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e Introduction -

This report summarizes the research under Contract NOOOl4-78-C-01L47
during the period 1 January 1978 through 28 February 1979. This work is
& direct continuation of research carried out under Contract NOOO1L4-T1-C-0176
degcr;"bed in Fluorochem Report No. ONR-1-7, January 1978.

\ The objective of this program is to deve1<'>p 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-propanediol and related compounds, and on polymerization studies
of nitrooxetanes and epoxides. A manuscript on Michael reactions of nitro
compounds with methylenemalonates comprises Appendix A of this report. The

products are potentially useful nitrooxetane intermediates. o T

Publications during this report period include: 7 3

D. A. Lerdal and K. Baum, "Synthesis of Bis(3,3-dinitrobutyl)poly- i
eiloxanes”, J. Organomet. Chem., 159, 251 (1978). . \ |
K. Baum and A. M. Guest, "Michael Reaction of Methylenemalonates with L
Nitro Compounds", Synthesis, in press. }
f




II. Discussion

A. Chemistry of 2-Fluoro-2-nitro-1l, 3-propanediol

In the preceding report,l a practical synthesis of 2-fluoro-2-
nitro-l, 3-propanediol from diethyl fluoronitromslonate was developed. Reac-
tion of the monotosylate of this diol with base gave the interesting dimer,
2,6-difluoro-T-hydroxy-2,6-dinitro-4-oxa-1-heptyl tosylate, while treatment
of the monotriflate of 2-fluoro-2-nitro-1, 3-propanediol with base afforded 3-flu-
oro-3-nitrooxetane. The phosphorous pentafluoride catalyzed polymerization
of 3-fluoro-3-nitrooxetane in methylene chloride gave poly (3-fluoro—3-n:ltro
trimethylene ether)as a crystalline solid. The polymer was shown to be a
diol of molecular weight 2500. :

F F F

nome-'::.meo-soa@-m3 ——> ROH,- c.(.'aao-cxzc.c‘.rieo-so2 @ -

KOH
"~ "02 me

F . F
| N0 |
' HOH,-C- 0-S0,CF > F > HO -C-CH,-04 H
T [ e =TS Base 2 T ' ; n
X0, ) N0,

, The mechanism of the dimerization of the monotosylate was of in-
terest. The corresponding ditosylate, 0,378020m2®(m2)m208020737, 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. \

Radical anion intermediates have recently been found to dbe in-
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volved in a pumber of nitro compound displacement reactions, 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
not influence the course of the reaction.

Another mechanism that was considered is the deformylation of 2-
fluoro-3-hydroxy-2-nitro-l1-propyl tosylate to the nitronate salt. The loss
of tosylate ion would give l-fluoro-l-nitroethylene, wvhich can undergo
Michael addition of the alcohol. This mechanism resembles that of l-bromo-
1,1-dinitroethyl acetate reactions in which dinitroethylene is an interme-

6,7 The reported absence of deformylation of é-fluoro—2-nitro—l,3-pro-

diate.
8
panediol in strong base argues against this mechanism.
Nevertheless, an experiment was carried out in which an equal vol-
ume of formalin 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-

aldehyde.
F Q) F
| CH ©) |
BO(xa- C- (!1201'5 (______'“"‘) omzc- G!eors
| |
NO, N0,
F F F
| | \ ()
oayg;caeora ‘e__? szo + (L&EQOTS  — CxCﬂ2 + OTs
| Gy /
“Ob N02 N02
3
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F F - N F

i \ o8 : i
HOGH,C-CHpOTs +  C=Gi, ——> C-Gi,0CH,C-CH,0Ts
; / c) |
Mo, N0, N0, N0,
F F
CH,0 ;o I k.
= >  HOCH,C- GL,0CH,C- Gi,0Ts
| |
NO, No,

It wvas found that the addition of formaldehyde resulted in a 75% conversion
to dimer in 6 hours, whereas in the absence of formaldehyde, the reaction
vas 100% complete in 15 minutes. A mechanism involving fluoronitroethylene
as an intermediate is also in agreement with the unfeactivity of the ditosyl-

ate.

Other displacement reactions of the monotosylate were subsequent-
ly found that confirmed this reaction course. Thus, when the monotosylate
vas reacted with five equivalents of the sodium salt. of dimethylmalonate in
DMF, there was obtained a 22% yield of dimethyl (2-rluoro-2—nitroethyl)malo-

pate and a 5% yield of dimethyl (2-fluoro-3-hydroxy-e-nitropropyl)mlonate.

F 4 F
| | |
HOGH,-C-CGH,OTs + lhm(mabb)a — H-C-,c( COaNb)a + HOHyC-C-CHp- CH(COpMe),
| ! |
%0, NO, NO,

Apparently, most of the formaldehyde generated from the monotosylate is lost
by reaction with the excess malonate salt, and a direct addition product of

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

g Y




to give 2-fluoro-2-nitro-3-methoxy-l-propanol from the monotosylate whereas

’ the ditosylate was inert. This work is being extended to the exploration of
F F
! KOC!!3 | i
HO(H,,C- C(H,0Ts —> HOH,C-H, 0 i
' 0, C- e f
e ">

other potentially useful reactions of fluoronitroethylene.

The fact that 3-fluoro-3-nitrooxetane is formed from the monotri-
flate and not from the monotosylate is attributed to the more reactive leav-
$ ing group of the former. The initially formed alkoxide cyclizes more rapidly
than it can undergo the equilibrium deformylation.

In an effort to define further the reactivity of fluoronitro tri-
flates, 2-fluoro-2-nitro-1,3-propylene ditriflate was reacted with excess 2- :
fluoro-2,2-dinitroethanol and KOH in dioxane-formalin. A 22% yield of 1,3-
bis(2-fluoro-2,2-dinitroethoxy)-2-fluoro-2-nitropropane was obtained. This

energetic ether is a solid, mp 52°C.

;
{
}
F %0 i
r £ KOH §
’ a'3oas-ocx2-lr.:.cxzo-soacr3 + F-tf-maon — i
:
e e ]
|
LN P |
. F-C- (,-0- Cil,,- C- (-0~ G5~ C-F §
| | | ‘
X o " |
¥
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 forun.l.dehycle.:L 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
DMSO at 100°C for 3 hrs led only to decomposition. However, reaction of diethyl
bromomalonate for 15 hrs using the above conditions afforded a T6% yield of
diethyl fluoromalonate. An initial attempt to convert diethyl fluoromalonate
to diethyl fluoronitromalonate using 100% nno3 in methylene chloride failed.

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

Br F

| DMSO |

' EtO_C-C-00 Et —Af—> Et0,C-C-CO.Et

1 2 ] 2 KF = | -
noa N02

Br F
| DMSO | a0,
Et0,C-C-C0,Bt =~ ———>  Et0,C-C-00,Et — 272 o E0,C-CH.00.Et
e 2 KF 27y 2 1004 ENO, €8 e
B H

Improvement was obtained in the conversion of the fluoronitro-
malonate 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
iddit:lon of formalin, a T0% yield of 2-fluoro-2-nitro-1, 3-propanediol was ob-

tained. An attempt to reduce the ester groups of diethyl fluoronitromalonate

with sodium borohydride in aqueous THF to give 2-fluoro-2-nitro-1, 3-propane-

diol was not successful. Only decomposition of the malonate resulted.




Purification of 2-fluoro-2-nitro-1,3-propanediol is difficult be-

'
cause of its high boiling point and tendency to oil during recrystallizations.
The use of 8ilyl protective groups was investigated. Reaction of 2-fluoro-2-
nitro-1, 3-propanediol with hexamethyldisilaiane in refluxing ether in the

!

'presence of a catalytic amount of ammonium sulfate afforded a 9% yield of
W 3-bis(trimethylsilyloxy);2-fluoro-2-nitropropane. Treatment of the bis-
(trimethylsilyl) derivative with a solution of 5% trifluoroacetic acid in me-
thanol for 2.5 hrs at room temperature allowed recovery of 2-fluoro-2-nitro-
1, 3-propanediol in 86% yield. The bis(trimethylsilyl) derivative will be

used for purification of crude diol.

F S
! HMDS /Et0 1

EOGH,,- C- CH,0H - Me 3510-CH,,- C- CH 051 Me 5
' MeOH/CF30023 | i
NO, - NO,

Since 2-fluuro-2,2-dinitroethanol (FDNE) ie available in quanti-
ty, routes to 2-fluoro-2-nitro-1l,3-propanediol from FDNE were investigated.
In this connection Adolph9 reported the following unexpected elimination and
addition, as a result of an attempted methoxide displacement of fluorodini-

troethyl tosylate.

NO, NO‘,2 H N02
! Q) « / CH3OH !
F-C-GH,0Ts + H0 —> c=C —ry  BC- G(OCH3)2
| / \ |
No, F OTs F

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

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

e T
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by roruﬁ.ldehyde should be similar to the formylation step in our malonate

’ process. Reactions of both fluorodinitroethyl triflate and fluorodinitro-
ethyl tosylate with solutions of sodium hydroxide in formalin were therefore

examined. In both cases the fluorine NMR spectra of the neutralized aqueous

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

ey

cess was simplified -further by synthesizing fluorodinitroethyl tosylate in-

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

4 of FDNE in alkaline formalin to give the diol directly.
i G0 |
FC- (!120802017‘3 _ HOCHZC- CH,0H
] NaOH !
NO, NO,
/ F
1;102 a0 1
Fc-aizdrs = HOCH,, C- C3,0H
! NaCH 1
NO No,
- NO. F
g e TsCl !
; —_— (0] -
1 rc':.cxaon GHZOH H mzc': CH,0H
' KO, RO,
! NaCOH ‘
]

B. Dinitrooxetane Studies

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

vestigate the synthesis of the more energetic monomer, 3,3-dinitrooxetane.

e e e e ———————————————

' 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
1]
8 |
\
?
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effecting deformylation.
The synthesis of 2,2-dinitro-3-hydroxy-l-propyl triflate from 2,2-
dinitro-1, 3-propanediol and triflic anhydride, was described in our previous

report.l Its reaction with one equivalent of NaHCO3 afforded only 2,2-41-

"nitro-1,3-propanediol. The same result was obtained when the dinitro triflate

vas reacted with a NaHC03-k2003 pH 9.75 buffer containing only one equivalent
of base. Reaction with K2003 or triethylamine led to decomposition, while re-
action with pyridine afforded the corresponding pyridinium esalt, as indicated
by NMR. By contrast, the reaction of 2-fluoro-3-hydroxy-2-nitro-l-propyl tri-
flate with one equivalent of K2003 in 1:1 aqueous dioxane afforded 3-fluoro-

3-nitrooxetane in high yield.

NO, NO,
HOCH, - C- (080, CF3 —3 5  HoGH,-C-Gi,0H
| |

Nop 0>

In order to determine if 3,3-dinitrooxetane could be synthesized
without the use of base, some model studies were carried out with 2-fluoro-3-
hydroxy-2-nitro-1-propyl triflate to simplify product identification. When
this monotriflate was refluxed 4 hrs in 1,2-dichloroethane or chlorobenzene
in the presence of sodium sulfate, the monotriflate was recovered unchanged.
However, reaction of the monotriflate for 5 hrs in nitrobenzene at 165°C led
to complete decomposition. When 3-fluoro-3-nitrooxetane was refluxed 4 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-

azsbicyclo-[b.h.é]undec-s-ene) in ethyl vinyl ether afforded 3-fluoro-3-nitro-




et

rﬂ

b

oxetane; indicating that ; carbene is not an intermediate.

In order to increase the thermal stability and possibly the reac-
tivity of the monotriflate, the corresponding trimethylsilyl derivative was
prepared from 2:1 hexamethyldisilazane-trimethylsilyl chloride. After the
above silyl derivative was heated at reflux for 15 hrs in carbon tetrachlo-
ride and then 2 hrs 'in chlorobenzene, it was recovered unchanged. Refluxing
the silyl derivative for 2 hrs in o-dichlorobenzene 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-hydroxy-1-propyltriflate.

Another possible approach to 3,3-dinitrobxetane is from 3-hydroxymethyl-
3-nitrooxetane. . mononitro 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,
vhich could be converted to 3,3-dinitrooxetane via oxidative nitration.

Reaction of 2-hydroxymethyl-2-nitro-1,3-propanediol in ether-ethyl
acetate with one equivalent each of pyridine and triflic anhydride afforded a
12% yield of 2-hydroxymethyl-2-nitro-1, 3-propyleneditriflate and a U4 yield
of 3-hydroxy-2-hydroxymethyl-2-nitro-l-propyl triflate.

CH,0H a0 G%fm
(

' 2 CF350,),0 n

BOCH,-C- GHyOH *—=—="—s HOGHy-C-GH,0-S0,CF3 + CF350,-0CH,-C-CH,0-50,CF
l Pyridine 1 |
NO, NOo N0,

3
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Reaction of 3-hydroxy-2-hydroxymethyl-2-nitro-l-propyl triflate
in aqueous solution with one equivalent of K2003 or KOH led only to decompo-
sition. The same result was found when the above monotriflate was reacted in

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

iR . CHL,0H
BOGH,-C- (5,080, Gy —>—> noeﬂr‘—‘l
N, -

It appears that the ring-closure of the monotriflate of 2-fluoro-
2-nitro-1, 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 aminooxetane, which could subsequently be oxidized to
& nitrooxetane. It seemed likely that the ring-closure of a suitably pro-
tected 2-amino-1, 3-propanediol should be possible.

Such a protected diol is U4,U-bis(hydroxymethyl)oxazolidone, and the
reaction of this diol with one equivalent p-toluenesulfonyl chloride in pyri-
dine afforded the corresponding monotosylate in 49% yield. The monotosylate
did not react with one equivalent of sodium methoxide in DMSO, and reaction

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

0—
G 0H DMSO
m3-@-oaso-om2',-——ﬂf _‘5’;{;—" ————»mtx
No o \O/\O

b,4-bis(hydroxymethyl)oxazolidone with one equivalent each of triflic anhy-

dride and triethylamine or pyridine in either 1l:1 DMF-methylene chloride or

I

. i s e
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9:1 diglyme-ether did not afford the corresponding monotriflate.

In an effort to determine if 3-fluoro-3-nitrooxetane could be
converted to other 3-nitrooxetunes, the radical anion reaction of 3-fluoro-
3-nitrooxetane with the lithium salt of 2-nitropropane in DMF 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. Polymerization Studies

The polymerization of 3-fluoro-3-nitrooxetane catalyzed by phos-
phorous pentafluoride was shown in the previous report.1 to give a product .
with a molecular weight of 2500, a density of 1.59, 5 DTA exotherm onset of
290°C and a melting point of 234°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 eppeared to be fluorodinitroethyl glycidyl ether,
wvhich is prepared by the reaction of FDNE with epichlorohydrin in aqueous al-
kaline solution.lo The polymerization of this epoxide has been studied exten-
sively with BF3 catalyais,ll and the major problem with this system has been
poor functionality without tricl 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 copolymerization with 3-fluoro-3-nitro-
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°,

vhereas the oxetane required a relatively large amount of catalyst to give

AP SN o 23 R
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polymerization at ambient temperature.

g 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 pentafluoride for 5 min at -78°C, and the mixture was

7

varmed to room temperature and quenched with methanol. Starting material was
consumed coxpletely, and column chromatography separated the product into

three components. The material first eluted had a molecular weight (VPO) of

380 and the NMR spectra indicated only -CHy-CH-CH,-0-CHoC(F)(NOy), hydrogens.
This material thereforc appears to be 2,5-bis(2-fluoro-2,2-dinitroethoxy-
methyl)-1,4-dioxane. The material next eluted had a molecular weight of 730
and the NMR spectra indicated a trimer, which is capﬁed on one end by & meth-
oxy group. The material last eluted from the chromatography column had a
molecular wveight of 1100, and its NMR spectrum was consistent with the ex-
pected oligomeric diol structure.

The hydroxyl hydrogens of these materials were not observed di-

rectly in the NMR spectra. The determination of fuhctionality of oligomeric

diols is generally & difficult amalytical problem and other laboratories have :
recently reported conflicting data using standard wet-chemical procedures.
We therefore investigated an NMR procedure based on silylation. Trimethyl-

silylation of hydroxyl groups,

ROH + xs1(cd3)3 > ROSi(a!3)3 |
improves sensitivity by amplifying the number of protons under question by a
factor of 9. The silyl protons, unlike hydroxyls, appear in a region of the
spectrum free of interfering signals. Traces of water in the sample are con-

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

13

N e e




analytical technique was demonstrated with a simple compound having hydroxyls
similar to those of the polymer, 3-(fluorodinitroethoxy)-1,2-propanediol,
FC(NOo ) (Ho0CH, CH (OH ) CHLOH.

The above cligomers of T30 and 1100 molecular weight were tri-
methylsilylated with hexamethyldisilazane and trimethylsilyl 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 monofunctional 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-
riod 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 fraction contained
a smll amount of 2,5-bis(2-fluoro-2,2-dinitroethoxymethyl)-1,4-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-
fore monofunctional. The 1800 fraction, on the other hand, was found to have
an equivalent weight of 935, and is therefore a diol. Thus, an oligomeric

diol, in a molecular weight range suitable for polyurethanes, may be pre-
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pared and ieolated from this energetic and readily available epoxide. Fur-
: ther vork is in progress to determine optimum conditions for maximum yield
: and molecular weight of this product.

We reexamined briefly the use of boron trifluoride 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 trifluoride etherate at room temperature was
complete within 45 minutes. Only low molecular weight product was obtained,
as indicated by TLC. When this reaction was carriedlout 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 trifluoride etherate the starting material was consumed
over 20 hrs at room temperature, and the same mixture was obtained.

The copolymerization 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 equimolar amounts of 2-fluoro-
2,2-dinitroethyl glycidyl ether and 3-fluoro-3-nitrooxetane in methylene chlo-
ride vere treated at -78°C with a catalytic amount of phosphorous pentafluo-
ride, no reaction occurred. The conditions that gave oxetane polymer were
thea applied to the copolymerization. When & 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
obtained a mixture of both homopolymers and a copolymer. These components £

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

acetone and insoluble in methylene chloride, whereas the epoxide polymer was ﬁ
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soluble in both solvents and the oxetane polymer was insoluble. The osmome-
tric molecular weight of the copolymer was 1200. The units of the copolymer
derived from epoxide and oxetane are easily distinguishable by fluorine NMR
and vere in the ratio 1:8. The theoretical molecular weight of a polymeric
diol containing one epoxide and eight oxetane-based units is 1196, showing
that éach polymer molecule contains one epoxy unit. These copolymerization
results are preliminary, but it is apparent that the incorporation of a small
amount of eomonome;' can result in substantial changes of éolubility proper-

ties and melting point.




» III. Experimental
‘[ ’ 2-Fluoro-3-methoxy-2-nitro-l-propanol. To 20 ml of a 1.0 M solution of

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

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

' at room temperature for 30 min, the resulting precipitate was filtered and
washed with methanol. The methanol was removed in vacuo, and the residue was
taken up in 10 ml of water. The aqueous solution was extracted with Cﬂ2012

|

(3 x 15 ml) and ether (2 x 14 ml). The aqueous solution was then adjusted to
pH 6 with HC1 and extracted with ether (2 x 15 ml). The combined organic ex-
tracts were dried over sodium sulfate and stripped in vacuo to leave 0.913 g.
This residue was chromotographed on 45 g of silica gel, with 50 ml of CH,Cl,,
25 ml of 99:1, 25 ml of 97.5:2.5, end then vith 650 ml of 95:5 CH,CL,- ethyl
acetate. The last 300 ml of eluent contained 0.538 g (35.2%) of 2-fluoro-3-
methoxy-2-nitro-l-propanocl. Vacuum distillation gave an analytical sample:
b.p. 92-93° (0.27 mm); proton NMR (cnc13)csa 92 (broad s, 1 H, -OH), 3.43 (s,
3 H, -0CH3), and 3.8 to k.3 ppm (m, 4 B, -CH,- b.mz), fluorine MR (CDCl3) ¢
140.4 (quintet, J=16 Hz); IR (a,c,) 3630 (- O‘i), 1570, 1355 (-NO5), 1060
en ! (c-F).

Anal. Caled f¢ qnam: C, 31.39; H, 5.27; N, 9.15. Found: C, 31.50;
H, 5.01; N, 8.95.

Dimethyl (2-Fluoro-2-nitroethyl)malonate and Dimethyl (2-fluoro-3-

hydroxy-2-nitropropyl)malonate. To 1.32 g (10.0 mmol) of dimethyl malonate

!
?
in 20 ml of dimethyl formamide was added 0.25 g (10.0 mmol) of sodium hydride. .
The solution was cooled to room temperature and 0.586 g (2.0 mmol) of 2-fluoro- l
|

3-hydroxy-2-nitro-l-propyl p-toluenesulfonate was added. After 17 hrs, the

17
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‘reaction mixture was diluted with 180 ml of water and then was extracted with
methylene chloride (3 x 25 ml) and ethyl acetate (2x 25 ml). The solvents
vere then removed at 55° (3 mm) and 32° (0.2 mm). The 0.6 g residue was chro-
matographed on 25 g of silica gel (methylene chloride-ethyl acetate) to give
0.100 g (22.4%) of aimethyl (2-fluoro-2-nitroethyl)malonate: proton NMR (CD013)
2.k to 3.1 (m, 2 B, CHp), 3.60 (t, J=T Hz, 1 E, _gxl(?cozm)z), 3.75 (s, 6 H,
CO,Me), and 5.83 ppm (d of t, J=50 and 5 Hz, 1 H, H-L ); fluorine MR (cpc1y) o
146.05 ppm (4 of t, J=50 and 20 Hz); IR (CHaClp) 1740 (COoM3), 1575, 1340 {NG,),
1060 cm™t (C-F). Further elution gave 0.026 g ({5.1%) of dimethyl(2-fiuoro-3-hy-
droxy-2-nitropropyl)malonate: proton NMR (cn013)5 2.6 to 3.1 (m, 38, @E,-
(COxMe), and -OH), 3.53 (m, 1 B, CH(CO-Me),), 3.73 (s, 6 H, COMe), and 3.8 to
4.5 ppm (m, 2 B, -GH,0H); fluorine NMR (CDCl3) ¢ 134.8 (quintet, J=16 Hz); IR
(G,C1,) 3620 (-0H), 1740 (CO,Me), 1570, 1350 (-NOp), 1080 em™ (C-F).

1, 3-Bis(2-fluoro-2,2-dinitroethoxy) -2-fluoro-2-nitropropane. Yotassium

hydroxide, 0.665 g (10.0 mmol) was added with ice cooling to 1.545 g (0.0
mmol) of 2-fluoro-2,2-dinitroethanol in 15 ml of 2:1 dioxane-formalin and
1.013 g (2.5 mmol) of 2-fluoro-2-nitro-1,3-propylene ditriflate was added.
The temperature rose to 32°C over 6 minutes, and the pH dropped from 1l to
8. After 1 hr, the solvent was removed in vacuo, and the residue was taken
up in 5 ml of water and extracted with 50 ml of 1l:1 carbon tetrachloride.
methylene chloride in three portions. The organic extract was washed with
wvater, dried over sodium sulfate and stripped of solvent to give 0.64 g of
& 3:1 mixture of the bis and mono ethers. Chromatography on 25 g of silica
gel (2:1 methylene chloride - Skelly F) gave 0.222 g (21.6%) of 1,3-bis(2-

fluoro-2,2-dinitroethoxy)-2-fluoro-2-nitropropane. Crystallization
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from methylene chloride - Skelly F afforded an analytical sample: mp 52°;

proton MR (9:1 @Cl3-acetone-n6) &4.2 (4, J=16 Bz, b4 H, -ma-%acnz-), and
2

4.70 ppa (4, J=16 Bz, b H, ?-lé?acx,_,) ; fluorine MR (9:1 CDCl3-acetone-Dg) ?
109.4 (broad, 2 F) and 138.7 ppm (quintet, J=16 Ez, 1 F), dp5=1.709; IR (CH,Cl,)
1600, 1320 cm™ (NO,).

Apsl. Caled for CjHgF3NsO)o: C, 20.45; H, 1.96; N, 17.03. Found: C,
20.47; H, 1.90; N, 16.70.

3-BEydroxy-2-hydroxymethyl-2-nitro-1-propyl triflate and 2-Hydroxymethyl-

2-nitro-1,3-propylene ditriflate. A solution of 1.9 ml (11.0 mmol) of triflic

anhydride in 15 ml of 9:1 ether-ethyl acetate was added dropwise over 15 min
at 18-21° (ice cooling) to & solution of i.51 g (10.0 mmol) of 2-hydroxy-
methyl-2-nitro-1, 3-propanediol and 0.90 ml (11.0 mmol) of pyridine in 30 ml
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 mate-
rial vas chromatographed on 1ll1 g of silica gel with 4:1 methylene chloride-
ethyl acetate to give 0.671 g (16.2%) of 2-hydroxymethyl-2-nitro-1,3-propy-
lene ditriflate and 1.258 g (L4.4%) of 3-hydroxy-2-hydroxymethyl-2-nitro-1-
propyl triflate. An analytical sample of the former was recrystallized from
methylene chloride: mp ;6-57°; proton NMR (cncl3)6‘2.7o (broad s, 1 H, -CH);
4.05 (s, 2 B, mzm) and 4.90 ppm (s, 4 R, m20802(1'3); fluorine NMR (CDCI3)
’ 7.4 (8).

Anal. OCaled for CeligFgNSOg:  C, 17.36; B, 1.70; N, 3.37. Found: C,
18.59; H, 1.75; N, 3.6h.
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An apalytical sample of 3-hydroxy-2-hydroxymethyl-2-nitro-1l-propyl
triflate wvas recrystallized from methylene chloride - Skelly F: mp T72-73°;
proton MR (acetone-Dg) §4.03 (s, 4 H, CH,0H), 4.47 (s, 2 H, -CH), and 5.10
ppm (s, 2 H, (Hp0S0p(F3); fluorine NMR (acetone-Dg) ¢ T4.8 (s); IR (CDCl3)
3615 (-0H), 1560, 1360 (-N0,), 1420, 1225, 1150, 870 (-0S0,CF3), and 980 cu -
(c-F),

Apal. Calcd for CgHgF3NSO7: C, 21.21; H, 2.85; N, 4.95. Found: C,
21.02; H, 2.81; N, L.76.

4-(Hydroxym=thyl)-4-p-toluenesulfonatomethyl)oxazolidone. To 1l.47 g

(10.0 mmol) of 4,4-bis(hydroxymethyl)oxazolidone in 15 ml of pyridine was ad-
ded, dropvise over 35 min at 5°C, 1.91 g (10.0 mmol) 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-
cipitaie wvas filtered and washed with water and ethanol to give 1.48 g (49.1%)
of crude product. Crystallization from acetone gave a white solid: mp 187°;
protca NMR (DMS0-Dg)$2.38 (s, 3 H, rx3), 3.30 (4, J=6Hz,2 H, CH,0H), 3.93 (s,
b H, 85), 5.07 (t, J=6 Hz, OH), and 7.2 to 7.7 ppm (m, 5 H, CgH, and NH).

2-Fluoro-2-nitro-3-trimethylsilyloxy-l-propyl Triflate. Trimethylsilyl

chloride (1.0 ml) was added to a solution of 0.128 g (0.47 mmol) of 2-Fluoro-
3-hydroxy-2-nitro-l-propyl triflate in 2.0 ml hexamethyldisilazane. After
2 hrs, a vhite precipitate was filtered and washed with methylene chloride.
Volatile material was removed in vacuo to leave 2-fluoro-2-nitro-3-trimethyl-
silyloxy-l-propyl triflate as a yellow oil: proton MR (ccly,) $0.12 (s, 9 H,
-sme3), 3.98 (a, J=14 Bz, 2 H, (Hy0SiMe3), and 4.85 ppm (d, J=14 Hz, 2 H,

(H080,CF3); fluorine MR (CCL,) ¢ 139.7 (quintet, J=1¥ Hz).
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1,3-Bis-(trimethylsilyloxy)-2-fluoro-2-nitropropane. A mixture of

0.695 g (5.0 mmol) of 2-fluoro-2-nitro-1,3-propanediol, .050 g of ammonium

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 material in vacuo at 45°C gave 1.420 g (93.7%) of crude 1,3-bis-

(trimethylsilyloxy)-2-fluoro-2-nitropropane: proton MMR (CDCl3)40.15 (s,

18 E, Sﬂb3); 3.9 to k.4 ppm (m, 4 H, CHp); fluorine NMR (CDCl3) ¢ 141.2
(quintet, J=14 Hz).

Trimethylsilylation of 3-(2-fluoro-2,2-dinitroethyloxy)-1,2-propane-

diol. A solution of 0.228 g (1.0 mmol) of 3-(2-fluoro-2,2-dinitroethyloxy)-
l,2-propanediol in 5 ml of 1,2-dichloroethane was heated at reflux for 2 hre
vith 2 ml of hexamethyldisilazane and 0.5 ml of trimethylsilyl chloride. The
volatile material was removed in vacuc at 50°C to leave 0.357 g of 3-(2-fluoro-
2,2-dinitroethoxy)-1,2-bis(trimethylsilyloxy)propane): proton NMR (-‘:DC13)
60.13 (s, 18 H, SiMe3); 3.3-3.9 (m, 5 H, 0-CHy-GH-CH,-0); 4.57 pp= (4, J=17 Hz,
2 B, GH,CF(N0,),).

Polymerization of 2-fluoro-2,2-dinitroethyl glycidyl ether with phospho-

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

nitroethyl glycidyl ether in 11 ml of methylene chloride in & nitrogen atmos-

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

the gas phase. After 5 min, the cooling bath was removed, and 15 min iater
the reaction mixture was quenched with 2 ml of methanol. The reaction mix- &

ture wvas stirred an additional 5 minutes, and solvents were then removed in

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

crude polymer mixture, as determined by vapor pressure osmometry (ethyl ace-




tate, 35°C) was 560.

’ A 0.74 g aliquot of the mixture was chromatographed 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
veight 730, and a 0.122 g fraction of molecular weight 1100.

The MW 380 material was tentatively identified as 2,5-bis(2-fluoro-2,2-
dinitroethyloxymethyl)-1,4-dioxane: proton NMR (CDC13)5 3.0-4.0 (m, 5 H, -CH,-
ca-cxa-o-), and 4.47 ppm (4, 2 H, J=17 Hz, O-(xa-C(F)(NOZ)a). The MW 730 mate-
rial appears to be a trimer, which is capped on one end by & methoxy group:
proton NMR (crm3)é 3.1-4.0 (m, 15 B, -0H,-(H-CH,-0; 3 H, -ocx3), 4.52 ppm
(4, J=17 Bz, 6 H, -C-CH,-C(F)(NO,),). The 1100 MW fraction was assigned the
oligomeric diol structure: proton NMR (cnc13)é3.2-u.1 (m, 5B, -Ci,-CH-CH,-
0-), and 4.55 ppm (4, J=17 Hz, 2 B, -0-CH,-C(F)(NO5),).

The MW 730 meterial was dissolved in 5 ml of 1,2-dichloroethane, and
2 ml of hexamethyldisilazane and 0.5 ml of trimethylsilyl chloride were ad-
ded. After the solution was refluxed for 2 hrs volatile material was removed
in vacuo. The resulting residue was then dried at high vacuum for several
bours. Integration by NMR of the silyl hydrogens, compared to an internal
quantitative standard (benzene) or compared to the 2-fluoro-2,2-dinitroethyl

methylene protons, showed that the original alcohol had an equivalent weight

(per hydroxyl) of 725. The MW 1100 material was shown by this procedure to
have an equivalent weight of 585. '

B. To a solution of 0.525 g (2.5 mmol) of 2-fluoro-2,2-dinitroethyl glycidyl
ether in 5.3 ml of methylene chloride at -78°C, under nitrogen, a catalytic

amount of phosphorous pentafluoride was added in the gas phase. After 5 min,

22

POSORN . P U T Attt ol | DO T

tew , T R




S —— -

the reaction was quenched with solid sodium dbicarbonate. The cooling bath
e vas removed, and after a short 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 material was chromatographed on 25 g of silica gel (methylene

chloride-ethyl acetate) to give a 0.182 g fraction of MW (VPO) 570, a 0.107 g

fraction of MW 1070, and a 0.108 g fraction of MW 1800. The MW 570 fraction
’ wvas shown by TLC (methylene chloride) to contain some 2,5-bis(2-fluoro-2,2-

dinitroethoxymethyl)-1,4-dioxane. The MW 1070 fraction had an equivalent

weight by silylaticn/NMR of 980, and the MW 1800 fracticn had an equivalent
e weight of 935.

Polymerization of 2-fluoro-2,2-dinitroethyl glycidyl ether with boron

trifluoride etherate. A. To 1.06 g (5.0 mmol) of 2-fluoro-2,2-dinitroethyl

glycidyl ether (which had been dried 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 storage over SA molecular sieves) was ad-
ded, under nitrogen, 0.062 ml (0.5 mmol) of distilled boron trifluoride ether-

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

ted only a trace of the glycidyl ether. After 45 min, solid sodium bicarbon-
ate wvas added. The reaction mixture was filtered, and the solvent was re-
moved in vacuo to leave 1.045 g of a colorless syrup. As indicated by TLC,
this material was a mixture of 2,5-bis(2-fluoro-2,2-dinitroethyloxymethyl)-
1,k-dioxane and the low molecular weight oligomer (MW 570) described above.
B. To 1.06 g (5.0 mmol) of 2-fluoro-2,2-dinitroethyl glycidyl ether in 5.8

ml of methylene chloride (both components dried as indicated above) was added,
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under nitrogen, 0.006 ml (0.05 mmol) of boron trifluoride etherate. After
& 5 day reaction period at room temperature, TLC (methylene chloride) still
indicated the presence of some starting material. Solid sodium bicarbonate
vas added. The reaction mixture was filtered, and the methylene chloride
wvas removed in vacuo to leave 0.872 g of a colorless syrup. The TLC of this
material was the same found for the above reaction utilizing 10 mole percent
boron trifluoride etherate.

Copolymerization of 2-fluoro-2,2-dinitroethyl glycidyl ether and 3-

fluoro-3-nitrooxetane. A. Phosphoroue pentafluoride was bubbled into a so-

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

mmol) 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 ml of methanol. After an additional 5 min-

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

0.111 g of copolymer as a white solid: m.p. 176-180°C; MW (VPO; DMF, 65°C)

1200; fluorine MR (DMF) ¢ 109 (m, 1 F, g_O%)’ and 140 ppm (m, 8 F, CFNO,).

NC,
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Appendix A

Michael Reaction of Methylenemalonates with Nitro

Compounds'

Kurt Baum®, Allen M. GuEsT
Fluorochem Inc.. Azusa, Ca’ ornia 91702, US.A.

The Michael reaction of methylenemalonate esters is poten-
tially useful for introducing difunctionality to organic com-
pounds with acidic hydrogen atoms. The only reported
example of this reaction is the addition of diethyl malonate
to diethyl methylenemalonate in the presence of potassium
hydroxide or pipendine™?, and this reaction was compli-
cated by further reaction of the 1:1 adduct with diethyl
methylenemalonate.

Z(CgN;OOChCHI + “zc=C(C°°CzH§)2

== (C;M500C);CH=CHy~CH [COOC;Hs);

K C=C (COOC ;M ):

SEECO0CN.  (C,H500C);CH~CHz=C ICOOC sy
Hy—CH (COOC Hg),

This multiple addition is a potential difficulty with any
Michael reaction of a methylenemalonate, ansing from the
fact that the product is a monosubstituted maionats with
an acidic hydrogen atom. We now wish to report selective
additions of nitro compounds to methylenemalonate esters,

The addition of nitroform to dicthyl methylenemalonate
was carried out by mixing the reagents in aqueous methanol
at 0-5° and allowing the reaction to proceed at ambient
temperature. An 87 ° yield of diethyl 2,2,2-trinitroethyima-
Jonate was obtained. Nitroform is a strong acid and is sufli-
ciently ionized that added base is generally not required
to promote Michael reactions*:*.

The reaction of 1,1-dinitroethane with methylenemalonates,
however, did not take place under these conditions; this
pitro compound is comparable in acid strength wath carboxy-
lic acids. The addition of triethylamine to an ether solution
of 1,1-dinitroethane and dimethyl methylenemalonate at 0°
resulted in the formation of dimethyl 2.2-dinitropropylma-
lonate in 72 % yield.
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HiC=CHINOp); + H,CSCICOOCHy), — —SihM/Ciuh0

”:C"f INGy);
CHz—CH (COOCH3);

The addition of fluorodinitromethane to methylenema-
lonates was carried out in ether solutior in the presence
of catalytic amounts of pyridine. Diethy! 2-fluoro-2 2-dmni-
troethylmalonate and dimethyl 2-fluoro-2.2-dinitromethyl-
malonate were obtained in yields of 82 °o and 63 °o, respecti-
vely.

F~CH(NOl; + H;C=C(COOR),  —2Xiwme/(Cat}d
F—?(No:h
R s CHy ,CyHg CH,~CH (COOR),

Attempts were also made to prepare these compouads from
alkaline 2-fluoro-2.2-dinitroethanol. Thi: reagent s n equih-
brium with the fluorodinitromethans anion and formalde-
hyde and the mixture has been used to synthesize fluorodin-
tromethane adducts of Michael acceptors, such as acrylates®.
Under these conditions, methylenemalonates gave complex
product mixtures indicative of further reaction of the ininal
product with methylenemalonate.

Diethyl 2.2,2-Trinitroethyimalonate:

Freshly distilled diethyl methylenemaionate™® (2.0g. 0.046 moh
1s added dropwise with surrine over a {Cmin period to a solution
of nitroform (16 g, 0.1 mol) in water {23 m1) an:d methanol (40ml)
at 0-5°. The mixture s surred for 16h at room temperature
and is then extracted with dichlorometiian= (100 ml). The dicnloto-
methane solution is washed with {0 °y sodium hydrogen carbonate
and with water, dnied cver sodium sulfate, and stripped of soivent
under vacuum. Column chromatography or siwa g2 2002
eluent: CCly CH,Cl;). filtration through chascoal, and removal
of solvent gives dicthyl 2.2.2-tnnitroethylmalonate: vigild: 13.0g
(87 %6); m.p. 24-25°.

C3H 3N;3O40 cale. CI& 405 N!
(323.2) found 33.36 380 i
LR. (neat): v = 1730 (C=0); 1600cm ™' (NO;).

'H-N.M.R. (CDCly): = 4.23 (q. J=7Hz, —~CH,CH,; 3.80 (m,
3H, >CH—CH,—); 1.33ppm (t. 6H, J = THz, —~CH.CH,)
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Dimethyl 2.2-Dinitropropylmalonate:

Triethylamine is added dropwise to 1,-dinitrocthane (1.6
0.0133mol) in ether (1Smi) at 0° until the yellow coloration
persists in the solution. The solution is allowed to stand for
1 b at ambient temperature and is then washed with 10 °s sodium
hydrogen carbonate. { normal hydrochloric acid, and water. The
solution is dried over sodium sulfate and the solvent removed
under vacuum. Column chromatography on silica gel (100g,

eluent: CCl,/CHCl;) and recrystallization of the product (dichior-
omethane/hexane, —78°) gives dimethyl 2.2-dinitropropylma-
lonate as a white crystalline solid: yield: 1.9g (72 %); m.p. 44°.
C¢H3N20g calc. C 3637 H4s8 N 10.60
(264.2) found 36.66 4.61 10.52

LR. (0€al): Vaes = 1730 (C=0); 1570cm ™" (NO;).

'H-N.M.R. (CDCl,): 6=3.75 (s. 6H. OCH3;); 3.1-3.5 (m, 3H,
SCH—CH,;—); 213 ppm (s, 3H, >C—CHj).

Diethyl 2-Fluoro-2.2-dinitroethylmalonate:

Pyridine (0.1 mol) is added over a Smin period to a solution
of diethyl methylenemalonate (8.0 g, 0.047 moi) and fluorodinitro-
methane® (7.0 g. 0.056 mol) in ether (60 ml) at —8° and the mixture
is stirred at ambient temperature for 30min. The solution is
washed with 10 % sodium hydrogen carbonate and with water,
dried over sodium suliate, and stripped of solvent under vacuum.
Column chromatography oa silica gel (200g: eluent:
CC1/CH;Cl;) gives diethyl 2-fluoro-2.2-dinitroethyimalonate as
a pale yellow oil: yield: 11.4g (82 %).

CoH3FN;O, calc. C3649 H442 N 946
(296.2) found 36.76 429 9.70

LR. (neat): v =1730 (C=0): 1600cm ™! (NO,).

YH-N.M.R. (CDCl;): 6=4.20 (q. 4H, J=7 Hz —CH,CH,); 3.2-
36 (m, 3H, —CH,—CH<Z): 1.30ppm (t, 6H, J=THz —
CH,CH,).

SE.N.M.R. (CDCl;/CCl;F): 6=103.72 ppm (br s).

Dimethyl 2-Fluoro-2,2-dinitroethylmalonate:

The above procedure using dimethyl methylenemalonate gives
dimethy} 2-fluoro-2,2-dinitroethylmalonate as a pale yellow oil;
yield: 63 %.

C,HoFN;0, cale. C31.35 H338 N 1045
(268.1) found 31.70 337 11.04

LR. (D€a)! vgey = 1730 (C==0); 1600cm ' (NO;).

'H-N.M.R. (CDCly): 6=3.75 (s. 6H, CH,): 3.2-3.6 ppm (m, 3H,
~CH;—CHX).
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