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I. Introduction

This report summarizes the research under Contract N0014-78-C-O147

durJngr the period I March 1979 through 29 February 1980. Work was conti-

* nued in the area of nitrooxetane chemistry, leading to the first synthesis

of 3-nitrooxetane. A convenient route to functional oxetane intermediates

was developed. Work was initiated on the chemistry of l-fluoro-l-nitro-

ethylene, and new routes to this otefin were found. Additional studies

of the polymerization of 2-fiuoro-2,2-dinitroethyl glycidyl ether with

acidic catalysts prrvided evidenre for a novel polymerization pathway.
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II. Oxetanc Synthesis

A. Discussion
1

Previously on this program 3-fluoro-3-nitrooxetane was synthe-

sized and polymerized, and efforts were initiated to synthesize 3,3-dinitro-

oxetane. The method used for 3-fluoro-3-nitrooxetane, the base-catalyzed

ring closure of the monotriflate of 2-fluoro-2-nitro-1,3-propanedlol could

not be applied to nonfluorinated analogs. Fluorine inhibits deformylation

of adjacent methylol groups, an effect that is apparently critical for the

ring closure. Triflates of 2,2-dinitropropanediol and of trihydroxymethy]-

*nitromthane gave only decomposition products.
NO2

F F
F OH

HOM 2 CC 2 OSO2 CF3  - OCH2 CCH2 0SO2 CF3

NO, NO2

NO2  NO No
I -OH- -II

HOCH2 CCH2 OSOSCF OCC S0 2 C 3  4 =? decomp
I I

NO2  NO 2  L N ]
-boaACa 0O2 I 110M C 2 decomp

NO2  N O2

Consequently efforts to synthesize a nonfluorinated nitrooxetane

were based on conversions of other functional groups on the oxetano ring to

nitr& groups. Known 3-functional oxetanes suitable for displacement reactionz

include the bromide, the iodide and the tosylate. The bromide and the iodide

have been prepared from the tosylate which, in turn, wa. obtained from the

'a..



2
alcohol. The alcohol was prepared as follows:

O-CH2 - CH=CH{2  Cl
CI2  I I

CH2 =CH-I 2OH . CICH2 -OH-CH 2OH + C{2 -C-CH2 0HI
O- =C- ci 

32

NaOH OH2-R=C2 DMSO O-CH=CH-CH3

HO0 KOt-Bu

OH
MeOH-H2 0 Ht ]

Chlorination of allyl alcohol, at only 20% conversion, was re-

ported to give a 65:35 mixture of 2-allyloxy-3-chloropropanol and 3-allyloxy-

2-chloropropanol, as well as a variety of other products. Treatment with

refluxing aqueous sodium hydroxide gave an 8% yield of 3-allyloxyoxetane.3

Treatment of allyl alcohol with 0.25 equivalunt of t-butyl h-pochlorite

and a catalytic amount of p-toluenesulfonic acid was reported to give a

similar mixture of the above alkoxychloropropanols.4  We repeated the latter

reaction and converted the mixture to 3-allyloxyoxetane in 11% yield, based

on t -butyl hypochlorite.

Treatment of 3-allyloxycxetane in dimethyl sulfoxile with potassium

tert-butoxide afforded 3-propenoxyoxetane in 85% yield.2  3-Hydroxyoxetanc was

obtained in 84% yield after treatment of 3-pronenoxyoxetane with a catalyti,

amount of sulfuric acid in aqueous methanol for 5 days at room temperature.

i.-~- -. .



A more satisfactory synthesis of 3-hydroxyoxetane was developed

based on the acetic acid adduct of epichlorohydrin. The hyoroxyl group was

protected as the base-stable but acid-labile tetrahydropyranyl ether, and

base treatment simultaneously hydrolyzed the ester and effected ring closure.

This blocking prevented epoxide formation.

0 OH
HOAc I

C%{2 Cl2  NaOH <
2 CH C _ ,11_ un- OH20

cli

MeOH H

Pyr. HOTs

Reaction of epichlorohydrin in glacial acetic acid with a cataly-

tic amount of anhydrous ferric chloride gave a 93% yield of 3-chloro-2-hydroxy-

I-propyl acetate.5 Treatment of 3-chloro-2-hydroxy-l-propyl acetate with ii-

hydropyran in methylene chloride with a catalytic amcunt of pyridlnium p-
6

toluenesulfonate afforded 3-chloro -2-tetrahydropyranyloxy-l-propyl acetate.

Reflitxing 3-chloro-2-tetrahydropyranyloxy-l-rropyl acetate in aqueos sodiun

hydroxide fer 17 hours g.ve 3-tetrahydropyranyloxyoxetane. Hydrolysis of'

the tetrah.-Iropyrany! ether was effectei by hratinj in methanol1 szlutjon

'4
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with a catalytic amount of pyridinium p-toluenesulfonate. The overall

yield of 3-hydroxyoxetane, based on epichlorohydrin, was 37%, and it was not

necessary to purify the intermediate products.

2
Reported procedures were used to prepare the halide and tosy-

late derivatives of 3-hydroxyoxetane. Attempts to convert the bromide to

the nitro compound by displacements with nitrite ion were unsuccessful.

3-Bromooxetane did not react with silver nitrite in carbon tetrachloride

* over a 24 h period at room temperature. Neither did 3-bromooxetane react

with sodium nitrite in N,N-dimethylformamide in 6 days at room temperature.

Heating this mixture at 1000 C for 24 h however, resulted in consumption of

3-bromooxetane, but 3-nitrooxetane was not detected.

3-lodooxetane did not react with silver nitrite in carbon tetra-

chloride, acetonitrile, or ether in 3 days at room temperature. Reaction of

3-iodooxetane with sodium nitrite in N,N-dimethylformamide also failed to

give 3-nitrooxetanc. After 17 h at room temperature, no reaction had taken

place, and, after 12 h at 1000C, 3-iodooxetane was decomposed.

v• -NO,,

NaNO2 or AgNO2  NO2

X= Br, I

The unreactivity of th, above 3-h-tlooxetanes is not altogether

surprising. The displacement of 3-xetyl tosylate with alkali metal halides

in tricthylene tlyco. required u temperature of ,bout I (OC, and 3- iodocxe-

tanc did not react appreciabiL with diethylarnine beilw POOO .' Similarly,

... . . . . .



reaction of 3,3-bis(iodomethyl) oxetane with silver nitrite in refluxing

ether afforded only a 3% yield of 3,3-bis(nitromethyl) oxetane.7

As it has recently been shown that cyclohexylamine could be

oxidized to nitrocyclohexane in 75% yield by the use of m-chloroperbenzoic

8
acid, consideration was next given to the oxidation of 3-aminooxetane to

3-nitrooxetane. 3-Aminooxetane has been prepared by the reduction at high

9
pressure (1000 psi) of 3-oximinooxetac, but the preparation of this start-

, ing material involved a multistep sequence.

Mere straightforward procedures were devel)ped based on the

available tosylate. Reaction of 3-oxetyl tosylate witb potassium azide in

hexamethyiphosphoramide at 8'(0 , afforded 3-azidooxetane in a 5N isolated

yield. Ring-opening of the oxetane by azide was a significant side reaction.

Reaction of 3-oxetyl tosylate with potassium azide and 18-crown-6 in refluxing

acetonitrile afforded only a 28% yield of 3-azidooxetane.

Hydrogenation of 3-azidooxetane at atmospheric pressure in metha-

nol with ID% Pd-C afforded 3-aminooxetane in 57% isolated yield. It was rolso

found that reacticn of 3-uxetyl tosylate with ammonia at 1100 C for 16 h gave

a 16% yield of 3-aminooxeane. It is possible that the ammonium p-toluene-

sulfonate formed in the above reaction is capable of effecting ring-npening

of 3-zmirooxetane.

Oxidation of 3-aminosxttane with four equivalentr of m-chloroper-

benzoic acid iii refluxie. ] ,2-0ich'orvethana gave j-nitrecxetanc in 75% yJeld.

The oxidative nitrati on ,,f this product to yicl oi ntrcoxctarn will be

investigated.

, -. C



O~s Nr NH2  NO2

HK K 3  HMeOh HH

0 H/,A H2  ClCHO2 6-32 Cl L O

NH3 , 1000C

B. Experimental

3-Ghloro-2-tetrahydropyranylcxy-l-propy1 acetate. A zolution of

* 271.9 g (1.78 moles) of 3-chloro-2-hyiroxy-l-propyl acetate, 244 md (2.67 olcs)

of freshly distilled dihydrcpyraL., and 44.7 g (0..'78 moles) of pyridinium p-

tcluenesulfonate in 1800 ml of methylene chloride was stirred at room tempera-

ture. After 3 min the reaction became exothermic Pnough to cause the methyl-

ene chloride to reflxx. The reaction mixture was then cooled in an ice-bath

2.nd stirred overnibht. A'ter 2,? h ile reactio, mixture vas washed with 500 ml

of water aid 250 ml ' f half-saturated sodium chloride solution. The methylene

chloride sc Lution was then dried over sodium sulfate and L-lvent was removed

in vauo. After :ne residue was dried at 0.03 mnn vacuui. for 1.5 11, there re-

mained 473. 1 g of crude 3-chl.oro-2-tetrahydropyranyloxy-1.-propyl acetate:

IH NWR (CDCl 3 ), 1.63 (1r. s, 6 H, (C 2 )3); 2. C'3 (s, 3 H, OH3 CO); 3.5-4.3 (7 H,

CH2 .CHC,); 4.73 (br. s, 1 II, -0-CH); IR (neat, NaCI) 3000, 910 (C-T); 174o

cm- ' (-O-CO-CH3). Te above THP ether is ther:mally instable. Efforts to purify

3-chtoro-?-tetraydropyrnyloxy- -i:rop, l acetate by Lc or distil] ation rec'jlt-d

in removal of the THP irroop.

3-Tetrahydropyranyi .oxoxetane. To 1!.76 g of crude 3-chloro-2-tctrn-

hydropyranyLoxy- -propyl aco'tafe was adided 16 (5. moles) of sidi1Lm hydroxide

in 500 nil of wate.r. The reaction mixtire wa3 Lat:.ri al ref'Lix C'lr l h. Ti:e ui-per



organic layer was separated and taken up in 350 m- of methylene Thloride.

The methylene chloride solution was dried over sodium sulfate and solvent

was removed in vacuo to leave 320.9 g of 3-tetrahydrcpyranyloxyoxetane:

I1 I'J M (CDCl 3) 3? 1.63 (br. s, 6 H, (CH2 ); 3.2-4.4 (m, 2 H, -OCH2) ; 4.47

(br. s, I H, cH); 4.67 (br. s, 4 11, O(mH2 )); 5.17 (br. s, I H, O-GI1); IR

(CH 2 CI 2 ) 2970, 2910 (C-1); 980 cm (oxetane).

Extraction of the aqueous layer with ether (2x250 ml), drying over sodium

sulfate and removal of solvent in vacuo, ,ave an acdltional 10.,3 for an

o-erall crude yield of 33L.2 . While 3-tetrahydropyranyloxyoxetane could

be distilled ( 4 8- 6 5 C/ 0 . 2 ami) extensive Lsu of thu THP group occurred.

3-H1ydroxyoxetane. A solutioh of 205 - of crude 3-tetrahydropyranyl-

oxetane and ll.3g (0.045 moles) of pyriliniuim -toluenesulfonate in 3 1 of

methancl(0.0l5 M in PPTS) Was refluxed for 14 h. The methanol was removed

in vacuo and the residue was extracted with ether (300 ml and 2 x 50 ml).

The ether was dczanted and filtered through sodium sulfate. After the ethcr

was removed in vacuo, the residue was vacuum distilled to ,give 50.6 g of 3-
2

hydroxyoxetane: bp. 69-750 /12 mm (lit. 72-73/9 am). The overall yield of

3-hydroxyoxetane from 3-chloro-2-hydroxy-l-propyL acetate was 40.4, and

from epichlorohydrin the overall yield is 37.A%.

3-Azidooxetane. A. A solition of 7.3ig (0.032 mole) of 3-ox-tyl tosy-

Late and 2. 8 0g (0.034 mole) of potassium azide in 80 ml of hexamethylphosphor-

amide was stirred at 8(cC for 6 h and then overnight at room temperature. The

preciitate of ptassiun tosylate was filtered, and the filtrate was vacuum

distilled to affora I. h- of 3-azidooxetane, Ib 86-9 0 0C (49 mm) that was 92

pure as per 11 NlIl (bG5 yiel-u,). Preparative ge (, aF-l on G rozasorb W; 1000)

-- _ . .. . . . .. .. .. . .. . . . ,, , • . .. = .. . . . . . . . . .



14

afforded an analytical sample of 3-azidooxetane: IH WM (CDCI3) 54.60 (m, 4 H,

CH2 OCH2 ); 4.76 (m, I H, CH-N3); IR (Q-2 C12) 3000, 2930 (C-H); 2150 (-N3); 980

cm-1 (oxetane).

Anal. Talcd for C H N 0; C, 36.36; H, 5.09, N, 42.41. Found: C, 36.--;

H, 4.82; ii, 43.06.

B. To a sclution of 2.28 9 (0.01 mole) off 3-oxetylI tosylate in 35 ml of

dry acetonitrile was added 0.41 g (0.001 mole) of 18-Crown-6 (751 and 1.00 iL

(0.012 mole) of potassium azide. The solition was heated at refltx for 47 h

* and an aclitional 0.60 g(0.0025 mole total) of 18-Crown-6 was added. Heating

was continued for an additional 43 h. After the reaction mixture was cooled

to room temperature and filtered, the acetonitrile was distilled and the resi-

due vacuum distilled (65/40 mm) to afford 0.?74 g (2%) of 3-azidonxetane,

1
which was pure by H NMI.

3-Arinouxetane. A. To a soluition of 1-50 t;(0-013 mIole) of 3-qzidooxetane

(92%) in 30 m-l of methanol war- added 0.750 , of 1-C Palladium on carbon. The

resulting suspension was stirred vigorously while hydrogen gas was introduced

over 15 minutes. The hydrogen was generated by the addition of 23 :nl of 2N
hydr-chloric acid to 1.50 g(0.039 mole) of sodium bc'rohydride in 30 ml of water.

The reaction mixture was stirred one hour longer and was then filtered through

ceIite. The methano was distilled and the resulting residue was vacuum dis-

til I , to afford 0.543 ir (57.2%) of 3-amineoxetatne, bp 70-730 (89 mm) (lit.

- < /O0 :~ram ) ; T R ( C C J4 ) 3 4 5 0 ( - NH ) ; 3 0 0 0 , 2 9 1 0 ( C - H ) ; 1 6 1 5 ( - N H 2 ; c m

(oet~ane.

-. o ) .8 (0.01 mole) of 3-oxetyl tosylate in a 100 ml stainless ste('-

Lurml: was added 3) ml of liquid ammnonia. The bomb was sealed and heated at 102-

i 12 ° f o r 1(0 1 . T h. b o m b w a s c o o l e d i n e d r y i c c:-a c e t o n e b a t h , a n d 5 m l o f a 1 2%,

[0



sodium hydroxide solution was then carefully added. The brown aqueous solu-

tion was extracted with methylene chloride (3 x 20 ml) and ether (25 ml). The

extracts were then combined and dried over sodium sulfate. Solvent was dis-

tilled and the residue was vacuum distilled to afford 0.114 (16%) of 3-amino-

oxetane, bp 700 C (80 mm).

3-Nitrooxetane. To a solution of 1.28 g (6.3 mmol) of m-chloroperbenzoic

acid (85%) in 9.4 ml of refluxing 1,2-dichloroethane was added over 3 min 0.11g

(1.56 mml) of 3-amincoxetane in 1.6 ml of 1,2-dichloroethane. The reaction

mixture was r,-fluxed for 3 h and was then cooled to -200 C. The precipitate of'

m-chilorobenzoic acid was filtered, and the filtrate was evaporated to drynesc

in 'acuo. The resulting solid residue was extracted with 25 ml of water, and

the water was extracted with methylene chloride (2 x 25 ml). Remov.al of the

methylene chloride in vacuo left 0.143 of a solid residue, which was extracted

with a small volume of methylene chloride. Preparative go (9% QF-I on Chromasorb

W; 1ZO° ) afforded 0.060 1, (75% yield, based on 50% gc recovery) of 3-nitrooxetane;

1H NMR (CDCI3 )SJ4.83 and 4.93 (s, 4 1 H, Ci -- OCH2); 5.23 (m, 1 I, CHN0 2 ); IR

-l

(CH2Cl 2 ) 2990, 2940 (C-H); 1550, 1370 (NO2 ); 985 cm (oxetane).

Anal. Caled for C3H 5 N0 3 : C, 34.96; H, 4.89. Found: C, 34.77; H, 4.87.

1I. 'hemistry of l-Fi-loro-l-nitroethy]ene

A. Mic Iono

In previous work on this program involving base-catalyzed reactions

of 2-lt ior,:,-3-i:yviroxy-: -01itropropyl-;,-toluenesilfonate, 1-fluoro-l-nitroethylene

was implicated at- an inrtered iat(.. 1 Me only publication dealing, with this ole-

10
fin i; i ccrwunication by Erernenk,.o esribing its preparation by thermolyris

1 C)



of 2-fluoro-2-nitroethyl acetate; no chemical properties were 6iven. The starting

material, 2-fluoro-2-nitroethanol was obtained by the high dilution fluorination

of 2-nitroethanol. Our synthesis work in the area of 2-fluoro-2-nitro-l,3-

propanediol chemistry provided what appeared to be more practical routes to

l-fluoro-l-nitroethylenp, and therefore an investigation of this potentially

useful olefin was initiated.

The first approach that was taken was to hydrolyze fluoronitro-

11
malonate esters by a published procedure to give fluoronitroacetates. Addi-

* 12
tion of formaldehyde gave the alkyl 2-fluoro-3-hydroxy-2-nitropropionates

in 73 to 89% overall yield.

0 0 0
'lKOI! II 0L12 II

(ROC),CFNO RRCCIFN I-- ORCCFN, CI...I.I
EtOH KOff
00

R Ch 3' CH,

Attempts to hydrolyze and decarboxylate the hydroxyesters directly to fLuoro-

nitroethanol gave complex mixtures. Consequently the hydroxyl fdroup was pro-

L

tected by a reaction wi th dihydropyrLn in the presence of pyridinium p-toluene-

sulfonateo The ester group of the blocked compound was hydrolyzed ',ith base

to give the tetrahydropyranyl ether of fluoronitroethanol. This protecting;

13
group can be removed cleanly with pyridinium p-toluenesulfonate. An overall

yield of 60% of 2-fluoro-2-nitroethan.from the hydroxyester was thus obtained.

].i
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0oo0 °1
ROCCFNO2 CH2 0H Pyr OTs ROCCFN2C20

NaOH C_ 3 OH
- H CFNO2 CH2 - -94 H CFNO2 CR2O1

Pyr OTs

SubsequentLy, investigation of reaction conditions for the mnlo-

nate hydrolysis led to a simple one step preparation of fluoronitroethanol.

It was found that the tydrolysis of diethyl fluoronitromalonate with potassium

carbonate in the presence of one equivalent of formaldehyde, followed by acidi-

fication gave fl. oroni roethanol in distilled yields of 6"-70%.

0 K2W& 3C P C)
S-15 0 C___ CH2

(EtOC),C-FNO2 1 HCFNO2 CH2 OH

10
The reported method for preparing I-fluoro-l-nitroethylene con-

sists of heating[ 2-fluoro-2-nitroethyl acetate with rotassium acetate at 130-
0

,4O C. The preparation of the acetate from the alcohol was straightforward.

Repeatin,, the reported elimination, ho,;ever, gave us less than a 10% yield Uf

the olefin, and the j:rodlct was contaminated with acetic acid.

AcO KOA c
HCFNU2L.0H * H2I'NOA, llOAc - 0 CH, = CNO,

The spectral properties of the olefln were consistent with the

asslLrird struct re. The V. NM sj'ee'truL Thowed a broad doublet (J= 33 Hz) at 107.4

ppm, and the proton NMH ! pectrum showed a doublet of ,otbiuts (J= 33.5 Hz) at

6.O ( 1 11) an- a multi let ( I If) ;,t -. 3. The ]R spectrum showed a nitrt
-l

hand xt+ 1560 cm

12



Dehydration of' fluoronitroethanol was also attempted using the
11.

phthalic anhydride method that has been used for simple nitroolefins. A

1L4 yield of fluoronitroethylene was obtained. The use of free-radical Inhii-

bitors and the silylation of the glassware did not increase the yield. The use

of dicyclohexyl carbodiimide as a dehydrating agent was also examined. Yields of

fiuoronitroethylene were 10-15%, and the product was contaminated with cyclohexene.

Preliminary attempts were made to polymerize fluoronitroethylene.

Aqueous base reactions give hydration to fluoronitroethanol or decomposition with

loss of fluoride !on. Triethylamine reacted explosively with flxronltroethylene

* at room temperatire. Fluoronitroethylene was not affected by azobisisobutyroni-

trile In refluxinE b rzene. Further polymet:Jzation stuldies are in froTress.

13. E,:J erim,-rti

EthyL fLhcronitrxicetate. A solution (.f 5.6 g(O. 100 rol) of potassium

hydroxide in 1,O m) of cthan,! was added ov-r a 1 h period to diethyl fluoro nitro-

ralorate (L22.2 : 0.101. rol) in 1)0 il of ethanol at 00. The resulting yellow

slnrr'" was stirred fur 30 min at (V, and was then poured int(O 125 ml of ice-

cold 1 N Iydrockoric acil. The iprod'ict was extra-ted wit;, methylene chloride

(3 x 100 rl), and the combined organic rertions were dried over magnesium

fate and concentrated under vacuum to ,,ive 14.0 g of pale yellow oil. NMR analy-

sis indicated a 96:4 ratio of ethyl fluoronitroacetate to diethyl fl'ioronitroma-

lonate and an 84 yield of ethyl flu:.ronitroacetate. The crude product was used

in subsequent step: without further ptrificntion. IH UM (CDCCI 3 ) 5 6.17 (d, J= 47

H7, CHF, 1 i1), )-30 (,, J= 7 117, C1ll, 2 1t), and 1 (t, J= 7 Hz, CHM,, 3 H);
1, ) AH Pm:, 15 ) (d, J 7

13
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Methyl 2-fluoro-3-hydroxy-2-nitropropanoate. To a solution of 6.3;o g

(43.8 remol) of methyl fluoroacetate in 20 ml of formalin was added, with stir-

ring at O°C, 4 drops of 40% potassium hydroxide. The reaction mixture was

stirred 0.5 h at 00 C and 0.5 h at room temperature. The solution was acidified

to pH-1 with hydrochloric acid, added to 50 ml of 50% saturated sodium chloride

solution and extracted with methylene chloride. The organic solution was dried

over magnesium sulfate and concentrated under vacuum. Short-path distillation

. of the residue (85-95o', 0.4 mm) provided 6.53 g (89% yield) of pale yellow oil

*which was homogeneous by TLC and NMR analysis; TLC (1:1 EtOAc/Pet ?ther; 11f=

0.37); IR (film) 3500 (s, OH), 1760 (s, C=O), 1580 and _460 cm (s, NO2 );

i- NM (CDCl 3) 3.33-4.90 (bin, 3 11), 3.90 (s, Co2L4e); 9F-NMR (CDCC 3 ) 0 136.1

(t, J=20.5 Hz).

Methyl 2-fluoro-3-hydroxy-2-nitropropanoate Tetrahydropyran derivative.

A solution of 4.80 g (28.74 iunol) of methyl 2-fluoro-3-hydroxy-2-nitropropa-

noate, 0.77 g (3.07 emol) of pyridinium p-toluenesulfcnate and 4.1 ml (45 remol)

of dihyropyran in 35 ml of methylene chloride was stirred at room temp. for

4 h. The reaction mixture was then poured into 50 ml of water and the organic

layer was separated and the aqueous layer wab extracted twice with methylene

chloride. The combined organic solutions were dried over magnesium sulfate

and stripped of solvent under vacuum to give 7.26 g of residue. Attempted

purification by either distillation or GLC resulted in decomposition. Infra-

red analysis of the crude product indicated absence of hydroxyl groups; I1I-NMR

(CDC1 3 )J3.20-5.00 (m, 5 11), 3.87 (s, 3 H) and 1.63 (m, 6 11); ieF-NMR (CDC 3 )

134.3 (t, ,T2 16 H1z).

1".



Ethyl 2-fluoro-3-hydroxy-2-nitropropanoate. To a solution of crude

ethyl fluoronitroacetate, obtained from 0.1 mol of diethylfluoranitro

malonate, and 40 ml of formalin in 100 ml of methanol, was added 5 drops of

40% potassium hydroxide. In 1 h the mixture was acidified with 10 ml of

5 N hydrochloric acid, poured into 50 ml of brine, and extracted with methyl-

ene chloride. The methylene chloride solution was dried over magnesium sul-

fate and solvent was removed. Short-path distillation (83-880 C, 0.4 mm)

* yielded 13.2 g of ethyl 2-fluoro-3-hydroxy-2-nitropropanoate (73% overall yield

from diethyl fluoronitromalonate); IR (film) 3350 (s, OH), 1770 (vs, C=O), and
-l

1590 cm (vs, NO2 ); H-IM (GDCl 3 )cP4.lo-4.70 (m, 2 H, C_20H), 4.37 (q, J=

7 Hz, 2 H), 3.53 (s, i H, OH), and 1.37 (t, J=7 Hz, 3 H); 19 F-N (CDCl 3 )

136.2 (t, J=18 Hz).

Ethyl 2-f Iuoro-3-htydroxy-2-nitropropanoate Tetrahydropyran derivative.

The title compound was obtained in essentially quantitative yield usin6 the

procedure described above for the methyl ester. This THP ether was similarly

unstablc to purlficaticn by either distillation or GLC; IR(film) No hydroxyl

present; 1770 (vs, C=O), 1590 and 1460 cm- 1 (NO2 ); 
1H-NMR(CDCl3) c'-3.30-4.80

m, 5 H), 4 .33 (q, J=( Hz, 2 H, OCH2(3), -1.00-2.00 (m, 6 H) and 1.33 (t, J-

" Hz, 3 H); 19 F- (cDc1 3 ) 134.2 (m).

-1'ltorn-2-nl t rovth'ol 'Pctrahy ,Iropyran deri',ati ye. The cride 1'rodu'.t

from ?b. rninol c; iethyi -t''Iiro-3-1,ydroxy-;'-nitrr, propanoat and dilydro-

lyrar, .a 3 di5s!oled ir. I ) ml of 1;J methanoL/watc-r and 2.3 g (57 mrol) of so-

S-. .:oXiie in Lk, :1 t wat.cr wa; a,!dc'i wer a ,, rin period at 0 C. The

m'.,,.r' .a a ouwd t. .tan 51 .1 t 0'" and 10 t, at room temp. The recultinL'

15



yellow suspension was slowly acidified at 0° (4 N HCl) to pH-.l, and the pro-

duct extracted three times with methylene chloride. The organic solution was

dried over magnesium sulfate and solvent was removed to give 4.17 g of orange

oil. The crude product was not stable to distillation. Infrared analysis

showed a lack of carbonyl absorption; IH-NMR (CDCl 3)6 5.97 (dt, J= 48 and -3 H7,

1 11), 3.20-4.80 (complex m, 5 11), Lnd 1.60 (m, 6 H); 1 9F-NMR (CDCI3) * 154.6

(complex pattern). The same product was obtained in 98% overall yield from

. ethyl 2-fluoro- 3-hydroxy-2-nitropropanoate.

2-Fluoro-2-nitroethanol. A) A solution of 1.92 g (10 mmol) of 2-fluoro-

2-nitroethanol tetrahydropyran derivative and 0.30 g (1.2 mnmol) of pyridinium

p-toluenesulfonate in 20 ml of methanol was heated at 55-650 for 2 h. The

methanol was removed under vacuum and the resulting oil waf triturated with

ether (4 x 10 ml). The combined triturants were concentrated to afford 1.10 f

of orange oil. NMR analysis indicated the presence of desired alcohol and the

THP ether of methanol; IR (film) 3500 (vs, OH), and 1590 cm-1 (vs, NO2 );

H-NMR (D6 -acetone)16.13 (dt, J= 48 and- 2 Hz, 1 H), 4.77 (bs, 1 H, OH),19FM

and 4.00-4.60 (m, 2 H); F-NMR (D6-acetone) 4 157.2 (dt, J= 48 and 20 Hz).
B) To a solution of 77.8 g (0.349 mol) of diethyl fluoronitromalonate and

28 ml of formalin (0.35 mol of formaldehyde) in 400 ml of methanol at -100 C

was added 51 g (370 mmol) of potassiu.i carbonate dissolved in 400 ml of water

over a 0.5 h period. The cooling bath was then removed and the yellow-orange

slurry was slowly warmed to room temperature. After 0.5 h the mixture was

cooled to 00 and 175 ml of' 5 N hydrochloric a2id was added. The resulting

solution was extracted with 1:00 ml of ethyl acetate and 4 x 200 ml of ether.

16



The combined organic solutionL were dried over magnesium sulfate, concentra-

ted and distilled to give 28 g of colorless liquid, bp 75-850C (0.2-0.5 M-m).

19F-NMR analysis indicated that the product was contaminated by 7% of an un-

known impurity (multiplet at 148.3 ppm) and 9% of ethyl 2-fluoro-3-hydroxy-

2-nitropropanoate. The yield of fluoronitroethanol was 62%. Increasing the

reaction time at room temperature from 0.5 h to 1 h provided a 69% distilled

yield of fluoronitroethanol 95% pure by 19F-1M analysis. Slow distillation

using a 10 m Vigraaux column yields a highly pure product (57-580, 0.2 mm)

* which is identical to the fluoronitroethanol prepared by the multi-step route

described above.

2-Fluoro-2-nitroethyl acetate. Fluoronitroethanol (5.0 g, 46 mmol)

was added with stirring to 5 ml of acetic anhydride, and the solution was

heated at 50°C for 0.5 h. Solvent was removed under vacuum. Kugelrohr

distillation gave 5.2 (7 (75%) of colorless oil, at 65-750C (0.1 xm). IR

(film) no hydrexyl present; 1760 (vs), and 1590 cm- (vs); 'H-NMR (JDC3

P6.03 (dt, J=48 and 3 Hz, 1 H), 4.40-4.87 (m, 2 H) and 2.10 (s, 3 H);

L9 F-NW (a d 3) 4 155.6 (dt, J-48 and 18 Hz).

1-Fluoro-l-nitroethy ene. A) from fluoronitroethanol. A mixture

of 1.10 g (10 rmnoi) of fluoronitroethanol and 1.5 g (10 mmol) of phthalic

anhydride was heated at 165-1950 C (60 mm). A 10 cm Vigreaux column attached

to the reaction flask prevented the iluoronitroethanol from distilling over.

Purlnr; a L h ,mvriod of heating a small q iantity (200 mag) of fluoronitroethylene

and water vas rcolectei in a -6O0 C receiver. The product was dried over

calcium cl.oride and redistilled at 25°C (60 mm), to give a pale yellow oil,

17



a potent lachrymator: IR (CDC 3) 1560 and 1300 cm"I (va); 1 H-NMR (D6-acetone)

"56.07 (dd, J=33 and 5 Hz, 1 H) and- 5.63 (bin, 1 H); 19F-NMR (D6-acetone)

107.4 (bd, J=33 Hz).

B) from 2-fluoro-2-nitroethyl acetate. A mixture of 1 g of 2-fluoro-2-nitro-

ethyl acetate and .05 g of potassium acetate were heated at 130-170 C at at-

mospheric pressure. A short-path distillation apparatus with dry-ice/acetone

cooled receiver was attached to the heated reaction flask. Only - 100 mg of

a mixture of desired product and acetic acid were collected. The fluoroni-

troethylene formed was identical to the product obtained by phthalic anhy-

dride dehydration of fluoronitroethanol.

IV. Polymerization of 2-Fluoro-2,2-dinitroethyl glycidyl Ether

A. Discission

Earlier on this program, success in using phosphorous pentafluoride

to polymerize 3-fluoro-3-nitrooxetane to a difunctional hydroxyl-terminated

polymer led to a study of the use of this catalyst to polymerize the energetic
1

epoxide, 2-fluoro-2,2-djnitroethyl ,lycidyl ether. k cyclic dimer, a mono-

functional hydroxy polymer and a diol of molecular weight 180O were obtained

by coniucting the polymerization at -780 C. The three materials were readily

separated by column chromatography, but the yield of the desired diol was rela-

tively low.

The polymerization of epoxides with simpl.e Lewis acids such as PF 5

Is ;enerally ascribed 15 to proton initiation. That is, trace amounts of water

complex with thp catalyst, and this complex provides reactive hydrogen ions

t at in'tiate poI,-norizatlon. A stron., proton acid night therefore be ex-

1.8



]i I,

pected to give similar results. The strongest of the common acids, triflic

acid, has received relatively little attention as a catalyst in epoxide pol.y-

16
merization. Because of the profound effect of water in initiation and chain

transfer, we examined the polymerization of fluorodinitroethyl glycidyl ether

with triflic acid, its anhydride and its hydrates.

Preliminary experiments showed a large difference in reaction

rates between the phosphorous pentafluoride and triflic acid systems. Thus,

while solution polymerizations with PF were complete within minutes at -78°C.

the triflie acid catalysts required on the order of a week at room temperature.

In ordpr to provide reasonable reaction rates higher temperatures were use,' ar J

polymerizations were conducted without solvents. A series of exploratory .ex, -

riments conductei with neat epoxide at 80 0 C with hydrated triflic acid as

catalyst is described in Table I. These experiments were carriel o t on a

1-2 millimole scale, and yields were determined by preparative thin Layer :Lre-

mato;raphy. Unreacted monomer, cyclic dimer and polymer were readJly soparat f-d.

No :onofunctional material similar to that obtained with PF 5 catalysis mac formed.

An unexpected result of' these experiments is the increase in poly:ipr

molecular weight, that is observed with time when one compares runs with ti.c

same type and amount of catalyst. This result is contrary t,- thos(e ,,C" b

studies of cLtionic po]ymerizations in which oxonium ions are the prt'a[atin~

sr.cci,,j; as -1onomer becomes depleted, chain termination should ,ecome statitsi-

cally mor, predominant. Further informatien was obtaired by folCi.n, the

course of the reactic', by fluorine NMR Fpectroscopy. The chernicoi cf ift of

triflate esters is different from that of triflic acid and its cumllexes.

19



Table I

Polymerization of Fluorodinitroethyl Glycidyl
Ether with Triflic Acid Hydratesa

Mole% Time % Polymer Dimer
No. Catalyst Cat. (hrs) Rx MW Yieldb Color Yieldb

() ()
1. CF3SOBH-0.2 H20 5.0 17.5 100 1777 34 d. brown 29

2. CF 3So 3H-0.2 H20 5.0 4.5 95 1252 40 colorless 23

3. CF3SO3H-0.2 H20 5.0 1.6 70 835 45 colorless 17

4. CF3 SO3H-1.0 H20 5.0 17.5 100 1532 46 d. brown 18

5. 0F3SO3H-l.0 H20 5.0 4.25 100 1345 58 brown 16

6. CF3SO3H-1.O H20 5.0 1.5 95 904 60 colorless 11

7. CF3SO3H-1.O H20 1.5 28.5 1oo 1248 39 colorless

8. CF3SO3H-1.0 H20 3.0 9 100 1582 33 brown

9. CF3SO 3H-1.0 1120 7.5 1.2 100 •1187 64 brown 9

10. CF3 SO3 H-2.0 I20 2.6 21.2 100 1529 43 d. brown 24

a. No solvent, 80 0 C.
b. Based on fluorodinitroethyl glycidyl ether consumed.
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Up to the 100% monomer conversion point, triflate esters were observed

to predominate, even when the dihydrate catalyst was used. When heating

was continued long after the 100% conversion point, unbound triflic acid

was the predominant species in the NMRW

The hN1 data, the molecular weigetr results and the low-reaction

rates compared to those for PF5 cataLysis are all consistent with a mecha-

nism involving triflic acid addition to epoxide. Insertion of triflate esters

into the epoxide Group provides propao.atlon, whereas alkylatio of hydroxyls

as well as hydrolysis prov,*de ter.:An3tion. Alkylations of alcohols by tri-
~17

flates have been reported with simple, 17s1bsites.

CF3SO3 H + (Ci2-1lt-R --- * Th Cl LB

3 2-

0 -,

o I -

2CF SObl SO ------ U2{0i-. H C 0R P

7soCF 1 jj-.- -H + C FS 311
F3O 3*_ [12 C_ O__ n' 3-- -3

R

CF3S 3 so l-C0 1 +t 11"',0 .... 11}O t,{{O + CF3SO3 1'

Larger s eaP: (xpcrimlent: m rji 0 m.llimles of fluorodinitroethyl

glycidyl ether were carried oit I.om'parc caiaLysis by triflic anhydride, tri-

flie acid and triflic acid ronhydritc. Yhe reoctions were carried out at 80°C

withoqt solvent '.tE 5 ,oll , , t a,' , alys.l I of starting material was



followed by TLC and NM, and the reactions were discontinued when the epoxide

was gone. The triflic anhydride reaction was complete in 4.75 hours. A 26%

yield of the normal polymeric fraction with a molecular weight of 923 was

obtained. The cyclic dimer fraction was resolved into two compounds, obtained

in yields of 16 and 21 respectively. Work to identify these materials is in

progress. The triflic acid reaction was complete in 4.25 hours, and gave a

37% ylell of polymer with an osmometric molecular weight of 1451 and a func-

tionality of 1.7,'. The same nonfunctional dimeric materials were obtained in

yields of 21 and 25% resl)ectively. The triflic acid monohydrate reaction was

completed in 2 hours, an( gave a 45% yield of polymer with a molecular weight

of 1207. The functionality of this material, determined by silylation and NMR

was found to be i.86. The dimeric prolucts were obtained in yields of 1% and

1", . The structures of thc' dimers as wel! vis that of another material that is

held tightly by siLica jl 'etvin to 1e letermined.

Preliminary Lttempts werc mane to extend polymer molecular weight

by adding additional monomer after the initial reaction period, and also to

add mild bases to promote, chain coupling[. Heating[ the epoxide with 5 mole %

triflic acid hydrate for 1.5 hours, adding an additional mole of epoxide and

heating for 3 hours, and stirrino, with pota.ssium carbonate for 22 hours gave

a 41% yield of polymer with a molecular weight of 1629.

A sample of the monomeric ditriflate, FC(NO),CH OCHiCHCOSOCF3,
2s 3

was synthesized for investi,;aticns of' the insertion reaction.

b.2
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B. Experimental

Polymerization of 2-Fluoro-2,2-dinltroethyl Glycidyl Ether with

Triflie Acid Mortohydrate. Trifluoromethanesulfonic acid monohydrate (0.055 ml,

0.55 mmol was added slowly with stirring to 2.33 g (1.60 ml, 0.0111 mol) of

2-fluoro-2,2-dinitroethyl glycidyl ether. The reaction mixture was heated at

80 t 20 C with stirring, until consumption of the monomer, followed periodically

by TLC was complete (2 h). The mixture was dis,;olved in 10 m]. of methylene

chloride, stirred for 1) min with sodium sulfate and filtered. Removal of the

solvent under vacuum gave 1.925 g of a pale yellow viscous oil. A 0.377 g

portion was fractionated by preparative TLC (silica gel 60, 2 mm thick, 4:1

methylene chioride-ethyl acetate, UV detection). Components were isolated by

extraction with ethyl tcetate. Dimers identical to those described for the

triflic anhydride reaction wer( obtained: Rf o.41-O.54 (0.068 C) and Rf 0.61-

0.71 (O.O64 g). Ti: polymer t'ractI ., ,  .09-U. 1, 0.lft,; ,, hali u molpcular

weight of 1207 (VPO) : proton NMR (CDC 1 ) .. 2-3. (i, -QIICi -)- und 1, .55 pj-m

(d, J= 17 Hz, OCH,,LjF"), rlative areas 53:21; *'! I r"l- Ne C) ?Pnm (t , i 7 lz,

CF). This material i.aL dissolved In ) ml )f .,.i-i ihloru, haie ant,2 ml of

hexamethyldi silaza ic and 0.5 ml 2' t rimv, 1_ :ye- "hloriie were added. The

mixture was ref luxed for 1.5 11 a:,. % ,\ at, w.r" r,.moVtd Under vac'uvi. The

mixture was dissolved in 5 m; of m-Itn 'rl K[ri le a:d filtered, and the solu-

tion was stripped ef s(,Ivnt muiirv,. m. NMI, iit,,,ration o the silyl pro-

tons showed tr , u t ', i , ;, ,r hfudrnxc1 untionality of 1.86.

Polymeri:'at ion of '-Fl uor,-- ,-di1ntroethyl Glycidyl Ether with

Triflic Acid. The above procedure uc'ing 0.0(4 ml (0.55 rmol) of trifluoromethane-
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.1 .

sulfonic acid as catalyst resulted in disappearence of monomer in 4.25 11 to

give 1.886 g of tan viscous oil. A 0.376 g aliquot gave, by preparative

TLC, 0.080 g with Rf 0.45-0.57 0.092 g with Rf 0.62-0.75, and 0.139 g of

polymer fraction with a molecular weight of 1451. Silylation showed an

equivalent weight of 843 or 1.72 functionality.

Polymerization of 2-Fluoro-2,2-dinitroethyl Glycidyl Ether with Triflic

Anhydride. The above procedure using 0.093 ml (0.55 rmol) of triflic anhydride

* as catalyst resulted in consumption of monomer in 4.75 h to give after work-up

2.11 g of brown viscous oil. Preparative TLC of a 0.374 g aliquot gave 0.062 g

of the material with Rf 0.49-0.56 (molecular weight 509), 0.078 g with R 0.58-

0.70 (molecular weight 496), and 0.097 g of polymer, (molecular weight 923).

2-Fluoro-2,2-dinitroethoxy-l,2-propaneditriflate. A solution of 0.23 g

(1.0 mmol) of 2-fluoro-2,2-dinJtroethoxy-1,2-propanedio1 and 0.20 ml (2.5 mmol)

of pyridine in 1.5 in] of methylene chloride was added, dropwise with stirring,

to 0.36 ml (2.14 mmol) of triflic anhydride at 00. After 20 min, the solution

was washed with water (3 x 3 ml) and with saturated sodium chloride solution

(3 ml) and was dried over sodium sulfate. Removal of solvent gave 0.38 g (77%)

of colorleos oil: proton NNR (CDCI 3 )54.0 (d, J= 5 Hz, CHCO2-0), 4.6 (d, J= 4 i,
CF3 S0 2 0c ), 4.6 (d, J= 16 Hz, CH2 CF) and 5.1 ppm (quint, J= 4 Hz, CH2 (_CH 2 );

eNR (CDCI 3) 0 73.0 (s, CF3SO20Cf), 73.), (s, CF3S02 0C) and 108.8 ppmfluorine ppmC~l3 3. s C3

(t, J= 16 Hz, CFN02 ).
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