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CONFIDENTIAL 

Report No. 0235-01-15 

ABSTRACT 

5»5-Dinitro-2,2-bis(dlfluoraailno)hexane and. 5,5»5-trlnltro-2,2-bl8(difluora- 

mlno)pentaoe were prepared from the corresponding nltroketones and difluoramine 

in sulfuric acid under pressure. 

t-Butyldifluoramine was absorbed by sulfuric acid without gas evolution. 

Hydrolysis of the intermediate gave acetone quantitatively. 

DifluorantLne was added for the first time to a simple linear olefin 

(l-octene). 

Preliminary evidence was obtained suggesting the formation of t-butoxy- 

difluoramine from t-butylhydroperoxide and difluoramine. 

Ethyl N-fluorocarbamate reacted with aliphatic aldehydes in the presence of 

a trace of hydrochloric acid to give the corresponding monoadducts and diadducts. 

Adducts of ethyl N-fluorocarbamate and olefins (octene-1, ethyl vinyl ether, 

methyl acrylate) were also'prepared in the presence of mineral acids. 

Ihe reaction of ethyl N-fluorocarbamate with sulfuric acid gave an unstable 

compound that reacted with n-butyraldehyde to give n-butyronitrile, as would be 

expected for fluoramine. 

Aqueous fluorination of the butyraldehyde - ethyl N-fluorocarbamate 

diadduct resulted in the replacement of one of the carbethoxy groups by fluorine. 
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Report No. 0235-01-15 

I. IMTR0DUCTI0N 

•Rie objective of this program is to develop new methods of preparing high- 

energy materials of interest for military applications. IXiring this report 

period work was continued on the alkylation reactions of difluoramine and the 

aqueous fluorination reaction. A study of the reaction of fluorocarbamates with 

carbonyl and unsaturated compounds vas also initiated. 

II. TECHNICAL DISCUSSION 

A,   REACTIONS OF DIFLUORAMINE (K. Baum) 

1.   Discussion 

a.   Nitroketones 

Previous attempts to convert 5,5-dinitro-2-hexanone and 

5,5,5-trinitro-a-pentanone to the gem-difluoramines resulted only in the recovery 

of unchanged starting material.* 5-Nitro-2-hexanone, however, yielded 5-nitro- 

2,2-bis(difluoramino)-hexane, although a considerable amount of starting material 

was also recovered.** The sluggishness of this reaction suggested that the po]y- 

nitroketones might also react with difluoramine under more severe conditions. 

Difluoramine reactions have usually been carried out in 

these laboratories at atmospheric pressure at the reflux temperature of difluora- 

mine over sulfuric acid (-10 to -20OC). With this method, the reaction periods 

cannot conveniently be extended beyond 6 or 7 hours. In order to prolong the 

reaction time and also to permit the use of a higher temperature, glass pressure 

vessels with Fisher-Porter Teflon needle valves were used. 

* 
Aerojet-General Report No. 0255-01-10, Ik April 1961, p. 8 (Confidential). 

Aerojet-General Report No. 2099/ November 1961, p. 9 (Confidential). 
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II Technical Discussion, A (cont.) Report No. 0235-01-13 

5,5-Dinitro-2-hexanone was thus treated with an excess of 

difluoramlne in 100$ sulfuric Mid for 20 hours at ambient temperature. A solid 

product insoluble in the sulfuric add was formed; this insolubility allowed the 

convenient isolation of the product by physical separation. In the previous 

preparation of 5-nitro-2,2-bls(dlfluorainlno)liexane, on the other hand, a tedious 

column-chromatography purification was necessary because of the similarity of the 

properties of the starting material and the product. The melting point of the 

product from the dinitroketone, U70C, did not change after sublimation. Infrared 

and nuclear-magnetic-resonance (NMR) spectra (Figures 1 and 2, respectively) and 

elemental analysis were used to identify this material as 5,5-dinitro-2,2-bis(di- 

f luorainino)hexane: 

0 
I! 

NO, 
I 

HFc NO, 

CILCCHgCHgCCH, 

NO, 

--) C ILCCHgCHgCi 

NF« 

JOB, 

NO« 

The quenching of the sulfüric-acid solution with ice 

resulted in the recovery of kTf, of the original starting material. Thus, a longer 

reaction time is indicated for the optimum yield. 

The reaction of 5,5,5-trinitro-2-pentanone with difluora- 

mlne was attempted with the same apparatus used for the dinitroketone, and the 

reaction period was extended to 1*0 hours. The same course was followed. The 

product (rap h2 C) also was insoluble in concentrated sulfuric acid. It was 

identified as 5,5,5-trinitro-2,2-bis(difluoramino)pentane by means of its infrared 

and NMR spectra (Figures 3 and k,  respectively) and by elemental analysis: 

0 

CH3CCH2CH2C(N02)3 

NF2 

CH5CCH2CH2C(N02)3 

NF2 

The conversion amounted to 53^6, and approximately 10^. of the starting material 

was recovered from the acid layer. 

The NMR spectra are discussed IU the sections dealing with experimental results. 
H. M. Nelson carried out NMR analysis and interpretation. 

•   Page 2 
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In^Act stability and dlfferential-thermal-analysls (OTA) 

data for 5,5-dinitro-2,a-bls(dinuorainino)heÄne and 5,5,5-trlnitro-2,3-bls(dl- 

fluorafflino)-pentane are tabulated below. 

5.5-Dlnitro.2,2- 
bls(dlfluoranlno)hexane 

5,5,5-Trlnitro-2.2- 
bla(difluorainlDo)- 
pentane m 

Impact stability, cm/2 Kg 

100$ detonations 20 10 uo 
50$ detonations 16 6.8 28 

0$ detonation Ik 5 a 
o 

UTA exotherm, C 191 159 - 

These compounds are surprisingly stable when It is con- 

sidered .that 5,5,5-trlnitro-2,2-bis(difluoraailno)pentane is in almost the exact 

stoichiometric balance fo.- deconqposition to (30, HF, Ng, and HgO. The melting 

points are low enough for these materials to merit consideration as plasticizers 

for propellant formulations utilizing both o^gen and fluorine oxidizers. 

b.   Olefins 

The addition of difluoramine to single olefins has been 

accomplished only with exaiqples capable of forming tertiary carbonlum ions, such 

as isobutylene.  Attempts to extend this reaction to unbranched olefins have led 

only to decomposition. However, reliction at the terminal carbon resulted in the 

case of conjugated olefins, such as acrylic acid. 

The Isobutylene adduct, t-butyldlfluoramine, has been 

reported to be unstable in sulfurlc acid, yielding a mixture of acetone and 2- 

difluorainino-2-propanol. * The failure to form 2,2-bls(dlfluoramlno)propane 

in this reaction, despite a large excess of difluoramine, suggested that the 

*Rohm Sc Haas Company Report P-60-l8, l8 November i960, p. 22 (Confidential). 

Aerojet-General Report 0255-01-11, 1^ July 1961, p. 5 (Confidential). 

***AeroJet-General Report 2099, November I96I, p. 10 (Confidential). 
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acetone was not formed in the sulfurlc-acid solution, but rather was formed 

during the subsequent quenching with water. 

In order to test this hypothesis, a sanple of t-butyl- 

difluoramine was introduced into a bulb containing some sulfuric Mid. The 

pressure in the bulb began to decrease inmedlately after the t-butyldlfluoraodne 

was injected, becoming 85t of the theoretical value for a molar amount of perfect 

gas in k hours, and 5$ in 2 days. The quenching of the sulfuric acid with lee 

then gave a quantitative yield of acetone. Thus, a nonvolatile Intermediate is 

formed in the reaction of t-butyldifluoranlne with sulfuric add, and difluoramine 

is not liberated. 

A plausible intermediate for this reaction is 2-(difluor- 

amino)-2-roethyl-l-propanesulfonlc acid, which might be formed from the direct 

sulfonation of t-butyldifluoramine. Isobutylene, formed from the reversal of 

the difluoramine alkylatlon reaction, could also be sulfonated, followed by the 

alkylation of difluoramine: 

Hoso,.    fa 2 u v ^ - . 
CE3 

(CHjjCNFg —£-—>   CL - C - CH2S05H *  H,0 

(C:g3CNF2 I   0(0^)2 = CH2 + HNF2 

0(0^)2 = CH2      S   4> HOCCCHj^CH^H 

HNP fj 
f=*0c(aL)^ayD3H  ^ HP2C - CH2SO5H 

The hydrolysis of this sulfonic acid would yield methanesulfonic acid, difluor- 

amine, and acetone: 

ft        HpO 
NP2 - C - CH2S0 H £ ^ HNFg + (CH^CO + CH^SOJi 

OH, 

Page k 
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Sulfonation could also be the cause of the failure to form 

difluoramine adducts from simple unbranched olefins. An attest was therefore 

made to add difluoramine to 1-octene with only a catalytic amount of sulfUric 

acid; however, the unchanged starting material was recovered. In another 

attenpt, the olefin was added to a refluxing mixture of difluoramine and sulfuric 

acid, using the standard conditions, with the exception that as soon as the 

addition was finished, the mixture was poured over ice. In this experiment a 

9f> yield of difluorandnooctane was isolated, as well as a large amount of 
viscous, undistillable residue. Hie difluorandnooctane was Identified by means 

of its infrared spectrum (Figure 3) and elemental analysis. The yield should be 

iuqproved by a more rapid addition of the olefin to the HNF -HgSO^, using cooling. 

Because the NMR spectrum Is not yet available, the direction of addition is not 

established. It seems reasonable to expect the introduction of the difluoramino 

group to take place at the secondary position: 

HUF« 
CH^CHg^CH = CH2  H gg ) CH^CH^CHCHj 

2  k w2 

An additional example of the Michael addition of difluor- 

amine to a,0-unsaturated acids was also examined. Thus, the reaction of crotonic 

add with difluoramine in sulfuric acid proceeded smoothly to give a 1-to-l 

adduct, as shown by elemental analysis. Although the NMR spectrum Is not yet 

available, it can be ascumed on the basis of analogous reactions that the 

difluoramino group entered into the 0 position: 

NF HNF2 72 
CILCH = CHCOOH   H gg > CILCHCHgCOOH 

♦ 

Figure 6 shows the infrared spectrum of the adduct. 

c.   Peroxides 

Several possible courses can be envisioned for the reaction 

of alkyl hydroperoxldes and dialkyl peroxides with difluoramine in acid. Thus, 

Page 5 
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t-butylhydpoperoxtde could be protonated at the hydroxyl oxy&n and lose water 

to form a positive oxygen species, ais intenoBdiate nd^rt displace a proton 

from difluoramlne to form an O-MPg conpound, or night undergo methyl migration 

to give an acetone derivative. On the other hand, protonation of the alkyl 

oxygen and loss of hydrogen peroxide would yield t-butyldifluonunine. These 

reactions are shown below. 

CHj CHj ^J 

I H0;-¥2   —      1 

^ 

HF 

I 

L 
i 

»8 

OH, 

When difluoramlne was allowed to reflux over t-butylhydro- 

peroxide In the absence of acid, no evidence of reaction was observed? The drop- 

wise addition of sulfurlc acid, however, resulted in a very vigorous reaction, 

and cooling was required to keep the temperature under control. After an excess 

of acid had been added, the product was Inmediately pumped off. The Infrared 

spectrum of this material indicated that it was mainly t-butyldlfluoramlne. 

A similar reaction was carried out using di-t-butyl- 

peroxide as the starting mateHal; the volatile product in this case'was also 

t-butyldlfluoramine: 

HMFp 

(CH5)3C.O.OC(CH5)3 _4 «ay^; 

Page 6 

CONFIDENTIAL 



I 
i 

CONFIDENTIAL 

n Technical Dtscusslon, A (cent.) Heport No. 0235-01-15 

The formition of t-butyldlfluoramlne from t-bulgrlhyxiro- 

peroadde does not necessarily Indicate that the Initial heterolysis takes place 

at the alkyl-oj^gen bond. This product might also be formed by an oxygen-oxygen 

cleavage to form the ONP« compound, with a subsequent cleavage of the C-0 bond of 

this product to give a carbonlum ion. A possible means of reducing or eliminating 

this degradation is the use of a mininum quantity of acid to catalyze the reaction. 

An experiment was therefore carried out in which only one 

drop of sulfurlc add was added to a mixture of t-butylhydroperoxlde and difluor- 

amlne. After the exothermic reaction subsided, the excess difluoramine was re- 

moved. Two liquid phases remained, one of which appeared to be water. The 
organic phase was taken up with solvent and its infrared spectrum was determined. 

There was virtually no starting material or t-butyldifluorandne present, but 

there were peaks at 5.9, 6.2, 7.3, 7.7, 8.U, 8.7, 10.3, and 11.5 microns. The 

solvent was distilled from the solution, but the sample fumed off as soon as the 

solvent was removed. 

Although more work is obviously needed before the course 

of this reaction can be definitely established, the foimation of water and the 

infrared spectrum of the organic product are consistent with the formation of 

t-butoxydifluoramlne: 

«xjf-o™ rdsir* (CH3)3CONF2+ H20   * 

d.   Miscellaneous Reactions 

The reactions of both acetonylacetone and levulinlc acid 

with difluoramine in concentrated sulfurlc acid previously gave cyclic products 

rather than gem-dlfluoramlnes; 

CH2 - CH2 

CHJCOCH^COCHJ i   CHJ-C^C-CHJ 

NF«  SF« 

Aerojet-General Report 0255-01-10, Ik April 1961 (Confidential). 
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I 

CHjCOCHgCHgCOgH "S" 
"a-fa 

übe results of the work with nltroketones, however, suggested that, under more 

drastic conditions, these rings might be opened to form the desired gem-dlfluor- 

amlnes. These reactions were therefore repeated In a pressure reactor at ambient 

temperature, using reaction periods of kk and Uo hours, respectively* Fuming 

rather than concentrated sulfuric acid was used. In both cases, however, only 

the previously obtained heterocyclic products were isolated. 

A small amount of additional work was done on the addition 

of difluoramine to ethoxyacetylene. The products were found to be unstable, 

decomposing even after storage for 1 day in a refrigerator. In one case a small 

sample exploded during an attempt at gas chroiuatography. 

The product isolated previously from the reaction of 

dlcyclohexylcarbodiimide was found to contain no fluorine. No further work was 

done with this material. 

2»       Experimental 

a.   5,5-Dinltro-2,2-bis(difluoramino)hexBne 

A solution of 1.9 g (0,01 mole) of 5,5-dlnitro-2-hexanone 

in 1(0 ml of 100^ sulfuric acid was placed in a glass pressure vessel, and approxi- 

mately 6 g of difluoramine was condensed over this solution. After the mixture 

was allowed to stand at ambient temperature for 20 hours, the difluoramine was 

vented off. A solid phase was present above the sulfuric acid; it was separated, 

dissolved in methylene chloride, washed with water, dried over sodium sulfate, 

and stripped of solvent. The residue consisted of 0,5 g (0.0018 mole, 18^ 

conversion, 5^ yield) of white solid (rap 47 C). An analytical sample was sub- 

limed at 0.1 ram Hg with a 100OC bath. 

Anal. Calcd. for CgH^N^y C, 25-9; H, 3.6; N, 20.1; F, 27.5. Found: 

C, 26.0; fL,^Mi  N, 19.8; F, 26.7. 

Aerojet-General Report 0255-01-12, December 1961, p. 6 (Confidential), 
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übe eulfuric-acid layer «as poured over ice and was 

extracted with methylene chloride to yield 0.90 g (O.OOVT mole, hTt> recovery) 

of the starting material. 

The proton-NMR spectrum of the product (Figure 2) was 

obtained in a carbon tetrachloride solution, with tetramethylsilane {TfIS)  as an 

internal standard. The higher-field methylene miltiplet is nearly obscured by an 

intense signal at 7*93 (r units) that is assigned to -c(N0 )„CH- protons. The 

spectrum is consistent with the following structure: CH>-C(N02)2CH2CH2C(!IF2)2CE5. 

h.   5»5,5-Trinltro-2,2-bis(dlfluorainlno)pentane 

A solution of 2.2 g (0.01 mole) of 5»5»5-trinitro-2- 

pentanone in to) ml of 100^ sulfuric acid vas treated with approximately 6 g of 

dlfluorandne at ambient teiq>erature for kO hours in a pressure reactor. The 

difluoramlne vas then vented; the acid-insoluble solid vas separated, dissolved in 

methylene chloride, washed with water, and dried over sodium sulfate. Removal of 

the solvent left 1.64 g (O.OO53 mole, 53^ conversion) of vhlte solid (nq? k20C). 

Anal. Calcd. for C5LN506F^: C, 19.U; H, 2.27; N, 22.7; P, 2U.6. Found: 

C, 19.5J H, 2.32; N, 22.6; F, 2^.8. 

The quenching of the sulfurlc-acid layer with ice yielded 

0.5 g of an approximately equal mixture of 5,5,5-trlnitro-2-pentanone and 5^5»5- 

trinitro-2,2-bls(difluoramino)pentane, as shown by the infrared spectrum. The 

proton-HMR spectrum of the product (Figure k) was obtained in carbon tetrachloride 

solution, with IMS as an internal reference. The termLnal-methyl-group signal 

appears at 8.29 (T value). It is split into a quintet by the two -IJF groups on 

the adjacent carbon. The signals from the two methylene groups (at 6.8k and 7.1+6) 

form what Is approximately an AX spectrum. Of the two nultlplets, the higher- 

field one shows evidence of additional splitting and therefore probably represents 

the methylene group adjacent to the carbon bearing the two NF- groups. The 

spectrum is consistent with the following structure: (N02)_CH CH2C(NP0)2CH-. 
1 

c.   Reaction of t-Butyldifluoramine with Sulfuric Acid 

A glass bulb (total volume 360 ml) fitted with a monometer 

and a septum was loaded with 20 ml of concentrated sulfuric acid and was evacuated. 
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t-Bityldlfluorandne (l.O g, 0,0092 mole) was injected, resulting In an Inmedlate 

pressure Increase to 132 um. nie pressure decreased rapidly, becoming U3 nm In 

k hours and 26 ram (0.0005 mole as a perfect gas) in 2 days. The sulfuric-acld 

solution was then poured over 100 ml of ice, and the product was extracted 

vigorously with 20 ml of methylene chloride. The methylene chloride solution 

was dried over sodium sulfate and was analyzed by infrared spectroscopy. The 

product was found to be acetone, and measurement of the intensity of the 

carbonyl peak indicated 0.009 mole of acetone. 

d. ß-(Difluoranilno)butyric Acid 

Dtfluoramine (about 8 g) was refluxed over 2.86 g (0.03 

mol  90^ assay) of crotonic acid, and 17 ml of 20^6 fuming sulfuric acid was 

addea ^ ipwise. The refluxing of the difluoramlne was continued for 4-1/2 hours, 

and the excess diflucramine was then removed. The homogeneous acid solution 

was poured over 100 ml of ice, and the product was extracted with three 50-ml 

portions of methylene chloride, was washed with 50 ml of water, and was dried 

over sodium sulfate. Distillation yielded 1.2r g (0.0091 mole, 31$ yield) of 

ß-(difluoramino)butyTic acid (bp 58oc/0.8 nm). 

Anal. Calcd. for C^H^Og: C, 3^.5; H, 5.0U; N, 10.1; F, Zf.k,   Found: 

C, 3^.0; H, k,6h;  N, 10.3; F, 27.0. 

e. DLfluorandnooctane 

l-0ctene (3*36 g, 0.03 mole) was added ovej; a 45-min 

period to a refluxing mixture of 15 ml of sulfuric acid and approximately 7 g of 

difluoramlne. When the addition was congaleted and no further exothermic reaction 

was evident, the mixture was poured over 300 ml of ice. The product was extracted 

with five 50-ml portions of methylene chloride. The methylene chloride solution 

was washed with 100 ml of water and was dried over sodium sulfate, and the solvent 

was distilled off. Distillation of the residue yielded O.50 g (9^ yield) of 

crude (90^ by gas-chromatographic analysis) difluoraminooctane (bp hO0/k.'j  mm). 

A viscous, undistillable residue (1.9 g) remained. The distillate was purified 

by gas chromatography to obtain samples for analysis and infrared spectra. 

Anal. Calcd. for CgH^UFg: c, 58.2; H, 10.3; N, 8.5O; F, 23.I. Found: 

C, 57-8; H, 10.4; N, 8.23; F, 23.7'. 
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B.   REACTIONS 0? ETHYL N-FLUOflOCARBAMATE (V. Grakauakafl) 

1.   DlscusBlon 

a.   Add Hydrolysis 

N-Fluorocarbajmtes are potential starting materials for 

the preparation of the hitJerto unknown fluoraadne. Thus, ethyl N-fluorocarba- 

mate might undergo an acid-catalyzed hydrolysis as follows: 

NHPOOOCA   *    ) H NF + OOg + C^OH 

Ethyl N-fluorocarbamate was found to be soluble in con- 

centrated sulfuric acid without decon^osition at 250C. The solutions were stable 

at 1*0 to 500C for several hours. However, a reaction occurred when the ethyl 

N-fluorocarbaoate solution in concentrated sulfuric acid was heated to 60 to 75 C, 

with the evolution of carbon dioxide. The resulting sulfuric-acid solution under- 

went no further visible changes even when heated to 95 to 100 C and kept at this 

temperature for several hours. On attenrpted distillation at reduced pressures, 

or extraction with methylene chloride, this sulfuric-acid solution gave only a 

small amount of dlethylsulfate. When this acid solution was poured on ice, the 

resulting aqueous solution had strong oxidizing properties; however, the oxidizing 

power gradually faded on standing. At the same time a nonoxidizing gaseous 

decomposition product was evolved; it failed to absorb in the infrared and was 

assumed to be nitrogen. 

On the basis of the above observations, it was postulated 

that ethyl N-fluorocarbamate reacted with concentrated sulfuric acid at elevated 

temperatures, with the formation of either N-fluorosulfandc acid or N-fluoro- 

ammonium sulfate: 

HHFCOOCg^ + HgSOj^ > NHFSO H or II}LF+HS0^ 

The reaction product with sulfuric acid apparently underwent a rapid hydrolysis 

to filiuaamlne whpn its snlfiirlc-acld solution was poured on ice: 

NHFSO H + H20 > iHgNF'j + HgSO^ 
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or 

WLF®+ HgO »   [OP] + L0+ 

The fluoramlne apparently was not stable under these conditions and probably 
decomposed into nitrogen and hydrogen fluoride: 

2 HgNP f N2 + 2 HP + 2 H+ (or Hg) 

If the above considerations are correct, fluoramlne was produced in situ when the 

sulfuric acid hydrolysis product of ethyl N-fluorocarbanate was diluted with 

water. To obtain additional evidence in support of these possibilities, an 

experiment was carried o^ with the objective of isolating the fluoramlne as a 

derivatl\s. Thus, the sulfuric acid reaction product of ethyl N-fluorocarbamate 

was poured on a butyraldehyde-ice mixture. It was expected that tinder these 

conditions the fluoramlne produced in situ would react with the aldehyde, 

resulting in the formation of either monoadduct or diadduct: 

C IL.CHO + HgNF > C5HrCH(OH)MHF and/or CJLCHdJfflOg 

These adducts were expected to be more stable than fluoramlne itself, and thus 

capable of isolation. The product of this reaction, however, was identified as 

n-butyronitrile. Apparently, the expected monoadduct was produced, but it was 

unstable under these reaction conditions and underwent decomposition to butyro- 

nitrile: 

V+            -H90             -HP 
CJiLCBO + HgNF 2—> C3ILCH(0H)!1HP *—) C.ILCH «= NP 2^ C ILC 5 N 

Similar reactions of aromatic aldehydes with chloraadne have been reported by 

Häuser and Gillaspie. 

The reaction of butyraldehyde and fluoramlne has been 

carried under arbitrarily chosen conditions, and it is possible that shorter 

qp——' '  
R. C. Häuser and A. G. Gillaspie, J. Am. Chem. Soc, j?2, U517 (1930)' 
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reaction times and loner temperatures will allow the isolation of the inter- 

mediates leading to the butyronitrile. The possibility of synthesizing fluorindno 

compounds from ketones is under investigation. This reaction would not only 

indicate the presence of fluoramine, but would also provide a new route to 

fluorindno compounds: 

0 
RR'C - 0 + [W 

^ 
RR,C(0H)NHF 

^5^ 
RR'C = NF 

b.   Reactions with Carbooyl Compounds 

Reactions of carbamates with carbonyl confounds are 
« 

described in the literature. Kraft and Herbst shoved that carbamates react with 

aldehydes to give the corresponding diadducts: 

RCHO + NH.CC0R .Ji -»RCH(11HCX)0R»)2+ HgO 

These reactions are catalyzed by catalytic amounts of mineral acids, and only 

diadducts are obtained. Tbe only monoadduct reported is that of formaldehyde, 

which is synthesized under basic reaction conditions. The formaldehyde-carbamate 

monoadducts are not stable in the presence of acids and undergo dlsproportlonation 

to diadducts. With the exception of pyruvic acid, which gives the corresponding 

diadduct, ketones do not react with carbamates under these conditions. 

Reactions of dlfluoramlne with aldehydes or ketones to 

give either monoadducts or diadducts, depending on the reaction conditions, are 

well known. 

Monofluorocarbamates can be considered to be structurally 

similar to carbamates and to dlfluoramlne; they were therefore expected to react 

with carbonyl compounds. 

It was found that ethyl N-fluorocarbamate reacts readily 

with aqueous formaldehyde to give the corresponding monoadduct quantitatively: 

W. M. Kraft and R. M. Herbst, J. Org. Chem., 10, 483 (19^5). 
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NHPC00C 
(H20) 

£L   + HCHO s_^ HOCHg-MPOOOC^ 

The structure of this material was established on the basis of its elemental 

analysis, infrared spectrum (Figure 7)* proton-IWR spectrum (Figure 8), and 

F19-»© spectrum (Figure 9). The reaction was carried out at room temperature 

In the presence of a catalytic amount of hydrochloric acid. Attempts to 

synthesize the diadduct of formaldehyde by using an excess of N-fluorocarbamate 

were unsuccessful, and a mixture of monoadduct and unreacted N-fluorocarbamate 

vas Isolated. Thus, the reaction of ethyl N-fluorocarbamate with formaldehyde 

Is not analogous to the reaction of ethyl carbamate, but more closely resembles 

the formaldehyde-difluoramine condensation. 

The diadduct of formaldehyde and ethyl N-fluorocarbamate 

vas prepared by a stepfd.se synthesis. An equimolar mixture of ethyl N-fluoro- 

carbamate and ethyl N-fluoro-N-hydroxymethylcarbamate (monoadduct of formaldehyde) 

vas heated for several hours in the presence of a drop of concentrated hydro- 

chloric acid; this procedure resulted in the preparation of the desired diadduct: 

HHPCOOC^ + HOCHgNFOOOCg^ g$JfcUc) CHgfNFCOOCgH^g + HgO 

A quantitative yield of the product in 20^ conversion was obtained under these 

conditions. The product vas found to be identical with the hlgh-boillng material, 

formed in the direct fluorlnatlon of diethyl methylenedicarbamate, for vhlch 

the structure of diethyl NjN'-dlfluoromethylenedlcarbamate had been established. 

Butyraldehyde reacted vlth ethyl N-fluorocarbamate in the 

absence of a solvent to give, depending on the reaction conditions, either the 

monoadduct or the diadduct: 

n-C ILCHO + HMFCOOCglL —2 ^ n-C^CHfOlONFCOOC^ or n-C^CI^NPCOOC^^ 

Aerojet-General Report 0255-01-12, December 196l (Confidential). 
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ae reaction ^ catalyzed V • tr^ of hydrochloric acid. Ohe »onoadduct vas 

found to he very unable, in tM8 case, hut It. atructure «8 proved ^ ^s 

the inftared and proton-IWR «pectxa (Plgurea 10 and 11, reapectively) and 

elenental analysis. On dlstiUaUon, or on proloneed standing, the product 

«dually dissociated to give the starting »terials and possihly so« diadduct. 

The diadduct of hutyraldehyde w obtained in 80 to 85^ yields under reaction 

conditions that *ere similar to those used for the preparation of the «moadduct, 

except that a twofold molar aaount of N-fluorocarhamte «as used. The structure 

of the compound was estahlished hy means of elemental analysis and Infrared and 

proton-lMR spectra (Figures 12 and 13, respectively). ** diadduct «as found to 

be stable on distillation and could he stored for prolonged periods at room 

temperature without noticeable changes. 

Several initial attempts have been made to react ethyl 

N-fluorocarhamate with ketones to synthesize the corresponding monoadduct or 

diadduct: 

" RR.C0 + HHFOOOC^  ) RR'C^SFOOOC^ and/or RR'C(NPXX)OC2P5)2 

[I     It vas found that J-pentanone does not react with ethyl N-fluorocarbamate under 

the reaction conditions used to synthesize the monoadducts and diadducts of 

aldehydes. On the other hand, «hen the reaction «as carried out under the 

conditions used for the preparation of igm-difluoramino compounds (i.e., in con- 

centrated sulfuric acid, using a l.to.2 molar ratio of reagents), a vigorous gas 

evolution resulted even at 0 to fc and half of the N-fluorocarbamate «as re- 

covered. O» gaseous «action product «as found to he a mixture of carbon dioxide 

and ethylene. The fate of the 5-pentanone in this reaction is not yet kmnm. 

A similar reaction occurred «hen the diadduct of n- 

butyraldehyde «as reacted «1th concentrated sulfuric acid at 0 to 50C. In this 

case, too, a vigorous gas evolution. tooK place and the gaseous reaction product 

vas sho«n to be a mixture of carbon dioxide and ethylene. n-Butyronltrile and 

ethyl N-fluorocarbamate, each approxUnating 1 mole per mole of the starting 

|1     material, «ere isolated from the 8ulfurlc-acid solution. The follo«ing is a 

possible meeVianisin for this reaction: 

D 
D 
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cone« HPOOOC, A 
.CH. C5HrCH(NPC00C2B5)2 -^ c,^ B 

W&-Q&CBS&2 

®i 

W C«N* -HF [C^CH-MP"! 
MHPCOOC, 3^5 + 

-CjLCH ^ 7 + 002 + CHg » CHg + H 

NHF 

NHPCOOC A 
It is possible that the J-pentanone reaction proceeded by a similar mechanism. 

On the other hand, it may be that only the monoadduct of the ketone vas involved 

in this reaction and the second mole of ethyl K-fluorocarbamate never entered 

the reaction sequence. 

The reactions of ethyl N-fluorocarbanate with aldehydes 

shoved that N-fluorocarbamates resemble both difluoraadne and carbanates in their 

reactions. In the reaction with formaldehyde, the behavior of ethyl N-fluoro- 

carbamate vas similar to that of difluoramine. The reaction of ethyl N-fluoro- 

carbamate with butyraldehyde leading to the diadduct, on the other hand, vas more 

like the reaction of carbaoates in that the preparation vas achieved under 

relatively mild reaction conditions vith only a catalytic amount of aqueous 

mineral acid. Hie formation of the butyraldehyde-N-fluorocarbamate monoadduct 

vas more like the analogous reaction of difluoramine. 

c.   Reactions vith Olefins and Acetylenic Compounds 

To further extend the scope of N-fluorocarbanate reactions. 

the addition of ethyl N-fluorocarbamate to oleflnic and acetylenic compounds was 

investigated. It vas found that a concentrated sulfuric acid solution of ethyl 

N-fluorocarbamate reacted vith octene-1 at 5 to 25 C to give a 1-to-l adduct. 

The product vas identified as ethyl N-fluoro-N-(2-octyl)carbamate: 

i 

Wii CH = CH2 + NHFCOOCgIL 
cone, i 

NPCOOCgfL 
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The infrared spectrum (Figure Ik)  is consistent with the structure, and the 

direction of addition was confirmed hy the proton-MMR spectrum (Figure 15). 

The addition of ethyl M-fluorocarhamate to other types 

of oleflnic compounds was also investigated. Methylacrylate reacted with the 

sulfuric-acid solution of ethyl N-fLuorocarhamate to give a 1-to-l adduct in 70^ 

yield. The structure of the product was established on the basis of its infrared 

spectrum (Figure 16) and elemental analysis. The proton-lWR spectrum (Figure 1?) 

showed that the fluorocarbanate moiety added to the methylene carbon atom of 

the aerylate: 

CH2«CH000CH_ 
cone. 

+ NHPCOOC^  —) CHgCHgOOOCL 
H2S0U 

NPCOOC A 
A similar mode of addition has been reported for the difluoramine-acrylate 

reaction.  "nie structure of the adduct was further proved by conversion to the 

known methyl ß-difluorasdnopropionate on direct fluorination: 

(H20) 

CHgCH COOCH, + Fr 

NPCOOCgIL 

-> NFgCHgCHgCOOCHj + COg + C^OH 

The reaction of ethyl N-fluorocarbamate with ethyl vinyl 

ether resulted in high yields of a 1-to-l adduct. In this case the reaction was 

carried out in the absence of a solvent and the condensation was catalyzed by a 

trace of concentrated hydrochloric acid. The composition of the product was 

established by means of its infrared spectrum (Figure 18) and elemental analyses. 

The proton-HMR spectrum of the product (Figure 19) indicated the direction of 

addition, showing that the fluorocarbamate moiety added a to the ether linkage: 

GIL CHOC JL + MHFCOOCgH CILCHOC^ 

NFCOOCgIL 

Aerojet-General Report 0255-01-11, 1^ July 196l (Confidential), 
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The Jr*-RMR spectrum is shown in RLgure 20. 
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I 
I 
i 
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l 

r 
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Only preliminary results are available on the reaction 

between ethyl N-fluorocarbamate and acetylenic compounds. The reaction «as 

carried out in concentrated sulfuric acid with heayne-J as a model conpound. 

A highly exothermic reaction, accompanied by a vigorous gas evolution, occurred 

when hexyne-3 «as added to an ethyl N-fluorocarbamate solution in concentrated 

sulfuric acid at 0 to 50C. In general, this reaction appeared similar to that of 

3-pentanone. The gaseous reaction product was identified as a mixture of carbon 

dioxide and ethylene, and roughly half of the carbamate was recovered from the 

sulfur!c-acid solution at the end of the run. The fate of hexyne-3 in the 

reaction has not yet been determined. 

The further extension of the reactions of N-fluorocarba- 

mate with unsaturated compounds is under investigation. 

2.  Experimental 

a. Ethyl N-Fluorocarbamate 

Etfayl N-fluorocarbamate was prepared by the fluorlnation 

of aqueous ethyl carbamate as previously described.  Several 3-mole batches of 

ethyl carbamate were fluorinated, and the product was purified by fractional 

distillation or by conversion to its sodium salt.   The refractive index prc- 

viously reported should be corrected to nlP 1.3ST2. 

b. Reaction of Ethyl N-Fluorocarbamate with Sulfuric Acid 

Concentrated sulfuric acid (15 ml) was placed in a 23-ml, 

three-necked, round-bottomed flask equipped with a thermometer, a mechanical 

stirrer, and a small dropping funnel containing 5.0 g of etliyl M-fluorocarbamate. 

The carbamate was added to sulfuric acid, with stirring, at 15 to 20 C over a 

period of 5 mln. The material dissolved readily in sulfuric acid, with only 

HiKh-Enermr Oxldizer Binders for Solid Propellants, Aerojet-General Report 
0371-02-3, 14 October I960 (ConfidentialJ. 

MM 
Aerojet-General Report 0235-01-11, July 1961 (Confidential). 
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slight evolution of heat. The dropping funnel was removed and the reactor was 

connected in series with a -800C trap and an evacuated infrared gas cell. The 

sulfurlc-acid solution was heated gradually until vigorous gas evolution began 

at 60 to 750C. The solution was kept at 65 to 70OC until gas evolution ceased 

after 13 to SO min. The gaseous reaction products passed through a -SO 0 trap 

without condensing. The infrared spectrum of this gas indicated a mixture of 

carbon dioxide and ethylene. The sulfuric add was then heated to 90 to 100 C 

and was kept at this temperature for an additional 15 ndn. 

The reaction mixture was vacuum-distilled at a pot tempera- 

ture of 90 to 100OC/0.1 to 0.3 nnu A small amount (0.1 to 0.2 g) of colorless 

liquid distilled over and was Identified as dlethylsulfate by Its Infrared 

spectrum. 

At the end of the distillation, the reaction mixture was 

cooled to room temperature and was extracted with five 15-ml portions of 

methylene chloride. The combined extracts were concentrated, and the residue 

was distilled to give an additional 0.2 to 0.5 g of dlethylsulfate. 

The residual methylene chloride was removed from the 

reaction mixture at reduced pressure, and the sulfurlc-acid solution was poured 

onto 100 g of ice. The resulting, colorless, aqueous solution had strong 

oxidizing properties when tested with potassium iodide-starch paper. On standing 

for 5 to 10 min the solution began to evolve nonoxidlzlng gaseous products. The 

rate of gas evolution Increased when the mixture was allowed to warm to room 

temperature. At this point the reaction mixture was placed in a 150-ml round- 

bottomed flask, and the flask was connected in series with a -80 0 trap and an 

evacuated Infrared gas cell. The gaseous reaction products passed through the 

-800C trap, and the 10-cm infrared gas cell was filled to a pressure of 500 mm Hg. 

The material failed to absorb In the Infrared and was therefore assumed to be 

nitrogen. 

The gradual gas evolution continued for 2 to 3 hours. 

At the end of this period the reaction mixture was allowed to stand at room 

temperature overnight. The mixture did not then evolve gas, nor did It oxidize 

potassium iodide. 
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e.   Reaction with Butyraldehyde 

A solution of k,3 g of ethyl N-fluorocarbanBte (O.OU 

mole) in 25 ml of concentrated sulftiric acid «as heated at 65 to 95 C, as 

described above. The resulting solution «as cooled to 10 to 150C and «as poured 

on a ndxture of l.Uk g of butyraldehyde (0.02 mole) end 80 g of crushed ice. 

The mixture «as sllowed to «arm gradually to room teiqperature and to stand at 

^ to 270C for Ifl hours. At the end of this time, the mixture (nonoxidizing) 

«as extracted «ith four aO-ml portions of methylene chloride. The combined 

extracts «ere dried, and the filtered solution «as concentrated to remove the 

solvent. The residue «as distilled at reduced pressure to give 1.1 g of a color- 

less liquid that «as identified as n-butyronitrile by means of its Infrared 

spectrum. 

d.  Ethyl »-Pluoro-ll-hydroxymethylcarbaiaate 

(l)  Excess of Formaldehyde 

Five drops of concentrated hydrochloric acid and 

6.U2 g of ethyl N-fluorocarhaaate (0.06 mole) «ere added to a solution of 25 ml 

of yrf> aqueous formaldehyde in 50 ml of «ater, at 5 to 10OC. The reaction 

mixture was allowed to rise gradually to room tenjKJrature after 16 hours. The 

mixture «as extracted «ith six JO-ml portions of methylene chloride, the com- 

bined extracts «ere dried «ith Drierite and «ere filtered, and the filtrate «as 

concentrated. The residue, a pale-yellow liquid, «as purified by distillation 

to give 6.8 g of "a colorless liqiuid (bp »«O to Uhoc/0.1 to 0.3 mn, nD I.U160). 

The neterial «as redistilled and a middle cut (bP tfc/O.l to 0.3 nm, nD I.U180) 

was taken for analysis. 

Anal. Calcd. for HDCiyiPOOOC^, ^U^SOy    C, tf.Ok; H, 5.9; f,  15.9J 

II, 10.2. Found: C, 35.0; H, 5.98; F, 13.8; N, 10.35. 

The infrared spectrum (Figure 7) was obtained for 

the material as a thin film and as a solution in carbon tetrachloride. The thin 

film shows a strong bond at 5.77 microns with a shoulder at 5.70 micron (assigned 

to C=0). A broad band appears at 2.92 microns (assigned to H-bonded OH). In 

the carbon tetrachloride solution the 0=0 bond is split (5.8O and 5.65 microns) 
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and a sharp bond appears at 2.8 microns (assigned to free OB). Oils hehsvlor 

suggests the presence of a hydrogen-bonded cyclic structure: 

0 

H  W 
I   I z 

6  iF 

"A 
The proton-NMR spectrum (Figure 8) was obtained in 

carbon tetrachloride solution, with IMS as an internal reference. The OH signal 

appears at U.9T (7" value) bracketed by a doublet (4.6U and 5.19) that is assigned 

to the BOCWgNP-protons (split 35 cps by the adjacent NF). There is apparently 

no coupling between the HOCHg- and BOCHg- protons. The ester ethyl triplet and 

quartet appear at 8.63 and 5.67, respectively. 

The r -NMR spectrum (Figure 9) vas obtained in 

carbon tetrachloride solution, with Freon-11 added as an internal reference. The 

spectrum consists of a single signal: a triplet at +7l*.9 ppm from Freon-11. 

It is assigned to HOCHgNPCOOEt (split by the adjacent methylene group). 

(2)  Excess of Ethyl N-Fluorocarbamate 

To a solution of 2.U3 g of 37^ aqueous formaldehyde 

(O.89 g or 0.03 mole of ECHO) in 25 ml of water was added at 250C, with stirring, 

6.U5 g of ethyl N-fluorocarbamate (0,06 mole). Ho visible reaction was noted. 

After a few minutes, 1.0 ml of 50$ sulfuric acid was added and the mixture was 

allowed to stand at 25 to 280C for 20 hours. At the end of this period the 

solution was extracted with six ^-ml portions of methylene chloride. The dried 

and filtered methylene chloride solution was concentrated; after removal of the 

solvent, the residual liquid was fractionated to give two products: one of bp 

28 to 31oc/0.1 to 0.3 mn and n^ 1.3975 (3.1 g), and the other of bp k2 to kfc/ 

0.1 to 0.3 mm and njp I.U178 (3.2 g). Infrared spectra indicated that the 

material of the first fraction was the unreacted ethyl N-fluorocarbamate, and 

that of the second fraction was ethyl N-fluoro-N-hydroxymethylcarbamate. 
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e. Methyl N,NmifluoroiBBthylenedlcarbaaate 

Ttto drops of concentrated hydrochloric add vere added, 

at 20 to 250C, to a mixture of 6.85 g of ethyl H-fluoro-H-hydroxymsthylcsrhaaate 

(0.05 n»le) and 5.4 g of ethyl H-fluorocarbainate. »o visible reaction occurred. 

The mixture «as then warmed to 60 to 650C and allowed to stand at that tenpera- 

ture for 16 hours. At the end of this period, the mixture was fractionated; after 

the renmal of SBAII amounts of water mixed with an unidentified volatile liquid, 

the residua1, liquid was fractionated to give k.5 g of ethyl N-fluorocarbamate 

(njp 1.59T5), 5.1» g of ethyl K-fluoro-N-hydroxymethylcarbaaate (r^ I.IH80), and 

2.5 g of a colorless liquid (l»P 85 to 8^Oc/0.1 to 0.5 mi, njf l.U2J|0). This 

high-boiling product was Identified as diethyl N,HidlfluoromBthylenedicarbamate 

by means of its infrared spectrum and physical properties.  Ihe yield was 20^, 

on the basis of consumed ethyl N-fluorocarbanate. 

f. Reactions of Butyraldehyde and Ethyl N-Pluorocarbamate 

(l)  Preparation of n-CJ^GHCO^NPCOOC^ 

To a mixture of 5.5 g of butyraldehyde (O.076 mole) 

and k,3 g of etbyl H-fluorocarbamate (O.OU mole) was added one drop of concen- 

trated hydrochloric acid. Cooling was necessary to Jteep the reaction tengperature 

at 25 to 50OC. When the initial exothermic reaction subsided, the cooling bath 

was removed and the reaction mixture was allowed to stand at 25 to 27 C for l6 

hours. At the end of this period, the reaction mixture was subjected to frac- 

tional distillation. After removal of the unreacted butyraldehyde and traces 

of moisture, the bulk of the material boiled at 65 to 67OC/0.1 to 0.5 mm to give 

5.5 g of a colorless liquid (n^ 1.^120). A distillation residue of 1.8 g was not 

further investigated. 

A sangOe of the material with n^ 1.U120 was sub- 

mitted for infrared, MMR, and elemental analysis. 

Anal. Calcd. for C^H^N^000^' VW^V ^ U6'92i  "' 7*88' F' 
10.60; N, 7.82. Found: C, U7.5O; H, Q.USi  F, 10.80; N, 7-55. 

'Aerojet-General Report 0255-01-12, December 1961, p. 1^ (Confidential). 
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The Infrared spectrum (Figure 10) showed that the 

material «as prohahly contaminated with starting materials (see the conplex 

absorption In the HH-OH stretching region). Ihe proton-IWR spectrum vas obtained 

In carbon tetrachlorlde solution (Figure ll), with IMS as an Internal reference. 

The ester ethyl triplet and quartet are seen at 5.67 and 8.65 (T value), 

respectively. Butyraldehyde Is present as evidenced by the signal at 0,0k (-CHO) 

and the broad multiplet under the ester ethyl triplet at 8.65. lbs pair of 

triplets centered on U. 69 may be assigned to the -CHgCH-NP proton of the proposed 

structure. The signal at 5.I1T seems to be the hydroxyllc proton. 

(2)  Preparation of n-C.^CHfKFCOOC^g 

Two drops of concentrated hydrochloric acid were 

added, at 25 to 300C, to a mixture of 10.7 g of ethyl N-fluorocarbamate (0.1 mole) 

and 3.6 g of butyraldehyde (0.05 mole). Cooling was required to keep ♦he 

teiq)erature below U5 to 50oC; the heat evolution ceased 5 ndn after mixing. The 

reaction mixture was warmed to 55 to 650C and was allowed to stand at that 

teii?>erature for iß hours; it was then subjected to fractional distillation. 

After the removal of 1.2 g of volatile materials (mainly water and unreacted 

butyraldehyde), 3.2 g of unreacted ethyl N-fluorocarbamate (n^ 1.5980) was 

recovered. Further distillation gave 8.1 g of a colorless liquid (bp 8l to 82 c/ 

0.1 to O,^ mn, n?5 l.U2r2). Tbe distillation residue amounted to 0.7 g and was 

discarded. 

Anal. Calcd. for (yy^NFCOOC,^, OufafJWk*  ^ 1^,77; ^ 6,7T; ^ 

lk*l6i N, 10.U4. Found: C, U5.IO; H, 6.53; F, Ik.k; N, IO.52. 

The yield of the product was Q&f>,  and the conversion 

was 60^. The infrared spectrum (Figure 12) is consistent with the structure. 

The proton-NMR spectrum (Figure 13) was obtained in carbon tetrachlorlde solution, 

with TMS as an internal reference. The triplet and quartet of the ester ethyl 

groups are found at 8.66 and 5.67 ("^ value), respectively. The triplet is super- 

in^osed on a broader, more-conplicated signal attributable to the C^CH group. 

A triplet of triplets to the low-field side of the ethyl methylene quartet 

(centered at ^.06) may be assigned to the C£LCR£R proton (split about 35 cps 

by two adjacent fluorines and about 8.7 cps by the adjacent CHg. 
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r 

g.   Reaction of Ethyl N-Pluorocarbamate and 3-Pentanone 

To a solution of 3A g of ethyl V-fluorocarbaaate (0.05 

mole) in 23 ml of concentrated aulfurlc add «as added dropwlse, at 0 to $ C 

and with stirring, 2.15 g of J-pentanone (0.025 mole) over a period of 25 min. 

The reaction was exothermic, and the reaction flask was cooled externally. The 

gaseous product evolved during the reaction passed without condensing through a 
_o 

-80 C trap; a saiqtle of it was trapped in an evacuated infrared gas cell, and the 

product was shown to he a mixture of carbon dioxide and etbylene. 

At the end of the run the sulfuric-acid solution was 

poured on TO g of crushed ice, and the resulting aqueous solution was extracted 

with six 50-inl portions of methylene chloride. The methylene chloride extreusts 

were combined, were dried with Drierite, and were filtered, and the filtrate was 

concentrated to remove the solvent, nie residual liquid was distilled to give 

^.2 g of a colorless liquid (bp 28 to 310c/o.l to 0.5 mn, n^ 1.3970). This 

material was identified by means of its infrared spectrum as ethyl N-fluoro- 

carbaoate. 

h.   Reaction of n-C,a,CH(llFo00C J^)« with Concentrated Sulfuric 

Concentrated sulfuric acid (15 ml) was placed in a 25-ml, 

three-necked, round-bottomed, reaction flask equipped with a thermometer, a 

mechanical stirrer, and a small dropping ftrnnel containing k.O g of n-CH-ELCH 

(NFCOOCJL) (0.015 mole). The reactor was connected in series with an -80 C 

trap and an evacuated infrared gas cell through the top of the dropping funnel. 

The sulfuric add was cooled to 5 to 10 C; to it was added, with stirring, 

C,E7CH(l)FCCOEt) from the dropping funnel over a period of 25 ndn. The reaction 

mixture evolved a gaseous product that failed to liquefy in the -80 C trap; 

a sample of it was trapped in the infrared gas cell and was found to be a mixture 

of carbon dioxide and ethylene. 

At the end of the reaction, the orange-red sulfuric-acid-». 

solution was poured onto 50 g of crushed Ice and the resulting aqueous solution 

was extracted with four 20-ml portions of methylene chloride. The combined 
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extracts were dried with Drierlte, were filtered, and were concentrated to remove 

the solvent« The residual, dark liquid was fractionated to give O.U g of a 

colorless liquid (bp 28 to y>0c/SD to 25 mn) and 0.9 g of another colorless 

liquid (bp 28 to 30oc/0.1 to 0.3 mi, njp 1.3970). fly means of Its Infrared 

spectrum, the former product vas Identified as butyronitrlle; similarly, the 

latter product «as found to be ethyl N-fluorocarbanate. A viscous, dark, 

distillation residue (bp ^95 c/0.1 mn) amounted to 0.8 g. 

1.   Preparation of C6}l.,CH(CIL)NP0OOCJL 

To a solution of 5.U g of ethyl N-fluorocarboraate (0.05 

mole) in 25 ml of concentrated sulfuric acid was added 5.6 g of octene-1 

(0.05 mole) at 5 to 10 0 with stirring over a period of 15 mln. The reaction 

was exothermic, and the reaction flask was cooled externally by means of an Ice- 

water bath. At the end of the addition, the reaction mixture was kept at 5 to 

100C for &n aaiitlonal 10 ndn, and «as then allowed to warm to 25 to 2r0C. After 

standing for 10 mir at that temperature, the mixture was cooled to 5 to 100C and 

was poured on 80 g of crushed Ice. The water-Insoluble oil was extracted with 

three 25-ml portions of methylene chloride. The combined metfaylene chloride 

extracts were dried over Qrlerlte and were filtered, and the filtrate was con- 

centrated. The residual, somewhat-dark liquid was purified by distillation. 

After the removal of a small forerun (0.8 g, nj5 l.lfl95), the bulk of the material 

boiled at 58 to 59Oc/0.1 mn to give 8.1 g of a colorless liquid (njp 1.4262). 

A small distillation residue (0.6 g, n^ I.U322) was discarded. 

Anal. Calcd. for CgH^C^CHjlIPCOOC^, O^E^IK)^   C, 60.2U; H, 10.11; 

P, 8.66; N, 6.39. Found: C, 6O.6O; H, 10.5; F, 9*3; N, 6.52. 

The proton-NMR spectrum was obtained in carbon tetra- 

chlorlde solution (Figure 15), with TMS as cm Internal reference. The spectrum 

was also compared with that of ethyl N-fluoro-N-methylcarbaoate (Figure 21). 

The spectrum of CH_NP000CJL showed a triplet and a quartet of the ethyl group 

at 8.69 and 5*86 (T values), respectively. The CH,NF group is a doublet (split 

approximately 28 cps by the adjacent MF) centered at 6.71. The IT" -NMR spectrum 

of ethyl N-fluoro-N-methylcarbamate (Figure 22) was also obtained. In 
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CgH1_CH(CH,)lIF00OCgH5 the triplet and quartet of the ethyl group appear at 8.70 

and 5 •77, respectively. The triplet Is superimposed on a broader, more-complicated 

signal, which Is presumably for the CAL- group. A weak signal appears to the 

high-field side of the ethyl methylene quartet. When examined at a higher radio- 

frequency level and with a slower sweep. It appears to be one of a pair of 

multlplets, the other of which Is burled under the methylene quartet. Thus, 

the weak signal may be assigned to the CHNF proton (split Into two sextets (?) 

by adjacent protons and NF). The spectrum Is consistent with the assigned 

structure. 

J.   Methyl N-Carbethoxy-N-fluoro-ß-aminoprOpionate 

The reaction of methyl acrylate (U.5 g, O.05 mole) and a 

concentrated-sulfurlc-add (20-ml) solution of ethyl N-fluorocarbanate (5.U g, 

0.03 mole) was carried out under essentially the same reaction conditions 

described for octene-1 addition. At the end of the run the sulfuric-acid solution 

of the product was poured onto 100 g of crushed ice, and the resulting aqueous 

mixture was extracted with four 50-ml portions of methylene chloride. The 

combined methylene chloride extracts were dried with Drier!te and. were filtered, 

and the filtrate was concentrated to remove the solvent. The residual liquid 

was fractionated; after the removal of some unreacted acrylate and 1.5 g of 

unreacted ethyl N-fluorocarbamate, 5»! g of a colorless liquid (bp 52 to 5U c/ 

0.1 to 0.3 mm, n^ 1.^255) was obtained (5056 yield, 70^ conversion). 

Anal. Calcd. for CLEj-FHO^: C, U5.52; H, 6.26; F, 9.84; N, 7.25. Found: 

C, U5.3; H, 6.17; F, 10.2; N, 7.15. 

The Infrared and proton-NMR spectra (Figures 16 and 17, 

respectively) are consistent with the structure. The pr^ton-NMR spectrum was 

obtained in carbon tetrachloride solution, with IMS as an internal reference. 

The ester ethyl triplet and quartet are found at 8.65 and 5.77 (T values), 

respectively. The relative Intensities in the quartet are distorted from the 

expected 1:3:3:1 ratio. The triplet at 7.55 is assigned to the CH-CO.CH, 

proton (split by the adjacent CHp). The signal from the -NFOI CH2C0 GIL 
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protons is expected to be a pair of triplets (spilt about 50 cps bjr the adjacent 

NP) with the sane relative Intensities and spadngs. One such triplet Is seen 

at 6.35» The Increased relative Intensity of the central member may be attribu- 

ted to a coincidence with It of the -00^ signal. The other of the pair of 

triplets Is overlapped by the ester ethyl qjiartet tut msy be partially resolved 

from It, as shown by the spectra recorded with a reduced sweep rate. The spectrum 

is thus consistent with the assigned structure. 

The reaction of acrylate and carbamate did not take place 

at 10 to 150C, and unreacted starting materials vere recovered. The condensation 

described above was achieved by allowing the sulfUric-acid solution of the compo- 

nents to warm to 25 to a60C and keeping it at that teii?)erature for 90 ndn. 

k.  Ethyl N-Fluoro-H-(a-ethoaty)ethylcarbanate 

To a mixture of 5.U g of ethyl N-fLuorocarbamate (0.05 

mole) and 3.6 g of ethyl vinyl ether (0.05 mole) at a0OC was added one drop of 

concentrated hydrochloric acid. The reaction tenperature began to increase 

inmediately, and dry-ice acetone cooling was applied to keep the reaction tempera- 

ture at 35 to U50C. After 5 to 10 ndn, the exothermic reaction ceased. The 
1 0 

cooling bath was removed and the reaction mixture was allowed to cool from kO C 

to 250C (15 min). The reaction mixture was fractionated; after the removal of a 

smll forerun (0,7 g), 7.5 g of a colorless liquid distilled at 35 to 36 c/o.l 

to 0.3 mm (njp l.hl$k).   A small distillation residue was discarded. 

On the basis of the elemental analysis it was determined 

that the njp I.U19U fraction was a mixture containing approximately 5 to 7^ of 

ethyl N-fluorocarbanate and 95 to 93^ of its adduct. This finding was confirmed 

by the results of gas-chromatographic analysis. The contamination of the product 

with the unreacted ethyl N-fLuorocarbamate probably could have been avoided by 

using a slight excess of ethyl vinyl ether in the reaction. An analytical sandle 

of the adduct was isolated by gas chromatography. 

Anal. Calcd. for O^PWy C, 146.92; H, 7.88; N, 7.6l; f, 10.60. Found: 

C, U6.k:  H, 7.8; N, 7*9; F, 10.8. 
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The proton-JMR spectrum (Figure 19) «as obtained In 

carbon tetrachloride, with 3HS as an Internal reference; it is consistent with 

the structure. Die CH-CRNF signal consists of a pair of quartets of k,k5 and 

5.07 (y values). This structure would be expected as a result of splitting by 

the adjacent CH- (producing a quartet) and HF (splitting the quartet into a pair). 

The ester methylene quartet ia seen at 5»7^» The nultiplet to the high-field side 

is assigned to the ether methylene. The anonalous splitting is apparently 

characteristic of C^LOCR.,   The conplex nultiplet centered at 8.65 consists of 

the overlapping signals fron the methyls of the two ethyl groups. One normal 

triplet nay be found; it is assigned to the ester methyl. The other triplet 

shorn anomalous splitting and ia assigned to the ether methyl group. The 

spectrum is thus consistent with the suggested structure, and the alternative 

structure (CgH-OCH.CHJOrcOQBt) may be ruled out. 

The r -1MR spectrum (Figure 20) «as obtained in carbon 

tetrachloride solution, with Preon-11 added as an internal reference. The 

spectrum consists of a single signal: a doublet at +96.5 ppm from Preon-11. 

It is assigned to C^OC^CHjHPCOOCgH. (aplit by the proton on the tertiary 

carbon atom). 

1.   Reaction of Ethyl N-Fluorocarbaaate and Hexyne-5 

The reaction of hexyne-3 (2.0 g, 0.023 mole) and a 

sulfuric-acid (25-ml) solution of ethyl N-fluorocarbaaate (5.U g, 0.05 mole) 

was carried out at 5 to 10 C in essentially the sane manner as described for the 

similar reaction of 3-pentanone. 

A vigorous evolution of gaseous reaction products, non- 

condensable at -80 C, occurred from the beginning of the run. The gaseous 

product «as identified (infrared spectrum) as a mixture of carbon dioxide and 

ethylene. At the end of the run (15 ndn), the yellow sulfuric-acid solution 

«as poured onto 100 g of crushed ice and the resulting aqueous solution was 

extracted with five 30-ml portions of methylene chloride. The combined methylene 

chloride extracta were dried with Drlerlte, were filtered, and were concentrated. 

The distillation of the residual liquid gave 2.5 g of ethyl N-fluorocaxbaaate 
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I 
I 

(identified ty" »•ns of its infrared spectrum). Less then 1 g of a higber- 

boiling liquid (bp 65 to «fc/O.J mn, n^ I.U3U2) uas isolated on further 

distillation, but this material has not yet been identified* 

C.   FLUDKENATION SHJDIES (V. Graksuskas) 

1.   Discussion 

The fluorination studies performed during this report period 

were directed toward the extension of the direct fluorination of aqueous carba- 

nmtes. This emphasis arose mainly because a variety of N-fluorocarbcunates 

became available from the reactions of ethyl N-flucrocarbamate with aldehydes 

and olefinic conqpounds. The objective of these studies was to determine If 

carbethoxy groups of these derivatives could be replaced selectively by fluorine, 

with the concomitant fonaation of the corresponding dlfluoramlno derivatives. 

Tbe possibility of the replacement of carbethoxy groups by 

fluorine has been demonstrated in work on the fluorination of diethyl mstfaylene- 

carbamate and ethylenedicarbamate.  In these cases, however, it was found that 

only trace amounts of bls(difluoramino)methane and l,2-bis(diflucraraino)ethane, 

respectively, were obtained; it was therefore concluded that dlfluoramlno 

groups deactivate the NHCOOR or HPCOOR groups toward further fluorination. This 

conclusion was further confirmed by the results of the present work. It was 

found that the fluorination of aqueous butyraldehyde-N-fluorocarbamate dladduct 

jO-LCHCNFCOOCJc)/] did not give the desired l,l-bls(dlfluoramlno) butane, but 

the reaction stopped at the monodlfluoramlno stage, even when excessive amounts 

of fluorine were used: 

(H20) ,  x 
n-C5arCH(HPCOOC2H5)2 + Pg > n-C^CHCNP^HPOOOCgHj 

   • - _ 

The infrared spectrum (Figure 25), proton-NMR spectrum (Figure 2k),  and r -HMR 

spectrum (Figure 25) are consistent with the above structure. 

The fluorination of aqueous octene-1-N-fluorocarbamate adduct 

rc6IL,CH(CH,.)NFC00C2H5'| resulted In the removal of the carbethoxy group, as 

evidenced by the infrared spectrum, but the desired 2-difluoraminooctane could 

Aerojet-General Report 0235-01-12, December 1961 (Confidential). 
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not be isolated. Instead, the compound apparently underwent further fluorlnation, 

resulting In the Introduction of additional fluoro groups In the molecule, as 

indicated by the elemental analysis. The product of this reaction has not been 

characterized; It Is probably a mixture of polyfluoro-S-aminooctanes. 

2.   Experimental i 

a.   Preparation of n-C^ILCaiW^VFCOOC^L 

A solution (partially a suspension) of 5.1* g of 

n-C3LCH(lirc00Bt)2 (0.02 mole) in 350 ml of vater was fluorinated at 0 to 5
0C 

with elementary fluorine (diluted with fourfold nitrogen) until approximately 

1.5 liters of fluorine gas was consumed. The aqueous mixture vas extracted with 

six ao-ml portions of methylene chloride, the combined extracts were dried with 

Drierlte and were filtered, and the filtrate was distilled to remove the solvent. 

The residual liquid was fractionated at 1*0 to 70Oc/a0 to 25 mm to give 0.7 g of 

a colorless liquid (n^5 I.J1OI8), and 1.0 g of a colorless liquid (bp 100 to 

110Oc/0.1 to 0.3 mm, xu5 1.4222) was then distilled. The structure of the 

high-boiling material has not been established. The lower-boiling product 

(njp 1.1»018) was found to be C-ILCHtNFgjMPOOOCglL. 

Anal. Calcd. for CLH^F NgOgi C, 39.25; H, 6.12; P, 26.61; N, 13.1. 

Pound: C, »tO.O; H, 6.1; P, 25.6; N, 12.1. 
m 

The infrared spectrum (Figure 23), proton-MMR spectrum 

(Figure 2k),  and P^-NMR spectrum (Figure 25) are consistent with the above 

structure. The proton-MMR spectrum was obtained in carbon tetrachloride solution, 

with TMS as an internal reference. The triplet and quartet of the ester ethyl 

group appear at 8.60 and 5.60 (/values), respectively. The triplet is super- 

lii^KJsed on a ncre cooplicated multiplet that may be assigned to the CH-CHgCHg 

group. A broad, weak signal appears to the low-field side of the quartet. When 

this signal is examined at a higher radio-frequency level and with an increased 

sweep speed, it is seen to be a complicated but rather symmetrical multiplet. 

Although the individual absorptions cannot be assigned in detail, the form of 

the signal is approximately what would be expected for -OTgCHNP^HF-). The CH 

signal would be split into a triplet by the adjacent CH« (expected splitting. 
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5 to 10 cps). These signals would themselves be split Into a triplet by the 

NF2 group (expected splitting about 30 cps). Thus, the signal becomes very 

complex.   The spectrum therefore supports the proposed structure, but not as 

clearly as might be desired. 

The F" -HMR spectrum was obtained in carbon tetrachloride 

solution, with added Preon-11 as an internal reference. Two signals were 

observed, the one at -34.0 ppm being about twice the intensity of the one at 

-«-89.2 ppm. The signal at -5^.0 ppm consists of two dose lying doublets. It 

is assigned to the -HP. group by virtue of the chemical shift. The interpreta- 

tion of the splitting is not obvious; the splitting may be the result of coupling 

to the adjacent CH and the more distant -NFCOOBt. The signal at +89.2 ppm 

consists of two close-lying triplets. It may be assigned to NFCOOBt by virtue 

of the chemical shift. The splitting may he the result of coupling to CH and 

NFp. The chemical shifts and Intensity ratios are consistent with the structure. 

The only questionable point is the necessity to assume appreciable coupling 

between the rather distant NF and NF0 fluorines. 

b. Fluorlnation of CH OUCOOCH, 

HPCOOC^ 

A solution of 5»2 g of methyl N-carbetho^-N-fluoro-ß- 

aminopropionate (0.0166 mole) in 200 ml of water was fluorinated at 0 to 5 C 

with elementary fluorine (diluted fourfold with nitrogen) until approximately 

0.5 liter of fluorine gas was consumed. The aqueous solution was extracted with 

six 15-ml portions of roethylene chloride, and the combined extracts were dried, 

filtered, and concentrated. The residue was fractionated to give 0.7 g of a 
ft oc 

colorless liquid (bp W? to kB C/20 mm, ILP 1.379^), which was identified as 

methyl ß-difluoraminopropionate by comparing its physical properties and infrared 

spectrum with those of the known material. The yield was 30^. 

c. Fluorination of CgH1_CH(CH_)NFC00C2H_ 

A solution of 5.7 g of ethyl N-fluoro-N-(2-octyl) 

carbamate in 350 ml of water was fluorinated, as described in the previous 
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0     experi«nt, until about 5 liters of fluorine gas vas passed into the reaction 

mixture. At the end of the run the aqueous reaction mixture vas extracted with 

four ao-m portions of methylene chloride, the combined extracts were dried with 

Drierite and were filtered, and the filtrate was concentrated. The residual 

liquid was distilled to give 2.2 g of a colorless liquid (bp 25 to 32 C/0.2 to 

0.3 m,  njf 1.3892). Elemental and gas-chromatographic analyses shoved that the 

product is a mixture containing several compounds. 

Anal. Found: P, 36.5; N, U.95. 

in.  cowcmsicws 
(I A.   I*r the proper choice of experimental conditions, the alkylation of 

U      difluoramine can be extended to both more-reactive and less-reactive substrates 

than had been indicated by previous work. 

U B.   The acidic hydrogen of N-fluorocarbamate esters may be utilized to 

n      prepare adducts of carbonyl and unsaturated compounds. Ester cleavage resulted 

in the isolation of a derivative of fluoramine. 
t 

IV. RJTUHB PLANS 

Reactions of difluoramine and fluorocarbamates and the aqueous-fluorination 

reaction will be studiÄ further. 

V. PERSONNEL 

The experimental work was performed by M. A. Sims, M. P. Mascari, G. L. 

Gable, D. TroWbridge, V. Grakauskas, and K. Baum. Analytical support was 

provided by K. Inouye, H. Nelson, D. I. Matson, and H. W. Pust. 
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