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Disproportionation of Unsymmetrical Disulfides (2) —Except
for slight variations in procedures of isolation, the following
method was used for all unsymmetrical disulfides. Approxi-
mately 1 mmole of the unsymmetrical disulfide was accurately
weighed and added to 10 ml of redistilled 959, ethanol in a care-
fully cleaned 10-ml vial. The vial was sealed, protected from
light with aluminum foil, and kept at 100° for the appropriate
time.’* After being cooled, the reaction mixture was evaporated
and the residue was thoroughly washed with n-hexane (except for
the p-NO; (7) and m-CN (10) derivatives discussed below).
Evaporation of the hexane usually gave a pure sample of the
symmetrial benzyl disulfide (11), which was characterized in
typical instances by mixture melting point, infrared spectrum,
and thin layer chromatography (single spots in all instances)
with benzene as eluent. In the case of the p-cyano derivative,
it was necessary to purify the product by washing with a little
petroleum ether (bp 30-50°). ‘‘Disproportionation, %’ in
Table IT was calculated as (millimoles of symmetrial disulfide
formed X 2 X 100) /(millimoles of unsymmetrical disulfide used) .1

For the m-CN (10) and p-NO, (7) derivatives, it was convenient
to follow the disproportionations by estimating the amount of
2-(n-decylamino)ethyl disulfide dihydrochloride (12) formed.
Thus in these instances the residue from evaporation of the re-
action mixture was first washed thoroughly with ether (200 ml)
and then with benzene (20 ml) leaving the pure n-decylamino-
ethyl disulfide dihydrochloride, identified by its superimposable
infrared spectrum with those of authentic samples and thin layer
chromatography (10:90 ethanol-chloroform). With each of the
components 3—10, the validity of each separation procedure was
checked by mixing known amounts of reactant and products;
results were usually within 59, of the known composition.

Rate constants (k) were obtained by plotting log Co/C vs. time
(Figure 1), where ( is the initial concentration of ca. 1 mmole
and C is the concentration at time ¢ (deduced by subtraction of
“‘disproportionation, 9’ from Table II) and then multiplying
the slope by 2.303. Half-lives (Table II) were calculated from
the equation ti/, = 0.693/k.

Experiments on the Nature of the Disproportionation Reaction.
A. Extent of Completion.—p-Cyanobenzyl 2-(n-decylamino)-
ethyl disulfide hydrochloride (8, 0.4036 g, 1.004 mmoles) was
dissolved in 959, ethanol (10 ml) in a vial protected from light
and was heated for 120 hr at 100° in the usual manner. The

(15) It was noticed that, after completion of an experiment, removing the
aluminum foil and briefly rewarming the vial on the water bath redissolved
any reactant and product which had precipitated; it is on this type of ob-
servation that the statement of homogeneity during the reaction is based
(see Discussion).

(16) L. Field, T. C. Owen, R. R. Crenshaw, and A. W, Bryan, J. Am.
Chem. Soc., 88, 4414 (1961).
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reaction mixture was evaporated at room temperature and the
residue was thoroughly rubbed and washed with warm dry ether
(200 ml). The solid was separated by filtration and was washed
with a little benzene (5 ml), dried, and weighed: yield of 12,
0.2428 g (95%), mp 265° dec. It was shown to be pure 12 by
its superimposable infrared spectrum and by using thin layer
chromatography with ethanol-chloroform (10:90) as eluting
solvent. The ether filtrate was evaporated to give 0.1537 g
(103%) of p-cyanobenzyl disulfide. Thin layer chromatography
using benzene as eluent showed this material to be nearly pure.
Purification was effected by chromatography on Merck acid-
washed alumina using benzene-chloroform (90:10) for elution.
The product, 0.1352 g(919%), had mp 146-147° and mmp 146-
147° (lit.* mp 148°). It was further identified by its super-
imposable infrared spectrum. It showed only one spot using
thin layer chromatography, which had an R¢value identical with
that of an authentic sample.

B. Extent of Reversibility.—A solution of p-chlorobenzyl di-
sulfide (0.1576 g, 0.500 mmole) and 2-(n-decylamino)ethyl
disulfide dihydrochloride (12, 0.2529 g, 0.500 mmole) in 10 ml
of 959, ethanol was heated for 95 hr at 100°. The reaction mix-
ture was cooled and the contents were evaporated at room tem-
perature. The residue was rubbed well with n-hexane (250 ml)
and solid was separated by filtration. Evaporation of the filtrate
gave pure p-chlorobenzyl disulfide (0.1575 g, 1009 recovery),
which was identified by mixture melting point, infrared spectrum,
and thin layer chromatography using benzene for elution. The
residue, 0.2526 g (1009%), had an infrared spectrum identical
with that of pure 12. Thin layer chromatography (10:90 of 959,
ethanol-chloroform) showed the product to be almost pure and
revealed only a barely discernible trace of the unsymmetrical
disulfide (6); the only strong spot had an R: value identical with
that of the symmetrical disulfide 12.

C. Disproportionation of a Disulfide Free Base.—p-Chloro-
benzyl 2-(n-decylamino)ethyl disulfide hydrochloride (6, 0.4111
g, 1.00 mmole) was dissolved in 959 ethanol (9 ml) plus
ethanolic sodium ethoxide (1 ml, containing 1.00 mmole of
sodium ethoxide). The solution was heated in a sealed vial
protected from light for 1 hr at 100°, The reaction mixture was
cooled and acidified with HCl gas and then was evaporated to
dryness. Extraction of the residue with hexane and evaporation
of the hexane extract gave 0.0908 g (589, disproportionation)
of p-chlorobenzyl disulfide, identified by mixture melting point,
infrared spectrum, and thin layer chromatography (only one spot)
using benzene for elution.

Registry No.—3, 13116-74-0; 4, 13116-75-1; 5, 13116-
76-2; 6, 13116-77-3; 7, 13116-78-4; 8, 13116-79-5;
9, 13135-40-5; 10, 13116-80-8; 12, 13116-81-9.
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Alkyl and benzyl diffuoronitroacetates are reduced primarily to hemiacetals by sodium borohydride in anhy-

drous solvents.

The reduction of aldehydes, ketones, and esters with
complex metal hydrides is a well-known method for
providing a wide variety of alcohols.! However, to
obtain a nitro alcohol by reduction of a nitro carbonyl
compound, selective reduction is necessary in order to
retain the nitro group. Under certain conditions,
sodium borohydride and even lithium aluminum hy-
dride can be used to reduce the carbonyl groups pref-
erentially in compounds which also contain nitro

(1) N. G. Gaylord, “Reduction with Complex Metal Hydrides," Intersci-
ence Publishers, Inc.,, New York, N. Y., 1956,

In agueous solvents, 2,2,2-difluoronitroethanol is the only product.
densation reactions of difluoronitroethanol are deseribed.

Esterification and con-

groups three and four carbons removed from the re-
duction site, but no examples have been reported for
reduction of a carbonyl group « to the carbon-nitro
group. For example, Feuer? reduced methyl 4-nitro-
pentanoate and 4,4-dinitropentancate esters to the
corresponding nitro aleohols with lithium aluminum
hydride in ether at —60° and Shechter?® obtained nitro
alecohols from nitro ketones at 20° by the action of
sodium borohydride in methanol solution. In each of

(2) H. Feuer and T. J. Kucera, J. Am., Chem. Soc., T7, 5740 (1935).
(3) H. Shechter, D. E. Ley, and L, Zeldin, ¢bid., 74, 3664 (1952).
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TarLE 1
DIFLUORONITROACETATE REDUCTIONS BY SopIUM BOROHYDRIDE

NaBHg/ester
Acetate ester Solvent mole ratio
Methyl 509, H,O-DME* 0.64/0.60
Methyl DME 0.64/0.60
Methyl 509, H.O-DME 0.64/0.60
Methyl 509 H,O-DME 0.64/0.60
Ethyl DME 0.60/0.059
Isopropyl DME 0.11/0.12
Isopropyl 50¢; HyO-DME 0.054/0.054
Benzyl 509, H,0-DME 0.086,/0.086
Benzyl 509, H,O-DME 0.043/0.043
Benzyl 509, H,O-DME 0.1/0.055
Benzyl 509 H,O-DME 0.51/0.51

@ Autogenous basicity except where indicated. ® Products were isolated as a mixture of acetates for analytical purposes.

Reaction time,® Relative abundance of product acetates,® %

min (temp, °C) Alcohol Aldehyde Hemiacetal
22 (—10-0) (pH 4 5 45 454

to autogenous)
20 (25) 32 8 60
25 (0-10) (pH 7.8) 11 46 43
25 (0-10) 14 45 41
45 (25-30) 10 8 82
40 (20-24) (45¢)
15 (20-24) 15 22 63
15 (18-22) (327)
10 (0-2) 22 7 7
15 (18-20) 23 32 11
30 (10-12) (709)

Gross

yields of the acetates ranged from 20 to 45%; the percentages given in the column reflect the relative abundance of the three reduction

products by glpe analysis. ¢ DME = dimethoxyethane.

4 Aleohol = 2,2,2-difluoronitroethanol (acetate); aldehyde = diftuoronitro-

acetaldehyde (diacetate); hemiacetal = alkyl difluoronitroacetaldehyde hemiacetal (acetate); general structure, NO,CF.,CH(OR)-

(OOCCH,).

¢ Isolated yield of hemiacetal based on starting material.

7 Isolated yield of alcochol. ¢ Isolated yield of alechol; this

method was used for subsequent alcohol preparations; in tetrahydrofuran, 52% yield.

these studies, as in other reported reductions by metal
hydrides, the normal course of the reaction was the
reduction of the carbonyl group to an alcohol group.

We were interested in studying the reactions of 2,2,2-
difluoronitroethanol, a weakly basic alcohol whose de-
rivatives have not been reported. When this research
was started in 1962, difluoronitroethanol was not
known; a low-yield process since published was an
autoclave method difficult to use.* Although none of
the prior reports concerned reduction of esters having
the nitro group « to the carbonyl group, the reduction
of difluoronitroacetate esters by the method of Shechter?
was considered to be the best approach. However,
instead of producing 2,2,2-difluoronitroethanol under
the reduction conditions used by Shechter, the alkyl
difluoronitroacetates gave a mixture principally of the
corresponding alkyl difluoronitroacetaldehyde hemi-
acetal, O.NCF.CH(OH)OR, and difluoronitroacetalde-
hyde, O.NCF,CHO. Difluoronitroethanol was formed
only in very small amounts. This result led us to
study the rovel partial reduction of difluoronitroace-
tates by sodium borohydride and to characterize the re-
action forming the hemiacetal. In subsequent research,
we were able to devise a facile synthesis of 2,2,2-di-
fluoronitroethanol, much improved over previous
methods, and to prepare previously unreported de-
rivatives of this alecohol.

Results

Hemiacetals.—The reduction of methyl difluoro-
nitroacetate in methanol with sodium borohydride
produced a principal product whose structure assign-
ment as a hemiacetal was based on infrared spectrum,
elemental analysis, and nmr spectrum. The infrared
spectrum contained the bands expected of an alcoholic
product, namely a strong broad hydroxyl band, a strong
nitro absorption peak, a retention of the CF and CH
peaks, and no carbonyl absorption peak. Elemental
analysis of the methyl difluoronitroacetate reduction
product suggested a compound C;H:F,NO,, only two
hydrogen atoms different from the original ester.

(4) D. M. Gardner, R. E. Oesterling, and M. Hauptschein, U. S, Patent
3,203,999 (Aug 31, 1965).

Among various possible elemental combinations the
most logical seemed to be a hemiacetal structure,
NO,CF,CH(OH)OCH,;. Nuclear magnetic resonance
supported this structural assignment. The proton
spectrum gave two singlet peaks for the hydroxyl
and methyl groups and one triplet peak for the asym-
metric CH in the ratio of 3:1:1, respectively. The
fluorine spectrum had four doublet peaks corresponding
to the spectrum expected of a CF, adjacent to an asym-
metric carbon atom.

Although the difluoronitro hemiacetals could be iso-
lated in their pure form, the loss in yield during work-up
was severe. Consequently, for the study of the reac-
tion the products were converted to stable acetate de-
rivatives using acetic anhydride. The sodium boro-
hydride reduction of difluoronitroacetate esters was in-
fluenced primarily by the structure of the starting
ester and the solvent system; these factors were more
directive in their influence than were conditions of
temperature, stoichiometry, and reaction period. In
anhydrous solvents such as methanol, dimethoxyethane,
or tetrahydrofuran, the principal products were the
corresponding alkyl hemiacetal and small amounts of
difluoronitroacetaldehyde and 2,2,2-difluoronitroeth-
anol. Table I summarizes the experimental conditions
used. Optimum preparation of the hemiacetal was
obtained by addition of the ester to a slurry of sodium
borohydride in dimethoxyethane at room temperature;
control of basicity of the system was unnecessary.
Other hydride catalysts were unusable. Lithium
aluminum hydride produced an explosion in two in-
stances and lithium borohydride produced no isolable
products.

A second product, isolated occasionally during the
hemiacetal experiments, was later identified as di-
fluoronitroacetaldehyde. This compound was some-
what unstable as the hydrate and was most easily ob-
tained as its diacetate. An independent synthesis of
the aldehyde and its diacetate by aluminum chloride
catalyzed sodium borohydride reduction of methyl
difluoronitroacetate confirmed the assigned structure.

2,2,2-Difluoronitroethanol.—A noticeable feature of
the anhydrous systems was the heterogeneity of the
reaction mixture, which in itself may have contributed
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TasLe I1
EsTERS OF DIFLUORONITROETHANOL
Registry Yield, Bp (mm) or - Caled, % Found, %

Ester no. Method % mp, °C C H N C H N
Acetate 13168-68-8  (Ac).0, 25° 70 54 (20) 28.40 2.91 8.30 28.57 3.06 8.21
Malonate Azeotrope in benzene 54 110 (54) 26.10 1.8 8.76 26.30 1.62 8.70
Acrylate 13168-69-9  Azeotrope in benzene 70 58 (15) 33.05 2.76 7.75 33.04 2.98 7.38
Maleate 13168-70-2  Azeotrope in benzene 56 102 (0.05) 28.75 1.79 8.35 28.35 1.83 8.19
Fumarate 13168-71-3  Catalysis of acid chloride 22 45-46 28.75 1.79 8.35 28.85 1.96 8.03
Ithaconate  13168-72-4  Azeotrope in benzene 47 110 (0.05) 31.10 2.30 8.05 31.21 2.49 8.50

to incomplete reduction by precipitation of the inter-
mediate borate salts. Since the acetates and sodium
borohydride both could be dissolved in 509, aqueous
dimethoxyethane, a water solution of borohydride was
added to an aqueous solution of ethyl difluoronitro-
acetate at room temperature. Difluoronitroethanol
was the only product of the reaction. The methyl
and isopropyl esters produced mixtures of all possible
reduction products. In a study of leaving-group
effect, reduction of benzyl difluoronitroacetate achieved
a striking improvement over our previous experience
in producing the alcohol. Difluoronitroethanol was
the exclusive fluoronitro product and was obtained
in 55-709, yields. An optimum procedure was de-
veloped which consisted of adding an aqueous sodium
borohydride solution to an equimolar amount of benzyl
ester dissolved in an aqueous tetrahydrofuran. Other
conditions are summarized in Table 1.

Normally sodium borohydride has no effect on an
ester group. There have been few reports of ester
reduction by this reagent and no reports in which the
hemiacetal was isolated as a major product. The
reduction of a difluoronitroacetate (I) to a hemiacetal
(I1I) apparently involves transfer of a hydride ion to
the carbonyl group to produce an alkoxide ion which
coordinates with the borohydride (II) and forms the
hemiacetal (III) upon hydrolysis during work-up.

j
NOJ_CcmOCH3 + NaBH4

—
I
o i OH
| (BH,Na) Ho |
NO,CF 2(|3OCH3 —— NOZCF2(|ZOCH3
H H
II il

A similar course is followed in lithium aluminum hy-
dride reductions of esters in anhydrous systems
as a first step, but in subsequent steps the alcohol
oxygen bond is cleaved.® The formation of a hemi-
acetal from an ester in dry dimethoxyethane using
sodium borohydride indicates that the alcohol oxygen
bond cleavage in this solvent is incomplete. Appar-
ently the sodium borohydride salt of each intermediate
(II) is too stable for the bond between the alcohol oxy-
gen and the carbonyl to cleave quantitatively in dry
solvent systems. Precipitation of the salt by the sol-
vent undoubtedly contributes to this situation.

Aqueous solvent systems probably promote the al-
cohol oxygen carbonyl bond cleavage, particularly for
the benzyl ester. In aqueous alecohols no products

(5) Reference 1, p 391,

were obtained, in contrast to the reported reduction
of nitroaldehydes and ketones in aqueous methanol.
The evidence does indicate that the diftuoronitroace-
tates reduce in stepwise fashion and that completion
of reduction does not depend entirely upon conditions
or stoichiometry. At present it appears that hemiace-
tal formation is confined to reductions in dry nonhy-
droxylic solvents.

Difluoronitroethanol Derivatives.—Several methods
for the synthesis of esters of negatively substituted
alcohols were tried with difluoronitroethanol and un-
saturated acids or their chlorides. Positive results
were obtained with fumaryl chloride, using titanium
tetrachloride catalysis. Poor results were obtained
from direct esterification in polyphosphoric acid and
with p-toluenesulfonic acid catalyst in benzene. The
best over-all results were obtained by the normal
sulfuric acid catalyzed direct esterification with water
removed azeotropically from benzene. Esterification
conditions and results are summarized in Table II.
The esterification of acrylic acid was successful only if
the starting alcohol and acid were better than 987,
pure. Only a minimum amount of sulfuric acid cata-
lyst could be used to avoid decomposition and poly-
merization. The difluoronitroethyl acrylate was a
stable, water-white liquid which had no tendency to
polymerize on storage at room temperature.

Methods chosen for an attempted preparation of
methylene bis(difluoronitroethyl)malonate (VI) were
(a) the zinc chloride catalyzed condensation of the
malonate (IV) with paraformaldehyde in refluxing
glacial acetic acid® and (b) the reaction of an organic or
sodium salt of the malonate (IV) with chloromethyl
ether in diethyl ether.” At the outset, it was found that
neither reaction gave the desired unsaturated methyl-
ene malonate (VI); instead, the reactions gave two
new products which have been identified as propane
carboxylate derivatives.

Chloromethyl ether reacted either with the di-
fluoronitroethyl malonate in the presence of triethyl-
amine or with the sodium salt. The product from both
reactions was a white solid. Its infrared spectrum was
very similar to that of the parent ester but was not the
spectrum expected from the desired methylene malo-
nate (VI). On the basis of elemental analysis, the new
compound appeared to be the malonate ester condensed
with a second molecule through a CH, grouping, <.e.,
tetrakis(8,8,8-difluoronitroethyl)-1,1,3,3-propane tetra-
carboxylate (VII). The assignment of this structure
was supported by the proton (H!) nmr spectrum, which
had three triplets in an area ratio of 4:1:1. The

(6) M. Masuna and T. Asakara, Japanese Patent 2219 (May 20, 1953);
Chem. Abstr., 48, 1780g (1955).

(7) G. Vasilieu and N, Barbeleaeu, Analele Univ. C. I, Parhon Ser. Stitnt.
Nat., 16, 99 (1957); Chem. Abstr., 52, 1238% (1959).



2598

triplet of largest area was from the —-CH,CFs~ group,
while the two smaller ones derived from the CH being
split by the CH; and the CH, doublet giving rise to
a triplet owing to coupling with the CH neighboring
protons. The structure was confirmed by a series of
experiments degrading the product to easily identi-
fiable fragments. The tetracarboxylate was hydro-
lyzed to propanetetracarboxylic acid, a known com-
pound which was then decarboxylated to glutaric acid
and identified by mixture melting point and nmr.
Similarly, the analogous ethyl 1,1,3,3-propanetetra-
carboxylate, a known compound, was hydrolyzed to
the same acid.

There is a rational mechanism for the formation of
the tetracarboxylate. It appears that the unsaturated
methylene malonic ester (VI) formed and probably
reacted with another mole of the ester by Michael
addition. The double bond undoubtedly was acti-
vated and the conditions for anion formation preceding
Michae] addition were favorable (Scheme I). Support

ScueEME 1
(CeHs)N
(NO.CF,CH,00C),CH, + CH;OCH,Cl ———>

v
CH;0CH,CH(COOCH:CF;NO,); + (C:H;);N-HCl
A4
CH:OCH.CH(COOCH,CF:NOy), —>
[CH=C(COOCH:CF:NOs).] + CH;OH
VI
[CH=C(COOCH,CF;NO,),] + (NO,CF.CH,00C).CH —>
(NO.CF,CH,00C),CHCH,CH(COOCH,CF.NO:),
VII

for the intermediate methylene malonate (VI) formation
was provided by an experiment in which bromine in
carbon tetrachloride was decolorized quickly when
added to a fresh reaction solution after the reaction
period. If the reaction mixture was allowed to stand
overnight before addition of the bromine, decolorization
was not achieved. This result indicated that the
Michael addition was the slow step.

The condensation of formaldehyde with difluoro-
nitroethyl malonate (IV) in acetic acid produced a
colorless viscous liquid which was difficult to purify
because of polymerization. The best preparation
showed only one component by thin layer chroma-
tography. Calculations from the elemental analysis
indicated an empirical formula which corresponded
to 2,2-bis(difluoronitroethylcarboxylate)-1,3-propane-
diol diacetate (VIII), the bisacetate ester of a diol
formed by formaldehyde condensation at the site of

ZnCl
(NO:;CF,CH,00C):CH, + 2HCHO ——>
v HOAc

CH.OH
NOzCFzCHzOOCéCOOCHgCFzNOz
Saom
2HOAcl

?HQOOCCHa
NO,CF,CH,00CCCOOCH:CF.NO,

|
CH,00CCH;
VIII
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the acidic protons in the malonate starting ester. A
proton nmr spectrum showed three peaks—one triplet
and two singlets in a ratio of 1:1:1.5. The triplet
was characteristic of ~CH, splitting by fluorine in the
alcohol moiety; the singlet of 1.5 ratio was at the posi-
tion for the CH; group of an acetate ester, and the
singlet of 1 ratio could be the primary CH: of the alco-
hol in the acetate ester.

Difluoronitroethanol would not form an acetal by
normal means but was easily converted to its formal
(IX) by using 909 sulfuric acid as solvent for the con-

Ha804
2NO,CF.CH:0H + HCHO ——>
NO.CF.CH,0CH.OCH,CF,NO, + H,0
IX

densation of the alecohol with paraformaldehyde.®
An alternative approach which used the aleohol ace-
tate and paraformaldehyde gave no advantage. An
impurity which was usually formed during the reaction
of the alcohol with formaldehyde was identified as the
trioxymethylene bis(difluoronitroethyl) ether, formed
apparently from incompletely depolymerized para-
formaldehyde.

A hemiformal acetate (X), identified by nmr and
infrared spectra, was produced as an impurity in the
reaction of formaldehyde with difluoronitroethyl ace-
tate by recondensation of acetic acid with the hemi-
acetal intermediate. Neither of these products was

H:80
0.NCF,CH.00CCH; — 0.NCF,CH,OH 4+ HOOCCH;,

H:S0.
O;NCF,CH:0H + HCHO — [0:NCF,CH,OCH,OH]}

H.80
[0:NCF,CH,0CH;0H] + HOOCCH; ——>
0:.NCF,CH;,0CH,00CCH; + H:0
X

observed in previous studies of formal preparations in
sulfuric acid,® but the isolation of the hemiacetal
acetate provides evidence for the mechanism of formal
formation involving a hemiacetal as an intermediate.

Experimental Section

The following procedures exemplify those used for the prepara-
tion of the compounds discussed in this paper. Results of reduc-
tion experiments which reflect variation in reaction conditions
are summarized in Table II. Nuclear magnetic resonance data
were obtained by W, R. Anderson, Jr., of the SRI Analytical
Services Group; except where noted otherwise, all fluorine
spectra are compared to CFCl; and proton to tetramethylsilane.
The difluoronitroacetate esters were prepared by the method of
Bissell.® Elemental analyses were made by the Stanford Univer-
sity Microanalytical Laboratory.

Isopropyl Hemiacetal of Difluoronitroacetaldehyde.—To a
stirring suspension of 4.0 g (0.107 mole) of sodium borohydride
in 80 ml of 1,2-dimethoxyethane at 20-25° was added 21.96 g
(0.12 mole) of isopropyl difluoronitroacetate over a 10-min period.
The mixture was stirred for an additional 30 min and was then
poured into 100 ml of ice water and extracted twice with 75 ml
of diethyl ether. The ether solution was dried over MgSO, and
filtered and the ether was evaporated at 35° (30 mm). The
residue was then distilled yielding 9.95 g [45%, bp 60-62° (32
mm)] of isopropyl difiucronitrohemiacetal.

The hemiacetal was converted to its acetate by the following
general procedure. A solution of 6.7 g of crude difluoronitro-
ethylisopropyl hemiacetal was stirred in 20 ml of acetic anhydride
at 35-40° for 18 hr. The solution was poured into 50 ml of cold
water and stirred until the excess acetic anhydride was hy-

(8) M. E. Hill and K. G. Shipp, J. Org. Chem., 81, 853 (1966).
(9) E. R. Bissell, J. Org. Chem., 26, 5100 (1961).
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drolyzed. The mixture was extracted with 75 ml of methylene
chloride and was washed twice with 100 ml of water. The pure
acetate was obtained by distillation, bp 82-83° (28 mm).

Anal. Caled for C;H,yFoNO;s: C, 36.60; F, 16.70; N, 6.17.
Found: C, 36.90; F, 16.75; N, 6.16.

Proton nmr?® (reference H! to external water and F¥ to hexa-
fluoroacetone, 40-Mc Varian spectrometer) gave a doublet at
+157 cps for the isopropyl CH;, a singlet at 4119 cps (acetate
CHj), a triplet at —97 cps (aldehyde CH), a septet at 440 cps
(isopropyl CH); fluorine nmr gave two doublets at +799 and
+949 cps for the CF:. In a similar manner, methyl difluoro-
nitroacetate was reduced to methyl difluoronitroacetaldehyde
hemiacetal, bp 58° (35 mm), acetate ester bp 86° (28 mm); each
was identified by elemental and nmr analysis. Proton nmr® for
the hemiacetal (reference H! to external water and F¥ to hexa-
fluoroacetone, 40-Mc Varian spectrometer) gave a singlet at +59
cps for CHs, singlet at +3 cps (OH), triplet at —8 eps (aldehyde
CH); fluorine nmr gave two doublets at +920 and +1074 cps
for the CF,;. Benzyl difluoronitroacetate was reduced to the
hemiacetal and identified as its acetate.

Anal. Caled for CH, FoNO;: C, 48.00; H, 4.00; N, 5.10.
Found: C, 47.88; H, 4.09; N, 5.09.

The proton nmr (CDCl; solvent) gave a singlet at = 2.7 for
the phenyl group, a multiplet at r 3.6 (asymmetric CH), a
singlet at » 5.2 (benzyl CH,), and a singlet at = 8.0 (acetate
CHs).

Difluoronitroacetaldehyde Diacetate.—To a stirring suspension
of 3.7 g (0.028 mole) of aluminum chloride and 15.0 g (0.081
mole) of isopropyl difluoronitroacetate in 50 ml of 1,2-dimethoxy
ethane at 25-30° was added 3.20 g (0.081 mole) of sodium boro-
hydride at such a rate that the temperature did not rise above
35°. After the exothermic reaction had subsided, the mixture
was stirred 1 hr. The reaction mixture was poured into 50 ml of
cold water containing 10 ml of concentrated HCl, extracted with
75 ml of ether, dried over MgS0,, and filtered. Evaporation of
the solvent left a small amount of liquid which was then refluxed
in 5 ml of acetic anhydride for 5 hr. The reaction solution was
poured into 50 ml of ice water and enough sodium bicarbonate
was added to bring the solution to pH 8. After 1 hr the aqueous
solution was extracted with 50 ml of ether, dried over MgSQy,
filtered, and evaporated to a residual liquid. The crude product
was distilled at 92° (28 mm) giving 1.59 g (87, based on 0,081
mole of starting ester) of difluoronitroacetaldehyde diace-
tate.

Anal. Caled for CH;F:NOs: C, 32.00; H, 3.10; N, 6.29.
Found: C, 31.70; H, 3.40; N, 6.16.

Proton nmr® (reference H! to external water and F® to hexa-
fluoroacetone, 40-Mc Varian spectrometer) gave a singlet at
+118 cps for acetate CHj, a quartet at —97 eps (CH); the fluo-
rine nmr gave a doublet at -+899 cps for the CF;(J = 6.1cps).
The difluoronitroacetaldehyde diacetates isolated from the
NaBH; reduction experiments were identical with this com-
pound as shown by the same retention times and infrared analysis.

2,2,2-Difluoronitroethanol.—A solution of 9.80 g (0.259 mole)
of sodium borohydride in 60 ml of water was added over 20 min
to a stirred solution of 60 g (0.252 mole) of benzyl difluoronitro-
acetate, bp 65° (0.7 mm), in 150 ml of tetrahydrofuran and 90
ml of water at 10-12°. The reaction mixture was stirred vigorous-
ly an additional 10 min until the exotherm had subsided. The
solution was extracted vigorously twice with 300 ml of ether,
dried over MgSQy, and the ether removed n vacuo. Fractional
distillation produced 22.7 g (70%,) of 2,2,2-difluoronitroethanol,
bp 59-61° (22 mm), 949 pure. Redistillation gave a 909,
recovery of alcohol greater than 979, purity, n®p 1.3747.

Anal. Caled for C:HF,NO;: C, 18.90; H, 2.37; N, 11.00.
Found: C, 18.83; H, 2.49; N, 10.93.

Proton nmr (CDCl; solvent) gave a singlet at = 6.0 (OH),
triplet at r 5.8 (CH,, J = 8.04 cps); fluorine nmr gave a triplet at
91.0 ppm (J = 8.89 cps).

2,2,2-Difluoronitroethyl Acrylate.—A solution of 57.6 g (0.8
mole) of freshly distilled acrylic acid, 50.8 g (0.4 mole) of di-
fluoronitroethanol, 3 ml of 969, sulfuric acid, and 15 mg of hydro-
quinone in 100 ml of benzene was allowed to reflux until the theo-
retical amount of water was collected in a Dean—-Stark trap (30
hr). The solution was washed twice with 150 ml of water followed
by 150 ml of saturated sodium bicarbonate solution. The solu-

(10) Determined by Lawrence Radiation Laboratory, Livermore, Calif.
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tion was dried over Mg80,, filtered, and the benzene was re-
moved at 25-30° (25 mm). Distillation of the residue gave 50
g (69.5%) of 2,2,2-difluoronitroethyl acrylate, bp 58° (15 mm).
Other esters were prepared by similar or standard methods out-
lined in Table II.

Bis(2,2,2-difluoronitroethyl)formal.—To a solution of 1.59 g
(0.016 mole) of paraformaldehyde in 3.5 ml of 909, sulfuric
acid was added 8.98 g (0.07 mole) of 2,2,2-difluoronitroethanol
with vigorous stirring over a period of 2 min. The solution was
stirred for 1 hr and then poured into 50 ml of ice water. The
water-insoluble material was extracted into 35 ml of methylene
chloride and dried over MgSO, and the solvent was removed at
30° (18 mm). Distillation of the residue gave 5.5 g (60%) of
bis(diftuoronitroethyl)formal, bp 67-68° (0.6 mm), and 2.5 g
(22%) of O:NCF:CH,0(CH,0);CF;NO., bp 84° (4 mm).

Anal. Caled for CsHeF.N:Os: C, 22.51; H, 2.25; N, 10.50.
Found: C, 22.94; H, 2.53; N, 10.32. Anal. Caled for CrHy-
F.N:Os: C, 25.70; H, 3.07; N, 8.58. Found: C, 25.83; H,
3.16; N, 8.39.

Nmr for bis(difluoronitroethyl)formal gave a singlet at r 5.26
for aldehyde CH, (area ratio 1), a triplet at + 5.70 (alcohol
CH,, area ratio 1); fluorine nmr gave triplet at 93.0 ppm
(alcohol CF2). A similar expriment using diftuoronitroethyl
acetate as the source of the alcohol produced the formal and
2,2,2-difluoronitroethyl hemiacetal acetate.

Anal. Caled for C;H;F:NO;: C, 30.00; H, 3.55; N, 7.07.
Found: C, 20.82; H, 3.50; N, 7.10.

Proton nmr gave a singlet at = 4.7 for the aldehydic CH,, a
singlet at » 8.5 (acetate CHs), a triplet at = 5.5 (alcohol CHp,
J = 8.0).

Anal. Caled for CisH2FsN4Oye: C, 27.40; H, 1.80; N, 8.55.
Found: C, 27.55; H, 1.87; N, 8.26.

Tetrakis(g,3,8-Difluoronitroethyl)-1,1,3,3-propane Tetra-
carboxylate.—To a solution of 25.0 g (0.077 mole) of bis(2,2,2-
difluoronitroethyl) malonate and 7.70 g (0.077 mole) of triethyl-
amine in 500 ml of benzene was added 7.5 g (0.093 mole) of chloro-
methyl ether over a period of 10 min. The reaction mixture
was stirred for 4 hr; during this time the solution color progressed
from yellow to colorless. The solution was washed with 125 ml
of 1 N HCl followed by 200 ml of water, dried over MgSO,, and
concentrated in vacuo at 40° (18 mm). The product was 20 g of
liquid material, which crystallized on standing overnight at
—10°. Recrystallization from 100 ml of chloroform gave 12.0 g
(819, of tetrakis(B,8,8-diffluoronitroethyl)-1,1,3,3-propane tetra-
carboxylate. A similar reaction, run with the sodium salt of
the malonate, produced a 409, yield of the tetracarboxylate.

1,1,3,3-Tetracarboxypropane.—A suspension of 2.0 g (0.065
mole) of tetrakis(g,8,8-difluoronitroethyl)-1,1,3,3-propane tetra-
carboxylate was stirred at room temperature in 20 ml of 109,
potassium hydroxide for 72 hr. The solution was filtered, neu-
tralized to pH 2 with 12 N hydrochloric acid, saturated with
sodium chloride, and extracted vigorously with three 200-ml
portions of ether. The ether was dried over magnesium sulfate,
filtered, and concentrated at 30-40° (18 mm). A small amount of
solid material remained which was recrystailized from ether and
chloroform to give 0.2 g (149,) of product melting at 174-176°.

Anal. Caled for C;HgOs: C, 38.20; H, 3.63. Found: C,
38.26; H, 3.68.

The tetracarboxypropane was decarboxylated at 185° to glu-
taric acid, which showed no depression of mixture melting point
with an authentic sample of glutaric acid and was identical by
infrared analysis.

2,2-[Bis(B,8,5-difluoronitroethyl) carboxylate]propanediol 1,3-
Diacetate.—A stirring mixture of 10 g (0.030 mole) of bis-
(difluoronitroethyl) malonate, 1.26 g (0.014 mole) of paraform-
aldehyde, and 0.5 g (0.0004 mole) of zinc chloride was allowed
to react at 110° in glacial acetic acid for 48 hr. During this time
complete solution was obtained. This solution, after cooling,
was poured into 150 ml of cold water, extracted with methylene
chloride, washed with a saturated sodium bicarbonate solution,
dried, and filtered. Evaporation of the ether left 10 g of material,
which was dissolved in 100 ml of methylene chloride and chro-
matographed on acid-washed aluminum oxide. Of the three
fractions collected, the first and third fractions each contained
three to four components. The second fraction was homogeneous
by thin layer chromatography on silica gel and weighed 2.0 g
(149%).

Anal. Caled for CsHuN.FiOw: C, 33.51; H, 2.90; N, 6.0.
Found: C, 33.41; H, 2.70; N, 6.0.
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Proton nmr (solvent CDCl;) gave a triplet at 7 5.1 for the
alecohol CH; (J = 7.7 ¢ps), a singlet at r 5.5 (diol CH.), a singlet
at v 7.90 (acetate CHy).

Registry No.—1IV, 13168-64-4; VII, 13168-65-5; IX,
13168-66-6; X, 13168-67-7; 2,2,2-difluoronitroethanol,
3766-88-9; isopropyl hemiacetal of difluoronitroacetal-
dehyde, 13168-73-5; methyl difluoronitroacetaldehyde,
hemiacetal, 13168-74-6; difluoronitroacetaldehyde di-
acetate, 13168-75-7; trioxymethylene bis(difluoronitro-
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4721-45-3; 2,2-[bis(B,8,8-difluoronitroethyl) carboxyl-
ate]propanediol, 13168-77-9.
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Although the equilibrium between methyl 1-propynyl ether and methyl 2-propynyl ether could not be estab-
lished, the latter was found to isomerize almost quantitatively to methyl propadienyl ether in the presence of
catalytic amounts of strong base. The various 1-methoxy-3-methylthiopropenes and 3-methoxy-1-methylthio-
propenes were synthesized; their equilibrium mixture was found to contain about 65%, {rans-1-methoxy-3-methyl-
thiopropene, 32% cis-1-methoxy-3-methylthiopropene, 29, trans-3-methoxy-1-methylthiopropene, and 1% cis-
3-methoxy-1-methylthiopropene. The synthesis of 1-methoxy-4-methylthio-2-butene was achieved, but on
treatment with base the compound appeared to lose methanol to give 1-methylthio-1,3-butadiene. The equi-
librium mixture of the methyl 4-methylthiobutenoates was found to contain about 42% of the trans-4-methyl-
thiocrotonate, 349, trans-4-methylthio-3-butenoate, and 249, cis-4-methylthio-3-butenoate. Methyl trans-4-
methoxycrotonate isomerized almost quantitatively to cis-4-methoxy-3-butenoate, but the equilibrium between

this product and its trans isomer was not established.
bonds better than methylthio substituents do.

It has been pointed out previously, in the case of the
formation of a fluoro olefin, that the presence of a
highly electronegative atom on an unsaturated carbon
atom should tend to destabilize the unsaturated com-
pound, relative to similar saturated compounds.?:?3
Thus, the high electronegativity of oxygen should
tend to destabilize vinyl and ethynyl ethers. No
equilibrium data seem to be available for ethynyl
ethers, but several investigations in which allyl ethers
have been isomerized almost quantitatively to vinyl
ethers—® show that alkoxy substituents stabilize
double bonds better than hydrogen or alkyl substit-
uents do. This fact may be rationalized by the hypothe-
sis that stabilization of the double bond by resonance
(1) overwhelms the destabilizing electronegativity

- 11 + |
R—0—C=C— <— R—0=C—C— o

effect. We have attempted to determine the effect of
alkoxy substituents on triple bonds sinee the electro-
negativity effect should be larger (sp carbon is more
electronegative than sp? carbon) and resonance stabil-
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It is concluded that methoxy substituents stabilize double

ization would be expected to be smaller.10—12 We have
also attempted to compare the ability of alkylthio
substituents to stabilize double bonds with that of
alkoxy substituents. This was done in the belief that
the resonance effect of an alkylthio group attached to
unsaturated carbon is significant, but less than that
of alkoxy.®1* We hoped to learn more about the rela-
tive importance of resonance and electronegativity
effects, since the former should cause alkoxy groups to
stabilize double bonds, relative to alkylthio groups, and
the latter should cause alkoxy groups to destabilize
double bonds, relative to alkylthio groups. Several
reports of the isomerization of allyl sulfides to vinyl
sulfides show that alkylthio substituents stabilize
double bonds better than hydrogen or alkyl substituents
do.3-2 However, in most of the studies made with
both the ethers and the sulfides, the equilibrium lies
so far to the side of the vinyl compound that no reliable
equilibrium constant could be obtained. For this and
other reasons, there did not seem to be good evidence
available as to whether an alkoxy or an alkylthio
substituent stabilizes a double bond better.
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