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( 1. Introduction

This report summarizes the research under Contract NOOOl~~78~C~O1Ii7

during the period 1 January 1978 through 28 February 1979. This work is

N a direct continuation of research carried out under Contract N000])4.-71- C-0176

descr~bed in Fluorochem Report No. ONR-l-7, January 1978.

The objective of this program is to develop new synthetic methods for

classes of compounds with potential utility in high energy propellants and

explosives. Emphasis was continued on studies of the chemistry of 2-fluoro-

2-nitro-1,3-propanedio]. and related compounds, and on polymerization studies

of nitrooxetanes and epoxides. A manuscript on Michael. reactions of nitro

compounds with methylenemlonates comprises Appendix A of this report. The

products are potentially useful nitrooxetane intermediates. •
~~~~~~

.— —

Publications during this report period include: I
D. A. Lerdal and K. Baum, “Synthesis of Bie(3,3-dinitrobutyl)poly-

slloxanes”, J .  
~~~~~~~~~~~~ 

Chem. , ~~~~~~~~, 251 (1978). - —

K. Baum and A. M. Guest, “Michael Reaction of Methylenemalonates with

Nitro Compounds”, Synthesis, in press.
a

1
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II. Discussion

A. Qiemistry of 2-Fluoro-2-nitro-l, 3-prope.nediol

In the preceding report,3 a practical synthesis of 2-fluoro-2-

nitro-l, 3-propanediol from diethyl fluoronitromalonate was developed. Reac-
p

tion of the monotosylate of this diol with base gave the interesting dimer,

2, 6-difluoro-7-hydroxy-2, 6-dinitro-le-oxa- l-hepty]. tosylate, while treatment

of the aonotriflate of 2-fluoro-2-nitro-l, 3-propanediol with base afforded 3-flu-

oro- 3-nitrooxetane. The phosphorous pentaf].uoride catalyzed polymeri zation

of 3-fluoro-3-nitrooxetane in methylene chloride gave poly (3-rluoro-3-nitro

trimethylene ether)as a crystalline solid. The polymer was shown to be a
p

diol of molecular weight 2500.

KOR ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_  

NG~ 

NO2~~~~~~~~2

EO(E2- C- (~~ 0-S02CF3 
—

~~ F - 

PF5 
~~
-

L~
The mechanism of the dimerization of the monotosylate was of in-

terest. The corresponding ditosyiate, C7H7SO2O(~ 2CP(W32)(E20SO2C1R1
, added to

the mixture did not take part in the reaction, although the tosylate groups
$ in the two compounds would be expected to be chemically similar. The reac-

tion thus did not appear to be a simple nucleophilic displacement.

Mdical anion intermediates have recently been found to be in-

2

1

__________________

•

________________ - — .- - - ‘  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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vo3ved in a number of nitro compound displacement reactions,2 5  and the pos-

sibility was considered for a nitro radical anion activating the tosylate

group. However, the usual tests for this mechanism, such as the inhibiting

effect of protection from light and the addition of p-dinitrobenzene, did
p

not Influence the course of the reaction.

Another mechanism that was considered is the deforaylation of 2-

fluoro-3-hyd roxy-2-nitro-l-propyl tosylate to the nitronate salt . The loss

of tosylate ion would give 1-fluoro-l-nitroethyle ne, which can undergo

Michael addition of the alcohol. This mechanism resembles that of 1-bromo -

1, l-dinitroetbyl acetate reactions in which dini troethylene is an interine-
P 6 7diate. ‘ The reported absence of deformylation of’ 2-fluoro-2-nitro-l, 3-pro-

8
penediol in strong base argues against this mechanism.

Nevertheless, an experiment was carried out in which an equal vol-

ume of tormalin was added to a reaction mixture similar to that which gave

the dimer. It was reasoned that the loss of formaldehyde in the second step in

the sequence below would be inhibited by a mass-action effect of excess form-
I

aldehyde.

F F
I ~ • 3 O I

HO(~ 2-C-QI2OTe ( OQI~C- Q1~OTs

NO2 1402

F F F
_ 

I 
_  

0
( ~~ ~~2° + C-QI2OTs — -

~~~ / 
CX(~I2 + O?s

NO2 NO2 1402

3

I

_ _  

LA



• F F 0 F F
CM I

HOQl~C.. CM20’~s + 
/ 

c-CM2 ) r C- QI20Q!~C- CM~0Te

1402 1402 1402

p F F
H4 I I .

B0aI~ C-CM~0aI2C-c2~0Ts
I I
NO2

P
It was found that the addition of formaldehyde resulted in a 75% conversion

to dimer in 6 hours, whereas in the absence of formaldehyde, the reaction

was 100% complete in 15 minutes. A mechanism involving fluoronitroethylene
p

as an intermediate is also in agreement with the unreactivity of the ditosyl.-

ate .

Other displacement reactions of the monotosy].ate were subsequent-

ly found that confirmed this reaction course. Thus, when the monotosylate

was reacted with five equivalents of the sodium salt of dimethylmalonate in

D~~, there was obtained a 22% yield of dimethyl (2-fluoro-2-nitroethy1)ma1o~
i~ te end a 5% yield of dimethyl (2_f1uoro_3~hydroxy~2_nj tropropy1)mj onate.

P F F F
I I I

HOCM~-C- QT2OTS + Naai(002*)2 —+ H-C- CM~CM (002~~)2 +

102 1402 1402
$

Apparently, most of the forma ldehyde generated from the monotosylate is lost

by reaction with the excess malonete salt , and a direct addition product of

fluoronitroethylene is observed. Also, sodium methoxide in methanol was found

_  

. • • - _

____  ~~~~•_ ~~
j_ •~~
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to give 2-fluoro-2-nitro-3-methoxy-1-propanol from the monotosylate whereas

• the ditosylate was inert . This work is being extended to the exploration of

F F

EOQI~C-CM~OTs ‘ 
~~
. HOCM2 C-CM2OCM

I CM3OH I
102 102

other potentially useful reactions of fluoronitroethylene.

The fact that 3-fluoro-3-nitrooxetane is formed from the monotri-

flete and not from the inonotosylate is attributed to the more reactive leav-

ing group of the former. The initially formed alkoxide cyclizes more rapidly

then it can undergo the equilibrium deformylation.

In an effort to define further the reactivity of fluoroni tro tn-

flates, 2-fluoro-2-nitro-l,3-propylene ditniflate was reacted with excess 2-

fluoro-2,2-dinitroethanol and KOR in dioxane-formlin. A 22% yield of 1,3-

bis (2- fluoro-2 , 2-dinitroethoxy) -2- f] uoro-2- nitropropane was obtained • This

energetic ether is a solids, mp 52°C.

F 140
KOR

~~302~~~~~~~~~~ 20~~02~~’3 + F-C-CM~OH
• I I

102

102 F 102I I I
F-C-~~~~O- cE~-C- a1~-O-CM~-C-F

I I I
1402

5
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Our preparation of the basic starting material in this area, 2-

fluoro-2-nitro- 1, 3-propanediol , involves the reaction of diethyl fluoronitro-

malonate with formaldehyde.1 In order to provide larger quantities of 2-

fluoro-2-nitro-1, 3-propanediol an improved synthesis of diethyl fluoronitro-

malonate was desired as well as an improved conversion of the malonate to the

diol. Reaction of diethyl bromonitromalonate with two equivalents of KF in

D~~O at 100°C for 3 bra led only to decomposition. However, reaction of dietbyl

bromomalonate for 15 hrs using the above conditions afforded a 76% yield of

diethyl. fluoromlonate. An initial attempt to convert diethy]. fluoromalonate

to diethyl fluoronitrome lonate using 100% H1403 in methylene chloride failed.

Starting material was recovered along with a small amount of diethyl nialonate.

Br F
I Dl.~0 I

EtO C-C-00 Et // > EtO2C-C-QD2Et2 2
NOe 1402

Br F
I D?~ O I CM~~1 F

EtO~C-C-cX~ Et ) EtO C- C-00 Et 2 2 
~ Et0,~C-~~ ~~ Et

~ I 2 i 2 100% ENO 2 2
H

Improvement ‘was obtained in the conversion of the fluoronitro-

malonete to the diol. It was found that when an ethanolic solution of diethyl.

fluoronitromalonate was treated with ethanolic KOH at -10°C, followed by the

addition of fornalin, a 70% yield of 2-fluoro-2-nitro-l , 3-prope.nediol was ob-

tam ed. An attempt to reduce the ester groups of diethyl fluoronitromalonate

with sodium borohydride in aqueous TRF to give 2-fluoro-2-nitro-l, 3-propane-

• 
di ol was not successful. Only decomposition of the malonate resulted.

• 6

p

-

~~ 

— 
~~.
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Purification of 2-fluoro-2-nltro- 1, 3-propanediol is difficult be-
p

cause of its high boiling point and tendency to oil during recrystallizations.

The use of eily1 protective groups was investigated. Reaction of 2-f].uoro-2-

nitro-l, 3-prope nedio] with hexamethyldisi].azane in refluxing ether in the

presence of a catalytic amount of ammonlum sulfate afforded a 9~% yield of

1, 3_bis(trimethylsilyloxy)-2-fluoro-2-nitropropane. Treatment of the bis-

(trimethylsilyl) derivative with a solution of 5% trifluoroacetic acid in me-
z

thanol for 2.5 bra at room temperature allowed recovery of 2-fluoro-2-nitro-

l,3-propanediol in 86% yield. The bis(trimethylsilyl) derivative will be

used for purification of crude dio]..

F • F
I RMDS/EtO 

- 
I

• BOaI~~~ -C- c~~~~~~ OH -( Me~SiO- t~ -C-~~ 0Si1.~~2 2 -

NO2

Since 2-flu~ro-2,2-dinitroethano1 (FDNE) is available in quanti-

ty, routes to 2-fluoro-2-nitro-l ,3-propanediol from FDNE were investigated.

In this connection Adolph9 reported the following unexpected el imination and

addition, as a resul t of an attempted methoxide displacement of f] uorodini-

troethy]. tosylate.

1402 1402 H NO

o ~ / CMOR
F-C-CM~OTs + (~ 3O > c-c ,

I / \ I
102 F OTs F

This sequence would accomplish our desired reduction. Addition of fornmlde-

hyde to the ~~ is facile, and substitution of the blocked aldehyde function

7.

- 

~~~



by formaldehyde should be similar to the forinylation step in our malonete

P process. Reactions of both tluorodinitroethyl triflate and fluor odinitro-

ethyl tosy].ete with anlutions of sodium hydroxide in forus lin were therefore

examined. In both cases the fluorine NMR spectra of the neutrali zed aqueous

solutions essentially showed only 2-fluoro-2-nitro-1, 3-propanediol. The pro-

cess was simplified further by synthesizing f1uorod.in~Itroethy1 tosylate Sn-

situ, avoiding its isolation. Thus, tosyl chloride was added to a solution

of FDNE in alkaline f ormalin to give the diol. directly.

1402 F’

FC-CM20SO2cF~ > ROc~ 2C-c~~OH
I -, NaOH I

1402 1402

1402 F

• FC-Q! OTs ) HO~~~C-c~~OE2 NaCM
1402

1402 F
TIC]. I

PC-CM CM > EOCM~ C-CM~OR
I 2 a~2oi~1402 1402

B. Dinitrooxetane Studies -

The successful synthesis of 3-fluoro-3-nitrooxetane led us to in-

• vectigate the synthesis of the more energetic monomer, 3, 3-dinitrooxetane.

It ‘was realized that the inhibiting effect of fluorine on the acidity of

nitro compounds and on deformylation facilitates the cyclization, but buffer-

ing might promote sufficient ionization of the alcohol for cyclization without
0

8

I

, 
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effecting detorniylation.

p The synthesis of 2,2-dinitro-3-hydroxy-1-propyl triflate from 2,2-

dinitro-l, 3-propanedlo]. and triflic anhydride, was described In our previous

report .1 Its reaction with one equivalent of 14511003 afforded only 2,2-di-
- 

nitro-1, 3-propenediol. The same result was obtained ‘when the dinitro triflate

was reacted with a 1411003-K2003 p11 9.75 buffer containing only one equivalent

of base. Reaction wits 1(2003 or triethylamine led to decomposition, while re-

action with pyridine afforded the corresponding pyridinium salt, as indicated

by NMR. By contrast , the reaction of 2-tluoro-3-hydroxy-2-nitro-l-propyl tn-

f late with one equivalent of 1(2003 in 1:]. aqueous dioxane afforded 3-f luoro-

3-nitrooxetane in high yield.

- NaJICO I
EOCM2-C- CM~OSO2CF3 

3 )
I I
1402

In order to determine if 3,3-dinitrooxetane could be synthesized

without the use of base, some model studies were carrIed out with 2-f].uoro-3-

hydr y-2-nitro-1-propyl trI f].ate to simplify product identification. When

this monotniflate was refluxed le bra in 1,2-dichioroethane or chlorobenzene
I

in the presence of sodium sulfate, the monotniflate was recovered unchanged.

However, reaction of the monotrifiate for 5 bra in nitrobenaene at 165°C led

to complete decomposition. When 3-fluoro-3-nitrooxetane was refluxed Z~ hrs

* in chlorobenzene in the presence of sodium sulfate, the oxetane was recovered

unchanged. Reaction of the monotriflate with one equivalent of DBU (1,5-di-

azabieyclo-[5.1I.Ojundec-5-ene) in ethyl vinyl ethei~ afforded 3-fluoro-3-nitro-
I

9.

p
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d

oxetane, indicating that a carbene is not an intermediate.

• In order to I ncrease the thermal stability and possibly the reac-

tivity of the znonotriflate , the corresponding tr imethylsilyl derivative was

prepared f rom 2:1 bexatnethyldisilazane-tniinethylsilyl chloride . After the

above silyl derivative ‘was heated at reflux for 15 bra in carbon tetrachlo-

ride and then 2 bra in chlorobenzene, it ‘was recovered unchanged. Refluxing

the silyl derivative for 2 hrs in o-dichj orobenzerie led to decomposition of

most of the starting material. It is therefore concluded that there is little

promise of forming 3, 3-dinitrooxetane by thermal ring closure of 2,2-dinitro-

3-bydroxy-l-propyltriflate.

Another possible approach to 3, 3-dinitrooxetane is from 3-bydroxymethy] -

3-nitrooxetane . .~ niononitro oxetane might be synthesized more readily by

ring-closure than the dinitro compound because of less tendency to deformy-

late. Under more strongly basic conditions, however, 3-hydroxymethyl-3-nitro-

oxetane should deformylate to afford the nitronate salt of 3-nitrooxetane,

which could be converted to 3, 3-dinitrooxetane via oxidative nitration.
a 

Reaction of 2-bydroxymethyl-2-nitro-l, 3-propanediol in ether-ethyl

acetate with one equivalent each of pyridine and triflic anhydride afforded a

12% yield of 2-hydroxymethyl-2-nitro-l, 3-propyleneditniflate and a ~iJe% yield

of 3-bydroxy-2-hydroxymetbyl-2- nitro- 2-propyl triflate.

• Q1~Oli cB2OH
(c~ so )2o .  I3 2 110CM2-C-Q120-sO2cF3 +

I Pyridine I I
102 1402

p

3.0

____ ____ _



I

Reaction of 3-hydroxy-2-hydroxymethyl-2- nitro- ].-propyl trif]ate

in aqueous solution with one equivalent of 1(2003 or KOR led only to decompo-

sition . The same result was found when the above monotriflate was reacted in

9:1 metbylene chloride- acetone with one equivalent of DBU or triethylamine.
p 

2011 • Q12011

,10a12- c-ai2Osoa CF3 — >

It appears that the ring-closure of the monotrif late of 2-f luoro-

2—nltro-],3-propanediol is a special case, made possible by the ability of

fluorine to inhibit nitronate Ion formation. Consideration was next given

to the synthesis of an azn.tnooxetane, which could subsequently be oxidized to

a nitrooxetane. It seemed likely that the ring-closure of a suitably pro-

tected 2-amino-i, 3-propanediol should be possible.

Such a protected diol is h’,ll -bis(hydroxymethyl)oxazoljdone, ~nd the

reaction of this diol with one equivalent p-toluenesulfonyl chloride in pyni—

dine afforded the corresponding monotosylate in 49% yield. The monotosylate

did not react with one equivalent of sodium metboxide in D~~O, and reaction

with two equivalents of DBU failed to give the desired oxetane . Reaction of

4

p-
~

• 
CM3 ©~

02s0
~

0CM2

- 

-

k ,4-bia(hydroxymethyl)oxazolidone with one equivalent each of tniflic achy-

dnide and triethylam.1ne or pyridine in either 1:1 PW-methylene chloride or

11



9:]. diglyme-ether did not afford the corresponding monotriflate.

In an effort to determine if 3-tluoro-3-nitrooxetane could be

converted to other 3-nitrooxetanes, the radical anion reaction of 3-fluoro-

3-nitrooxetane wi th the lithium sa]t of 2-nitropropane in D~Q under nitrogen

was investigated. After 6 hours at room temperature, the oxetane was re-

covered unchanged. Work is being continued on the synthesis of 3,3-dinitro-

oxetane via oxetane precursors .

C. Po]~ymerization Studies

The polymerization of 3-f].uoro-3-nitrooxetane catalyzed by phos-

phorous pentafl uoride was shown in the previous report1 to give a product -

with a molecular weight of 2500, a density of 1.59, a DTA exotherm onset of

290°C and a melting point of 2314°C.

With the objective of preparing similar polymers with lower melt-

ing points, copolymerization studies were initiated. A readily available co-

monomer for this purpose appeared to be fluorodinitroetby3. glycidy]. ether,

which is prepared by the reaction of FDNE with epichiorohydrin in aqueous al-
10

kaline solution. The polymerization of this epoxide baa been studied exten-
U

sive]y with BF3 catalysis, and the major problem with this system has been

poor functionality without triol initiation. The effectiveness of phospho-

rous pentafluoride for the polymerization of 3-fluoro-3-nitrooxetane prompted

us to investigate its use for the homopolymerization of 2-fluoro-2,2-dinitro-

ethyl glycidyl ether, as ‘well as for copo]ymerization with 3-f luoro-3-nitro-
p

oxetane. This epoxide was found to be considerably more reactive than the

oxetane toward PF5; the epoxide required only a trace of catalyst at -78°,

whereas the oxetane required a relatively large amount of catalyst to give
p
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polymerization at ambient temperature.

In the initial experiment , the reaction of 2-fluoro-2,2-dinitro-

ethyl glycidyl ether in methylene chloride was conducted with a catalytic

amount of phosphorous pentafluonide for 5 mm at -78°C, and the mixture was

warmed to room temperature and quenched - with methanol. Starting material was

consumed com~]etely, and column chroti~ tography separated the product into

three components. The material, first eluted had a molecular weigh t (VPo) of

380 and the NMR spectra indicated only -aI2-aI-C~2-O-CM2C(F)(N02)2 hydrogens.

This material therefore appears to be 2,5-bis(2-fluoro-2,2-dinitroethoxy-

methyl)-l,i4-dioxane. The material next eluted had a molecular weight of 730

and the NMR spectra indicated a trimer , which is capped on one end by a. meth-

oxy group. The material last eluted from the chron~ttography column had a

molecular weight of 1100, and its NMR spectrum was consistent with the cx-

pected oligoinerie diol structure.

— The hydroxyl hydrogens of these materials were not observed di-

rectly in the NMR spectre . The determination of functionality of oligomeric

d iols is generally a difficult analytical problem and other laboratories have

recently reported conflicting data using standard wet-chemical procedures.

We therefore investigated an NMR procedure based on silylation. Trimethyl-

sily3.ation of bydroxyl groups,

RCM + xSi(a13)3 ) ROSi(CM3)3
i~~roves sensitivity by amplifying the number of protons under question by a

1
factor of 9. The silyl protons, unlike hydroxy]s, appear in a region of the

spectrum free of interfering signals. Traces of water in the sample are con-

vented to volatile, easily removable materials. The feasibility of this

13
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analyt ical technique was demonstrated with a simple compound having hydroxyls

similar to those of the polymer, 3-(fluorodinitroethoxy)-l,2-propanediol,

FC(z~~ )2 C2~20Cl12aI(oH ) (~20H.

The above oligomera of 730 and 1100 molecular weight were tn-

methylsilylated with hexamethyldisilazane and tnimethylsilyl chloride. Inte-

gration of the trimethylsilyl protons, compared to the 2-fluoro-2,2-dinitro-

ethyl methylene protons, showed that the original 730 molecular weight mate-

rial had an equivalent weight (per hydroxyl ) of 725, and the 1100 molecular

weight material had an equivalent weight of 585. Therefore, within experi-

mental error, the former is a monofunctiona]. alcohol and the latter is a diol.

A change in the reaction procedure that is suggested by these re-

sults is the method of quenching; methanol is not desirable. The dioxane

might be formed by back-biting of the active cationic end of the polymer,

and this reaction could be reduced by not allowing the mixture to warm be-

fore it is quenched. The reaction was therefore carried out again for a pe-

n o d  of 5 minutes at -78°, and it was terminated by the addition of solid so-

dium bicarbonate. No starting material remained. Column chromatography se-

parated the polymer mixture into three components, ‘with molecular weights,

in the order of elution , of 570, 1070 and 1800. The 570 f raction contained

a small amount of 2,5-bis(2-fluoro-2,2-dinitroethoxymethyl)-l,4-dioxane but

the bulk of the sample has not been identified. The 1070 fraction showed an

equivalent weight by the silylation method of 980, and the material is there-
p

fore monofunctional. The 1800 fraction, on the other band, was found to have p

an equivalent weight of 935, and is therefore a diol. Thus, an oligomenic

diol, in a molecular weight range suitable for polyurethanes, may be pre..
p

11$

p

~~~~~~~~~~~~~~~~~~~ 
-

~~~~~~~~~~~~~~~~~
—-— - -—~~~ — -



pared and isolated from this energetic and readily available epoxide . Fur-

then work is in progress to determine optimum conditions for maximum yield

and molecular ‘weight of this product.

We reexamined briefly the use of boron trifluonide etherate to

obtain a direct comparison of this catalyst with phosphorous pentafluoride.

The reaction of 2-fluoro-2,2-dinitroethyl glycidyl ether in methylene chlo-

ride with 10 mole percent boron tnifluonide etherate at room temperature was

complete within ~i5 minutes. Only low molecular weight product was obtained,

as indicated by TLC. When this reaction was carried out with 1 mole percent

boron trifluoride etherate for 5 days, a small amount of starting material still

remained, and the same type of low molecular weight product was obtained. With

6 mole percent of boron tnifluonide etherate the starting material was consumed

over 20 brs at room temperature, and the same mixture was obtained.

The copo].ymenization of the epoxide and oxetane was attempted

first using the conditions that were effective for the homopolymerization of

the epoxide, the more reactive component. When equi.molar amounts of 2-fluoro-

2,2-dmni troethyl glycidyl ether and 3-fluoro-3-nitrooxetane in metbylene chlo-

ride were treated at -78°C with a catalytic amount of phosphorous pentafluo-

ride, no reaction occurred. The conditions that gave oxetane polymer were
p

then applied to the copolymerization. When a 2:1 mixture of 3-fluoro-3-nitro-

oxetane and 2-fluoro-2,2-dinitroethyl glycidyl ether in methylene chloride at

room temperature was reacted with excess phosphorous pentafluoride, there was- p
obtained a mixture of both homopolymers and a copolymer. These components

were separated by their solubility properties; the copolymer was soluble in

acetone and insoluble in methylene chloride, whereas the epoxide polymer ‘was
p
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soluble in both solvents and the oxetane polymer was insoluble. The osmome-

tnic molecular weight of the copolyiner ‘was 1200. The units of the copolymer

derived from epoxide and oxetane are easily distinguishable by fluorine NMR

and were in the ratio 1:8. The theoretical molecular weight of a polymeric
p diol containing one epoxide and eight oxetane-based units is 1196, showing

that each polymer mOlecu.le contains one epoxy unit. These copolymerization

results are preliminary, but it is apparent that the incorporation of a small

amount of comonomer can result in substantial changes of solubility proper-

ties and melting point . 
-
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III. ~~~~~~~~~~~~

2-Pluoro-3-methoxy-2-nitro-l-propanol. To 20 in]. of a 1.0 M solution of

potassium methoxide in methanol was added 2.93 g (10.0 mmoi) of 2-fluoro-3-

hydroxy-2-nitro-l-propyl p-toluenesulfonate. After the mixture was stirred

at room temperature for 30 mm, the resulting precipitate was filtered and

washed with methanol. The methanol was removed in vacuo, and the residue was

taken up in 10 nil. of water. The aqueous solution was extracted with (~~ C12

(3 x 15 nil) and ether (2 x 1)1 ml). The aqueous solution was then adjusted to

pH 6 with EC1 and extracted with ether (2 x 15 ml). The combined organic ex-

tracts were dried over sodium sulfate and stripped in vaeuo to leave 0.913 g.

This residue was chromotographed on 115 g of silica gel, wi th 50 ml. of

25 ml. of 99:1, 25 nil of 97.5:2 5, and then with 650 ml. of 95:5 OH2C12- ethyl

acetate. The last 300 ml of eluent contained 0.538 g (35.2% ) of 2-fluoro-3-

methoxy-2-nitro-1-propanol. Vacuum distillation gave an analytical sample:

b.p. 92-93~ (0.27 mm) ; proton N~~ ( CDC13)62 .92 (broad a, 1 H, -OH), 3.113 (a ,

3 U, _Oc2~), and 3.8 to 11.3 ppm (m, 11 H, -OH~-~-QI2); fluorine NMR ( cDC13) 4
111O.li (quintet, J=16 Hz); lB ((~~c]2) 3630 (-oH~~~~ 1570, 1355 (-No2), 1060

~~~~~~~~~~ (c- ).

Anal. CSlcd f Q4H8NFO14 : C, 31.39; H, 5.27; N, 9.15. Found : C, 31.50;
a 

H, 5.01; N, 8.95.
Dimethyl (2-Fluoro-2- nitroethyl)mlonate and Dimethyl (2- fluoro- 3-

~~ troxy-2-nitropropyl)ma1onste. To 1.32 g (10.0 minol) of dmmethyl malonate
a

in 20 ml of dimetbyl forn*niide was added 0.25 g (10.0 minol) of sodium hydride.

The solution was cooled to room temperature and 0.586 g (2.0 nunol) of 2-fluoro-

3-hydroxy-2-nitro-l-propyl p-toluenesu].fonate was added. After 17 bra, the
p
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reaction mixture was diluted with i8o ml of water and then was extracted with

methylene chloride (3 x 25 ml) and ethyl acetate (2x 25 ml). The solvents

were then removed at 55~ (3 mm) and 32~ (0.2 mm) . The 0.6 g residue was chro-

~~tographed on 25 g of silica gel (metbylene chloride-ethyl acetate) to give

0.100 g (22.14) of dimethyl (2-fluoro-2-nj troethyl)malonate : proton Nl~F (cDc13)
42. 11 to 3.1 (m, 2 H, (B2), 3.60 (t , Jaq Hz, 1 U, .~~

(0021~ 2~’ 3.75 (a , 6 B,
F

and 5.83 ppm (d of t, J’~50 and 5 Hz, 1 H, H-b ); fluorine 1Th~ ( cDc].~) 0

1116.05 ppm (d of t , Ja50 and 20 Hz); lB (OH2aI~ ) 171i0 t0O2M3), 1575, 13110 (I~
o2),

io6o ca 1 (c-F). Further elution gave 0.026 g ~5.1%) of dimethyl(2-fiuoro-3..by..

droxy-2-nitropropy])mlonate: proton N~~ (CDC13) ~S 2.6 to 3.1 (in, 3 II, ~~~~~~~ - CU

(0c~ I4e)2 and -~~), 3.53 (in, 1. H, 
~~~~~~~~~~~ 3.73 (a , 6 H, 002P~~), and 3.8 to

11.5 ppm (in, 2 H, -~~~OH); fluorine N}4R ( CDC13) l~ 134.8 (quintet , J~l6 Hz ); lB

((B2C]2) 3620 (-OH), 17110 ( CX)2Me), 1570, 1350 (-NO2), 1080 czn~’ ( C-F).

1, 3-Bi8(2-t1uoro-2,2-dinitroethoxy)-2-f1uoro 2-nitrop~opa.~~ Potassium

hydroxide, 0.665 g (io.o nimol) was added with ice cooling to 1.5115 g ( .10.0

mwl) of 2-fluoro-2,2-dinitroethanol in 15 ml of 2:1 dioxane-forn~ 1in and

1.013 g (2.5 inmol) of 2-fluoro-2-nitro-].,3-propy].ene ditriflate was added.

The temperature rose to 320C over 6 minutes, and the pH dropped from 11 to

8. After 1 br, the solvent was removed in vacuo, and the residue was taken

up in 5 ml of water and extracted with 50 ml of 1:1 carbon tetrachloride..

metbylene chloride in three portions. The organic extract was washed with

water, dried over sodium sulfate and stripped of solvent to give 0. 6li~ g of
•

a 3:1 mixture of the bin and mono ethers. Qiromatography on 25 g of silica

gel (2:1 metbylene chloride - Skelly F) gave 0.222 g (21.6%) of 1,3-bis(2-

fluoro-2, 2-dinitroethoxy) -2-fluoro-2-nitropropane . Crystallization

18
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tram metbylene chloride - Skelly F afforded an analytical sample : znp 52~ ;

proton te~ (9:1 C)C13-acetone-D6)A.2 (d, J .16 Hz , 4 H, -~~2-c-~~2-), and
1102

4.70 ppm (d, J.l6 Es, 4 II, F_
~~

(B2); fluorine N?’~ (9:]. CDC13-acetone-D6) ~
109.4 (b~cad, 2 F) and 138.7 ppm (quintet , J.l6 Hz , 1 F), d25s1.709; lB ((B2C12)

1600, 1320 crn~ (1102).

Axial. ~~1cd for C7H8F3N50~~ : C, 20.45; H, 1.96; N, 17.03. Found : C,

• 
20.117; H, 1.90; N, 16.70.

3~~ydroxy-2-hydroxymethyl-2-nitro- 1-propyl trif].ate and 2-Hydroxymetbyl-

2-nitro-1,3-propylene ditrif late. A solution of 1.9 ml (11.0 imnol) of triflic

• snbydride in 15 ml of 9:1 ether-ethyl acctate was added dropwise over 15 mm

at 18~2l° (ice cooling) to a solution of 1.51 g (10.0 nvnol) of 2-hydroxy-

methyl-2-nitro-1, 3-propanediol and 0.90 ml (ii.o nmiol) of pyridine in 30 in]

of 1:1 ether-ethyl acetate. The reaction mixture ‘was stirred for 1 hr (water

bath cooling) and the precipitate was washed with ether and the ether was

stripped in vacuo to leave 3.7 g of a yellow-green mobile syrup. This mete-

na] .  was cbro~~tographed on Ui g of sili ca gel with 4:1 methylene chloride-

ethyl acetate to give 0.671 g (16.2%) of 2-hydroxymethyl-2-nitro-l,3-propy-

lena ditriflate and 1.258 g (44.4% ) of 3-hydroxy-2-hydroxymethyl-2-nitro-1-

pro~j 1 tnifl.ate. An analytical sample of the former was recrystallized from

thylene chloride : mp 56_570; proton N~~ (CD(.a3)62.70 (broad s, 1 H, -ali);
4.05 Cs , 2 H, C2~OH) and 4.90 ppm (a , Ii H, (B2ObO2(~’3); fluorine N~~ ( CDcI3)

f 12.4 (s .

~~~1. ~~.lcd for C,6H6F61~ 09: C, 17.36; H, 1.70; N, 3.37. Found: C,

18.59; 1, 1.75; N, 3.611.
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An analytical sample of 3-hydroxy-2-hydroxyrnethyl-2-nitro-l-prOpyl

tniflate was recrystallized from methylene chloride - Skelly F: mp 72-73~;

proton M~ (acetone_D6) (11.03 (a , ii. B, CB2OU), 4.117 (a , 2 H, -On), and 5.10

ppm (a , 2 H, CU2oso2~ ’3); fluorine N~~ (acetone-D6) ~ 711.8 (a); IR (a~cl3)

3615 (- Ce) ,  1560, 1360 (-NO2), 1420, 1225, 1150, 870 (-0S02C
~
’
3), and 980 cm 1

(c-1)~
Anal. ~~lcd f or C5H8F3I~ 01: C, 21.21; H , 2.85; N, 4.95. Found: C,

21.02; H, 2.81; N, 4.76.

4-jH~~roxym~thy1) -11-])-toluenesulfonatolnethyl)oxazolidone. To 1.117 g

(10.0 mmol) of 4,4-bis(hydroxymethyl)oxazolidone in 15 ml of pyridine was ad-

ded , dropwise over 35 m m  at 50C, 1.91 g (10.0 nimol) of p-toluenesulfonyl

chloride in 15 ml of pyridine. After the solution was stirred 2-1/2 days at

room temperature, it was poured into 300 ml of ice-water. The off-white pre-

clpitate was filtered and washed with water and ethanol to give 1.118 g (119.1%)

of crude product. Crystallization from acetone gave a white solid : nip

proton JO~ (D~.E0-D6)62.38 (s, 3 H, (B3), 3.30 (d, J .6Hz ,2 B, (B~Off), 3.93 (a ,

11 H, (Be
), 5.07 (t , J=6 Hz , OH), and 7.2 to 7.7 ppm (in, 5 H, C6H4 and Na).

2-Fiuoro-2- nitro- 3-trimethylsilyloxy- 1-propyl Tritlate. Trimethyisilyl

chloride (1.0 ml) was added to a solution of 0.126 g (0.117 uimol) of 2-Fluoro-
I

3-hyd.roxy-2-nitro-l-propyl triflate in 2.0 ml hexamethyldisilazane. After

2 hrs, a white precipitate was filtered end washed with methylene chloride.

Volatile mtenial was removed in vacuo to leave 2-fluoro-2-nitro-3-trimethyl-

silyloxy-l-propy l trif late as a yellow oil: proton NMR ( CC114) ~ 0.12 (a , 9 H, r

-SiMm 3), 3.98 (ii, J.jl i. Hz , 2 H , (B2OSi!.~ 3), and 4.85 ppm (d, J.14 Hz , 2 H,

• 
OH~OS0~ 73); fluorine N!’~ (CcLi4) ~ 139.7 (quintet , J~14 Hz).

20



1, 3-Bis-(trimethylsilyloxy)-2-fluoro-2-nitroprope.ne. A mixture of

0.695 g (5.0 nimol) of 2-f].uoro-2-nitro-l,3-propanediol, .050 g of anmonium

sulfate, 15 ml of hexamethyldisilazane, and 15 ml of ether was stirred at

room temperature for 30 minutes, and heated at reflux for 1 hr. Removal of

volatile meterial in vacuo at 45°C gave 1.1120 g (93.7%) of crude 1,3-bis-

(trimethylsil.yloxy) -2-fluoro-2- nitropropane: proton N!.~ ( CDC13) ~ 0.15 (s,

18 H, SiNe3); 3.9 to 4.4 ppm (m , Ii H, OH2); fluorine N~~ ( cDC13) 4) lql.2

(quintet, J~.l11 Hz).

Trimethylsilylation of 3- (2-f luoro-2, 2-dlnitroethyloxy) -1, 2-propane-

diol. A solution of 0.228 g (1.0 uimoi) of 3-(2-fluoro-2,2-dmnitroethyioxy)-

1,2-propanediol in 5 ml of 1,2-diehioroethane was heated at ref lux for 2 hre

with 2 ml of hexamethyldisilazane and 0.5 ml of tninethylsilyl ch1orF~e. The

volatile metenial was removed in vacuc at 500C to leave 0. 357 g of 3- (2-f]uoro-

2,2-dinitroet hoxy)-1,2-bis(tr inetbylsilyloxy)propane): proton IiM~ ( CDCI 3)

~~0.13 (s, 18 H, SiNe3); 3.3-3.9 (in, 5 H, O-C22-OH-CH2-O); 4.57 pp~ (ti, J=17 Hz ,

2 H, cB~cF(NO2 )2) .

Polymerization of 2-fluoro-2,2-dinitroethyl glycidyl ether with ~pho~pho-

rous pentafluonide. A. To a solution of 1.05 g (5.0 nunol) of 2-flucro.-2 ,2-di-

$ 
nitroethyl glycidyl ether in 11 ml. of methylene chloride in a nitrogen atmos-

phere at -78°C, a catalytic a~~unt of phosphorous pentafluoride was added in

the gas phase. After 5 mm , the cooling bath was removed, and 15 mm later

the reaction mixture was quenched with 2 ml of methanol. The reaction mix-p h
tune was stirred an additional 5 minutes , and solvents were the n removed in

vacuo to give 1.057 g of a colorless syrup. The molecular weight of this

crude polymer mixture, as deter mined by vapor pressure osmometry (ethyl ace-
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tate, 35°C) was 560.

A 0.74 g aliquot of the mixture was chromtographed on 52 g of silica

gel (methylene chloride-ethyl acetate) to give, in the order of elution, a

0.174 g fraction of molecular weight 380, a 0.121 g fraction of molecular

weight 730, and a 0.122 g fraction of molecular weight 1100.

The 14W 380 mterial was tentatively identified as 2,5-bi a(2-fluoro-2 ,2-

dmnitroethyloxymethyl)-l,11-dioxane: proton N~~ ( cDC13) ~ 3.0-4.0 ( in, 5 H, -OH~-

and 4.117 ppm (d , 2 H, J=17 Hz, O- CH~-C(F)(N02)2). The MW 730 mete-

nial appears to be a tnimer, which is capped on one end by a methoxy group :

proton NMR ((~~C13)J3.l-4.0 (in, 15 B, -OH2~~~~ OH2-0 3 H, -0OH3), 11.52 ppm

(d, J=17 Hz, 6 H, -G- OH~-C(F) (No2)2). The 1100 MW fraction was assigned the

oligomeric diol structure: proton N1~ ( cDC13)c53 .2_ 1I.1 (in, 5 H, -OH2-OH- OH2-

0-), and 4.55 ppm (d , J=l7 Hz , 2 H, -O-OH~-C(F)(No2)2).

The MW 730 mterial was dissolved in 5 nil of 1,2-dichloroetbane, and

2 nil of hexamethyldisilazane and 0.5 ml of triaethylailyl chloride were ad-

ded After the solution was ref luxed for 2 bra volatile nMerial was removed

in vaeuo. The resulting residue was then dried at high vacuum for several

hours . Integr ation by NMR of the silyl hydrogena, compared to an internal

q~antitative standard (benzene ) or compared to the 2-fluoro-2,2-dinitroethy].

methylene protons, showed that the ori ginal alcohol had an equivalent weight

(per bydroxyl) of 725. The MW 1100 meterial was shown by this procedure to

have an equivalent weight of 585.

B. To a solution of 0.525 g (2.5 nimol) of 2-fluoro-2,2-dinitroethy]. glycidyl

- 
t ether in 5.3 ml of methylene chloride at -78°C, under nitrogen, a catalytic

amount of phosphorous pent afluonide ‘was added in the gas phase. After 5 mm ,
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the reaction was quenched with solid sodium bicarbonate. The cooling bath

was removed, and after a abort period of stirring the reaction mixture was

filtered. Removal of the methylene chloride in vacuo left 0. 50 g of a color-

less syrup.

This meterial was chrometographed on 25 g of silica gel (methylene

chloride-ethyl acetate) to give a 0.162 g rraction of MW (VPo) 570, a 0.107 g

fraction of MW 1070, and a 0.108 g traction of MW 1800. The 14W 570 fraction

• was shown by TLC (methylene chloride ) to contain some 2,5-bis(2-fluoro-2,2-

dinitroethox ymetby~ )-l ,4-dioxane . The 14W 1070 fraction had an equivalent

weight by silylatiGn/NMR of 980, and the MW 1800 traction had an equivalent

weight of 935.

Polymerization of 2-fluoro-2,2-d~nitr oethy l glycidyl ether with boron

trifluor~de etherate. A. To 1.06 g (5.0 ininol) of 2-tluoro-2,2-dinitroethyl
$ glycidyl. ether (which had been dr ied by passage through a column of neutral

alumina) in 5.8 ml of methylene chloride (also dried by passage through a col-

umn of neutral alumina followed by stor age over 5A molecular sieves) was ad-

dad, under nitrogen, O.O6~ ml (0. 5 mmol) of distilled boron tnifluoride ether-

ate. After 35 minutes at room temperature, TLC (niethylene chloride ) indica-

ted only a trace of the glycidyl ether. After 115 mm , solid sodium bicarbom-

ate was added. The reaction mixture was filtered , and the solvent was re-

moved in vacuo to leave 1.04 5 g of a colorless syrup. As indicated by TLC,

this meterial was a mixture of 2,5-bis(2-fluoro-2 2-dinitroethyloxymethyl)-

1,le-dioxa.ne and the low molecular weight oligomer (MW 570) described above. p

B. To 1.06 g (s.o ~~o1) of 2-fluoro-2 ,2-dinitroethyl glycidyl ether in ~.8

.1 of tbylene chloride (both components dried as indicated above) was added ,
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under nitrogen, 0.006 ml (0.05 mnol ) of boron trifluoride etherate. After

a 5 day reaction period at room temperature, TLc (methy lene chloride ) still

t indicated the presence of some starting meterial. Solid sodium bicarbonate

was added. The reaction mixture was f~ ~t~ red, and the methylene chloride

p vms removed in vacua ~.o leave 0.872 g of a colorless syrup. The mc of this

meterial was the same found for the above reaction utilizing 10 mole perce nt

boron trifluoride etherate.

~~po 1yinerization of 2-fluoro-2,2-dinitroet 1~y1 glycidy]. ether and 3-
fluoro-3-nitrooxetane. A. Phosphorous pentafluoride was bubbled into a so-

lution of 0.260 g (2.15 nimol) of 3-fluoro-3-nitrooxetane and 0.210 g (1.0

~~~l) of 2-fluoro-2,2-dinitroethyl glycidyl ether in 5 ml of methylene chlo-

ride, under nitrogen, until no more precipitate was formed. After 5 minutes,

the reaction was quenched with 2 nil, of methanol. After an additional 5 mm-

utes, the precipitate was filtered and was washed with methylene chloride.

Removal of the filtrate in vacuo left 0.299 g of a brown syrup. The precipi-

tate was extracted with 25 ml. of acetone, leaving 0.070 g of insoluble oxe-

tane homopolymer ( NMR identification). Removal of the acetone in vacuo left

0.311 g of copolymer as a white solid : m.p. 176-180°C; 14W (VPO; D1€, 65°C)

1200; fluorine N!’U~ (DMF) 4 109 (in, 1 F, 
~~~~~ 

and 140 ppm (in, 8 F, CFNO2).
NO2
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Appendix A

Mkbael Reaction of Methylenemalona tes with Nitro ~~~~~~~~~~~~~~~~H3C—CH(N02)2 • H2C=CICOOCH,)2Compowsdst

Kurt BAI.M , Allen M. GLEST 
HjC—~

(Noi)z
CH2—CH ICOOCH3)2

Fluorochem Inc.. Aiusj. Ca ornia 91702. (J.S.A.

The Michael reaction of methylenemalonate esters is poten~ 
The addition of fluorodinitromethane to meth’. lenema-

tially useful for introducing difunctionalny to organic corn- lonates was carned out in ether solution in the pr~ ence
pounds with acidic hydroiten atoms. The only reporieti 

~~~ 

~~~~~~ amounts of pyridine . Diethy! 2-fluorc~2 2-din’-
example of this reaction is the addition of diethvl malonate iroethylinalonate and dimeihyl 2-fluoro.~.2-dinitr&’mcth~l-
to diethyl meth~lenemalonate in the presence o’i potass ium malonate were obtained in yiekts of 8 and t3 ~., respecli-
hydroxide or pipendine~

3. and this reaction was compli-
cated by further reaction of the 1 :1 adduct with diethyl
mcthylenemalonaie.

F—clqNO2)2 • H2C=C(COOR)2 Py~~~
0
~~~

H
~Js~L.

2 (C2H500CI2CH2 • H2C=C(C0OC2H~J2 F—CLNO2)z
P 

________ 

R.CH~,C,H1 CH2—ClI(COOR)2
IC2HSOOC 2CH—C P42—CH (COOC 2H5)2

~~C=CCCOOC zi4th, (C2H500C)2CH CH2—C ICOOC 2H5)2 Attempts were also made to prepare ‘hi-se coinpou~ds from
&lz—CH(COOC 2H5)2 alkaline 2.fluoro-2.2-dinitroethanol. Thi reaQent is to equili-

brium with thejtuorodinuromethine anion ~tnd fo i i i i , ’hie-

This multiple addition is a potential difficulty with any hyde and the mixture has been used t svnthest.zc flaorodtni-
Michael reaction of a methylenemalonate. arising from the tromethane adducts of M~chaet acceptors . suth as
fact that the product is a monosubstituzed malonate with Under these conditions. mc~hy1ericmafonre.~ ~avr ~umplex
an acidic hydrogen atom. We now wish to report selective product mixtures indic~ti’.e of further re:cuot, of the ~ni~ul
additions of nitro compounds to methylenemalonate esters, product with methylenem4loitaie.

The addition of nitroform to diethyl methylenemalonate Dleih~l 2.2.2.T~nit~~ths msk~~te:
was carried out by mixing the reagents in aqueous methanol Freshly distilled j iethyl meth> 1en~maiunate ‘ 0~ OA o mot)

$ at O—5 and allowing the reaction to proceed at ambient is added dropwise with sitrnn~ o~rr a iCinin rcnüd to a solution
temperature. An g7 0

, yield of diethyl ,2,2-trirntrocthylma- of nitroform tibg. 0.1 moll in waler t~~’ ml) and methanol ,40m1)
b aste was obtained. Nitrolorm is a strong acid and is sufli- at 0—3 . The misture is stirred for to h at roc’m ter.iperalure

ciently ionized that added base is generally not required and is then estracted with d,chlorom~taau’~ tt ~imI . fhr d,enloro-
to promote Michael reactions4 s , methane solution is washed w ith 10 ’. sodium h.dra~en c,irSonatc

and with water , dried c’.er sodium su!Cate. ~,d s~nppcd ~1 ~~~ent
The reaction of (.1-dinitroethane with methyknemalonates. under vacuum. Column chromaioerapn~ .~r silica ee

• however, did not take place under these conditions: this eluent: CCI4 CH,C12). liltration tLrouIth chatcoaL, and r~m~ssl
isisrocompound is comparableinacidstrength with carboxy- of solvent gives diethyl .2.2-tnniuocthylmalonate: ytei ...~. l3.0~
tic acids. The addition of triethylamine to an ether solution 1S7 . nip. 24—25 .
of 1,1-dinitroethane and dimethyl methylenemalonate at 0 C,H,,N,O,o caic. C 33.44 H 4.05 N I~~ )
resulted in the formation of dimethyl 2.2.dinitropropyhna- (323.2) found 33.36 3.80 12.92
b aste in 72 ~~

‘. yield. IR.. (nut1 v~~. 1 730 (C’~O). l600cni ‘ (NO,).
‘H -N.M .R . (CDCI 3I : ~— 4. 2 3 ~q. J — 7 H - z . ~~C}j ,CHjI ~ 3.S0~m.

- - I 3H , )CIJ—CtJ,—); 1.33 ppm ~t. 6H. J- 7  He. —CH .Ctj,)

- I
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Dimethyl 2.2.Dinitropropylmalonate: This work was supported by the Oflice of Naval Research.Tricthybamine is added dropwis e to 1.1-dinitroethane (1,6 g. H. Mee~~ein. W. Schum ann , J ustus Liebigs Ann. Chem. 398.f 0.Ol33mob) in ether (l5ml) at 0 . until the yellow colorat ion 214(1913).
perssts in the solution. The solution is allowed to stand for K N. Welch. J. Chem. Soc. 1930. 257.I bat ambient temperature and is then washed with 10 ’. sodium 

~ L. A. Kaplan. J. Org. Chem. 29, 2256(1964).hydrogen carbonate. I normal hydrochloric acid, and water. The H. Feuer, E. H. White. S. M. Pier, J. Org. Cneni. 26. 16 .9solution is dried over sodium sulfate and the solvent removed 11961).
under vacuum. Column chromatography on silica gel (tOO g, 

~ v . Grakauskas, K. Baum, J. Org. Chain . 34. 3927 ~1969~cluent: CCL,JCH,Cb,)and recrystallization o(the product idichtor- 0. 8. Bachman. H. A. Tanner. I. Org Client. 4, 493 (I9~cI).
omethaneibexane. — 781 gives diznethyl 2.2-dinitropropylma- A. Sakurai, H. Midorikawa, S. Aoyama. J. Sc,. ReiecrcsPi !n.v.
b aste as a white crystalline solid: yield: l.9g (72~s); m.p. 44. ( Tokyo) 32. 112 (1958); C. A. 53. 15961 (1959).
C.H,2N20, caic. C 36.37 H 4.58 N 10.60 ‘ K. Baum. J. Org. Chant. 35, 846 ‘1970,.
(264.2) found 36.66 4.61 10.52
LL (neat) : v~~—l730 (C O); t570cm ’ (NO ,).
‘H-N.M.R. (CDCI,): 5—3.75 is. 6H. OCH3): 3.1—3.5 (in, 3K
)Clt -CkJa—); 2.13 ppm Is. 311. ~ C—CH,}.
Diethyl 2-fl iireeshybnaboast.:
Pyndine 10.1 mob) is added over a 5mm period to a solution
of diethyt mcthylenemalonate (8.0 g. 0.047 mol) and fluorodinitro-
methane’ (7.0g. 0.056 mob) in ether i60 ml tat — 8 and the mixture
~ stirred at ambient temperature for 30 mm. The solution is
washed with 10 % sodium hydrogen carbonate and with water,
dried over sodium sulfate, and stripped of solvent under vacuum.
Column chromatography on silica gel 1200g: eluent:
CCL.JCH ,C1,) gives diethyl 2-fluoro-2,2-dinitroethyimalonate as
a pale yeUow oil: yield: 11.4g182%).
C,Hi,FN5O, calc. C 36.49 H 4.42 N 9.46
(296.2) found 36.76 4.29 9.70
1.L (neat): i~~~— l73Q (C~~O); 1600cm ” (NO:).
‘R-N.M.R. (CDCIj):  4 4..20 ~q. 411. J .7 Hz. —CJj5CH,); 3.2-
3.6 ~m, 3H, —CH,—CH(); 1.3oppm (1. 6H. 1—7Hz. —

CH,CU,).
“F.N.M.R ICDCI3/CCb,F): 5—103.72 ppm (br a). - -

Dinethyl 2-flu Z2-dmhroethybma)oeate~The above procedure using dimethyl methylenemabonate gives
dimethyl 2-Iluoro-2,2-dinitroethylmabonaie as a pale yellow oil;

S.yield: 63 i..
C,H,FN2O, caic C 31.35 H 3.38 N 10.45
(268.1) found 31.70 3.37 11.04
LR. (nest): v., ,— 1730 (C~~O): 1600cm ’ (NO,) -

‘H~.N.M.L (CDCI,): 5—3.75 (a. 6H. CH,); 3.2—3.6 ppm (in, 3M.
—CH3—CH~3.

Received : November 21. 1978
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