Dinitromethane

Brois, F. J. Pilot, and H. W. Barnum, J. Am. Chem. Soc., 92, 7629 (1470);
(f) D. N. Harpp, D. K. Ash, T. G. Back, J. G. Gleason, B. A.Orwig, W. F.
VanHorn, and J. P. Snyder, Tetrahedron Lett., 3551 (1970); (g) K. S.
Boustany and A. B. Sullivan, ibid., 3547 (1971); (h) P. Dubs and R. Stussi,
Helv. Chem. Acta., 59, 1307 (1976); (i) K. C. Mattes, O. L. Chapman, and
J. A. Klun, J. Org. Chem., 42, 1814 (1977).

(12) (a) J. L. Kice and E. H. Morkved, J. Am. Chem.Soc., 86, 2270 (1964}; (b)
C. J. M. Stirling, J. Chem. Soc., 3597 (1957).

(13) The problem of producing unsymmetrical disulfides in a clean fashion is
critical in any snythesis of this group. It should be pointed out that under
neutral reaction conditions*'ef disulfide interchange is a problem only in
the synthesis of unsymmetrical diary/ disulfides; nonneutral procedures
induce exchange of all disulfide types. There appears to be confusion in
the literature on this point.1'®! A report on the exchange rates of unsym-
metrical diaryl disulfides has appeared: A. B. Sullivan and K. Boustany, /nt.
J. Sulfur Chem., Part A, 1, 121 (1971).

(14) E. J. Muiders, R. J. C. Kleipool, and M. C. tenNoever de Brauw, Chem. Ind.
(London), 613 (1976).

(15) N. Kharasch, S. J. Poterna, and H. L.. Wehrmeister, Chem. Rev., 39, 323
(1946); T. L. Moore and D. E. O’'Connor, J. Org. Chem., 31, 3587
{1966).

(16) A related approach to sulfenate esters involved the reaction betwesan a
hypochlorite and a trimethylsilyl ether. tert-Butyl hypochlorite was reacted
with phenyl or benzyl trimethylsilyl thioether; the sulfenate was not pro-
duced. However, disulfide was formed in near quantitiative yield wher: the
molar proportions of hypochlorite to trimethylsilyl thioether were adjusted
to 1:2. Presumably the initial reaction gives sulfenyl chioride and & tri-
methyisilyl ether. A subsequent reaction between sulfenyl chloride and
unreacted trimethylsilyl thioether produces disulfide.

(17) There is literature precedent for this type of behavior in that methyl ben-
zenesulfenate is cleaved by trimethyisilyl thioethers to give disulfide and
methoxytrimethylsilane. '™

(18) D. A. Evans, G. L. Carroll, and L. K. Truesdale, J. Org. Chem., 39, 914
(1974).

(19) The infrared spectrum of the phenyl thiocyanate shows a sharp band at
2150 cm™" with no evidence for the presence of isothiocyanate.?°

(20) E. Lieber, N. R. Rao, and J. Ramachandtan, Spectrochim. Acta, 13, 296
(1957); N. S. Ham and J. B. Willis, ibid., 18, 393 (1960).

(21) The isolation of the silylsulfonium salt [(CH3)3SiSBu(Me)] I~ from the
reaction of (CHs)3SiSBu” and CHjl has been reported,?? but this claim has
been discounted as attempts to prepare similar salts gave only products
arising from cleavage of the silicon—sulfur bond.?

(22) E. W. Abel, D. A. Armitage, and R. P. Bush, J. Chem. Soc., 2455
(1964).

(23) K. A. Hooton and A. L. Allred, /norg. Chem., 4, 671 (1965).

(24) There is literature precedent in which silicon is proposed to be involved
in a four-center transition-state mechanism;25 however, few provide
convincing mechanistic evidence for solution processes.25!

{25) Some recent unimolecular reactions: (a) A. G. Brook, D. M. MacRae, and

J. Org. Chem., Vol. 43, No. 18, 1978 3485

W. W. Limburg, J. Am. Chem. Soc., 89, 5493 (1967); (b) Y.-N. Kuo, F. Chen,
and C. Ainsworth, ibid., 93, 4604 (1971); (c) a strong case is made for an
ionic four-center process in the rearrangement of 3-keto silanes, H. Kwart
and W. E. Barnette, J. Am. Chem. Soc., 99, 614 (1977); this is in conflict
with the nonionic four-center process proposed in ref 25a. Biomolecular
reactions: (d) H.J. Emeleus and M. Onyszchuck, J. Chem. Soc., 604 (1958);
(e) M. Onyszchuk, Can. J. Chem., 39, 808 (1961); (f) T. H. Chan and A.
Melnyk, J. Am. Chem. Soc., 92, 3718 (1970); (g) J. M. Bellama and J. A.
Morrison, J. Chem. Soc., Chem. Commun., 985 (1975).

(26) H.G. Grimm and H. Ruf, Z. Phys. Chem., Abt. B, 13, 301 (1931); D. N. Harpp
and J. G. Gleason, J. Am. Chem. Soc., 93, 2437 (1971).

(27) J. P. Snyder and D. N. Harpp, J. Am. Chem. Soc., 98, 7821 (1976).

(28) For the decomposition of 7, a rate change of sevenfold was observed from
isooctane to CHyCla: J. P. Snyder and D. N. Harpp, unpublished resuits.

(29) D. N. Harpp, J. Adams, D. Mullins, and K. Steliou, unpublished results; D.
N. Harpp, K. Steliou, and T. H. Chan, J. Am. Chem. Soc., 100, 1222 (1978);
C. Larsen, K. Steliou, and D. N. Harpp, J. Org. Chem., 43, 337 (1978).

(30) Chemical reagents were obtained from commercial sources and were used
directly. Melting points were obtained on a Gailenkamp block apparatus
and are uncorrected. Vapor-phase chromatographic analyses (VPC) were
performed on a Hewlett Packard F&M Model 575 Research Chromatograph.
The columns used were 6 ft X % in. of stainless steel and packed with
either 10% Apiezon L on Chromasorb W A/W-DMCS 80-100 mesh or
10% Carbowax 20M on the same support. Infrared spectra were recorded
on a Perkin-Eimer Model 257 grating spectrophotometer and calibrated
using the 1601-cm~" line of polystyrene. Nuclear magnetic resonance
(NMR) spectra were measured using a Varian T-60 spectrometer. Chemical
shifts are given relative to tetramethylsilane. Refractive indices were
measured on a Carl Zeiss 38341 refractometer at room temperature.
Optical rotations were measured on a Perkin-Elmer Model 141 automatic
polarimeter.

(31) M. G. Voronkov and A. Y. Yakubovskaya, Chem. Abstr., 50, 3217
(1956).

(82) D.R. Still, Ind. Eng. Chemn., 39, 517 (1947).

(33) W. Gerrard and K. D.Kilburn, J. Chem. Soc., 1536 (1956).

(34) R. S. Glass, J. Organomet. Chem., 61, 83 (1973).

(35) |. B. Douglass and R. V. Norton, J. Org. Chem., 33, 2104 (1968).

(36) T.J. Maricich and V. L. Hoffman, J. Am. Chem. Soc., 96, 7770 (1974).

(37) M.-L. Kee and |. B. Douglass, Org. Prep. Proced. int., 235 (1970).

(38) B. K. Morse and D. S. Tarbell, J. Am. Chem. Soc., 74, 416 (1952).

(39) E. Louis and G. Urry, Inorg. Chem., 7, 1253 (1968).

(40) H. Brintzinger, K. Pfannstiel, H. Koddebuschand, and K.-D. Kling, Chem.
Ber., 83, 87 (1950).

(41) H. Lecher, F. Holschneider, K. Kéberle, W. Speer, and P. Stécklin, Ber.
Dtsch. Chem. Ges., 58, 409 (1925).

(42) T. Zincke and F. Farr, Justus Liebigs Ann. Chem., 391, 55 (1912).

(43) F. G. Bordwell and P. J. Boutan, J. Am. Chem. Soc., 78, 854 (1956).

(44) H. M. Teeter and E. W. Bell, “Organic Syntheses'’, Collect. Vol. IV, Wiley,
New York, N.Y., 1963, p 125.

Dinitromethane!

Vytautas Grakauskas* and Allen M. Guest

Contribution from Fluorochem, Inc., Azusa, California 91702

Received March 7, 1978

Alkali salts of dinitromethane were obtained in Ligh yields in the saponification of methyl cyanodinitroacetate
or methyl dinitroacetate, prepared in the nitration of methyl cyanooximinoacetate and methyl malonate, respec-
tively. These salts were used in the synthesis of fluorodinitromethane, fluorodinitroethanol, dinitroethanol, 2,2-

diniiropropanediol, and dimethyl 4,4-dinitropimelate.

Potassium dinitromethane was first prepared by Villiers?
in 1884 by reduction of bromodinitromethane, which was
obtained? in low yields in the nitration of 2,4,6-tribromoani-
line. Free dinitromethane,* an unstable pale yellow oil, de-
composes readily at ambient temperatures. Dinitromethane
was also obtained in low yields in the nitration of halogenated
olefins, such as trichloroethylene.> More recently potassium
dinitromethane was prepared® in 23% yield by the Ter Meer
reaction? of chloronitromethane.

KNO3-KOH
CH3N02 + Clg hd CICHQNOQ —> K+_CH(NOQ)2
Dinitromethane salts are alsoc obtained from the alkali salts
of dinitroethanol,” which are available in good vields in the
oxidative nitration® of nitroethanol.
The present investigation resulted from a need for a more
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practical synthesis of dinitromethane salts. New routes to the
compound were investigated based on methyl dinitroacetate
and methyl cyanodinitroacetate.

The nitration of malonates was first investigated by Bou-
veault and Wahl® in 1903, who reported the synthesis of ethyl
dinitroacetate with little experimental details. Kissinger and
Ungnadel® prepared a number of alkyl dinitroacetates in
10-20% yields in the nitration of alkyl malonates.

We obtained methyl malonate by a modification of a re-
ported procedure;!! yields were improved by 30% and the
isolation procedure was simplified. The nitration of this
monoester with nitrogen tetroxide, 100% nitric acid, nitric—-
sulfuric acid, and red fuming nitric acid was investigated. The
best yield of methyl dinitroacetate, 55-60%, was obtained
using an excess of 20% red fuming nitric acid in methylene
chloride at 3-7 °C.
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HO;CCH,CO,CHj3 + HNOz — HC(NO,),CO,CHj4

A side reaction product of these nitrations, 3,4-bis(carbome-
thoxy)furazan 2-oxide,'2 could be readily separated.

On storage at ambient temperature for several days, methyl
dinitroacetate gradually decomposed to the furazan deriva-
tive.

HO(NO),CO,CH, — CH,0,00——CCO,CH,
N N0

The alkali salts of methyl dinitroacetate, however, were found
to be storable at ambient temperatures. When treated with
aqueous alkalies at 70-80 °C, the salts underwent saponifi-

cation to give the corresponding salts of dinitromethane in
90-95% yields.

Nat~C(NQOg)2CO2CH; + 2NaOH

H>0
> Na+-CH(NO,); + NayCO; + CH;0H
A

Potassium dinitromethane is sparingly soluble in water,
whereas the sodium salt is very soluble. Both salts can be
stored without any noticeable decomposition for several weeks
at ambient temperatures. These salts are sensitive to impact,
and in larger scale work aqueous solutions of the sodium salt
were used for safe handling.

Ammonium dinitromethane, previously reported by me-
tathesis reaction,® was obtained by heating methyl dini-
troacetate with ammonium hydroxide.

A
HC(NO;)2COsCH;3 + NH,O0H — NH+~CH(NOg)2

Fluorodinitromethane was previously reported!® by fluo-
rination of aqueous ammonium dinitromethane. Aqueous
sodium dinitromethane was fluorinated to give fluorodini-
tromethane in 75-80% yields.

(H20)
Na+t~CH(NOs)y + Fy —> FCH(NO»)2

Fluorodinitromethane was also obtained in ca. 60% yield in
the fluorination of aqueous alkali salts of methyl dinitroace-
tate. Methyl fluorodinitroacetate is thus hydrolyzed under
the reaction conditions.

(H20)
K+~C(NO4)sCO;CH; + Fy —> [FC(NO2)sCO2CHa

H.0
225> FC(NOy);H + CO, + CH3;0H

The analogous fluorination of the ethyl ester,'* however,
yielded a mixture of fluorodinitromethane and ethyl fluoro-
dinitroacetate.

Dialkyl dinitromalonates have not been previously re-
ported,!® but mononitromalonates are known.'® We found
that dimethyl nitromalonate undergoes slow nitration in ni-
tric—sulfuric acid to give dimethyl dinitromalonate in 20-25%
yields.

NOyCH(CO,CHs)y + HNO3-H3S80,4 — (NO2)oC(CO5CHjy)sg
The compound was identified by its elemental analysis and
NMR spectrum. Dimethyl dinitromalonate reacted with
methanolic potassium hydroxide to give methyl potassium

dinitroacetate, which on acidification yielded the previously
reported methyl dinitroacetate.

CH30H
{NO2)2C(CO:CH3)y + KOH —> K*+~C(NO3)2CO2CHj

H3;0+
— HC(NO3)2CO2CHg

Grakauskas and Guest

The second route to dinitromethane was based on cyano-
dinitromethide saits. The nitration of methyl cyanoacetate
with the mixed acid was reported!” to give low yields (20-30%)
of the dinitro derivative. Much better yields of methyl
cyanodinitroacetate, 80-85%, were reported!” in the nitration
of methyl cyanooximinoacetate, available quantitatively in
the nitrosation of cyanoacetate with sodium nitrite-phos-
phoric acid.

H3PO
NCCH,CO,CH; + NaNO; —» NCC(=NOH)C0,CHj

HNO3
—_— NCC(NO2)2COQCH3
H2S0,
Methyl cyanodinitroacetate in methylene chloride solution
reacted with water at ambient temperatures to give the
known!? dinitroacetonitrile.

NCC(NO5);C0O,CH3 + HoO — NCC(NO,):H
+ CO, + CH30H

When an aqueous solution of dinitroacetonitrile salts was
heated with 2 mol of an alkali hydroxide, the nitrile underwent
saponification to give the alkali salt of dinitromethane, the
alkali carbonate, and ammonia.

NCC(NQg)s~Nat + 2NaOH

H20
> Na*CH(NOs), + NagCOs + NHj
A

The rate of this reaction was conveniently followed by the
disappearance of the nitrile UV absorption at 350 nm. The
reaction was completed in ca. 2 h at 80-85 °C, and the yield
of dinitromethane salts was practically quantitative. At 105
°C the saponification was completed in 15-20 min.

Sodium dinitromethane solution, obtained in this one-pot
reaction, was used directly in the synthesis of other geminal
dinitro compounds. Formaldehyde (1 mol) was added, and the
resulting sodium dinitroethanol!® was fluorinated according
to a reported procedurel® to give fluorodinitroethanol in
70-80% yields.

Na*~CH(NO3)s + CH20 — Na*~C(NO3),CH;0H

% FC(NO,),CH;0H
H:0
Similarly, sodium dinitromethane solution was used directly
in the synthesis of 2,2-dinitropropanediol. Formaldehyde (2
mol) was added, and the alkaline solution was then neutralized
with acetic acid to give the diol.®

K+-CH(NOg)z + CHy0 = K+~ (NOy);CH,0H
a

o
< HOCH,C(NO;):CH,;0H
Dinitromethane salts react with 2 mol of «,8-unsaturated
carbonyl compounds to give the corresponding Michael con-
densation products.” When the crude sodium dinitromethane
solution above was treated with 2 mol of methyl acrylate, di-
methyl 4,4-dinitropimelate2 was obtained in 65% yield.

Na+‘CH(N02)2 + 2CH2=CHCOQCH3
— (NO)C(CH;CH3CO2,CHjy)o

Fluorination of sodium dinitroacetonitrile was reported?!
to give fluorodinitroacetonitrile, which was hydrolyzed to
fluorodinitroacetamide. We found that fluorodinitroaceto-
nitrile can be hydrolyzed to fluorodinitromethane in 75-80%
yields. A 1,1,2-trichloro-1,2,2-trifluorcethane solution of the
nitrile was stirred with concentrated hydrochloric acid at
ambient temperature for 10-12 h to give fluorodini-
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troacetamide. The resulting hydrochloric acid solution of the
amide was heated at 80-85 °C for 2 h to give fluorodini-
tromethane.

H20
Na*~C(NO2)sCN + Fy —> FC(NO,),CN

HCl HCI
A

Fluorodinitromethane and fluorodinitroethyl methyl car-
bonate, rather than fluorodinitroacetonitrile, were the fluo-
rination products of aqueous sodium dinitroacetonitrile
containing small amounts of methanol.

Experimental Section

Caution. Because of the explosive nature of many compounds
described in this paper, safety shielding is strongly recommended in
all the experimental work. Salts of dinitromethane should be handled
with utmost care: remotely and in small quantities.

Methyl Malonate. To a stirred solution of 132 g (1.0 mol) of di-
methyl malonate in 250 mL of methanol at room temperature was
added dropwise (15 min) with occasional cooling a solution of 66 g (1.0
mol) of 85% potassium hydroxide in 150 mL of methanol. After 15
min, the mixture was acidified with 1 mol of concentrated hydro-
chloric acid and filtered. The filter cake (KCl) was washed with two
25-mL portions of methanol. The combined filtrate and washing were
concentrated on a rotating evaporator, and the residual liquid was
dissolved in 150 mL of methylene chloride. The solution was filtered
from a small amount of salts. The filtrate was distilled to give 95 g
(80% yield) of methyl malonate: bp 90 °C (0.5 mm); NMR (CDCly)
63.44 (s, 2 H), 3.75 (s, 3 H), and 11.1 (s, COCH).

Methyl malonate was also obtained in 85% yield when diethyl
malonate instead of dimethyl malonate was used. Ethyl malonate was
obtained in 85% yield from diethyl malonate followed the above
procedure but using ethanol as the solvent.

Methyl Dinitroacetate. To a stirred and cooled solution of 80 g
of 20% red fuming nitric acid in 60 mL of methylene chloride at --5
°C was added 25 g of methyl malonate. After 3 h at 5-7 °C, the resc-
tion mixture was drowned in 150 mL of ice-water. The methylene
chloride solution was washed with three 75-mL portions of ice-water,
dried, and concentrated on a rotary evaporator to leave 21 g of crude
methyl dinitroacetate (60% yield). An analytical sample was obtainad
by distillation: bp 37-38 °C (0.02 mm) [reported!” bp 38 °C (0.22
mm)]; NMR (CDCl3) 6 4.00 (s, 6 H) and 6.75 (s, 1 H).

3,4-Bis(methoxycarbonyl)furazan 2-Oxide. The title compound
was isolated from crude methyl malonate nitration mixtures from
which methy! dinitroacetate was removed by extraction with aqueous
sodium bicarbonate. The crude 3,4-bis(methoxycarbonyl)furazan
2-oxide was distilled to give a pale yellow liquid: bp 93 °C (0.25 mm);
NMR (CDCl3) 6 3.96 (s) and 4.02 (s). Anal. Calcd for CgHsN,Og: C,
35.65; H, 2.99; N, 13.86. Found: C, 35.40; H, 2.81; N, 13.61.

Potassium Dinitromethane. A. From Methyl Potassium Di-
nitroacetate. To a stirred solution of 1.5 g of potassium hydroxide
in 15 mL of water was added 4.05 g (0.02 mol) of methy! potassium
dinitroacetate, and the mixture was heated at 65-70 °C for a few
minutes. The deep orange-red solution turned turbid and began to
deposit some yellow solid. The mixture was cooled to 0-5 °C. The
yellow crystalline solid was collected and washed with two 5-mL
portions of ice-water. Air-dried solid amounted to 2.6 g (90% yield),
mp 220 °C (expl) (reported? mp 216 °C dec).

B. From Potassium Dinitroacetonitrile. A stirred suspension
of 3.4 g (0.02 mol) of potassium cyanodinitromethide in 15 mL of 10%
aqueous potassium hydroxide was heated at 90-95 °C for 2 h. Am-
monia odor, strong at the beginning, gradually faded away. The yellow
solution was cooled to 0-5 °C. The yellow crystalline solid was col-
lected and washed with two 5-mL portions of ice-water: 2.5 g {85%
yield); mp 220 °C (expl).

Ammonium Dinitromethane. To a stirred suspension of 4.1 g
(0.025 mol) of methyl dinitroacetate in 10 mL of water was added 10
mL of 14% ammonium hydroxide, and the mixture was heated in an
open Erlenmeyer flask at 85-90 °C for 1.5 h. The solution was cooled
in a refrigerator overnight, and a yellow crystalline solid was collected.
The filter cake was washed with 2 mL of ice—water. The air-dried
yellow solid weighed 2.4 g (77% yield): mp 110 °C dec (reported* mp
105 °C); IR (Nujol mull) no C==0.

Potassium Dinitroethanol. A suspension of 1.0 g of potassium
dinitromethane obtained from methyl potassium dinitroacetate in
5 mL of 10% aqueous formaldehyde was heated at 90-95 °C for a few
minutes, and the solution was cooled to 0-5 °C. A yellow solid was
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collected and washed with ice-water. The air-dried material weighed
0.9 g, mp 152 °C dec alone or when mixed with an authentic sample
of potassium dinitroethanol.

In another experiment, a suspension of potassium dinitroethanol
obtained from potassium dinitromethane was fluorinated at 0-5 °C
with elementary fluorine. The aqueous fluorination mixture was ex-
tracted with methylene chloride. Fluorodinitroethanol, bp 33-34 °C
(0.1 mm), was isolated from the extract and identified by its pub-
lished!® physical properties.

Fluorodinitromethane. A. From Potassium Dinitromethane.
A stirred suspension of 3.1 g (0.02 mol) of potassium dinitromethane
in 25 mL of water was fluorinated with elemental fluorine following
a previously described technique.!® When all of the yellow potassium
salt was consumed, the fluorination mixture was extracted with five
10-mL portions of methylene chloride. The combined extracts were
dried and distilled to give 2.0 g of fluorodinitromethane, bp 36-37 °C
(20 mm) [reported!? bp 35-38 °C (20 mm)].

B. From Methyl Dinitroacetate. A suspension of potassium salt
of methyl dinitroacetate (150 g, 0.75 mol) in 1400 mL of water was
fluorinated at 0-5 °C with 0.65 mol of fluorine over a 7-h period. The
aqueous reaction mixture was extracted with ten 150-mL portions
of methylene chloride. The combined extracts were dried with an-
hydrous sodium sulfate and concentrated using an 18 in Vigreux
column. The amount of product present in the distillation residue was
determined by fluorine NMR spectroscopy using benzotrifluoride as
the standard. There was obtained 60 g of fluorcdinitromethane, 5%
vield based on methyl potassium dinitroacetate.

C. From Fluorodinitroacetonitrile. A mixture of 13.4 g (0.09 mol)
of fluorodinitroacetonitrile in 50 mL of 1,1,2-trichloro-1,2,2-trifluo-
roethane and 15 mL of concentrated hydrochloric acid was stirred for
10 h at room temperature. The fluorine NMR signal at ¢ 91.4 for
fluorodinitroacetonitrile disappeared, and a strong signal for fluo-
rodinitroacetamide at ¢ 101 appeared in the hydrochloric acid phase.
The phases were separated, and the hydrochloric acid solution was
heated at 80-85 °C for 1.5 h. During this time, carbon dioxide was
evolved and some water-insoluble liquid was formed. The reaction
mixture was allowed to cool and was extracted with five 15-mL por-
tions of methylene chloride. The combined dried extracts were dis-
tilled to give 9.9 g (90% yield) of fluorodinitromethane.

Dimethyl Dinitromalonate. To a stirred solution of 4 g of 100%
nitric acid in 15 mL of concentrated sulfuric acid at room temperature
was added 2.7 g of dimethyl nitromalonate.?? After 30 min the reaction
mixture was drowned on ice and an insoluble oil was extracted with
20 mL of methylene chloride. The dried extract was distilled in a
microdistillation apparatus to give 0.7 g of a colorless liquid: bp 85-87
°C (0.1 mm); NMR (CDCl3) 6 4.04 (s). Anal. Caled for CsHgN:Og: C,
27.04; H, 2.72; N, 12.61. Found: C, 27.35; H, 2.75; N, 11.82.

A 2.22-g (0.01 mol) sample of dimethyl dinitromalonate was treated
at ambient temperature with an excess of methanolic potassium hy-
droxide. A yellow potassium salt of methyl dinitroacetate was col-
lected and washed with methanol: 1.8 g (90% yield); mp 216 °C dec
(reported!” mp 213-214 °C).

A suspension of the methyl potassium dinitroacetate above in 5 mL
of ice-water was acidified with 2 mL of 20% hydrochloric acid. The
water-insoluble liquid which separated on acidification was extracted
with 10 mL of methylene chloride. The extract was dried and distilled
to give 1.1 g (76% yield) of methyl dinitroacetate.

Fluorodinitroethyl Methyl Carbonate. Methyl cyanodinitroa-
cetate (120 g, 0.635 mol) was stirred with 250 mL of water at 25-30
°C with occasional ice-water cooling until a clear solution resulted
(45 min). The acidic solution was neutralized (pH 7-8) with 10%
aqueous sodium hydroxide, 400 mL of 1,1,2-trichloro-1,2,2-trifluo-
roethane was added, and the mixture was fluorinated (5.5 h) with 0.6
mol of elemental fluorine at 5-8 °C. The phases were separated, and
the aqueous phase was extracted with three 50-mL portions of
methylene chloride. The 1,1,2-trichloro-1,2,2-trifluoroethane solution
was combined with the methylene chloride extracts. The combined
solutions were dried and concentrated to remove the solvents. The
residue, 40 g of a pale yellow liquid, analyzed by fluorine and proton
NMR spectroscopy, contained ca. 15% of fluorodinitroacetonitrile,
30% of fluorodinitromethane, and 55% of fluorodinitroethyl methyl
carbonate. This mixture was fractionated, and after removal of the
two volatile components, 20 g of the carbonate, bp 60 °C (0.5 mm),
was obtained: NMR (CDCl3) 6 3.84 (s, CH3) and 5.18 (d, JuF = 16 Hz,
CHy).?3 Anal. Caled for C;HsNoFO,: C, 22.65; H, 2.38; N, 13.21. Found:
C,22.41; H, 2.20; N, 12.98.

Registry No.—Dimethyl malonate, 108-59-8; methyl malonate,
16695-14-0; ethyl malonate, 1071-46-1; diethyl malonate, 105-53-3;
methyl dinitroacetete, 25160-76-3; 3,4-bis(methoxycarbonyl)fura-
zan 2-oxide, 18322-90-2; potassium dinitromethane, 32617-22-4;
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methyl potassium dinitroacetate, 33717-84-9; potassium dini-
troacetonitrile, 6928-22-9; ammonium dinitromethane, 12373-04-5;
potassium dinitroethanol, 6928-29-6; fluorodinitroethanol, 17003-
75-T; fluorodinitromethane, 7182-87-8; fluorodinitroacetonitrile,
15562-09-1; fluorodinitroacetamide, 15562-10-4; dimethyl dinitro-
malonate, 66901-53-9; dimethyl nitromalonate, 5437-67-2; fluorodi-
nitroethyl methyl carbonate, 66901-54-0; methyl cyanodinitroacetate,
66901-55-1; diethyl nitromalonate, 603-67-8; dinitromethane, 625-
76-3.
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Hydration of the allene complex [3, Fp = CpFe(CO)4], under acidic conditions, gives a mixture of ketone and al-
dehyde complexes (4 and 5). The aldehyde complex is shown to be derived by acid catalyzed rearrangement of the
allyl alcohol complex (6) in a process involving the metal-stabilized cation (7). Rearrangement occurs at an appre-
ciable rate even at pH 3.3, reflecting the unusually high stability of 7. Hydration of syn-3-methylallene and syn-3-
phenylallene complexes (13a,b) proceeds in a manner closely paralleling the parent complex, but the isomeric anti-
3-methylallene and anti-3-phenylallene complexes (14a,b) behave differently. These undergo hydration principal-
ly through the less stable tautomeric 1-methylallene and 1-phenylallene complexes (15a,b) due to steric effects as-

sociated with the anti substituent.

Recently, our interest in the use of complexes such as 1
as organometallic synthons prompted us to examine the
preparation of the precursor ketones (2) by routes other than
those previously employed?! [Fp = #5-CsHsFe(CO),).

+
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R
R~ TOrR o/
1 2

Since it is well known that coordinated olefins in Fp(olefin)
cations readily add a number of carbon and heteronuclear
nucleophiles,2 we considered the prospect that Fp(allene)
cations might serve as useful precursors of 2. The allene
complexes are readily available either through an exchange
reaction involving the Fp(isobutylene) cation and an allene3
or by protonation of a (o-propargyl)Fp complex.4 The latter
are conveniently obtained by metalation with Fp anion of
either 1-halo- or 1-tosyloxy-2-alkynes.> While the exchange
reaction with monosubstituted allenes may be expected to
afford mixtures of syn- and anti-3-substituted allene com-
plexes,? protonation of (o-progargyl)Fp complexes has been
observed to proceed stereospecifically to give the syn stereo-
isomers exclusively.®7 Furthermore, syn and anti stereoiso-
mers have been shown to be thermally interconvertible
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through a succession of 1,2 shifts by the Fp group? (Scheme
D).

Results

Hydration of the Fp(allene) Cation. In general, the ad-
dition of nucleophiles, including hydroxide ion, to Fp(allene)
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