NaH (0.72 g, 0.03 mole) was dissolved in EtOH
(30ml). Nitromethane (1.83g. 0.03mole) was added with
stirring, followed by 1-benzyl-24.6-tnphenylpyridinium
tetrafiuoroborate (4.85g, 0.01 mole). The soln was refluxed
with stirring for 1 hr: the reaction was followed by tlc (silica:
CHCl;). When no further pyridinium remained, the soln was
cooled; the resulting crystalline by-product 24.6-
triphenylpyridine was filtered off. The filtrate was added to
water (50 ml), extracted with ether (3 x 25ml)and the extract
dried over MgSO,. Dry HCl was passed to remove residual
24.6-triphenylpyridine and the solution was evaporated

Footnote, S CDCIS solutions: ca. 50 mg/0.5 ml,

under reduced pressure (25°/15 mmHg). The crude product

was dstilled in rvacuo (1mmHg) vyielding 2-phenyl-
nitroethane.
Reaction of 1-alkyi-2,4,6-triphenylpyridinium

tetrafluoroborates with nitronate anions in dimethylsulphoxide.
In a typical experiment, NaH (0.72 g, 0.03 mole) was dissolved
in MeOH (10m!), and 2-nitropropane {2.67 g, 0.03 mole) was
added with stirring. After removal of the MeOH in vacuo
(25°/0.5 mmHg), the resulting white product was mixed with
1-hexyl-2,4,6-triphenylpyridinium tetrafluoroborate (4.79g,
0.01 mole) and dissolved in dimethylsulphoxide {30 ml). The
soln was heated at 80° for 2hr and again followed by tic
{silica; CHCl;). An identical isolation procedure to the above
was followed, yielding 2-methyl-2-nitrooctane.

Acknowledgement —We thank the S.R.C. for support of this
work.
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