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gem-Dinitroalkanes (3) have been prepared by reaction of nitro olefins with organolithium reagents, followed by
treatment with tetranitromethane. 2-Alkoxy-gem-dinitroalkanes (2) are obtained similarly by employing alkoxides
as the basic addend. The preparation of 1-bromo derivatives of 2 and their reaction with bases are described. The
1H and 13C NMR spectra of 2 and 8 are presented and discussed.

As part of a study of new synthetic routes to polynitro
compounds we report a new method of preparing gem-dinitro
compounds from nitro olefins and precursors. The principal
known methods of preparation of these materials are the
Kaplan-Shechter reaction (oxidative nitration of mononi-
troalkanes with silver nitrate),? the Ponzio reaction (nitration
of an oxime to the pseudonitrole followed by oxidation),? the
ter Meer synthesis (halogenation of mononitroalkanes and
displacement of the halide by nitrite),* and alkylation of alkali
metal salts of aliphatic polynitro compounds.5 Each of these
synthetic approaches has one or more shortcomings, such as
low yield and/or limited scope. Terminal gem-dinitro com-
pounds (1,1-dinitroalkanes) undergo reactions such as Mi-
chael condensations or Mannich reactions leading to other
dinitro and polynitro materials.®

Recent synthesis programs in this laboratory have resulted
in the facile preparation of several 8-alkoxy-a,«-dinitroal-
kanes (gem-dinitro ethers) and gem-dinitroalkanes. Treat-
ment of a nitro olefin (1) with tetranitromethane (TNM) in
the presence of either an alkoxide or alkyllithium yields the
corresponding gem-dinitro ether (2) or gem-dinitroalkane (3),
respectively, Scheme I. The effects of alkyl substitution on the
nitro olefin and various alccholic media have been studied.
A special feature of this synthesis is the introduction of two
functional units in a one-pot reaction, allowing for the prep-
aration of numerous gem-dinitro compounds, not easily ac-
cessible by known preparation routes.

The synthetic approach rests on well established experi-
mental observations. Nitro olefins are excellent Michael ac-
ceptors and add numerous functional groups in a 1,2 fashion.
Also, treatment of a nitronate anion with tetranitromethane,
reacting as a nitronium ion source, results in the formation of
dinitro and trinitro compounds.”

To establish the scope and limitations of this reaction with
respect to addends several additions were conducted with
w-nitrostyrene (la) and 2-nitro-1-phenyl-1-propene (1b).8 In
the preparation of dinitro ethers (2) alkoxides were generated

Scheme [
R!  NO,
ROHMNeOH . ) | o
CINO,),
R_ - OR® NO,
— 7 2, R? = alkyl
A=
R NO, R NO,
la, R=CH;; R'=R?*=H (1) RLi/THF N .
W m
b R=CH;R =H:R*=CH, 5 aon.
R¢ NO,

3,R® = alkyl,ary!l

from an excess of the required alcohol by reaction with sodium
metal or concentrated aqueous sodium hydroxide (2 mol equiv
of base). A solution containing the nitro olefin (1 mol), tetra-
nitromethane (1 mol), and the alcohol as solvent was then
added slowly (0-10 °C). The dinitroalkanes (3) were prepared
similarly in ether—tetrahydrofuran solvent at —40 °C by ad-
dition of alkyllithium reagents to the nitro olefin, followed by
addition of tetranitromethane. The products were obtained
as oils or low melting solids (70-90% yields of crude products).
Yields of pure samples obtained by column chromatography
were 20-60%. Results are summarized in Table I and indicate
the versatility of the method.

The reaction is believed to proceed through anion 4.
Tetranitromethane reacts as the nitrating agent eliminating
trinitromethide ion. Those 1,1-dinitroalkanes bearing an «
hydrogen (2a—d, 3a,b) are present as their salts in the reaction

mixture which must be acidified prior to workup to secure
products.

Products were characterized and identified by examination
of their 'H and 13C NMR spectra and infrared spectra (Tables
II and III; see paragraph at end of paper about supplementary

This article not subject to U. S. Copyright. Published 1978 by the American Chemical Society
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R R!
| R I R?
| ——— R-——C——C< > R—-C—C< -
(B=OR or R} | NO, ! NO,
B h B
4
R' NO,
C(NO,), B (R*=H) -
S0, dors === R—(—C=NO,
-C(NO, ), H*
B
2a-d;
3a,b anion

material). Products derived from w-nitrostyrene (2a~d; 3a,b)
in which R! = R? = H are characterized by a 1H NMR doublet
near 6.3-6.4 § (J = 9-10 Hz). Dinitromethane and 1,1-dini-
troethane are the only gem-dinitro compounds for which 13C
data have been reported previously.? Chemical shift assign-
ments reported in Table III were made with the assistance of
1H pulse decoupled spectra and by comparison of the chemical
shifts within a series. Assignments for the ring carbon atoms
were given additional support by comparison of the ortho and
meta aryl carbon shieldings in known monosubstituted ben-
zenes. Although absolute assignments are unconfirmed, the
magnitude and direction of the ortho and meta carbon atom
chemical shifts, with respect to benzene, are consistent with
other known carbon shieldings.!® The gem-dinitro carbons
are characterized by a very low field signal near 6 110-120. In
all compounds the characteristic asymmetric and symmetric
NO, stretching frequencies were observed in the infrared
spectra near 1560 and 1300 cm™1, respectively.
2-Acetoxynitroalkanes are convenient nitro olefin precur-
sors!! and may be employed in the gem-dinitroalkane syn-
thesis. 2-Acetoxy-1-nitropentane with methanolic sodium
hydroxide and tetranitromethane gave 1,1-dinitro-2-

CH3CHQCH2CH(OAC)CH2NOQ

2
OB CH,CH,CH,CH=CHNO,
—QAc~

5

CH30~
5 —» CH3;CH,CH;CH(OCH3)CH:NO,
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methoxypentane (7), in addition to some of the intermediate
1-nitro-2-methoxypentane (6). The nitro olefin 5 is readily
generated in situ from the acetoxy compound by the attacking
addend base. It was not possible to employ the nitro alcohol,
1-nitro-2-pentanol; much of the reactant was recovered un-
changed.

Reaction of 2-nitro-1-phenyl-1-propene with phenylmag-
nesium bromide, followed by tetranitromethane, failed to
yield the desired 1,1-diphenyl-2,2-dinitropropane. The
principal reaction product proved to be a bromo derivative,
C15H14BrNOs, 2-bromo-2-nitro-1,1-diphenylpropane; its
structure is supported by 'H and 13C NMR, infrared, and mass
spectra. Bromide oxidation by TNM had evidently occurred
in the reaction leading ultimately to bromination of the in-
termediate nitronate anion (4) to form the isolated prod-
uct.

An attempt to extend the reaction to Severin’s reagent,
(CH3)sNCH=CHNO,,2 by reaction with phenylmagnesium
bromide and tetranitromethane, gave w-nitrostyrene but no
isolable gem-dinitro product.

The reaction between w-bromo-w-nitrostyrene (8), tetra-
nitromethane, and methanolic sodium hydroxide revealed
that introduction of nitro and methoxy groups had occurred,
but the resulting bromo compound 9a was unstable under the
reaction conditions. Bromine displacement from the dini-
tro-substituted carbon occurred leading to 2a anion and the
only product isolated after acidification and workup was
1,1-dinitro-2-methoxy-2-phenylethane (2a, 60% yield).

CHO NO,
CH. Br .
5 NaOH/CH,0H
>C=C< —"—CﬁT—» C,H, —C—C—Br
H NO o I!{ NO
8 U,
9a
1. OH™
2. H* 2a

The scope of the new gem-dinitroalkane synthesis is be-
lieved to be potentially large. A wide variety of nitro olefins
may be employed, with substituents alkyl, aryl, or H. Also,
2-acetoxy-1-nitroalkanes serve as convenient nitro olefin
substitutes. Tetrasubstituted nitro olefins, although not ex-
amined in the present study, would be expected to react.

C(NODs tert-Butyllithium was the only organometallic addend em-
6 ployed which failed to yield an isolable product. Primary and
+ CH3CH,CH,CH(OCH3)CH(NOz)2 secondary alkyl and aryl lithium reagents of wide variety
7 would be expected to react normally. Alkoxides of low mo-
Table 1. Properties and Yields of gem-Dinitro Compounds Prepared by Reactions of Scheme I
Nitro Product,
olefin Addend molecular Registry Yield,® Bp/mp,
1 R3 formula® no. % °C
laf CH; 2a, CoH1oN2O5 65899-55-0 60 90 @ 0.7 mm
la CHsCH, 2b, C1oH12N205 65899-56-1 44 29-30¢
la (CH3)ch 2C, C11H14N205 65899-57-2 38 d
la CH,=—=CHCH: 2d, C11H1aN205 65899-58-3 37 d
1b& CHj 2e, C10H12N205 65899-59-4 42 53-55
1b CH3CH; 2f, C11H14N2O5 65899-60-7 35 d
1b CH3;CH,CH, 2g, C12H16N205 65899-61-8 20 d
la CHj 3a, CgHoN204 685899-62-9 29 d, e
la CH3(CHy)s 3b, C1sH16N204 65899-63-0 45 d
ib CH;; 30, C1()H12N204 65899-64-1 60 76-78

a Yields are of analytically pure samples; yields of initially isolated crude product were 70-90%. b Satisfactory analytical data (£0.3%
for C, H, and N) and molecular weight data (+5%, by vapor osmometry in chloroform) for all compounds were submitted for review.
¢ 8. 8. Novikov, V. M. Belikov, V. F. Dem’yanenko, and L. V. Lapshina, Izv. Adad. Nauk SSSR, Otd. Khim. Nauk, 1295 (1960), prepared
2b by addition of ethanol to w,w-dinitrostyrene, bp 115-117 °C (3 mm); mp 31-32 °C. d The product was obtained analytically pure
as an oil by column chromatography. ¢ C. Lugercrantz, S. Forshult, T. Nilsson, and K. Torssell, Acta Chem. Scand., 24, 550 (1970),
prepared 3a by another method but gave no physical properties or details. / Registry no.: 102-96-5. ¢ Registry no.: 705-60-2.
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Table IV. Properties and Yields of 1-Bromo-1,1-dinitro
Compounds (9)

Reactant Product,
dinitro- molecular Registry Yield,» Mp,
alkane formula® no. % °C
2a 9a, CgHgNsOsBr 65899-65-2 91 41-43
2b 9b, 65899-66-3 74 c
C10H11N205Br
2d 9d, 65899-67-4 85 c
C1:1H11NO;Br3

@ Yields are of analytically pure samples. ¢ Satisfactory ana-
lytical data (£0.3% for C, H, N, and Br) and molecular weight data
(2% by vapor osmometry in chloroform) for all compounds were
submitted for review. ¢ The product was obtained analytically
pure as an oil by column chromatography.

lecular weight are most convenient. Although alkoxides of C-4
and larger carbon content react, the workup and purification
of product is made difficult by the low volatility of their al-
cohols. Phenoxide was not studied.

Interfering side reactions are few and present no problems
in workup. 2-Alkoxy-1-nitroalkanes are present in small
amounts in most product mixtures. A Michael addition of
reactant nitro olefin leading to an alkoxy-substituted dimer
is occasionally observed. In methanol solvent w-nitrostyrene
produced known!3 2,4-dinitro-1,3-diphenyl-1-methoxybutane
(10) in variable, low yield. With higher alcohols this side re-
action is virtually absent.

NOZ
CH, H
oo + 1a O 0 H.CHCHCHCH,NO,
yd \ —
1 | NO,
OCH, OCH, C.H.
10

Acidic dinitro ethers 2a,b,d were converted into their cor-
responding 1-bromo derivative (9a,b,d) by reaction with 10%
KOH solution, followed by addition of bromine (Table IV).
The alkyl compound 2d afforded a tribromo derivative, 9d.
Treatment of 9 with triethylamine did not result in dehy-
drohalogenation to a dinitro olefin (11). Bromine attack by
base occurred (as noted above) leading to 2 nitronate anion,
which upon acidification gave reactant dinitro ether.

OR®* NO, OR?
KOH B
- CH,CH—CBr -+#> C;H,C=C(NO,),
Br,
! 1
NO'_Z
9a, R* = CH;
b, R? = C,H,
d, R’ = CH,BrCHBrCH,
excess . H*
~———— 2 anion —>

N(C,H:),

Attempts to convert the acidic dinitro ethers 2a-d to 1,1-
dinitro olefins were unsuccessful. Treatment of 2a with moist
trifluoroacetic acid ultimately gave benzaldehyde and dini-

2 == C,H,CHCH(NO,), —I‘%}? CSHE,('DHCH(NOZ)Z
H*Tl'” HOH
2 anion
_H*
%—Rjio‘ l

CH,CHO + CH,(NO,),

HOR?
+

C:H,CH=C(NO,),
12

Bradshaw and Thompson

tromethane. With anhydrous trifluoroacetic acid the dinitro
ether remained unchanged. The anions of acidic 1,1-dinitro
ethers (2a—d, 3a,b) do not lose alkoxide ion to yield 1,1-dinitro
olefins (12).

Experimental Section

All melting points were determined on a Thomas-Hoover capillary
melting point apparatus and are uncorrected. Infrared spectra were
recorded on a Perkin-Elmer grating spectrophotometer, Model 137.
A Varian EM 360 or XL 100 nuclear magnetic resonance spectrometer
was used for the scanning of proton and carbon spectra. Column
chromatography was done on Woelm neutral silica gel with fluorescent
indicator, “dry column chromatography grade.” Elemental analyses
and molecular weight determinations were performed by Galbraith
Laboratories, Knoxville, Tenn.

Caution. All polynitro compounds are considered toxic and po-
tentially explosive and should be handled with appropriate precau-
tions. Tetranitromethane in hydrocarbon solvents forms an extremely
hazardous mixture. In examples of preparation of acidic 1,1-dinitro
compounds, the ether extracts must be washed six to ten times with
100-mL portions of water to remove the nitroform side product pro-
duced during the reaction. Insufficient washing may result in fume-
offs upon concentration of the ether solutions.

The preparation of dinitro ethers employed two principal
methods. These are illustrated in the preparations of 2a and 2e.
Method A: 1,1-Dinitro-2-methoxy-2-phenylethane (2a). To an
ice-cold solution of 4 g (0.10 mol) of NaOH dissolved in 10 mL of water
and 20 mL of methanol was added dropwise a solution containing 7.5
g (0.05 mol) of w-nitrostyrene (1a) and 9.8 g (0.05 mol) of tetranitro-
methane dissolved in 50 mL of methanol. The temperature during
addition was maintained at 0-10 °C. The resulting mixture was stirred
at ambient temperature for 1 h after the addition was completed. The
crude reaction mixture was then poured into 100 mL of water and
acidified to pH 2 or less with concentrated HCl. The crude mixture
was extracted twice with two 100-mL portions of diethyl ether, the
combined ether extracts washed six to ten times with 100-mL portions
of water, dried over anhydrous MgSQy, and concentrated on a rotary
evaporator at room temperature, affording 8.5 g (75% yield) of a
reddish colored oil, essntially pure dinitro ether 2a by NMR assay.
The crude product was immediately dissolved in carbon tetrachloride
to avoid possible fume-offs of residual nitroform, and chromato-
graphed on 150 g of silica using carbon tetrachloride as eluent. The
first fraction was analytically pure dinitro ether (2a), 6.8 g (60% yield).
The same procedure was also used for the preparation of compounds
2b-d.

Occasionally the NMR spectrum of the crude material indicated
the presence of traces of a second component. Trituration with cy-
clohexane afforded a white crystalline solid, mp 145-152 °C, 1.3-
dinitro-2,4-diphenyl-4-methoxybutane (10). Recrystallization from
a benzene/cyclohexane mixture (1:9) afforded an analytically pure
sample, mp 148-149 °C (lit.13 mp 150-151 °C: NMR (CDCls) é 7.40,
5 H, S, CGH5; 4.74, 5 H, m, CHz, CH, 3.17, 3 H, 8, CH3

Anal. Caled for C17H1gN20s: C, 61.85; H, 5.45; N, 8.48; mol wt 330.
Found: C, 61.87; H, 5.54; N, 8.29; mol wt 321 (osmometry CDCl3).

Method B: 2,2-Dinitro-1-methoxy-1-phenylpropane (2e). To
1.15 g (0.05 mol) of sodium metal dissolved in 75 mL of methanol was
added dropwise with cooling (0-10 °C) a solution of 4.0 g (0.025 mol)
of 2-nitro-1-phenyl-1-propene (1b) and 4.9 g (0.025 mol) of tetrani-
tromethane in 25 mL of methanol. The resulting solution was stirred
at room temperature for 1 h. The product was isolated and purified
as described under method A above, except that acidification prior
to workup was omitted. Ultimately there was obtained 2.5 g (42%) of
analytically pure, white crystalline 2e, mp 53-55 °C. The same pro-
cedure was employed to prepare 2f,g.

Reaction of w-Bromo-w-nitrostyrene with Tetranitromethane.
To a solution of 0.8 g (0.02 mol) of NaOH dissolved in 10 mL of water
and 20 mL of methanol was added dropwise with cooling (0-10 °C)
a solution of 2.28 g (0.01 mol) of w-bromo-w-nitrostyrene! and 1.96
g (0.01 mol) tetranitromethane in 30 mL of methanol. The resulting
solution was stirred for 1 h at room temperature after addition was
complete. The crude mixture was then acidified with concentrated
HCI to pH ~1 and purified as described in the preparation of 2a
above, yielding 1.5 g (60%) of 2a. The NMR and infrared spectra were
identical with authentic 2a.

1,1-Dinitro-2-methoxypentane (7) and 2-Methoxy-1-nitro-
pentane (6). To a solution of 2 g (0.05 mol) of NaOH in 5 mL of water
and 10 mL of methanol was added with stirring and cooling (0-10 °C)
a solution of 4.4 g (0.025 mol) of 2-acetoxy-1-nitropentane!® and 4.9
g (0.025 mol) of tetranitromethane in 15 mL of methanol. The re-
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sulting mixture was stirred for an additional hour, then acidified to
a pH ~2 with concentrated HCI and stirred for an additional 30 min.
The crude material, 2.8 g, was isolated as described in the preparation
of 2a above. The NMR spectrum showed starting material to be ab-
sent and the presence of three products: 1-nitro-1-pentene (5), 2-
methoxy-1-nitropentane (6), and 1,1-dinitro-2-methoxypentane (7)
in a 1:4:2 ratio, respectively. Nitro olefin 5 was readily identified by
comparison of its NMR. spectrum with an authentic sample of known
515 prepared by base elimination of the acetate group from reactant
2-acetoxy-1-nitropentane; (CDClj) 6 7.25, m, CH=CH,; 2.28, q, CHy;
1.27, sextet, CHg; 0.97, t, CH3. Compound 6 was isolated by VPC on
a 20% SE 52, 3 in. column at 175 °C with a flow rate of 120 mL/min.
Pure 6 was identified by NMR: (CDCly) 6 4.51, d, CHoNOg; 4.05, m,
CH; 3.44, s, CHg; 1.50, m, CHyCHg; 0.97, m, CHs. Product 7 could not
be isolated by VPC. The NMR spectrum of the crude mixture re-
vealed the presence of the dinitromethine group of 7 by its charac-
teristic peak at 6 6.4 (d, J = 7.0 Hz). In addition to the dinitromethine
peak, a second methoxy peak at 6 3.55 was observed. The integral
ratios between the two methoxy peaks (~1:2) corresponded to that
of the dinitromethine and nitromethylene peaks (~1:4).

Decomposition of 2a with Trifluoroacetic Acid. A solution of
1,1-dinitro-2-methoxy-2-phenylethane 2a in an equal volume of moist
trifluoroacetic acid was allowed to stand at room temperature. The
progress of the reaction was monitored by NMR. After 3 days no
reactant 2a remained and only the following peaks were observed: 6
10.0 (s, 1 H, CHO), 7.6 (m, 5 H, C¢Hs), 6.4 (s, 2 H, CHy), and 4.0 (s, 3
H, CH30), corresponding to benzaldehyde (spectrum identical with
authentic sample), dinitromethane (recorded value of 6.2 in CCl,
solvent!®), and methyl trifluoroacetate (spectrum identical with au-
thentic sample). When a trifluoroacetic acid/trifluoroacetic anhydride
mixture was used as solvent no reaction was observed after three days
and the spectrum of 2a remained unchanged.

The preparation of dinitroalkanes is illustrated in the following
description: 2,2-dinitro-3-phenylbutane (3c). To a solution of 4.03
g (0.025 mol) of 2-nitro-1-phenyl-1-propene (1b) dissolved in 30 mL
of dry THF (cooled to —~40 °C with an acetonitrile-dry ice bath) and
under a positive nitrogen atmosphere was added with stirring 22 mL
(0.05 mol) of a 5% ether solution of methyllithium. The resulting so-
lution was stirred for 1 h at —40 °C followed by the addition of 4.9 g
(0.025 mol) of tetranitromethane. The solution was then allowed to
warm to room temperature and stirred an additional hour. The re-
sulting product was isolated and purified as described in the prepa-
ration of 2a above, yielding 3.4 g (60% yield) of an analytically pure
white crystalline product (3a), mp 76-78 °C. A similar procedure was
used for the preparation of 3a and 3b.

2-Bromo-2-nitro-1,1-diphenylpropane. A solution containing
0.05 mol of freshly prepared phenylmagnesium bromide in 40 mL of
dry THF was cooled to 0 °C and 4.07 g (0.025 mol) of 2-nitro-1-
phenylpropene was added. After stirring for 1 h at this temperature
3 mL (0.025 mol) of tetranitromethane was added and the solution
was stirred for an additional hour. Workup analogous to the proce-
dures described above for 2a afforded, after chromatography, 2.5 g,
30% of an analytical sample of 2-bromo-2-nitro-1,1-diphenylpropane
as a clear yellow oil: 1H NMR (CDCl3) 6 7.39 (s, 10, C¢Hs), 5.14 (s, 1,
CH), 2.28 (s, 3, CHz); 13C NMR (CDCl;) 6 138.38, 137.38, 130.01,
129.87,128.99, 128.74, 128.35, 128.18 (CeH;), 101.67 (Cy), 61.80 (C4),
30.72 (CH3); IR (film) 1575, 1295, 1100, 814, 707 cm™L.

Anal. Caled for C1sH4BrNO,: C, 56.27; H, 4.41; N, 4.37; Br, 24.96;
mol wt 320.195. Found: C, 56.19; H, 4.41; N, 4.43; Br 24.87; mol wt 320
(mass spectrum).

Reaction of 1-Nitro-2-dimethylaminoethylene with Phenyl-
magnesium Bromide and Tetranitromethane, To a solution of 1.16
g (0.01 mol) of 1-nitro-2-dimethylaminoethylene!? dissolved in 20 mL
of dry THF and cooled to 0 °C by an ice-salt bath was added 22 mL
of 1 M solution of phenylmagnesium bromide in THF. The mixture
was stirred for 15 min; 1.96 g (0.01 mol) of tetranitromethane was then
added and the mixture was stirred for an additional 30 min and
acidified with concentrated HCI. Following the usual workup proce-
dure described above for 2a, and after column chromatography on
silica using CHClj as eluent, 1.1 g of a mixture of benzaldehyde and
w-nitrostyrene (1:2 ratio) was obtained (materials identical with au-
thentic samples).
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1-Bromo-1,1-dinitro-2-methoxy-2-phenylethane (9a). To 1 g
(4.4 mmol) of dinitro ether 2a in 25 mL of a 1 N KOH solution was
added 0.70 g (4.4 mmol) of bromine. The resulting mixture was stirred
overnight at room temperature and extracted with two 75-mL por-
tions of diethyl ether. The combined ether extracts were washed with
two 100-mL portions of water, dried over anhydrous NasSOy, and
concentrated on a rotary evaporator leaving 1.23 g (91% yield) of crude
9a. The crude material was chromatographed on 40 g of silica, using
chloroform eluent, affording 1.1 g of an analytically pure oil which
crystallized on standing, mp 41-43 °C. Similar procedures were used
for the preparation of 9b,d, except that 2 mol equiv of bromine was
employed to obtain 9d.

Reaction of 9a with Triethylamine. A sample of 9a was dissolved
in equal volumes of triethylamine and CDCl3. The solution was al-
lowed to stand at room temperature and the reaction was followed
by NMR. The proton signal appearing at 6 5.46 gradually disappeared
with the simultaneous growth of a new peak at 6.62 ppm. No further
change was observed after 24 h; the material was then acidified with
concentrated HCl. The NMR of the acidified material was identical
with that of an authentic sample of 2a.
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