UNCLASSIFIED

AD NUMBER

AD347414

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; JAN 1964.
Other requests shall be referred to Office
of Naval Research, Arlington, VA.

AUTHORITY

31 Jan 1976, Group 4, DoDD 5200.10; ONR
ltr dtd 16 Feb 1979

THIS PAGE IS UNCLASSIFIED




347414

™ o b e -

DEFENSE DOCUMENTATIUN CENTER

FOR

SCIENTIFIC AND TECHNiCAL INFORMATION
CAMERON STATION. ALEXENDRIA. VIRGINIA




DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY

PRACTICABLE. THE COPY FURNISHED

TO DTIC CONTAINED A SIGNIFICANT
'NUMBER OF PAGES WHICH DO NOT

~ REPRODUCE LEGIBLY.




NOTICE: When government or other dravings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related

govermment procurement operation, the U. 8.
Government theredby incurs no responsibility, nor any
obligation whatscever; and the fact that the Govem-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
vise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.

NOTICE:
THIS DOCUMENT CONTAINS INFORMATION
AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEAN-
ING OF THE ESPIONAGE LAWS, TITLE 18,
U.S.C., SECTIONS 793 and 794. THE
TRANSMISSION OR THE REVELATION OF
ITS CONTENTS IN ANY MANNER TO AN
UNAUTHORIZED PERSON IS PROHIEITED
BY 1AW, |



Aviideald

)

-

‘f‘——-_-—!'—!"‘!

]
™

G FILE_CoRY

347414

|
|

REPORT NO. 0238-01-18 (QUARTERLY)
PERIOD COVERED: 1 OCTOBER - 31 DECEMBER 1983

RESEARCH IN FLUORO-NITRO
COMPOUNDS w

A REPORT TO

OFFICE OF NAVAL RESEARCH

AND

-
\ADVANCED RESEARCH PROJECTS AGENCY

CONTRACT NOnr-2688(00), ARPA ORDER NO.170
PROJVECT CODE 4610

JANUARY 1984

copy no._CP6/-/

CHEMICAL PRODUCTS DIVISION
AEROJET-GENERAL CORPORATION
AZUSA, CALIFORNIA




United States Patent Office Secracy Order

L |

NOTICE
The Aercjet-General Corportion has Sled parent in the U. 8. Pasent Ofice 0
mmwmm:wam?ah of Pasents has issued o
m.z:n with the of this that those who receive a
i e o ety Lt e e ciostacs of ha secracy oeder and of
e B s pont of ko ropart b seocedingly advised that this publication
t report
mﬁh.?:hldth:m . It is requested that he notify all persons who will have sccess
to this me secrecy
order provides that any person who has received a disclosure of the subject
mmwnndly is
“in sowise w0 or disclose the invention or any material
with thereto, including hitherto details of the subject
matter

Although the original secrecy order forbids disclosure of the maserial 0 persons not
of the invention prior 10 the date of the order, & supplemental permit attached 10 each
permit such disclosure to:

t of the United

(b person designmeed the head of department, inde-

()&’meumﬁmmdh hdmtby

duly suthorized te, as & proper 0 the

dhcham“ of the sbove indica for use in the prosscution
war.

“The J-hunde the secrecy are further authorized to disclose the
subject matter of this application to the minimum necessary o;m
of loyalty o by or working with
or r licensses and whoee duties involve cooperation in development,
manufacture or use of the subject matter by or for the of the
Uﬁudmm"pmﬂedadmmwdhwccdh

Nooﬁcrmdiodonmmmﬁodnd.wimwmm!ﬂnfmbmd

It muest be understood that the requirements of the secrecy order of the Commissioner of
Pasents are in addition to the usual security which are in focoe with respect ©
sctivitles of the Aercjet-Gemsral Comﬁo-. weual must otill be
obeerved notwithstanding anything set in the secrecy order of of Paneats.

»

Gl SN Sy St aml Gend faas ANES SEER Sk Saee

AR

»

_,
hen AR B Sk SED &



R e

s g B

any san wil SN 2B B

geemy PVNR HEp Ay NN

»

-
Y

MRy  ump e QNN pNG AT

CONFIDENTIAL

January 1964 Report No. 0235-01-18
q* RESEARCH IN FLUORO-NITRO COMPOUNDS (U)
r=q{

<ﬂﬂ‘ By:

No

” iy K. Baum V. Grakauskas
AL J. M. Cavallo M. P. Mascari

F. J. Gerhart A. H. Remanick
G

': Analytical Support:

< C. L. Deuel D. 1. Matson

K. Inouye H. Nelson
A Report To

OFFICE OF NAVAL RESEARCH
and
ADVANCED RESEARCH PROJECTS AGENCY

Contract NOnr-2655(00), ARPA Order No. 170
Project Code 4910

This document contains information affecting the national defense of the United
States within the meaning of the Espionage Laws, Title 18, USC, Sections 793
and 794. The transmission or the revelation of its contents in any manner to
an unauthorized person is prohibited by law.

GROUP 4

Downgraded at 3-Year Intervals
Declassified After 12 Years

AEROJET-GENERAL CORPORATION

A Subsidiary of the General Tire & Rubber Company

CONFIDENTIAL



UNCLASSIFIED

Report No. 0235-01-18

This is the eighteenth quarterly report prepared under Contract Nonr-
2655(00). The ARPA Order No. is 170; the Project Code is 4910. It covers
the period 1 October through 31 December 1963.

AERQJET-GENERAL CORPORATION

2
CKQu‘JSI<f:7

L. R. Rapp, ger
Chemical Products Division

Page ii

UNCLASSIFIED




CONFIDENTIAL

.

Report No. 0235-01-18

| g et SRR

ABSTRACT

The reaction of 1,l-dichloro-l-nitrobutane with difluoramine in fuming
sulfuric acid gave 1,1-dichloro-l-(difluoramino)butane. cis 3-Chlorocrotonic
acid was converted to 3-chloro-3-(difluoramino)butyric acid. Attempts to hydrate
or brominate 3,3-bis(difluoramino)-1,1-dichloro-l-butene were unsuccessful. The
reaction of N-[2,2-dichloro-l,2-bis(difluoramino)ethyi]acetamide with aqueous
base gave the anion of N-[?,2—dichloro-l-fluoramino-2—(difluoramino)ethyﬂ-
acetamide. The reaction of methyl vinyl ketone with difluoramine in fuming
sulfuric acid gave 1,3,3-tris(difluoramino)butane and 2-methyl-2-difluoramino-
5-EL,l-bis(difluoramino)ethyi]tetrahydropyran. 5-Nitro-2-pentanone was con-
verted to 5-nitro-2,2-bis(difluoramino )pentane.

The aqueous fluorination of tetrahydro-2-pyrimidone yielded 1,3-bis-
(difluoramino )propane, 3-difluoraminopropylcarbamyl fluoride, 3-difluoraminopropyl
isocyanate, and 3-difluoraminopropionitrile. The carbamyl fluoride and isocyanate

were treated with alcohols to form carbamates, which could be fluorinated further.
Methanetriscarbamates, prepared from ethyl orthoformate and carbamates, underwent

degradation during their fluorination.

The reaction of isopropyl N-fluorocarbamate with 70% perchloric acid yielded
a white solid after most of the acid was removed under vacuum. The addition of
dioxane gave & recrystallizable solid, identified as a 1l:1 complex of N-fluor-
ammonium perchlorate and dioxane. Most of the dioxane was removed from the

complex under high vacuum.

2,2-Dinitro-2-fluoroethanol reacted with 100% nitric acid to give the
corresponding nitrate., This alcohol also reacted with sodium hypochlorite to
form chlorofluorodinitromethane and with primary or secondary amines to give the
Mannich reaction products. The product from ammonia was unstable, but it was

reacted with ethyl chloroformate to give ethyl dinitrofluoroethylcarbamate and
. ethyl dinitrofluoroethylcarbonate.
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L. INTRODUCTION

The objective of this program is to develop new methods of preparing high-
energy materials for military applications.

i1, TECHNICAL DISCUSSION

A. REACTIONS OF DIFLUCRAMINE (K. Baum, F. J. Gerhart)
1. Discussion

Efforts to prepare a 1,1,1-trisdifluoraminoalkane were con-
tinued. It was found previously that the reaction of vinylidene chloride with
difluoramine in fuming sulfuric acid gave 1l,l-dichloro-l-difluoraminocethane,
l-chloro-l,l-bis(difluoramino)ethane, and a small amount of another material,
the proton NMR spectrum of which was consistent with the 1,1,1-tris(difluoramino)-
ethane structure.* Two attempts to reproduce this experiment for the purpose of
characlerizing the latter compound resulted only in the isolation of the former
compour.ds.

Because of experimental difficulties resulting from the high
volatility of these products, an effort was made to apply this reaction to a
higher homologue. Since it had previously been shown that nitro groups can be
removed in the presence of diflucramine and sulfuric acid,*x the reaction of
1,1-dichloro-l-nitrobutane with difluoramine was attempted with the objective of
preparing 1,l-dichloro-l-(difluoramino)butane. This compound was synthesized in
61% yield after 2 hours when the reaction was conducted at ambient temperature
using fuming sulfuric acid. 1ts irfrared spectrum is shown in Figure 1 and its

proton and fluorine NMR spectra are shown in Figure 2 and Figure 3.
HNF,
CY
CH5 2CH2CCl NO ————-CH50H2CHQCCI NF
An unsuccessful attempt was made to replace the chlcrine atoms by extending the reac-

tion time to 24 hours; only 1,l-dichloro-l-(diflucramino)butane was isolated.

Aerojet-General Repcrt 2730, October 1963, p. 4 (Confidential).
A»aroje' -Cerneral Report 0235-01-11, 1L July 1961, p. 3 (Confidential).
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II Technical Discussion, A (cont.) Report No. 0235-01-18

The reaction of cis 3-chlorocrotonic acid with difluoramine was
studied with the objective of synthesizing 3,3-bis(difluoramino)butyric acid. This
model reaction would give a route to a new, potentially useful class of compounds;
acetoacetic esters did not undergo the expected difluoramine reaction. When cis-
3-chlorocrotonic acid was treated with refluxing difluoramine in fuming sulfuric
acid, 3-chloro-3-(difluoramino)butyric acid was isolated, and was identified YLy
elemental analysis, and by infrared (Figure 4), proton (Figure 5), and fluorine
(Figure 6) NMR spectra. When this reaction was repeated at ambient temperature
in a pressure reactor, the same product was formed. The inductive effect of the

carboxyl, possibly protonated, could be responsible for inhibiting displacement
of the chlorine.

HNF,, ¢l
CH,CC1 = CHCOCH ——Se CH,CCH,COOH
1
NF,

The reaction of l,l-dichloro-l-buten-3-one with difluoramine
was previously shown to give either 3,3-bis(difluoramino)-1,l-dichloro-l-butene
of N-[2,2-dichloro-l,2-bix(difluoramino)ethyl] acetamide, depending on the experi-
mental conditions.* Some further work was done to determine the chemical proper-
ties of these materials. Thus, the hydration of 5,3-bis(difluoramino)-l,l-
dichloro-l-butene would be expected to give a B,B-bis(difluoramino)carboxylic
acid. No reaction took place when this olefin was heated with dilute sulfuric
acid or with constant boiling hydrochloric acid. When the olefin was heated with
concentrated sulfuric acid, it decomposed, and no product could be isolated. The
olefin was also found to be unreactive toward bromine in carbon tetrachloride or
water. The reaction of the olefin with alcoholic sodium hydroxide gave a ma-
terial with acetylenic absorption in the infrared spectrum. Characterization of

the product is incomplete.

*
Aerojet-General Report 2730, October 1963, p. 5 (Confidential).
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II Technical Discussion, A (cont.) Report No. 0235-01-18

When N-[2,2-dichloro-1,2-bis(difluoramino )ethyl] acetamide was
treated with aqueous sodium hydroxide, a homogeneous solution was formed. When
this solution was acidified, a new compound precipitated, which was identified
by elemental analysis and by infrared (Figure T), proton (Figure 8), and fluorine
(Figure 9) NMR spectra as N-[2,2-dichloro-l-fluoramino-E-(difluoramino)ethyl]-
acetamide. This material was found to be soluble in agueous. base and insoluble
in acid. Its acidic properties are attributed to the amide hydrogen, the re-
moval of which gives an anion stabilized by the carbonyl and fluorimino groups.

OH(:>
CHBSNH?H CClgNF2 ——— CHBSNH - 9 - CCIENF2
0 NF, 0 NF
H@] lOH@
= - - (& — - -
CHB? N S CCleNF2 CH}%g) S CCl2NF2
0 NF 0) NF
- = -
CHBS N ° CC12NF2
0 NF

Although the reaction of methyl vinyl ketone with difluoramine
in concentrated sulfuric acid is known to give 1,3,3-tris(difluoramino)butane,”
this reaction was re-examined using fuming sulfuric acid as the solvent because
of the unexpected results that were obtained with the chlorinated analog under
these conditions. The product was found to contain, in addition to 1,3,3-tris-
(difluoramino )butane, 2-methyl-2-difluoramino-5-[1,l-bis(difluoramino)ethyL]~
tetrahydropyran. The infrared spectrum and proton and fluorine NMR spectra of
this compound are shown in Figures 10, 11, and 12, respectively. This material
might be formed either by the reaction of the intermediate, 3,3-bis(difluoramino)-
1-butene, with methyl vinyl ketone or by the acid-catalyzed self-condensation of
the latter, followed by reaction with difluoramine. ‘

*
Aerojet-General Report 0235-01-11, July 1961, p. 2 (Confidential).
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II Technical Discussion, A (cont.) Report No. 0235-01-18
CH CH 0
g 2 2\ "
s 0 A nc/ oH - oty
| + CH-cony __ | |
2N cH /N
CH No 2 CH3 0
HNF,
e N
C CH 2
/ \0/ 2

5-Nitro-2-pentanone was also treated with difluoramine in
fuming sulfuric acid. The product, 5-nitro-2,2-bis(difluoraminc)pentane was
characterized by elemental analysis, and by infrared (Figure 13), and proton

(Figure 14), and fluorine (Figure 15) NMR spectra. Reactions of this compound
will be studied.

0 NF
0 HNF,, NF,

CH,COH,CH,CH,NO, ——— (CHCCH,CH,CH,N0,
NF,

2. Experimental
a. 1,1-Dichloro-1-(difluoramino )butane
1,l-Dichloro-l-nitrobutane* (4 g, 0.0232 mole) was added

to a refluxing mixture of approximately 27 g of difluoramine and 11 ml of 20%
fuming sulfuric acid in a 500-cc glass reactor fitted with Fischer-Porter glass

needle valves., After 1 hour the color of the mixture was light purple. The valves

were closed and the reaction was continued at room temperature for 2 hours. The
reactor was then vented and the contents were drained into a beaker containing
*

J. B. Tindall, U.S. Patent 2,397,384 (1944).

Page 4
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50 g of ice. The aqueous mixture was extracted with three 30-ml portion: of
methylene chloride which were combined and dried over sodium sulfate. The
methylene chloride solution was distilled through a 25-cm platinum spiral column
to give 2.8 g (0.0143 moles, 61% yield) of 1,l-dichloro-l-(difluoramino)butane,
b.p. 45°C/40 mm.

Anal. Calc'd for Ch“'rmama‘ ¢, 27.0; H, 3.96; N, 7.86; F, 21.4
Found: C, 27.1; H, 4.,03; N, 7.65; F, 20.7

The proton NMR spectrum (Figure 2) consists of an irreg-
ular triplet at 1.03 ppm and complicated multiplets with maximum intensities at
109 and 133 cps. The irregular triplet at 1.03 ppm is assigned to the terminal
methyl group, -CHECE . The 109 cps multiplet is assigned to the 'CHQCEQCHj
methylene group and the 133 cps multiplet to the -C§20H2CH3 methylene group. On
a first order basis the latter two signals would be expected to be a sextet and
a triplet, respectively. Obviously there is a large amount of second order

splitting. The fluorine spectrum (Figure 3) consists of a single, somewhat
broadened signal at -41.92 ppm.

b. 3-Chloro-3-(difluoramino)butyric Acid

cis-3-Chlorocrotonic acid (2.4 g, 0.02 moles) was added
to a refluxing mixture of approximately 27 g of difluoramine and 10 ml of 20%
fuming sulfuric acid. The mixture was allowed to reflux for 4-1/2 hours, and
then the excess difluoramine was removed. The remaining liquid was drained into
50 g of ice and the mixture was extracted with three 20-ml portions of methylene
chloride. The extracts were combined and dried over sodium sulfate. The sol-
vent was distilled through a 25-cm platinum spiral column and the remainder was
distilled to give 2.05 g (0.0119 moles, 59% yield) of 3-chloro-3-difluoramino-

butyric acid, b.p. 68°C/0.2 mm. The product solidified in the receiver, giving
a white solid, m.p. 29-30°C.

Anal. Calc'd for ChH6NF2C102: c, 27.7; H, 3.49; N, 8.09; F, 21.9
Found: C, 27.5; H, 3.24; N, 8,02; F, 20.1

Page 5
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The 60-mc proton NMR spectrum (Figure 5), obtained using
a CClh solution with ™S (tetramethylsilane) as an internal standard, consists
of a triplet at 2.07 ppm (cn C(NF )c:L-,, a singlet at 3,16 ppm (-c(NFa)c:Lcu co-),
and a singlet at 11.T4 ppm ( coog) The fluorine NMR spectrum (Figure 6) con-
sists of a non-equivalence quartet, chemical shifts -32.63 and -36.16 ppm,
coupling constant 563 cps.

c. N-[2,2-Dichloro-1-fluorimino-2-(difluoramino )ethyl] -
acetamide
N-[2,2-Dichloro-1,2-bis(difluoramino)ethyl]acetamide™

(3 g, 0.0116 moles) was dissolved in 15 ml of a 5% aqueous solution of sodium
hydroxide. The solution was stirred at room temperature for 15 min and was then
extracted with three 10-ml portions of methylene chloride. The aqueous phase
was acidified with sulfuric acid, and was then extracted with three 10O-ml por-
tions of methylene chloride. The acid extracts were combined and dried over
sodium sulfate. The solvent was distilled off and a pale yellow oil remained.
The oll was dissolved in hot cyclohexane. White crystals formed upon cooling to
room temperature. The solid was recrystallized and dried in vacuum to give

1.7 g (0.0071 moles, 61% yield) of N-[E,2-dichloro-l-fluorimino-2-(difluoramino)4
ethyi]acetamide.

Anal. Calc'd for C,H,N_F.Cl 0: C, 20.2; H, 1.68; N, 17.7; F, 24.0
Ana. LY

3372
Found: C, 21.0; H, 1.62; N, 17.4; F, 24,k

The 60-mc proton NMR spectrum (Figure 8) was obtained
using a CDCl3 solution with TMS added as an internal reference. The intense
signal at 2.25 ppm is assigned to the methyl group, -COC§5. The signal shows
some evidence of splitting on the order of 1 cps or less, which may result from
long-range coupling or possibly from the presence of cis and trans forms of the
amide. The broad, weak signal at 7.83 ppm is assigned to the amide proton,
-NHCO-. The F19 spectrum, Figure 9 (56.4 mc, CFCl3 internal reference) contains

¥
Aerojet~General Report 2730, October 1963, p. 1T (Confidential).
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II Technical Discussion, A (cont.) Report No. 0235-01-18

a signal at -U3.47 ppm, assigned to the Clzc(NFz)difluoramino group. The signal

at -25.25 ppm (roughly half the intensity of the former) is assigned to the
fluorimino fluorine, -C(=NF)-.

d. Reaction of Methyl Vinyl Ketone with Difluoramine

. Methyl vinyl ketone (3 g, 0.043 moles) was added drop-
wise to a refluxing mixture of 27 g of difluoramine and 10 ml of 20% fuming
sulfuric acid. After the solution was allowed to reflux for 3 hours, 50 ml of
pentane was added and the unreacted difluoramine was vented off. The acid layer
was drained into a beaker containing 50 g of ice. The aqueous mixture was ex-
tracted with three 30-ml portions of methylene chloride, which were combined and
dried over sodium sulfate. The pentane solution was distilled through & 25-~cm
platinum spiral column to give 3.4 g (0.0161 moles, 37.5% yield) of 1,3,3-tris-
(difluoramino)butane, b.p. 5000/23 mm. .The methylene chloride solution was
distilled to give 0.70 g (0.0025 moles, 5.8% yield) of 2-methyl-2-difluoramino-
5-[1,1-bis(difluoramino )ethyl] tetrahydropyran.

Anal. Calc'd for 08H13N3F6O: C, 34.2; H, L.66; N, 14.95; F, k0.5

Found: C, 34.2; H, L.48; N, 15.2; F, bl.1

The 60-mc proton NMR spectrum (Figure 11) was obtained
using a CClu solution with ™S added as an internal reference. The triplet at
1.44 ppm is assigned to the ::C(NF2)C§3 methyl group. The quintet at 1.63 ppm
is assigned to the C§5C(NF2)2-methyl group. The broadened doublet at 4.61 ppm
is assigned to the ::CHcgeo-methylene group. The broad complicated multiplet
partially overlapped by the triplet and quintet (maximum intensity at 108 cps)
is assigned to the remaining ring protons.

_ The 56.k-mc F*7 NMR spectrum (Figure 12) was obtained
using the same solut;on with CFCl, as an internal reference.

3
The relatively intense signal at ~27.80 ppm is assigned
to the geminal difluoramino groups CH (NF ) -. The "nonequivalence quartet"

(chemical shifts -11.35 and -17. 39 ppm, coupling constant 593 cps) is assigned
to the C(NF )CH difluoramino groups.

Page 7
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e. 5-Nitro-2,2-bis(difluoramino )pentane

5-Nitro-2-pentanone (5 g, 0.038 moles) was added to a
refluxing mixture of 27 g of difluoramine and 17 ml of 20% fuming sulfuric acid.
The solution was allowed to reflux for 2-1/2 hours, and then 50 ml of methylene
chloride was added and the unreacted difluoramine was removed. The mixture was
drained 1ntp a beaker containing 50 g of ice and was extracted with three 20-ml
portions of methylene chloride. The extracts were combined and dried over sodium
sulfate. The methylene chloride solution was distilled through a 25-cm platinum

spiral column to give 4.8 g (0.0219 moles, 57.T% yield) of 5-nitro-2,2-bis-
(aifluoramino )pentane, b.p. 65°C/0.25 mm.

Anal. Cale'd for CEHON,F) 0, C, 27.4; H, 4.11; N, 19.18; F, 34.7

Found: C, 27.7; H, 4.30; N, 18.6; F, 34.9

The 60-mc proton and 56.4-mc Fl9 NMR spectra of the
adduct were obtained using a CClu solution with TMS and CFC].3 added as internal
references. The quintet (Figure 14) at 1.63 ppm (splitting a few cps) is
assigned to the -c(NF2)20g5 methyl group. The broadened, poorly resolved signal
with maximum intensity at 131 cps is assigned to the overlapping signals of the
two NOQCHECEQCEQ-methylene groups. The irregular triplet at 4.37 ppm is assigned

to the NO2C§DCH2-methylene group. The fluorine spectra (Figure 15) consists of a
single slightly broadened signal at -26.94 ppm.

B.  AQUEOUS FLUORINATION (V. Grakauskas)

1. Discussion

The aqueous fluorination of tetrahydro-2-pyrimidone was studied
with the objective of obtaining an improved method for the preparation of
1,3-bis(difluoramino )propane, which is required for stability studies.

BN (8,0)
C=0 + F, —— NF2(0H2)5NF2

_—e

Page 8
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However, only a 5 to T% yield of this product was isolated from the reaction
mixture. The main reaction product was identified as 3-difluoraminopropylcarbamyl
fluoride, NFQ(CHQ)BNHCOF. This identification was made on the basis of the
product’'s elemental analysis, its infrared spectrum (Figure 16), and its proton
(Figure 17) and fluorine (Figure 18) NMR spectra. Other products of this reac-
tion were the previously identified 3-difluoraminopropyl isocyanate, NF2(032)5NCO,
and 3-difluoraminopropionitrile, NFZ(CHE)ECN’ identified on the basis of infrared
spectrum (Figure 19), elemental analysis, and proton (Figure 20) and fluorine
(Figure 21) NMR spectra. The latter apperently results from the dehydrofluorina-
tion of 1,3-bis(difluoramino)propane.

NH
N H,O NF.(CH, ),NF. + NF,(CH,).CN

<, , 2, 2\Via/z Vo 2\¥Fa/p
/ + NF,(CH, )BNHCOF + NF2(CH2 )3nco

The carbamyl fluoride might be formed in a four-center reaction
between the intermediate, N-fluoro-tetrahydro-2-pyrimidone, and fluorine:

F
NN\

NH H.0 \F
<: \c =0 + F, —i—e—)) { \c’ 0 — NF,(CH,),NHCOF
/ . / ' 3
N m

The-isocyanate might be produced either by dehydrofluorination of the carbamyl
fluoride,

[{IAY

NF2( CH, )

. _-HF
3NHCOF —_ NFQ(CHQ)BNCO

or by a route similar to that described previously for substituted cycloalkyl

*
ureas.

~ 3-Difluoraminopropylcarbamyl fluoride and 3=difluoraminopropyl
isocyanate apparently did not react with water during the fluorination because

*Aerojet-General Report 2730 (Summary), October 1963 (Confidential).
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of their insolubility. The isocyanate, however, reacted readily with alcohols
to give the corresponding carbamates. The carbamyl fluoride reacted with alco-
hols very slowly, ihe reaction proceeding only to 50% completion at room temper-
ature in 5 days. However, when an ethanolic solution of 3-difluoraminopropyl-

carbamyl fluoride was refluxed for 5 hours, ethyl B-diﬂuoréminopropylcarbmte
was obtained in high yield:

NF2(0H2~)3NHCOF + CoHOH e 111&'2(0112)31m00202a5 + .HF
The fluorination of this carbamate gave a low yield of 1,3-bis(difluoramino)-
propane, apparently because of the insolubility of the starting material. To
avoid this problem, 2-hydroxyethyl 3-difluoraminopropylcarbamate, very soluble

in water, was synthesized by reacting the carbamyl fluoride with a large excess
of ethylene glycol:

NFE(CH2 )Brmcop f' .Hocnecnzon —_— M'a(cn2 )3nncozcnacnaon

The compound was characterized on the basis of its elemental analysis, its infra-
red spectrum and its proton and fluorine NMR spectra. The compound boiled too

" high for distillation, so an aqueous solution of the crude material was fluori-

nated. However, only a 10% yield of 1,3-bis(difluoramino)propane resulted.

Methanetriscarbamates, HC(NHCOOR) , which have not been reported
previously, were synthesized in 4S5 to 50% yields by reacting ethyl orthofomte

with carbamates at 110 to 150 C in the presence of a catalytic amount of aniline
sulfate:

Aniline Sulfate
_._.___)
HC(OC.K.), + 3 NH2000R HC(NHCOO_R.)3 + 3 02115011

: Thesé canpoun&s (R - (!II3 or c ) vere characterized on the basis of their ele-

mental analyses, their 1nfra.red, spectra, and their proton MR a'pectra.. '].'hese
campounds were synthesized with the objective of using them as Iurting materials

for the preparation of tris(difluoramino)methane or partially fluorinated inter-
mediates. '

" Page 10
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(5,0) /e
nc(lmcoon)3 + F, —=—) HC(NHCOOR), —> ——) nc(mrz)) .
The fluorination of either trimethyl or triethyl methanetricarbamates, however,
did not give the desired products. Instead, a mixture of the corresponding
alkyl carbamates and N-fluorocarbamates was isolated, indicating the hydrolysis
of either the stgrting materials or their N-fluoro derivatives. A similar

reaction also took place when an attempt was made to nitrate HC(NHCOOEt)3 with

nitriec acid; only ethyl nitrocarbamates were obtained.

Attempts were also made to synthesize 1,1,l-ethane- and
1,1,1-propane-triscarbamates from the corresponding orthoesters. However,
in both cases the reaction products were identified (elemental analysis, infrared
spectra, and proton NMR spectra) as the corresponding N-carboalkoxyiminoethers:
RC(OC,H + NH.COOC_.H. ——) RC = NCOOC
(e Hs ) 2 . 25

(R = CH,, C.H_)
0021{5 » Yols

2

One attempt was made to fluorinate 02H50(002H5) = NCOOCQH5 with the objective of

-repiacing the carbethoxyl group by fluorine. This reaction, however, gave ethyl

propionyl carbamate.

(H,0)
. cansc(ocgns) = NCQOCEHS + F, ) cznscomcoocens

2. Experimental
a. 3=-Difluoraminopropylcarbamyl Fluoride

A solution of TO g (0.7 mole) of tetrahydro-2-pyrimidone
in 650 ml water was fluorinated at O to 5°C until 46 liters (3.0 mole) of fluorine
was consumed. The reaction mixture containing 20 to 30 ml of water-insoluble
liéuid was extracted with four 35-ml portions of methylene chloride. The combined
extracts were dried, treated with solid sodium bicarbonate, and filtered, and the
filtrate was worked up. After the solvent was removed the residual liquid was sepa-
rated by distillation into three fractions: (1) b.p. 25-35°C/25 mn, (2) b.p.

Page 11
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25-45°C/0.2 mu, and (3) b.p. 65-80°C/0.1 mm. The material of fraction (3), 25 g,
was redistilled to give a clear liquid, b.p. 65-66°C/0.1 mm, n§3 1.3980, which
vas identified as 3-difluoraminopropylcarbamyl fluoride.

Anal. Calc'd for ChHTN2F30: C, 30.77; H, 4.52; N, 17.95; F, 36.51

Found: C, 31.0; H, 4.6; N, 17.5; F, 36.0

Infrared spectrum of the compound is shown in Figure 16.

The 60-mc proton NMR spectrum (Figure 17) was obtained
using a CDCl5 solution with ™S added as an internal reference. The spectrum
consists of a quintet at 1.98 ppm, & complex multiplet (12 lines), and a broad
signal at 5.68 ppm. The qQuintet is assigned to the -CH,CH,CH,- protons. The
broad signal at 5.68 ppm is assigned to the -NH~ proton. The remaining mul-
tiplets may be resolved into a triplet of triplets é.ue to the NcmEQCHe-
protons centered at 3.58 ppm (splitting 29.3 cps) in which the central triplet
is overlapped by a quartet due to the -CH2CH2NH- prptons at 3.34 ppm.

The 56.4-mc fluorine NMR spectrum (Figure 18) was obtained
using a chloroform solution with.CFCl as the internal reference. The spectrum
consists of & triplet (splitting 28.5 cpé) at -55.30 ppm and two doublets of '
unequal intensity at +14.59 (splitting 7.3 cps) and +21.11 (splitting 21.4 cps)
ppm. The intensity of the doublet at +14.59 ppm is about ten times that of the
doublet at +21.11 ppm. The triplet may be assigned to the NF2 - fluorines.
The two signals at high field may be interpreted as arising from two separate
configurations of the -CH2NHCOF group resulting in different magnetic shielding
enviromments for the acid fluorine, or by assuming that the less iantense signal
is due to CF impurity. The splitting of the signals into doublets can be
attributed to coupling to the -NH- proton. '

b. 3-Difluoraminopropionitrile

The material of the main fraction (2) — see paragraph
II,B,2,a — 18 g, was redistilled into two fractions: (1) b.p. 38-50°C/25 mm,

n§3 1.3655; 5.5 g, and (2) b.p. 58-60°C/25 mm, nﬁ’ 1.3920; 11.5 g. The lover

Page 12
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boiling compound was identified by gas chromatography and infrared spectrum as
80% pure 1,3-bis(difluoramino )propane, contaminated with both 3-difluorsmino-
propionitrile and 3-difluoraminopropyl isocyanate. The higher-boiling fraction
was found to be a mixture of the isocyanate and 3-difluoraminopropionitrile,
containing sbout 40% of the latter. An analytical sample of pure 3-difluoramino-
propionitrile was 1361ated from this fraction by gas chromatography.

Anal. Calc'd for CBHhNQFzz C, 33.96; H, 3.80; N, 26.41; F, 35.84

Found: C, 33.7; H, 3.9; N, 26.3;. F, 37.0

’ In a separate experiment some of the isocyanate-nitrile
mixture was treated with methanol to convert the isocyanate to the corresponding
carbamate, When excess of metha.noi was removed 95% pure (as determined by gas
chromatography ), 3-difluoraminopropionitrile distilled over. Infrared spectrum
of 3-diﬂuora.minopr9pionitrilé is shown in Figure 19.

The 60-mc proton (Figure 20) and 56.4 mc fluorine (Fig-
ure 21) NMR spectra were obtained using about 1:1 CDClB/CCIh solution with TS
and CFCl3 as internal references. The proton spectrum is composed of a t.riplet
at 2.80 ppm and a triplet of triplets centered at 3.81 ppm. The high-field
triplet is assigned to the -C§20§QCN protons. The low-field triplets have a HF
splitting. equal to 26.9 cps, and are assigned to the NFZCQECHQ- protons.

_ The fluorine NMR spectrum consists of a single signal
at -51.66 ppm. This signal has the appearance of a broadened triplet and is
assigned to the NF,CH,-fluorines. |

c. 1,3-Bis(difluoramino J)propane

Material of the lowest boiling main fraction (see para-
graph II,B,2,a), 3.5 g, was identified by gas chromatography and by infrared
spectrum as 75% pure 1,3-bis(difluoramino)propane. The total smount of the

compound in main fractions (1) and (2) of 3-difluoraminopropylcarbemyl fluoride
was crudely estimated at 7 to 9 g. .

CONFIDENTIAL
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d. Ethyl 3-Difluoraminopropylcarbamate

A solution of 6.0 g of 3-difluoraminopropylcarbamyl
fluoride in 15 ml absolute ethanol was heated up to TO to 75°C and maintained at
this temperature for 6 hours. The reaction mixture was worked up to give 6.0 g
of the carbamate, b.p. 66-67°C/0.1 mm, which was identified by comparing its
physical ﬁrcperties and its infrared spectrum with those of an authentic sa.mple.*

e. 2-Hydroxyethyl 3-Difluoraminopropylcarbamate

To 30 g of ethylene glycol was added 4.0 g of 3-d1fluor-
aminopropyl isocyana.te, and the reaction mixture allowed to stand with stirring
at room temperature for 2.5 hours. The originally insoluble isocyanate gradually
went into solution and the reaction mixture warmed to 29 to 32°C. The solution
was concentrated at 70°C bath temperature at 0.1 mm to remove the excess of

‘ethylene glycol to leave 4,3 g of pale-yellow viscous liquid. A sample of the

crude material was purified in a molecular still at 130°C bath temperature at
0.1 mm pressure to give a colorless liquid, 1'1]2)3 1.4475.

Anal. Calc'd for 06H12N2F203 C, 36.36; H, 6.10; N, 14.14; F, 19.18

Found: C, %6.7; H, 6.3; N, 14.2; F, 19.8

In another experiment, 3-difluoraminopropylcarbamyl
fluoride was reacted with excess of ethylene glycol by allowing the solution to
stand at room temperature for a period of 10 days. Crude 2-hydroxyethyl
3-difluoraminopropylcarbamate was obtained practically quantitatively when the
excess of ethylene glycol was removed at reduced pressure.

f. Triethyl Methanetriscarbamate

A mixture containing 40 g (0.27 mole) of ethyl ortho-
formate, T4 g (0.81 mole) of ethyl carbamate, and 0.7 g of aniline sulfate was
heated in a distillation apparatus to 115 to, 125°C and maintained at this

*AeroJet—Genera.l Report 2381 ‘(Annual Summary ), October 1962, p. 46 (Confidential).
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temperature until the distillation of ethanol ceased. During a period of 2.5
hours, 32 ml of ethanol distilled over. At the end of this period, the reaction
temperature was gradually increased to 155°c, and an additional 13 ml of ethanol
was removed from the reaction mixture over a period of 1.5 hours. The liquid
reaction mixture on cooling to room temperature solidified. The crude material

was purified by crystallization in methylene chloride to give a white crystalline
solid, m.p. 210-211°C.

Anal. Calc'd for C,.H. .N,0.: C, 43.31; H, 6.91; N, 15.16

1071936
Found: C, 43.1; H, 6.8; N, 15.0

g. Trimethyl Methanetriscarbamate

Trimethyl methanetriscarbamate was synthesized from ethyl
orthoformate. and methyl carbamate in a reaction identical to that described in
paragraph I1I,B,2,f. The crude material was purified by crystallization from
methanol to give & white, crystalline solid, m.p. 176-178°C in 43% yield.

Anal. Calc'd for C.H,,N,0c: C, 35.7h; H, 5.5T; N, 17.87

Found: C, 36.0; H, 5.6; N, 17.8

) In a separate experiment a mixture of ethyl orthoformate
ana.methyl carbemate in the absence of aniline sulfate was heated up to 145%.
No Ethanol distilled over and'after heating the mixture for a few hours, only
the starting materials were recovered.

h. Ethyl N-Carbethoxyiminoacetate

: A mixture containing 32.5 g (0.2 mole) of ethyl ortho-
acetate, 60 g (0.4 mole) of ethyl carbamate, and 0.7 g of aniline sulfate was
heated in a distillation apparatus to 110 to 120°C and maintained at this tem-
perature.for a period of 1.5 hours. During this time, 20 ml of ethanol dis-
tilled over. ‘The reachion'mixture was cooled to 5 to 10°c and ethyl carbamate
that crystallized out from the solution was removed by filtration. The filtrate
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T was dissolved in 150 ml carbon tetrachloride and the solution was washed with two
100-ml1 portions of water to remove unreacted ethyl carbamate. The carbon tetra-
chloride solution was driad and wo:ted up to give 27 g of & colorless liquiq,
b.p. 89-90°C/25 mm, na’ 1.4300. The material was found to be contaminated with

20 to 25% of ethyl carbamate, and an analytical sample was obtained by gas
chromatography. ' ’

Anal. Calc'd for CTH13N05: C, 52.82; H, 8.23; N, 8.80

Found: ' C, 52l5; ﬁ, 8.26; N, 8.98

1.  Ethyl N-Carbethoxyiminopropionate -

Ethyl N-carbethoxyiminopropionate, b.p. 38-39°C/0.1 mm,
n%B'l.hjlo, was prepared from ethyl ortﬁoprbpionafe and ethyl carbamata in the
manner described in paragraph II,B,2,h. 1In this case, excess of ethyl carbamate
present in the’ crude material was removed by thorough washing with water, and a
pure product was obtained on distillation.

Anal, Calc'd for CgH, NOg: C, 55.5; H, 8.7; N, 8.0

Found: C, 55.3; H, 8.65; N, 8.25

. J. Fluorination of Ethyl N-Carbethoxyiminopropionate

A suspension of 13.7 g (0.08 mole) of
ethyl N-carbethoxyiminopropionate in 500 ml water was fiuorinated at 0 to SPC
until 2.5 liter (~ 0.1 mole) of fluorine gas was consumed. The reaction mixture
was extracted with four 30-ml portions of methylene chloride. The combined
extracts were dried and distilled to leave 5.0 g of a white solid residue.

The material was recrystallized from a benzena-hexane mixture to give a i
white solid, m.p. 81-82°C which was identified as ethyl N-propionyl carba-
mate (N, calc'd 9.65%; found 9.6%).

Page 16
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C.  FLUORAMMONIUM SALTS (A. Remanick)
1. Discussion

The investigation of the solvolysis of N-flmrocthea hu
been continued with the intent of isolating fluorammonium perchlorate, a poten-
tial high energy oxidizer for solid propellants. It was previously found that
isopropyl N-fluorocarbamate reacted with excess TO% perchloric acid to give 90% of
the theoretical amount of carbon dioxide. The F2 nR spectrum of the perchloric
acid solution indicated the presence of the fluorammonium cation., However, no
solid material was isolated after most of the perchlor-ié ‘acid was removed under
vacuum and the resiQue was diluted vith diglyme or ether.

‘The reaction of isopropyl N-fluorocarbamate with excess TO%
perchloric acid was repeated » and the perchloric ‘acid was removed in a molecular
still at 10 p to give a white solid. Elemental analysis suggested the material
was fluorammonium perchlorate contaminated with T0% perchloric acid. The ma-
terial was very hygroscopic but could be manipulated in & dry atmosphere.

Because of the extended periods (40 hours) necessary to evapo-
rate the solution to dryness, further attempts were made to isolate fluorammonium
perchlorate from the slurry obtained by partial evaporation of the solution. The
slurry was found to be soluble in diglyme, tetrahydrofuran, and ethyl acetate.
Addition of ether, carbon tetrachloride or chloroform to the diglyme solution
yielded oily products. However, washing of the slurry with dioxane left a crys-
talline material whose analysis indicated a 1l:1 complex of fluorammonium per-

chlorate and dioxane. This complex could also be isolated, in analytical purity,

from a tetrahydrofuran solution of the slurry by precipitation with dioxane.
Confirmation of the structure was obtained by F19 and proton NMR spectra.

The fluorammonium perchlorate-dioxane complex was stable for
several days in a dry atmosphere at room temperature. However, at 100°¢c , 1t
decomposed rapidly.

Attempts to remove the dioxane from the complex have been
partially successful. Thus, after 5 hours in a sublimation apparatus at 20°C/5 M,
the solid showed 46% dioxane (by carbon analysis). Additional treatment under
these conditions left a solid which contained 28% dioxane. This work is being
continued.

Page 17
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The reaction of ethyl N-fluoro- N-methyl carbamate with excess
methanesulfonic acid was attempted in order to prepare a substituted fluoremmonium
salt. However, no solid material could be isolated from this reaction.

2. Experimental

a. Reaction of Isopropyl N-Fluorocarbamate with T0%
Perchloric Acid

Isopropyl N-fluorocarbamate was reacted with excess T0%
perchloric acid in the manner previously described.* Most of the solvent was
removed under vacuum (20°C/10 p) in 20 hours. A small portion of this material
wes placed in a sublimation pistil and the residual solvent was removed under
vacuum (20°C/10 p) in 10 hours. The solid which remained, rapidly hydrated on '

exposure to the atmosphere. Repetition of this procedure and subsequent manipu-
lation in an inert atmosphere gave a white solid,

Anal. Cale'd for FNH,C10,: W, 10.4; F, 14.0; c10,”, 73.5

Found: N, 8.37; F, 10.0; €107, TL.1

b. Preparation of a Fluorammonium Perchlorate-Dioxane
Complex

Ethyl N-fluorocarbamate was reacted with excess perchloric
acid as previously described. Solvent was removed under vacuum (20°C/10 u) until
a heavy slurry remained. The slurry was transferred to a funnel and washed with
small portions of dioxane. A white amorphous solid remained.

Anal, Calc'd for FNHBCIOh'Chﬂeoz C, 21.5; H, 4.90; N, 6.6; F, 8.55

Found: C, 21.1; H, 4.98; N, 7.0; F, 8.8

By dissolving the slurry in a minimal quantity of tetrahydrofuran and adding
dioxane, a white crystalline solid was obtained, m.p. 100-103°C (dec.).

Anal. C, 21.5; H, 5.06; N, 6.2; F, 8.2

*Aerojet-(}eneral Report 2730, October 1963 (Confidential).
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The F19 NMR spectrum of the complex in concentrated
sulfuric acid was identical to that of the previously reported fluori.noqimn
salt.* The proton NMR spectrum showed a singlet at +6.72, relative to sulfuric
acid (dioxane), and a singlet at +4i cps. This signal may be regarded as the
upfield member of a doublet at +0.37 pvm ascignable to the FNH.; ion, the low-
field member of which is obscured by the intense sulfuric acid signal. This
assignment is suggested by the close correspondence of displacement of the

signal (+44 cps) from the sulfuric acid signal and the splitting (45 cps) ob-
served in the F19 spectrum.

s

Ce Attempted Removal of Dioxane from the Fluorammonium
Perchlorate-Dioxane Complex
A small amount of the complex was placed in a sublima-
tion pistil and subjected to high vacuum (20°C/5 p) for 5 hours. Elemental
analysis revealed 9.93% carbon. Treatment under the same conditions for an
additional 6 hours left é. solid which contained 5.93% carbon. Further work '13
in progress. ’

d. Reaction of Ethyl N-Fluoro-N-Methylcarbamate with

' . Methanesulfonic Acid

T "

To 1.0 g (0.0082 mole) ethyl N-fluoro-N-methylcarbemate
in a round bottom flask was added 4.3 ml of methanesulfonic acid. The flask was
connected to a gas burette and placed in a preheated (83°C) bath. Heating was .
continued (85 to 90°C) for 1-1/4 hours. At this time, about 60% of the theo-
retical amount of gas (based on carbon dioxide) had evolved. Infrared analysis
of the gas showed primarily carbon dioxide with a lesser amount of ethylene and
a trace of silicon tetrafluoride. After this heating period, the re&ct.ion mix-
ture was allowed to cool to room temperature. Ether was added dropwise, with
stirring, until the reaction mixture was cloudy. An olly product separated
which could not be induced to solidity. No further purification was attempted.

—— ———

¥ perojet-General Report 2381, October 1962, p. 32 (Confidential).
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D. REACTIONS OF 2, 2-DINITRO-2-FLUOROETHANOL (V. Grakauskas)
1.  Discussion

The oxidation of 2,2-dinitro-2-fluoroethanol was investigated
with the objective of preparing 2,2-dinitro-2-fluorocacetaldehyde. This compound.
might be reacted with difluoramine to give energetic intermediates, and with nitro-
alcohols to give stable, lower-energy nitrdpia.sticizers. The starting material was
prepared. by the flourination of salts of 2,2-dinitroethanol.*

Dinitrofluorocethanol reacted slowly with 100% nitric acid at

room téhpera.ture to give the corre'spopding ‘nitrate:

3

The somewhat impure compound was identified on the basis of its elemental anal-

Fc(Noa) 20}1203 + HNO 0

—_— Fc(Noa) oCH_ONO

ysis, and its infrared and NMR spectra. The alcohol also reacted slovly with

70% nitric acid, but the products have not yet been identified.

Dinitrofluoroethanol a.lso reacted with primary or secondary
amines to give the Mannich reaction products:

(H20) (H20)
FC(NOE) CH,OH + RNH, —=—= FC(NO ) 2mm + RN —=—e FC(NO ) SCH AR,

(Dinitrofluoroethyl)methylamine (R = CH3) was characterized on the basis of its
elemental analysis, its infrared spectrum (Figure 24) and its proton (Figure 25)
and 'fluoring (Figure 26) NMR spectra. Similarly, (dinitrofluoroethyl)dimethylamine

-was “fully characterized (its infrared spectrum is shown in Figure 27). The

hydrochloride salts of both amines were also prepared and characterized.

The reaction of dinitrofluoroethanol with an excess of concen-
trated ammonium hydroxide resulted in decomposition. On the other hand, a dilute
aqueous solution containing an equimolar ratio of these reagents, deposited a yellow

water-insoluble 1iquid which exploded- after it was isolated and was allowed to

AeroJet-General Report 0235-01-6, April 1960, p. 3 (Confidential).
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stand at room temperature overnight. 1In another expcriment, ﬁhe reaction product,

in the original aqueous solution, was treated with an equimolar quantity of ethyl
chloroformate: .

C1Co0C

) Fc(nci2 )2_°H.2°H + Whon ——) FC_(N02 )2cném2 ——2-}329 m(noa)acnznncooczns.

Ethyl dinitrofluoroethylcarbamate vas obtained in 10 to 15% yields and was char-
acterized on the basis of its elemental analysis ’ its infrared spectrum (Figure
28) and its proton (Figure 29) and fluorine (Figure 30) NMR spectra. The main

. product of this reaction was dinitrofluoroethyl ethyl carbonate, CQHSOCOOCHQC(Noa)QF.

It is not clear why, if the reaction between the alcohol and ammonia was incom-
plete, chloroformate did not preferably react with emmonia. Methyl dinitro-

fluorcethylcarbamate was similarly synthesized from the crude amine and methyl
chloroformate.

) The possibility that dinitrofluoroethylcarbamates in the above
reactions may be produced in a Mannich reaction between dinitrofluoroethanol and
carbamate (produced from chloroformates and ammonia) was eliminated when it was

shown in a separate experiment that an equimolar mixture of these reagents did
not reaét, even at elevated temperatures,

2. . Experimental

8. 2,2-Dinitro-2-fluoroethylnitrate

Four grams of dinitrofluoroethanol was added at O to 5°C
(wvith stirring) to 20 ml of 100% nitric acid; the resulting solution was allowed
to warm up to 25°C and allowed to stand at room temperature for a period of
2 hours. The reaction mixture was poured onto 100 g of crushed ice and water-
insoluble liquid was extracted with 20 ml of carbon tetrachloride. The extract
was worked up to give 0.8 g of a colorless liquid, b.p. 27-2800/0.1 mm., Infrared
and NMR spectra of the product agreed well with the nitrate structure, but NMR
spectra indicated the presence of a contaminant — probably the alcohol. Attempts

to purify the material by gas chromatography were unsuccessful, resulting in
decomposition of the nitrate.
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II Technical Discussion, D (cont.) Report No. 0235-01-18

Anal, Calc'd for C2H2N5F07: ¢, 12.0T; H, 1.01; N, 21.11; F, 9.54

Found: C, 12.6; H, 1.b; N, 19.5; F, 9.8

The aqueous phase was extracted with methylene chloride
and 2.5 g of dinitrofluoroethanocl was recovered.

b, Chlorofluorodipitromef.hane )

Ten grams of dinitrofluoroethanol was added (with stirring
and cooling at 5 t0-10°C over a period of 10 min) to 100 ml of 5.3% aqueous sodimn
hypochlorite. The reaction mixture containing about 5 ml of water-insoluble
1liquid was extracted with 75 ml of methylené chloride, and the extract worked up
to give 6.0 g of a colorless liquid, b.p. (estimated) 80-85°C. The compound was
somevhat contaminated with the solvent and an ahalytica.l sample obtained by gas

chromatography.

' Anpal. Calc'd for CFCIN,0,: C, 7.58; H, 0.0; N, 17.68; F, 11.98

Found: C, 7.50; H, 0.5, N, 17.5; F, 12.0

Infrared (Figure 22) and fluorine NMR spectra (Figure 23) of the product were in
agreement with the structure. ‘

The fluorine NMR spectrum (in CClh solution with CFC
as an internal reference) consists of a single signal, a quintet at +68.45 ppm
with a splitting of 1ll.1 eps. The quintet form of the signal suggests coupling
to four equivalent protons. However, no signals were observed in the proton
spectrum and the hydrogen content by elemental analysis is only 0.5%. In addi-
tion, a quintet resulting from coupling to four nuclei with a spin of 1/2 should
have an intensity distribution 1l:4:6:4:1, which does not correspond to the signal
observed. The only remaining possibility is that the splitting results from
coupling to the two equivalent nitrogens. The two nitrogen nuclei would produce
an intensity distribution 1:2:3:2:1, since the spin of nitrogen is 1. This
corresponds much more closely to the observed disf.ribution.-

Such couplings of nitrogen a.re.ra.rely observed since the
interaction of the nitrogen quadrupole with the electrical enviromment usually
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shortens its relaxation time suffic .ntly to remove any splitting. Apparently,
in FC(N02 )2c1 the nitrogens are. fortuitously in an enviromment of high electrical
symmetry. Consequently, the relaxation time is lengthened, permitting observa-
tion of the splitting.

c. 2,2=-Dinitro-2-fluorcethylmethylamine

A solution of 4.0 g (0.1 mole) of sodium hydroxide in
15 ml of water was added (at room temperature with stirring over a 5-min period)
to a solution of 6.75 g (0.1 mole) of methylamine hydrochloride and 15.4 g.
(0.1 mole) of dinitrofluoroethanol in 100 ml w&ter, "The reaction mixture was
stirred for additional 5 min 'a.n_d the yellow water-ihsc;luble liquid wds extracted
with two 30-ml portions of carbon tetrachloride. The comﬁined extracts were
worked up to give 12.0 g (72% yield) of a yellow liquid, b.p. 52 C/O.l mm,

n§3 1.4275.

Ansl. Cale'd for C,HN,FO.: . C,-21.565 H, 3.62; N, 25.15; F, 11.37

3
Found: C, 21.9; H, 3.7; N, 24.8; F, 11.6

The infrared spectrum of the compound is shown, in Figure 2k,

The 60-mc proton (Figure 25) and 56 4 me fluorine (Fig-
ure 26) NMR spectra were obtained using carbon tetrachloride as the solvent and
M and CFCl3 as internal references. The proton spectrum consists of a
broadened peak at 1.29 ppm, and a doublet at 3.83 ppm (splitting 18.7 cps).

The signal at 1.29 ppm is assigned to the -NH- proton. The signal at 2.55 ppm
is assigned to the - iy proton. The splitting on the doublet is consistent with
the expected HF coupling and this signal is assigned to the FC(NO,),CH,- proton.

.The fluorine NMR spectrum consists of a signal-broadened
peak at +109.8 Ppm. '

d. 2,2-Dinitro-2-fluoroethylmethylamine Hydrochloride

Three grams of concentrated hydrochloric acid was added
(with stirring at room temperature).to a solution of 5.0 g (0.03 mole) of
2,2-dinitro-2-fluoroethylmethylamine in 80 ml of absolute ethanol. The clear

| Page 23
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l solution was stirred ror 10 min and then was trea.ted with' 200 ml of anhydrous diethyl
ether, resulting in deposition of a white solid. The solid wvas collected, washed
' with diethyl ether, and vacuum dried; m.p. 12_0-122 C, weight 2.5 g.

Ansl. Calc'd for C,H_FCIN,O;: C, 17.70; H, 3.16; N, 20.64; F, 9.33

Found: C, 17.6; H, 3.5; N, 20.k; F, 9.l_¢

e.  2,2-Dinitro-2-fluoroethyldimethylamine

_ 2,2-Dinitro-2- -fluoroethyldimethylamine was synthesized in
78% yield following the procedure deseribed under pa.ragraph I11,D,2,c. The com-
pound is & yellow liquid b.p. 23-2l+ c/o 1 mm, nD 1.4200.

Anal. Ca.lc'd for CHHSNBFOI;: C, 26.52; H, h.hs; N, 23.20; F, 10.49

Found: C, 26.5; H, L.7; N, 22.8; F, 10.0

The infra.red spectrum of the compound is shown in Figure 27.
' f.  2,2-Dinitro-2- -f1luoroethyldimethylamine Hydrochloride

l 2-2-Dinitro-2 -fluoroethyldimethylamine hydrochloride was
[ _ prepa.red from the amine and concentrated hydrochloric acid in ethanolic solution
following the procedure described in paragraph II,D,2,d. In this case most of
the ‘material precipitated from the solution without addition of diethyl ether.
l . The compound is a white solid, m.p. 110- 112° C.. _
[ Anal. Calc'd for ChH9FCIN30h: c, 22.08; H, 4.17; N, 19.31; F, 8.73

Found: C, 22.0; H, b.b; N, 18.7; F, 8.9

g  2,2-Dinitro-2-fluoroethylethylcarbonate

A solution of 6.0 g of 28% ammonium hydroxide (= 0.1 mole

NH ) in 25 ml water was added (with stirring at room temperature) to a solution

. of 15.4 g (0.1 mole) of dinitrofluorcethanol in 50 ml vater. The reaction mix-
ture turned yellow and gradually a yellow water-insoluble liquid deposited. The

Y N
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reaction mixture was stirred for 30 min and then treated vith 5.4 g (0.05 mole)
of ethyl chloroformate. External cooling was applied to keep the reaction tea-
perature at 20 to 25°C. After a few minutes a solution of 4.0 g (0.1 mole)
sodium hydroxide in 25 ml water was added to the reaction mixture, followed by
another 5.4 g portion of ethyl chloroformate. The reaction mixture was stirred
for an additional 30 min and then the water-insoluble yellow liquid was ex-
tracted with two 30-ml portions of methylene chloride. The mettﬁrlene chloride
extracts were worked up to give 15.0 g of a colorless liquid, b.p. 53-54°C/
0.1 m, n§3 1.4215.
Anal. Calc'd for CSH 7 C, 26.6; H, 3.12; N, l?.h; F, 8.4

Found: C, 25.8; H, 3.2; N, 13.5; F, 8.5

\
|
|
|
|
!
!
|
The 60-mc proton and 56.4t-mc fluorine MR spectra were
' obtained in carbon tetrachloride solution conta.in'iné T™MS and CFC].} as internal
references. The proton spectrum consists of a triplet at 1.33 ppm, a quartet at
I ¢ 4.23 ppm, and a doublet at 5.17 ppm (splitting 15.7 cps). The triplet and quartet
are characteristic of a methyl and methylene of a CH}CH2- group. The doublet is
*‘ ' - assigned to the FC(NO )2 - protons.
. The fluorine spectrum consists of a single broadened peak
I at +111.3 ppm and is assigned to the FC(NO,),CHy- fluorine.
i
I
i
|
|
|
|

h. Ethyl 2,2-Dinitro-2-fluoroethylcarbamate

After removal of 2,2-dinitro-2-fluorethylethylcarbonate
(see paragraph II,D,2,g), the distillation residue was subjected to further dis-
tillation to give 4.0 g of a colorless liquid, b.p. 85 to 95°C/O.1 mn. An

analytical sample of this product, b.p. 85 c/o 1 mm, nD 1.4425, vas obtained
on redistillation.

Anal. Calc'd for CHgN,FO.: C, 26.67; H, 3.58; N, 18.67; F, 8.hk

Found: C, 26.6; H, 3.9; N, 17.8; F, 9.1

The infrared spectrum of the material is shown in Figure 28.
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The 60-mc proton (Figure 29) amd 56.4-mc fluorine (Fig-

" ure 30) NMR spectra were obtained using ™S and crm} as internal references in

carbon tetrachloride solution. The proton spectrum consists of a triplet at
1.23 ppm, a series of seven lines, and a broadened triplet at 5.93 ppm. The
triplet at 1.23 pmm is as.si_gned to the methyl protons et -OCH,CH,. The broad-
ened tripj.et at 5.93% ppm is assigned to the -CH2N§- proton. The seven lines can
be resolveg into two adjacent quartets.whose nearest lines are overlapped. The
quartet at 4.10 ppm is assigned to the -CCH,CH, protons. The second set of four
lines is interpreted as a spl;p doublet resulting from the NF and NH coupling

for the FC(NOz)CﬂeNH- protons centered at 4,46 ppm. The fluorine proton coupling
obtained with this assignment is 15.1 cps and compares favorably with 14.9 cps,
the value obtained from the fluorine'speétrum.

The fluorine spectrum shows a triplet at +109.47 ppm

(splitting 14.9 cps). This signal is assigned to the FC(N02)20H2- fluorine.

1. Methyl 2,2-Dinitro-2-fluoroethylcarbamate

Methyl 2,2-dinitro-2-fluoroéthylcarbamate, & white solid
with m.p. 4O to 41°C, was synthesized by the method used for the.corre- »
sponding ethyl ester (see paragraph II,D,2,h). The compound boiled at 100 to
1159C/O.L‘mm and solidifed in the receiver. The material was further purified
by recrystalli;ation from carbon tetrachloride, yield 20%, m.p. hof&1°c.

Angl. Cale'd for C HAN,FOs: C, 22.76; H, 2.87; N, 19.91; F, 9.00

Found: C, 22.8; H, 3.3; N, 20.1; F, 9.1
III. - PERSONNEL

_ The experimental synthesis work was performed by F. J. Gerhart, M. Mascari,
J. Cavallo, A, H. Ramanick, V. Grakauskas, and K. Baum. Analytical support was
provided by H. Nelson (NMR), K. Inouye (microanalysis), D. I. Matson (IR), and
K. Deuel (gas chromatography). '
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Proton NMR Spectrum of 3-Difluoraminopropylcarbamyl Fluoride

Pigure 17.
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Fluorine M'Bpectrum of 3-Difluoraminopropylcarbamyl Fluoride

Figure 18.
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Fluorine NMR Spectrum of (Dinitrofluorcethyl )methylamine

Figure 26.

Figures 25 and 26
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Figure 29.
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Fluorine NMR Spectrum of Ethyl Dinitrofluoroethylcarbamate

Figure 30.
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