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ABSTRACT

Gem-dipeschlorates were obtained by the reaction of ketones with an-
hydrous perchloric acid in halogenated solvents. C(yclohexene was reduced to

cyclohexane by perchloric acid in chioroform.

Isopropyl chlorofluorocarbamate and bromofluorocarbamate added to olefins
and acted as halogenating agents toward hydrocarbons by free radical chain
mechanisms involving fluoraminocarboalkoxy free radicals. Isopropyl fluoro-
carbamate and mercuric oxide gave bis{carboisopropoxyfluoramino)mercury. The
latter was found to add to olefins.

The following pheses of earlier research were completed and the work was
assembled in the form of manuscripts: (1) Direct Fluorination of Ureas, (2)

Direct Fluorination of Amides, and (3) Synthesis of a,a-Dinitro-N'-fluorodi-
imide N-Oxides.
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INTRODUCTION

The objectives of this program are to develop synthesis metnods for new

types of higk-energy compounds and to increase our understanding of the pro-

cesses involved. During the past year, emphasis was placed on the completion

of areas of research that were investigated on the preceding contract,
Nonr 2655(00), and or the preparation of manuscripts. Three manuscripts

covering earlier work are presented as appendices: A, "Direct Fluorination

of Ureas"; B, "Direct Fluorimation of Amides"; and C, "Synthesis of a,a-
Dinitro-N'~fluorodiimide N-Oxides".

In the preceding semiannual report (Aerojet Report 5015-1, May 1969)
three manuscripts were included: "Substituent Constants of Difluoraminoalkyl
and Gem-bis(difluoramino)alkyl Groups," "Direct Fluorination of Secondary
Nitronate Salts,” and "Michael Reactions of 2-Fluoro-2,2-dinitroethanol and

2,2-Dinitropropanol with Olefinic and Acetylenic Acceptors.”

New work comprising the body of this report deals with chemistry of
perchloric acid and of fluorocarbamates.




Report No. 5015-2

Perchloric Acid Chemistry
(K. Baum)

The acid strength of a solution is limited by the acidity of the con-
jugate acid of the solvent. For this reason, perchloric acid is a stronger
acid in acetic acid than in aqueous solution.l Perchloric acid is soluble in
chloroform and &.silar solvents which have very low basicity.2 Such solutions
should therefore possess "superacid” properties, while at the same time pro-
viding a medium of low ionizing power. On the other hand, the strongly acidic
media which are being widely investigeted, mainly combinatiors of fluosulfonic
acid, sulfur dioxide, and antimony pentafluoride, are also strongly ionizing
media. Solutions of anhydrous perchloric acid in chloroform and methylene
chloride have been used to prepare fluorammonium perchlorate3 from fluorocarba-
mates under much milder conditions than are required with commercially avail-
able T0% perchloric acid. Novel chemical reactivity of perchloric acid in
halogenated solvents with organic compounds could result from enhanced acidity

of the perchloric acid as well as lack of solvent stabilization of the result-
ing cations.

Tauber and Eas’c,ha,ml‘t studied the reaction of perchloric acid in ethylene
dichloride with 2-butene, but could not identify the products. Nmr spectro-
scopy now provides a convenient tool for studying reactions of this type. For
simplicity, we selected cyclohexene as the olefin and chloroform as the sol-
vent., The nmr spectruin of a sclution formed by adding cyclchexene to an excess
of anhydrous perchloric acid in chloroform showed cyclohexane as the principal
product. Other products have not yet been identified. Perchloric acid in
chloroform thus acts as a reducing agent toward the olefin. Apparently, the
initially formed carbonium ion abstracts hydride from the solvent. Simiiar
reductions with trifluoroacetic acid have been reported with silanes or terti-

ary hydrocarbons as hydride sources.5
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Reactions of ketones and aldehydes with perchloric acid in chloroaform or
methylene chloride were also studied. The addition of acetone to an excess of
the acid in chloroform resulted aftzr several minutes in the separation of a
heavy liquid. The -nmr spectrum of the chlorofora layer showed only a single
signal other than that of the solvent, a sharp singlet at § 2.59. Perchloric
acid, vhich appears at & 8-12 (depending on concentration) was absent. The
infrared spectrum showed mejor peaks av 9.0 and 9.2 p. Removal of the solvent
from a similarly preparec. soluticn gave a slightly yellow liquid which gave
analytical data consistent with 2,2-propanediperchlorate.

Anal. Oaled for C.RO.C1 : O, 1567 H, 2.5, Poumd: C, 14.55; H, 2.72.
—= e

5

The lower layer contained a considerable amount of perchloric acid. When
the reaction was carried out with a stoichiometric amount of perchloric acid
using methylene chloride as the solvent, no separate layer formed but the seme
product was formed. The material could be distilled at 520 (0.1 mm), and the
nmr spectrum of the distillate wus identical with that of the chloroforu solu-
tion. DTA showed an exotherm starting at 850 with a peak at 1590, followed by
a sccond exotherm starting at 202O with explosion at 2500. The diperchlorate

was very sensitive to moisture, and drybox handling was required for analysis.

The same reaction took place with 2-bulanone and excess perchloric acid
in chloroform. A heavy liquid sevearated, and stripping the chloroiorm layer

gave a pale yellow liguid which analyzed as the diperchlorate.

Anal. Calcd for CMH8C1208: Cy 100k By 304, Fousd:r ), 1900: 7, 5.75,

2
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Preliminary screening experiments were conducted to determine if similar
reactions occur with aldehydes. The reaction of trioxane with perchloric acid
-n chloroform gave a solid precipitate, and the nmr spectrum of the chloroform
solution showed perchloric acid (6 9.86) and three singlets a* § 5.78, 5.73,
and 5.16 with relative areas of 10:2:1. The precipitate was partially soluble
in methylene chloride and the solution showed singlets at 65,74 and L4.66.
Butyraldehyde gave a separate liquid layer in tne perchloric acid reaction,
but the nmr spectrum cf the chloroform solution indicated that the reaction

was incomplete.
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Reactions of Fluorccarbamates
(V. Graksuskas)

The synthesis of N-chloro-N-fluorocarbamates and N-bromo-K-flucrocarba-
ru* 25 was reported several years ago.l The latter represents the only reported
compound containing bromine and fluorine on & nitrogen atom, and tfew organic
N-chloro-N-fluoramines derivatives are known. The chemical reactions of these
unique N¥ compounds have now been investigated as potential sources of simple

NF radicels and ions.

The additions of chlorourethane and dichlorourethane to cyclohexene were
report.ed2 1o give 2-chlorocyclohexylurethane and 2-chlorocyclohexyl-N-chloro-

urethane, respectively, by free radical mechanisms.

H
ClNHL0202H5 = ol |
: NHC02C2H5
Cl
C
l g12N002C2H5 H
ClC0202H5

Similar reactions of halofluorcocarbamates would involve fluorocarbamyl
radicals as intermediates. No NF radicals other than -NF2 have been identi-
fied previously.

Isopropyl chlorofluorocarbamate and isopropyl bromcfluorocarvamate re-
acted with cyclohexene to give 2-chlorocyclohexylfluorocarbamate and 2-bromo-

cyclohexylfluorocarbamate, respectively, in 85-95% yield:
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The reaction of bromofiuorocarbamate was instantaneous, and that of chloro-
fluorocarbamate required several hours for completion. In both cases small
amounts of isopropyl fluorocarbamate and isopropyi N-cyclohexyl-N-fluorocarba-
mate were also formed. These sideproducts are suggestive of a free radical

chain mechanism rather tharn an ionic mechanism.

Further evidence for this pathway was obtained by using primary olefins
as substrates. An ionic mechanism involving positive bromine would result in
bromine in the terminal position, whereas a free radical chain mechanism with

°NF002R as the propagating species would give the reverse product. The latter
was observed.

Thus, l-hexene and isopropyl bromofluorocarbamate gave 1l-{N-carboiso-
prcpoxyfluoraminc)-2-bromohexane, Vinyl acetate and isopropyl chlorofluoro-
carbamate similarly gave a-chloro-f-(N-carboisopropoxyfluoramino)ethyl acetate.
These compounds were identified by elemental analysis, and the direction cf
addition was unequivocally demonstrated by nmr spectra. Ethyl vinyl eilher
elso gave 1:1 adducts with the bromofluoro and calorofluorocarbamates, but
the fluorine nmr spectra of both showed "doublets" at ¢ b7, I = 15.5 cps. The
products do not appear to be the reverse adducts because the fluorine gpectrum
of EtOCH(CH3)NF002Et is a doublet at @ 96.3, J = 33 cps.l The above "doublets"

are interpreted as the center members of AB quartets in the structure,
*
R'OCHXCHENFCOER.

Since the creation of a positive charge, but not of a free radical,
adjacent to a carbonyl is very unfavorable,3 acrylates can be used as diagnos-
tiec substrates for the mechanism of additions of nitrogen-halogen compounds to
olefins. Isopropyi bromofluorocarbamate reacted with ethyl acrylate and with
methyl acrylate to give ethyl and methyl a-bromo-g-(N-carboisopropoxyfluoro-
amino)propionate, respectively. Traces of N-carboethoxy-N-fluoro-f-amino-
propionates were also formed by hydrogen abstraction. The bromofluorocarba-
mate also reacted with methyl methacrylate to give methyl a-bromo-x-methyl-

B (N-carboiscpropoxyfluoroamino )propionate, with methyl crotonate to give methyl
a-bromo-B-(N-carboisopropoxyfluoramino)butyrate, and with acrylonitrile to
give a-bromo-B-(N-carboisopropoxyfluoramino)propionitrile, all in essentially

quantitative yields.

8
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The direction of addition was consistent with a free radical chain
mechanism in wnich the fluoraminocarboalkoxyl radical adds to the olefins to
give the most stable adduct radical. The latter can then abstract bromine
from the starting raterial to give the primary product. Side reactions in-

volve hydrogen ahstraction by the radical intermediates.
Is + KRPOO R ==Yl 4 'NFCOER

’ 1
Pal 4 “NFCOR ——= - :C—C—NFCO R
L

VAR 2
oRel t 1
XNFCO.R + - C-C-NFCO, R — X-C-C-NFCO.R + -NFCO R
2 e 2 ot 2 2
t (B0 ' ]
-C-H + .C-C-NFCO_R —— -C- + HC-C-NFCGC_R
: LS 2 'v =k 2
-C-H + -VFCOER e (0 B HNFCOeR
t t

The fluoraminncarboalkoxy radical would be expected to be a resonating
species with reactive sites at the nitrogen and the oxygen:
o-
t
FN=C-0-R

-NFCOER

The addition of halofluorocarbamates to cyclopentene provided evidence for re-
action at the oxygen site. The products of these reactions, employing either
chlorofluorocarbamate or bromofluorocarbamate, analyzed for the expected iso-
propyl 2-halocyclopentylfluorocarbamates and the y? :lds in both cases were
practically quantitative. The fluorine nmr spectrum of the iscpropyl chloro-
fluorocarbamate adduct consisted of a doublet at ¢ 83.4, J = 42.5 cps, and two
weaker singlets of 8L.6 and 87.0. The combined relative area of the singlets
amounted to 5-10% of the total. The doublet is as expected for isopropyl 2-
chlorocyclopentylfluorocarbamate, and the two singlets are assignable to the
syn and anti isomers of 2-chlorocyclopentyl isopropyl fluoriminocarbonates.
Syn and anti n-butyl methyl fluoriminocarbonates were reported

by Stevens5 to give signals at ¢ 89.6 and 90.0. The infrared spectra of the
fluorocarbamate-cyclopentene products exhibited characteristic carbamate C=0
absorption peaks at 5.70 and 5.81 p, and also a relatively intense peak at

6.16 1 assigned to FN=C . Stevens' fluoriminocarbonates absorbed at 6.15-
6.20 u.6
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"'X / OC3H7
+ XNFCO C H — + NF=C
N
—H 0,

H-—
X
syn and anti

Isopropyl bromofluorocarbamate reacted with cyclohexane as a free radi-
cal brominating agent; bromocyclchexane and isopropyl fluorocarbamate were ob-
tained in 92-93% yield. The following mechanism, which is analogous to that

of the reaction of bromine with cyclohexaneT, is proposed.

BrNFCO C H7 e e PR 'NFCO2C5H7

H
+ ~NF002C3H7 e O + NHFC02C5H7
H

+ BrNFCC_C S + *NFCO C Hq
5t O 2557
C

Isopropyl chlorofluorocarbamate and bromofluorocarbamate reacted slowly

with ethanol at ambient temperature. The bromofluorocarbamate reaction product
was characterized as diisopropyl 2-bromoethylidinedizarbamate by elemental
analysis and nmr spectra. The multi-step reaction apparentiy proceeded by the

following free-radical mechanism:
BrNFCO C H7 —Bre+ + 'NFC02C3H7

@ .
CHCH,0H + *NSCO,C.H, ——»[cn CHOH ] + NHFCOC, .

CH,lHOH | + BrNFCO oCall, === | CH cmaron + *NFCO_C
30K | ) oC3thy

ICHicﬁBrOH] —n———-CHBCHO + HBr
(cont.)

10
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NHFZO, C H, + HBr ——= NH COEC-H

D R
Lty . j7+1/<_13L

2

CHBCHO + Br,a ———-"BrCHECHO + HBr

}i—i- o4
BrCH,CHO + zmgc020537 —L—l>BrChECH(NH00205H7)?

This mechanism involves bromination of ethanol and elimination of HBr to give
acetaldehyde. Hydrogen bromide was shown in a separate test-tube experiment
to reduce isopronryl fluorocarbamate to isopropyl carbamate, and the liberated
bromine is consumed in the bromination of acetaldehyde to bromoacetaldehyde.
The condensation between the aldehyde and two moles of the carbamate has been
reported8. The analogous reaction of isopropyl chlcrofluorocarbamate yielded
isopropyl fluorocarbamate. In this case the reaction proceeded by the first
four steps of the above proposed mechanism. Chloride, unlike bromide, is not
oxidized by fluorocarbamates and therefore 1luorocarbamate was the end product

in this reaction.

The work cn the reactions of mercury nitroform9, and more recently the
synthesis and reactions of bi.s(dinitrofluoromethyl)nercury10 suggested that
fluorocarbamates might give the analogous mercury derivatives. Accordingly,
following the procedure empl- yed in the synthesis ot bis(fluorodinitromethyl)-
mercury, moist mercuric oxide was reacted with two moles of isopropyl fluoro-
carbamate to give a white micro-crystalline solid which was identified as

bis(carboisopropoxyfluoramino )mercury:

2 1\1}1}*c02c3ﬂ,r + Hg0 —Et—z—o——Hg(l\uvcoe%ﬂ7 )2
The compound was characterized by elemental analysis and nmur spectra. The
proton spectrum consisted of a septet and a doublet for the isopropyl group,
and the fluorine spectrum exhibited a broadened signal at @ 68.9. The compound
is soluble in organic solvents and stable at rooam temperature. It melts with
decomposition of 156-70. Its differential thermal analysis exhibited an endo-

thern of 134%, followed by o sherp exhothern (peak at 150°).

11
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An isomeric structure involving mercury-oxygen bonding cammnot be ruled
out.
oc{ =NF)005H?
Hg

X

OC(=NF)OCBH7

Bis(carboisopropoxyfluoramino)mercury represents the first reported

metal-NF compound and a study of its reactions has been initiated. In a man-

ner analogous to the reported reacticms of bis(trinitromethyl)mer:uryle,

bis(carboisopropoxyfluoramino Jmercury reacted with cyclohexene to give the
insertion product:

Hg(NFCOC,H,) + 2 et Bt NFCO2CBH7
2 ~ 7 2 \

NFCOQC5HT

The reaction was slow at 25° (4 days) and the product was only moderately

stable at room temperature. Bis(carboisopropoxyfluoramino)mercury reacted

more slowly with hexene-l. The reaction required 8 days ané gave the 1:1 in-

sertion product, carboisopropoxyfluoramino—2(carboisopropoxyfluoramino)hexyl-
mercury:

NFCO,_C_H
2370

Hg{NFCO_C + C)H.CH=CH_ —H

N\

CH2?HNFCO2C
CMH

H
B

g

The compound was characterized by elemental analysis. Its fluorine nmr spec-

trum consisted of two symmetrically superimposed signals at ¢ Sfneic 8 doupilet,

Jgp = 375 cps, and a 1.1¢1 criplet, JNF = 243 cps, assigned to — CHNF — and

12
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— HgNF — fluorines, respectively. The JHF of the doublet is typical for

~CF— configuration eliminating the po- sibility of —OC(=NF)O~ bonding. The
X-F coupling of the -HgNF— fluorine seems to be consistent with the observed
very broad signal of bis(carboisopropoxyfluoramino)mercury, which, too, might

resolve into a 1:1:1 triplet at a lower temperature.

The above reactions of bis(carboisopropoxyfluoramino)mercury indicate
broad utility in the synthesis of NF compounds.

13
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Experimental

Isopropyl N-Chloro-N-fluorocarbamate. - To a stirred solution of 4.0 g

(0.1 mol) of sodium hydroxide in 100 ml of ice-water at 0° was added 12.1 g
(0.1 mol) of isopropyl N-fluorocarbamate and the resulting solution was chlori-
nated at 0-50 (15 min) with gaseous chlorine until the mixture became slightly
acidic (pH 5-6). The water-insoluble liquid was extracted with 75 ml of
methylene chloride and the extract was distilled to give 10.2 g (66% yield) of

isopropyl N-chloro-N-fluorocarbamate, bp h20/25 mm.

Anal. Calcd for ChHTNFClOQ: SERC T S s SR e TR e
g, T B bR, 064 P, 23,8,

The proton nmr spectrum in carbon tetrachloride exhibited a septet at
6§ 5.11, J = 6.2 ¢ps, and a doublet at 1.kl, J = 6.2 cps. The fluorine spec-

trum consisted of a broadened singlet at @ -2.56.

Further distillation gave 1.7 g of diisopropyl N-fluoriminodicarboxylate
(15.4% yield), bp 68-69°/0.2 um (reported15 bp 68°/0.2 um).

Isopropyl N-Bromo-N-fluorocarbamate. - The above procedure using 16.0 g

(0.1 mol) of bromine instead of chlorine, gave 15.1 g (76% yield) of isovropyl
[=2
N-bromo-N-fluorocarbamate, an orange-red liquid, bp 27°/0.05 mm, nDe’ 1.4365.
Angl. Celed for CHNFBrO,: C, 24.0; H, 3.5; N, 7.0; F, 9.5, Found:
G, a2l 355 W, 6575 F, 8.9,
The proton nmr spectrum in carbon tetrachloride showed a septet at

8§ 5.09, J = 6.2 cps and a doublet at 1.41, J = 6.2 cps. The fluorine spectrum
exhibited a broadened singlet at ¢ 5.52.

Isopropyl N,N-Dibromocarbamate. - To a stirred cold (0-7°) solution of

4.0 g (0.1 mol) of sodium hydroxide and 5.15 g (0.09 mol) of isopropyl carba-
mate was added dropwise witi cooling 16.0 g (0.1 mol) of bromine (10 min). A
bright-yellow solid was filtered and washed with three 30 ml portions of ice-
water. Crystallization from carbon tetrachloride gave 6.5 g of isopropyl N,N-
dibromocarbamate, mp 66-67° (50% yield).

1k
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Ansl. Calcd for CMH
Jalis 2555 Ay T Bace

7NBr202: ¢, 18.% H, 2.7; B, 5.4. TFound: ©, 18.5;

The proton nmr spectrum in CDCl,-carbon tetrachloride mixture consisted

3
of a septet at §4.92, J = 6.2 cps; and a doublet at 1.34, J = 6.2 cps.
1-Bromo-2-(N-carbcisor ropoxyflvoranino )eyclohexane. - To 4.0 g (0.05 mol)
¢ cyclohexene was sdded at 25° 1.0 g (0.005 mol) of isopropyl bromofluoro-

carbamate. In 20-30 sec, the orange-yellow reaction mixture heated to 60-65°

and turned colorless. After a few minutes the exothermic reaction subsided,
and after 15 min the solution was distilled to give 1.35 g (95% yield) of 1-
5romo-2- (N-carboivopropoxyfluoramino Jeyclohexane, colorless liquid, bp 93-94°/
0.025 am.

Anal. Caled for C,H.. Br0,: C, 42.6; H, 6.0; N, 5.0; F, 6.7. Found:

G Rl B 6.0 0 Nty B,°6.5:

the proton nmr spectrum in carbon tetrachloride consisted of a septet at
8 4,90, J = 6.1 cps, fer —CE(CH5)2’ a complex superposition of multiplets
centered at 256 cps representing two methine protons of the cyclohexane ring,
a superposition of multiplets centered at 110 cps for methylene groups, and
a doublet at § 1.43, J = 6.1 cps, for the two methyl groups. The fluorine spec-
trum exhibited three doublets at § 86.1, J = 29.5 cps, ¢ 93.8, J = 36.8 cps,
and ¢ 87.5, J = 31.2 cps with approximate relative area ratio of 0.9:1.0:0.1.

1-Chloro-2-(N-carboisopropoxyfluoramino)cyclohexane., - Following the

above procedure, the reaction of isopropyl chlorofluorocarbamate, 1.1 g
(0.007 mol), with cyclohexene (4.0 g) gave 1.45 g (86% yield) of l-chloro-2-
(N-carboisopropoxyfluoraminoe)cyclohexane, bp 81-820/0.025 mm, nD25 1.4600.

The reaction required 6-7 hours for completion.
Anal. Caled for ClOHl7NF0102: Cy 50.59; H, T:25 X 5:9:-7; 8.0+ koum;
€, 50.3; H, T.32; N, 5.5, F, T.7.

The proton nmr spectrum in carbon tetrachloride consisted of a septet of
§ 5.00, J = 6.2 cps, for —CH— of the iscpropyl group, a complex superposition
at multiplets centered at 250 cps for the two cyclchexyl methine protons, a
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complex multiplet at 110 cps for the four CH2 groups of the cyclohexane ring,
and a superimzosed doublet at 1.32, J = 6.2 cps, for the isopropyl mechyl
groups. The fluorine spectrum exhibited three doublets at ¢ 85.7, & = 30.3 cps,
¢ 9k.1, J = 36.6 cps, and $ 87.5, with spproximate relative areas of 3:10:0.5.
The first two doublets were assigned to cis and trans adducts. The weak doub-

let at ¢ 87.5 was assigned to isopropyl cyclohexylfluorocarbamate.

The fluorine nmr spectrum of ethyl N-cyclohexyl-N-fluorocarbamatel ex-
hibited a doublet at @ 92.1, Jgp = 37.2 cps.

l-(N-Carboisopropoxyfluoramino)-2-bromohexane. - Isopropyl bromofluoro-
carbamate, 1.0 g (0.005 mol) was added to 4.0 g (0.047 mol) of hexene-l. Yo

visible reaction. The solution was warmed at 45-48° for 45 min, during which

time the orange-yellow color of the carbamate was completely "bleached.” The

reaction mixture was distilled to give 1.325 g (95% yield) of 1-(N-carboisopro-
poxyfluoramino)-2-bromohexane, colorless liquid, bp 720/0.025 mm.

Anal. Calcd for ClOHl9NFBrO gt et N b o8 B 6T, Folal:

¢, 4.0y B, 6.7 X, %80 F, 6.9.

The proton nmr spectrum in carbon tetrachloride consisted of a septet at
§ 5.01, J = 6.2 cps, for —CH(CHB) , superimposed multiplets at 256 cps for
—CHBr— and one proton of —CH = adgacent to the asymmetric carbon, the other
leg of the AB pattern at 227 cps for the other proton of the —CHé— group ad-
Jjacent to the asymmetric carbon, & complex superposition of patterns between
125 and 80 cps for the remaining CH2 groups, a doublet at 1.33, J = 6.2 cps,
for -CH(C§5) , and a distorted triplet at 0.93 for CH3° The fluorine spectrum
exhibited a distcrted triplet at ¢ 65.9, JHF = 33.0 cps. A minute doublet at
¢ 96.3, JHF = 36,5 cps, was attributed to a small amount of isopropyl n-hexyl-

fluorocarbamate.

Isopropyl N-Fluoro-N-(2-bromo-2-ethoxy)ethylcarbamate. - To a siirred
solution of 0.8 g (0.011 mol) of ethyl vinyl ether in 30 ml of methylene chlo-

ride was added dropwise at 250 over a period of 3 min 2.0 g (0.01 mol) of iso-
propyl bromofluorocarbamate. The orange-red color of the carbamate was dis-

charged instantaneously and the reaction temperature increased to 3&-590 at
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the end of the addition. After a few minutes, the reaction mixture was dis-
tilled to give 2.7 g (100% yield) of isopropyl N-fluoro-N-(2-bromo-2-ethoxy)-
ethylearbamate, bp 67-68°/0.05 ma, nD22 1.4ks0.

Anal. Calcd for C8H15NFBr03: C, 35.3; H, 5.5; N, 5.2; F, 7.0. Found:
C, 35.1; H, 5-65 N, 5.3; F, 7.1.

The infrared spectrum consisted of the following peaks (u): 3.37(m);
3.41(m); 3.46(sh); 5.68(s); 5.81(s); 6.11(vw); 6.84{m); 6.90(m); T7.02(m};
7.15(sh); 7.22(8H); 7.30(s); 7.71(s): 7.85(sh); 8.12(m); 8.44(m); 8.65(sh);
9.08(s); 9.45(s); 11.02(s); 11.95(m); 13.15(w); 14.55(w); and 14.95(w).

The proton nmr spectrum in carbon tetrachloride consisted of a multiplet
(AB pattern ?) at §5.6, superposition of —QH(CHB) on other multiplets at 5.1,
superposition of two quartets of —O_QHECH5 at 3.7, a multiplet at 3.6, a doub-
let at 1.%5, J = 6.2 cps, for -CH(Q§5)?, and a triplet at 1.21, J = 7.3 cps,
for -CH(Q§5)2. The fluorine spectrum exhibited a doublet at § 47.0, I =
15.5 cps, and a minute doublet at 58.A, Jgp = 35 cps.

Isopropyl N-Fluoro-N-(2-Chloro-2-ethoxy)ethylcarbamate. - The reaction
of isopropyl chlorofluorocarbamate, 1.56 g (0.0l mol), with 0.72 g (0.01 mol)
of ethyl vinyl ether, following the above procedure, gave 2.0 g (88% yield) of

isopropyl N-fluoro-N-(2-chloro-2-ethoxy)ethylcarbamate, colorless liquid,
= o]
bp 57-58°/0.05 um, nD22 142065,

Anal. Caled for CgH NFC10 c, ko.2; H, 6.6; N, 6.2; F, 8.k, Found:
Anal 5

£, 52.0; B, 6.0 ¥ . 6.1 2, 8.3.3
The proton nmr spectium in carbon tetrachloride consisied of a multiplet
at §5.6 (AB pattern ?), a septet at 5.07, J = 6.2 cps, for _QE(CH3)2 superim-
posed on another multiplet, a double quartet at 3.7 for —oggECHB, a distorted
"doublet" (?) at 3.7, a doublet at 1.35, J = 6.2 cps, for —CH(Q§5)2, and a
triplet at 1.22, J = 7.3 cps, for ‘OCH29§5' The fluorine spectrum exhibited a
doublet of ¢ 4T.3, JHF = 15.8 cps, and five other very weak signals attributed
to trace-amounts of gide-reaction products: twou X portions of ABX patterns
at ¢ 34.3 and 35.2, a singlet at 4.16, a doublet, J ¥ 20 cps at 45.8, and a
doublet, J ¥ 30 cps at 58.7.

17




g

i e o A ] A P R im0 B

s s

i . e i B o R

Report No. 5015-2

1-r’hloro-2-(N-carboisopropoxy-N-fluoramino)ethyl Acetate. - A sclution

of 0.86 g (0.01 mol) of vinyl acetate and 1.96 g (0.01 mol) of isopropyl
chloroflucrocarbamate in 20 ml of methylene chloride was allowed to stand at
25 for 4 days. Hydroquinone, the polymerizavicn inhibitor in the acetate was
not removed and air was not excluded. The reaction mixture was distilled to
give 1.0 g of unreacted isopropyl chlorofluorocarbamate, bp 42°/25 mm (644 re-
covery) and 0.65 g (T7% yield) of i-chloro-2-(N-carboisopropoxy-N-fluoramino)-
ethyl acetate, bp 770/0.05 mm.

Anal. Cslcd for CSH:L}NFCIO SO S00N T, S0 W 5.8 F,o 7.8 Found:

5
c, 39.7; H, 5.6; N, 6.0; F, 8.0.

The fluorine nmr spectrum in carbon tetrachloride exhibited a six-line
pattern at ¢ 66.9, the X portion of ABX quartet with the separation of outer
wings from the center by %0.6 cps and inner (alwost superimposed) wings by
1.5 cps. A weak doublet at ¢ 116.3, J = 55 cps, was exhibited by a trace-

amount of isoprooyl fluorocarpraate.

Ethyl a-Bromo-8-(N-carboisopropoxyfluoramino)propionate. - A solution of
1.0 g (0.01 mol) of ethyl acrylate* and 1.15 g (0.0058 mol) of isopropyl bromo-

fluorocarbamate 15 ml of methylene chloride was allowed to stand at room tem-

perature (air and light not excluded) for 8 days, until the orange-red color
of the carbamate was completely "bleached." The mixture was distilled to give
0.95 g of ethyl a-bromo-B-(N-carboisopropoxyfluoramino)propionate, bp 95-960/
0.05 mm, nDa2 1.4435,

Anal. Calcd for C H 5NFBrOLL c, 36.0; H, 5.0; N, 4.7; F, 6.3. Found:
G, BT -B 5Ly s 9, T, 6.6.

The proton nmr spectrum in carbon tetrachloride consisted of a septet at
8 5:02, 4 = 6.5 eps; for _CE(CH3)Q’ complex wultiplets at 5.0 and 4.5, a quartet
at 4.25, J = 7.2 cps, for —OCHQCHg, a triplet at 1.%0 for —OCH CH and a doub-
let at 1.34 for —CH(CH ) « The fluorine spectrum exhibited a complex three-
membered multiplet at ¢ 56 8 cps, with outer winges ~31 cps from the center.

*
Stabilized with 0.02% of MEHQ.
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Other three very weak sigpals, a triplet at ¢ 62.7, J = 32.0 cps, a triplet at
T35.4, J = 29.2 cps, and a doublet at 82.7, J = 36.7 cps, were also present in
the spectrur.

Methyl a-Bromo-3-(N-carboisopropoxyfluoramino)propionate. - The abcve
procedure using 0.96 g (0.011 mol) of freshly distilled methyl acrylate and
2.0 ¢ (0.01 mol) of isopropyl N-bromo-N-fluorocarbamate gave 1.6 g of methyl

-bromo-g -(N-carboisopropoxyfluoramino)propionate, colorless liquid, bp 83°/
0.1 om.

Anal. Caled for CgH)NFBrO): C, 33.6; H, 4.6; N, 4.9; ¥, 6.6. Found:
Gy 3500 0. 565K, 5.2, F, 6.65

The proton nmr spectrum in carbon tetrachloride consisted of a septet at
§'5.05, J = 6.2 cpu, for —QE(CH3)2’ a complex AP pattern at 4.8 superimposed
on the above signal, a multiplet at 4.8 for —CHBr— (superimposed), a singlet

t 3.82 for OCH3 (superimposed on an unidentified multiplet), and a doublet at
sl FoL —CH(CHB) . The fluorine spectrum consisted of a complex three-legged
multiplet at 3_37.1, with outer winges at 31 cps from the center. As It was
the case with ethyl acrylate product, the material contained small amounts of
contaminants exhibiting weal signals at @ 62.9 (triplet, J = 30.2 cps), 73.0
(triplet, J ¥ 30 cps), and €3.1 (doublet, J ¥ 35 cps).

Methyl a-Bromo-a-methyl-f-{N-carboisopropoxyfiuoramino)propionate. - A
solution of 1.0 g (0.01 mol) of methyl methacrylate and 2.0 g (0.01 mol) of

isopropyl bromofluorocarbamate in 15 ml of methylene chloride was allowed to

stand at 25° until the orange-yellow color of the carbamate was "bleached"
(18 hrs). The reaction mixture was not protected rrom light and air. The
solution was distilled to give 2.95 g (98% yield) of methyl a-bromo-ci-methyl-
B-(N—carboisopropoxyfluoramino)propionate, colorless ligquid, bp 79-800/0.05 mm,
nDFQ 1.4530.

Anal. Caled for C H SNFBrOh €, 3605 B 5.05 N, W3t B, 6.0 Pound:
C, 357 B LY, 8 F, 6.5k,
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The prcton nmr specirum in carbon tetrachloride consisted of a septet at
8 5.05, J = 6.0 cpe, for _CE(CH5)2 protons, a low-field AB portion of ABX pat-
tern at 4.62 and high-field AB portion cf the same pattern at 4.05 for the
methylene group, a singlet at 3.81 for —OCH5, a broadened singlet at 1.95 for
the methyl zroup, and a doublet, J = 6.0 cps, at 1.34 for —CH(CH ). The
fluorine spectrur consisted of a four-line signal, the X portson of ABX pat-
tern at @ 58.9. (Outer members separated by 2.6 cps; spacing between center
and outer members = 32.9 cps.)

Methyl a-Bromo-g-(N-carboisopropoxyfluoramine)butyrate. - Following the
above procedure, methyl crotonate, 0.5 g (0.005 mol), and isopropyl. bromo-
fluorocarbamate, 1.0 g (0.005 mol) gave (8L hrs at 25°) 1.4 g (93% yield) of
methyl a-bromo-B-(N-carboisopropoxyfluoramino)butyrate, colorless liquid,
bp 81-82°/0.05 mm.

Anal. Caled for C H 5m«“mo Cr 2ba05iie; 500 N L. T T 6.5, Found;
C, 35.T; H, 5.0; N, L. 5, » 6.3,

The proton nmr spectrum in carbon sstrachloride consisted of a septet at
n§ 5.04, J = 6.3 cps, for —CH(CH ) , a multiplet centered at 4.6 for —CHF—
partially superimposed over —CH(CH5) and ~CHEr—|, a doublet at 4.4 for —CHBr-
(superimposed on —CH~ quartet), two very closely spaced singlets at 3.8 for
5, and doublets of the three methyl groups at 1.76. The fluorine spectrum
exhibited two doublets at @ 4k4.8, Jip = 19 cps, and 46.3, Iyp = 20.6 cps, of
approximate relative area ratio of 1:3, respectively, assigned to two enantio-

morphs of the compound.

0-Bromo-B - (N-carboisopropoxyfluoramino )propionitrile. - A solution of
0.3 g (0.0057 wol) of acryloaitrile and 1.0 g (0.005 mol) of isopropyl bromo-

fluorocarbamate in 8 ml of methylene chloride was allowed to stand at 250 for
16 hrs. The colorless solution was distilled to give 1.2 g (95% yield) of a-
bromo-B-(N-carboisopropoxyfluoramino )propionitrile, bp 81°/0.05 mm, nD22 1.5%610,

Anal. Caled for 0731 N FBrO €, 552 %, 1,05 8, 11,13 P, 7.5, Found:
G, SRt He 5000 0.0 T, 76.
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The proton numr spectrum in carbon tetrachloride consisted of a septet
at §5.06, Ty = 6.1 cps, for the methine proton of the isopropyl group, the
low-field AB portion (scewed doutlet, J = 6.7 cps) of ABX pattern at 4.7 for
—CHRr—, the pigh-field AB portion of the same pattern at 4.00, and a douulet
at 1.37 Pox —CH(C§5)9, Ton = 6.1 cps. The flnorine spectrum exhibited a sig-
nal at ¢ 05.5, & three-legged X portion of ABX pattern with center members

superimposed and outer members separated from the center by 30.6 cps.

Reaction of Isopropyl Bromofluorocarbamate with Cyclopentene. - To a

solution of 0.4 g (0.0051 mol) of cyclopenteme in 25 ml of methylene chloride
at 250 was added 1.0 g (0.005 mol) of isopropyl bromofluorocarbamate. In a
few seconds the reaction mixture began to warm and was cooled to keep its tem-
perature at 250 - 300. In ca i0 min the orange-yellow reaction mixture turned
colorless and was distilled to give 1.25 g of colorless liquid, bp 75-770/

U.05 mm; no distillation residue.

Anal. Celcd for 09H15NBrF02: c, b0.3; H, 5.6; N, 5.2; F, 7T.1. Found:
G HOBT-R, 5.5 B 5.0, F.3,

The proton nmr spectrum in carbon tetrachloride consisted of a septet
at 65.02, J = 6.2 ¢cps, for —CE(CH5)2, a multiplet centered at 4.6 | partially
superimposed by —CHBr— and —CE(CH5)2 signalsl for ~CHNF-, a multiplet at 4.3
for ~CHBr—, a multiplet at 1.91 for the three —CH2— groups, and a doublet at
1,34, J = 6.2 cps, for —CH(C§3) . The fluorine spectrum exhibited a doublet
at ¢ 88.8, Jgp = 43.4 cps. Two singlete at $ 84.7T and 87.0, with combined
area amounting to ca 15% of the doublet, were assigned to syn and anti isomers

of 2-bromocyclohexyl isoprcopyl fluoriminccarbonate.

Reaction of Isopropyl Chlorofluorocarbamate with Cyclopentene. - Follow-

ing the above procedure, isopropyl chlorofluorocarbamate, 3.1 g (0.02 mol),
was reacted with cyclopentene, 1.5 g (0.022 mol) in 20 ml of methylene chloride.
The reaction was slow and required 3 to U4 days for completion. The mixture was

distilled to give 3.9 g of colorless liquid, bp 65-67°/o.05 mm.

Anal. Calcd for C9H15NF0102: 05 9.5 B 6T M 6.5, 8.5:; Fowma:

O, W7.95-H, 660, 6:5; ¥, 8.3
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The infrared spectrum consisted cf the following peaks (u): 3.38(s);
3.59(w); 5.70(s); 2.cuis); 6.17(m); 6.85(m); 6.91(w); 7.20(sh); T.22(m);
1.29(s); T7.60-7.90(s; broad); 8.46(m); B.73(m); 9.05(s); 9.32(m); 9.70(m);
0,90(sh); 10.50(sh); 10.15-10.30(w; broad); 11.04(w); 12.0(m) and 12.90(w).

The proton nmr spectrum in carbon tetrachloride consisted of a septet at
§ 5.03, J = 6.2 cps, for —CE(CHB)Q’ a multiplet at ca L.6 for —CHNF—, a multi-
plet at 4.3 for —CHC1l—, a multiplet at 1.9 for the three methylene groups of
cyclopentane ring, and a doublet at 1.32, J = 6.1 cps, for —CH(C§5) . The
spectrun also =xhibited another weak doublet at 1.34., The fliorine spectrum
showed a doublet at § 88.L, Jgp = 42.5 cps. Two weak singlets at ¢ 8L.6 anil
87.C, were assigned to syn and anti isomers at 2-chlorocyclopentyl isopropyl
fluoriminocarhonate. The relative combined area of these two signuls amounted
to ca 5-10% of the § 88.4 signal.

Reaction of Isopropyl N-Bromo-N-fluorocarbamate with Cyclohexsne. - A

soluticn of 2.7 g (0.0135 mol) of isopropyl bromofluorocarbamste in %5 ml of
cyclob .ane (spectro grade) was allowed to stand at 25° for 18 hrs dur ing
which time the orange-yellow solution turnec colorless. The reaction mixture
was not protected from air and light. The solution wes distilled to give
2.05 g of bromocyclohexane, bp 57-58°/20 mm (93% yield), identified by its
infrared spectrum,lh and 1.5 g of isopropyl N-fluorocarbamate (92% yield),

bp 29-300, also identified by infrared spectrum.l

Reaction if Isopropyl N-Bromo-N-fluorocarbamate with Ethanol. - Iso-
propyl N-bromo-N-fluorocarbamate, 5.0 g (0.025 mol), was added to 45 ml of ab-

solute ethanol at 250. A mildly exothermic reaction tooh place and the reac-
tion mixture warmed by itself to 550 in 10 min. At the same time, the color
of the solution intensified from pale-yellow to deep orange-red. The reaction
mixture was cooled to 250 and allowed to stand at this temperature until it
became colorless (6 days). The solution was evaporated to dryness to leave
3.8 g of a white solid. The material was recrystallized from methanol-water

mixture to give 3.5 g of diiscpropyl bromoethylidinedizarbamete, mp 166-167°.
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Anal. Calcd for 010519N23r°h’ C, 5B.6; B, 6.1; ¥, 9.0. Pound: C, 38.4;
.65 % 9.0,

The proton nmr spectrum in d6-acetone consisted of a broadened singlet
at 8 6,6 for the -NH—- protons, an irregular quintet at 5.39 for BrCHqu—, a
septet at 4,87, J = 6.3 cps, for the two methine protons of the isopropyl
groups, a doublet at 3.68, J = 6.8 cps, for BrCH,, and a doublet at 1.22,
J = 6.3 cps, for the four methyl groups.

Reaction Between Isopropyl Chlorofluorocarbamate and Ethanol. - To 35 ml
of absolute ethanol at 25° was added 3.5 g (0.0225 mol) of isopropyl chioro-

fluorocarbamate. After 7-8 min the reaction mixture began to warm and heated

by itself to 75-800 in a matter of a few minutes. The exothermic resaction was
over in 5-8 min. The reaction mixture was distilled to give 2.2 g of iso-
propyl N-fluorocarbamate, bp 30°/0.1 mm (81% yield) identified by comparing

its proton nmr spectrum with that of authentic material.

Bis(MN-Carboisopropoxy-N-fluoramino)mercury. - To a solution of 6.1 g

(0.05 mol) ~f isopropyl fluorocarbamate in 170 wl of moist ether (17C ml of
anhydrous ether + 1 ml of water) was added 5.0 g (0.023 wol) of yellow mercuric
oxide (powder) and the mixture vas stirred at 25°. After a few hours, the re-
action mixture began to deposit some white solida, and the orange-red color of
the mixture was gradually "bleached." After 16 hrs, the reaction mixture was
filtered and the orange-red filter cake was washed with 50 ml of diethyl ether.
The combined filtrate and washings were evaporated to dryaess to give 3.5 g of
white sclid which was crystallized from chloroform to give 2.9 g of bis(N-carbo-
isopropoxy-N-fluoramino )mercury, mp 136-7°(d@). The differential thermal analy-

sis showed an endctherm at 134° followed by a sharp exotherm.

Anal. Caled for CSH
Ss Plabs B, 2.0 K, 6.4

th?F oIH?: €y 2l U a2 M 6. T, 836, Tounds
1%
)

The proton nmr spectrum in CDCl, consisted of a septet at §5.08, J =

2
6.2 eps for —CH-, and a doublet at 1.34 for the methyl protons. The fluorine

sp2ctrum exhibited a very broad singlet at @ 88.9.
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The filter cake above contained mainly the bis-mercury compound contami-
nated with a small amount of unreacted mercuric oxide. The crude wmaterial was
treated with boiling chloroform and filtered to remove 0.7 g of HgO. Bis(N-

carboisopropoxy-N-fluoramino)mercury, 5.0 g, crystallized from the filtrate.

In another identical experiment, the reaction mixture was evaporated to
dryness at reduced pressure and the crude solid vas crystallized from chloro-

form to give the mercury ccmpound in 91% yield.

Bis 2-(Carboisopropoxyfluoramino)cyclohexylmercury. - A suspension of

0.5 g {0.00114 mol) of bis(N-carboisoprepoxy-N-fluoramino)mercury in 3.8 g of
cyclohexene was allowed to stand at 250. No visible reaction occurred for
several days, but a clear solution resulted after 4 days. No further cheanges
were noticed during the next several days. The reaction mixture was concen-
trated to remove the excess of cyclohexene to leave 0.7 g of bis 2-(carboiso-
propoxyfluoramino)cyclohexylmercury, colorless liquid, nD25 = 1.497C, which
was not further purified.

Anal. Calcd for CQOHBANQFQOhHg: G sl Sabn i, 6B, 6.5
Foubdy €7 40,1y B; 5:5; N, 3.9 F, 5.5

N-Carboisopropoxyfluoramino-2-(carboisopropoxyfluoramino))hexylmercury. -

A suspension of 0.8 g of bis(N-carboisopropoxyfluoramino)mercury in 15 ml of
hexene-l was allowed to stand at 250 for 8 days. No visible changes occurred
during the first 4-5 days. On the 6th day, it was notlced that ca 50% of the
mercury compound was dissolved, and at the end of the 8th day a clear and
colorless solution resulted. The solution was concentrated to remove unre-
acted hexene-l, and N-carboisopropoxyfluoramino-2-(N-carboisopropoxyfluoranino)-

hexylmercury was dried at MS-SOO/O.OS mn. The compound 0.95 g, was not further
purified.

Anal. Caled for Cth26N2F20qu: ety Qe Ns = e iR 26
Found: C, 33.0; H, 5.%3; N, 5.1; F, §

The fluorine nmr spectrum in carbon tetrachloride consisted of two super-
imposed signals at § U7.2: a triplet, IN-F = 243 cps, and a doublet, Igp =
37.5 cps, assigned to —Hg-NI'— and —CHNF— fluorines, respectively.
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APPENDIX A

Direct Fluorination of Ureas™

Vytautas Grakauskas and Kurt Baum

Contribution of the Environmental Systems Division
Aerojet-General Corporation, Azusa, California

ABSTRACT

Fluorourea and N, N-difluorourea were prepared by the direct fluori-
nation of aqueous solutions or acetonitrile suspensions of urea. Fluorourea
decomposed in aqueous solution to give azodicarbondiamide, and in the
presence of urea, biurea. Fluorourea reacted with sulfuric acid to give
fluorammonium ion, ammonium sulfite or hydrazine sulfate, depending on
reaction conditions. Properties of N, N-difluorourea are described. The
fluorination of alkylureas gave difluoraminoalkanes and N-alkyl-N', N'-
difluoroureas, showing that the second fluorination step takes place at the
same nitrogen as the first, whether a hydrogen or an acyl group is dis-
placed. The fluorination of cyclic N, N'-disubstituted ureas gave

w-(difluoraminc)isocyanates and carbamyl fluorides.
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The fluorination of solid urea was reported by Glemser and Lii'derna,nn2

to give biurea and HF. along with some NH3. COFZ, C()2 and biuret. Although

no NF compounds were identified, fluorourea was postulated to be an inter-
. 3.4 . et : :

mediate. Subsequently, Lawton, et al. identified N, N-difluorourea as

one cf the products of flucrination under similar conditions, as well as

CF4. (CF3)2NF. (CF3)3N, HNFZ’ and HCN. Less than a mole of fluorine

per mole of urea was used.

The fluorinationr of aqueous solutions of urea was found in the present
5 : ) :
work to be a more readily controllable reaction to produce N, N-difluoro-

urea. This solution fluorination technique has also been applied to car-

bamates, amide38 and aitronate salts. 9 The moderating effect of the

solvent allowed the use of two moles of fluorine, and a 74% yield of N, N-
difluorourea was isolated by ether extraction. N, N-Difluorourea was also

prepared by the flucrination of a suspension of urea in acetonitrile.

N, N-Difluorourea must be handled with caution, as it is a sensitive
expiosive and is toxic, but it is not changed on prolongecd storage at room
temperature. A sample was recovered almost quantitatively after 5 hrs in
toluene at 110°. The compound is a white solid, mp 41-41. 5° which was
1solated in twa crystalline forms, platelets by sublimation and needles by
crystallization from halogenated solvents. The plateiet form is hygroscopic
whereas the needle form is not affected b)_l atmospheric moisture. The
amino group of N, N-difluorourea is unreactive, and further fluorination

did not yield more highly fluorinated ureas. 0 No reaction took place in

A-2
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5 hrs between difluorourea and bromine in carbon tetrachloride at 60°.

The crude aqueous fluorination product containing N, N-difluoro-
urea (approximately 1M) and the byproduct, HF, can be stored for about
one week at 00 without noticeable decomposition, and for several months
frozen at -20°. This solution is hydrolyzed rapidly at 60-90° in the
presence of sulfuric acid, and this reagent has become a widely used

5,11-15

source of difluoramine. The reaction of the crude N, N-difluoro-

urea solution with base has also been reported to be a convenien: synthesis

method for difluorodiazine. :

The expected intermediate in the formation of N, N-difluorourea,
fluorourea, has not been isolated previously. With this objective an equi-
molar amount of fluorine was passed into an aqueous urea solution. Even
under these conditions, the major product was N, N-difluorourea, but a 20%
yield of fluorourea was isolated by extraction with ether and recrystalli-
zation from methylene chloride. Florourea is thus fluorinated more rapidly
than urea in aqueous solutions. Acetonitrile was also usec as a fluorination
solvent, with the advantages of allowing lower reaction temperatures an%
more convenient product isolation. The fluorination of a suspension of urea
in acetonitrile, using 0.6 mol of fluorine, thus gave a 53% vield of fluoro-

urea based on fluorine.
F

NH,CNH, + F, — 3 NH,CNHF + HF —2% 3 NH,CNF
L 5 2y dy o

O o O

Fluorourea is a white solid, mp 56-57°. The proton nmr spectrum in

B
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tetrahydrofuran consists of broad signals at $6.67 and 10. 66 (area ratio
2:1) and the fluorine signal (+34.22 from trifluoroacetic acid) also shows
no resolution. The lack of observable H-F coupling indicates that the

hydrogen adjacent to the fluorine is highly labile.

Solid fluorourea was stable to prolonged storage at -20°, but aqueous
solutions decomposed at ambient temperature, and an orange solid, identi-
fied as azodicarbondiamide began to deposit within 20 min. The same com-
pound was formed from fluorourea in refluxing ethanol. However aqueous
solutions of fluorourea with urea added gave no azodicarbondiamide, but,

rather, a white solid which was shown to be biurea.

FNHCNH, —————>» NH,C-N=N-CNH
2 2 2

il i .

o o o

N}-IZCONH2

» NH,C-NH-NH-CNH
2 s
o o
These reactions might take place by direct displacement of fluoride by the
nucleophiles, fluorourea and urea, respectively, or through a cationic inter-
mediate (or nitrene) resulting from initial loss of fluoride. The reaction of

fluorourea with urea is in accord with the postulation of Glemser and

Ludemann.

Fluorourea was also hydrolyzed with sulfuric acid, and the nature of
the reaction varied greatly with the experimental conditions. A large excess

of concentrated sulfuric acid at 40-50° gave fluor.mmonium ion, identified

A-h
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by its NMR spectrum. 44 However, when a 2:1 mole ratio of concentrated
sulfuric acid to fluorourea was used at 35°, hydrazine sulfate and ammonium
sulfite were isolated. At 40°, an otherwise similar reaction resulted in a
furne-off. The use of a large excess of 65% sulfuric acid at 60° also resulted
in the isolation of ammonium sulfite. Fluorourea reacted with ketones anad
aldehydes in the presence of sulfuric acid to give araides and nitriles, re-
spectively, the same products that were obtained from fluorammonium

16

salts.

The hydrolysis of fluorourea thus provides a reducing agent sufficiently
powerful to reduce sulfuric acid. Possible structures for this reducing agent
include fluoramine and its self-condensation product, diimide. It has been
reported, however, that diimide does not reduce oxidized sulfur compounds. i
Evidence has been presented that in the absence of an excess of strong acid,
flnorammonium salts can dissociate to a small extent, to fluoramine in
organic solvents. ok Since difluoramine can function as a reducing agent, L
fluoramine would be expected to be a strong reducing agent, but otker transient

species could be involved. The reduction of sulfuric acid was also reported

in the preparation of hydroxylamine from hydrazoic acid.

The formation of the hydrazine salt is an example of the Raschig reaction
which is unusual in that alkaline conditions are normally required. Hydrazine
has been produced from chlorourea and base but the mechanism is not

known. i ae
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Only one report of the fluorination of substituted ureas has appeared.
Banks, tlaseldine and Lﬂlul‘x’feported that the aqueous fluorination of N, N'-
dimethylurea gave difluoraminomethane and N-fluoro-N, N'-dimethylurea.
N, N!-Di:‘.thylurea gave the analogous products but trimethylurea yielded
only diflueraminomethane. Fluorinations of monosubstituted ureas have

not been reported previously.

Results of the aqueous fluorination of monosubstituted ureas and
cyclic disubstituted ureas in the present work are presented in Table I.
The fluorination of simple alkylureas yielded difluoraminoalkanes and
N—alkyl-Ni, N'-difluoroureas, and in the case of propylurea, the N-alkyl-
N-fluorourea, a solid, was also 1solated. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>