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Report No. 0255-01-12 

ABSTRACT 

The reaction of uiethallylacetone v,ita difluoramlne in sulfuric acid gave 
275^5-triir.etl'.j'i-?(difiuoramino)tetrahydrofuran.    Methyl    acrylatt gave methyl 

ß-diflurraminopropicrwte.    3-Methyl-2-peritanone,  n-heptaldehyde and 2,7-octnnedione 

gave the expected gem-dlfluoramines.    The reactions of ethoxyacetylene,  cyclobutanonr 

and dloyclohexylcarbodilmid'i ware carried out, but the products have not yet been 

fully characterized. 

Huorlnation of aqueous methylene- and ethylcnedicarba^ate? gave a mixture 

of producte.    Ethyl diflucrarinomethylcarbamate and ethyl-p-difluvorarainoethyl- 

tluorocarl^craate respcctivc'-y, were the main reaction product-,.    N^N'-Difluoro 

derivatives were also obtalaed in both cases.    Fluorlnation of aqueous methyl- 

tncdiqcetaiiide and methyleneriformnmide yielded only trace amounts of bis- 

'dltliior.-.:,iino}irothäne.    Fluorination of allyl- and arylureas and cyanoguanidine 

t-cvt N^M'-difluorourea as the main reaction product. 
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I.    INTKOnuCTION 

Tbi objective of thii program is to develop new methods of preparing high- 

en^r^y Mt«Ul. which are of interest for military applications.  During this 

period work was continued on the reactions of dlfluoramine with carbonyl com- 

pound«, olefirs, acetylenes, and carbon-nitrog«, unsaturated compounds. The 

•queoui fluorinntion reaction was extended to systems enable of yielding 

yerrinal and vicinal bls-dlfluorcnlne«. 

II.  Tf^i^WLJ^iSCL'^SION 

A. RLAarOiNS OF DTFLUOiJAMINE 

1«   Discussion 

Uns.iturated ICetones 

The reaction of 5-hexer.c-2-one with difluoramine In 

«ulfuric acid was previously found to give 2,5-dimethyl-2-(diflucramino>tetr.- 

bydrofur«.* rhl. product wt  rerult fron, the initial protcnation of the double 

lone', followed ly alkylation of the carbonyl group. 

CH2 - CH0 
CHg-CHCHgCl^CCHj  > C'l^CIlC^CH^C^ T   cUyCH       C-CH 

■'+x 5 
o.+} 

CH„ - CH0 
t  c-       i   2 

— CH    -  CH C-CH. 5      \ / 3 
0 NF 

0 
I!    r  
f| *A«ojcc-CenerCl Report 2000,  7 November I96I,  p 11  (Confldtnti.I). 
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II Technical Discussion, A (cont.) Report No. 0235-01-12 

Another example of a 5-ketoolefin, methallyl acetone, has also 

been investigated. The purpoee of this experiment was both to show the generality 

of this reaction and to provide additional structure proof for the product for««d 

from 5-.«thyl.-.nitro-2-hexanone under these conditions, by a novel denitration 

reaction.   The products of these two reactions were found to be identical by 

comparing their physical properties and infrared spectra. 

0 OH 

N0^       0 Y 0 

CH.-rcHgC::^^  _J^  CL-CCL« Sea, 
CH, 

?H3 
H+v 

CH2-C.CH2CH2CCH3  -0. ciyc CH2CH2ccnr 

fVffa CH2-CHP 
CH-C. C-CH, ™*- CH,-C  C-CH_ 

v o  -        3 o- + - 
™* NF CHX * 3 

Another 5-ketoolefin which was examined in this reaction vas 

g-methyl-S-heptaae^-c«, CH^CKpi^ciCH^.    m this case the formation of a 

tstrehydrofuran derivative would require anti-Markownikoff protonaticn of the 

doubU bond, 5o it is rot surprising that this reaction was not observed. A 

carbonjl- containing NF2 compound was formed, which was tentatively Identlflod as 

^m.tnyl.^-CdifluoraminoU -heptanone. The carbonyl group was probably no. re- 

placed because of an insufficient reaction time. 

I 

I 

i.F0 

CH?C0CH2CH2CH=C(CH5)2      CH^OC^CHgCH.CiCHj^ 

Aerojet-Gfneral Report 0235-01-11,   Ik July I96I,  p 3  .'Confidential) 
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II.    Technical Discussion, A 'cont.) Report No. C255-01-I2 

b. Conjugated Olefins 

The ltk~  addition of difluoratnlne to methyl vinyl ketones 

und acrylic acid has been reported.* Several other examples of this reiccion 

h-vb bcin invostigated. Thus the reaction of methyl acrylate with difluoranine 

in sulfuric acid proceeded similarly, with the formation of methyl p-(difluor- 

aininp)proplom;ta in high yield. The infrared spectrum of this product is shot.-n 

in Figure 1, 

CH2-CHCOOCH5 . k. NF2CUrCH2COOCH- 

Bthyi niethacrylate and methyi utthncrylate, however, did not react under these 

concitLons and the starting rateriels were recovered.  Styrcne, acrylamide, and 

..-mtthyl-l-buLene-^-ync underwent decomposition or polymerization and no NF 

tctoppands vfere iso'.r.fd. These renctants, with the exception of acrylnmidt 

'which Wu.3 dissolved in the sulfuric acid prior to the reaction), were added to 

a refl'.xfng mixture of difluoramine and sulfuric acid.  Decomposition might be 

pravMited by adding the acid last. 

c. Acetylenes 

Kthoxyacetylene reacts with hydrogen halidca to form the 

uobaturated halidcj and gem-dihalldes.* 

X 

HC-C-OEt 1—.. CH^-C-OF.t   ^  .  CH.-C-OEt 

X X 

The actfitiof. of difluorimiue to ethoxyacetylene would be expected to give inUially 

l-ftiu'xy-lfiifluoramino) ethylene{l). However, several subsequent reaction paths 

are possible. A fluorine atom could migrate from nitrogen to carbon to form 

i-lluorlir.ino-l-ethoxy-2-fluoroethane(ll). The addition of a second mole of 

difluomlM to I might take place faster than the rearrangement to give 

(Ml 
AeroJ«t-Gen«ral Report 0255-01-11, 111 July I96I (Confidential) 

R. Brockema, S. Vandtr Werf and J. F. Arens, Rec. Tr-tv. Chim. 77 (I95S) 
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II Technical Discussion, A (cont.) Report No, 0255-01-12 

(] 
l,l-bls(diilupianiino)-l-ethox}'ethane (ill),  and this compound might react farther 

t-o give l,l,l-tri8(di.fluoramino)ethane (IV). 

HNF? 
HC^C-OEt  ^    CHg-C-OEt       ,   . 

\t 
NF2 

FCI^COEt      *^ IKF 

NF     (11) 
^  2 

CH C(NF )  ^JS— CH,-C(NFo)C)0Et 

(IV) (III) 

The reaction of difluoramine with ethoxyacetylene was 

carried out in Lhc absence of solvents or catalysts, simply by allowing difluor- 

turinc to reflux over the ethoxyacetylene at atmospheric pressure. A complex 

i ixture of products was formed, of which the two major components were isolated 

by ^«s raromatosraphy. The infrared spectra (Figures 2 and 5) indicate NF 

absorption as wall as peaks due to olefin or fluorlminc (6.1 to 6.2 ^) and. in 

th« case oi the compound with the smallest retention time, possibly carbonyi 

{ti'(rif  5.T> n). Analytical results are not yet availablp. Further work with 

this reaction will includp the investigation of acid catalysts. 

The lononation of gem-diflurr.ir.lnes by the addition of 

difluoramine in sulfurlc acid to simple acetylenes apparently involves the 

liydratirn of the triple bond.* An attempt was made to carry out the oddtcirn 

of difluoramine to ?-hexyne in the presence of mercuric oxide to test for a 

possible catalysi? of the direct addition of difluoramine.  In this oxperlmnt, 

the gem-difluoramine was isolated, as well as some 3-hexanone.  The reaction oi 

diiluoramine with >hexyne in fuming sulfuric acid was also attempted, but cnlj 

a trace ox o::iJi7,ino product was isolated. 

Aerojet-Onte-a] Äeport 0235-01-11, U July 1961, p. 6 (Confidential;. 
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II Technical Discussion, A (cont.) Report No. 0255-01-12 

d.   Simple Ketones and Aldehydes 

The reaction of cyclobutanone with difluoramine In sulfuric 

acid prcv'rusly resulted in a fume-off*. Another attempt has now been made to 

carry out this reaction. The addition of cyclobutanone to difluoramine and sul- 

furlc acid llbp'.-ated a large amount of heat, but by very slow addition of the 

ketOMj the reaction could be controlled. No material insoluble In the acid was 

foined, but cnienchlng taet  a^id with ice lave  a material with infrared absorption 

In the cttrbcoyl and NF regions. The elemental analysis was in fair agreement 

with theoi-etical ?-fluorimln.-2-butanone,  CH,CC0CH,. The identilication of this 

ir-ct-rirl is still in progtes:.. NF 

>Methyl-2-pentanone was converted to the corresponding 

rcn-Jtri'irranlnc to fetexcine  whether «-methyl groups interfere with the reaction. 

The retcti'-n prcceo^ed normally. 

n-Heptaldehyde wes treated with difluoraninc in fuming 

tulfuric «eld tc prcpare l,l-bis(difluor.';mino)heptane. This product *ras prepcrpr- 

».R .-. strble rodt1! ccm:>r>und for studying the dehydrofluorination of terminal gem- 

olCluorflr.iine3 Lo prepare the trifluoroamidines. Kcvever, because of report? 

that "hia reacuion had Heen carried out elsewhere, we discontinued this work. 

The reaction of 2,7-octanedione with diflucrßmine was 

:.lto studied.  It was of interest to see whether this reaction would give a hetero- 

cyolic dHi^rramino compound, as was found for act-tonylacetone, or the £em- 

dlfluonunln«.  U'orkup of the reaction mixture gave a material v;ith sore car^onyl 

«bborption in the infrared. This peak was removed by washing the product with 

conctntratcd sulfuilc acid.  The infrared spectrum (Figure <;) and prcliirlncry 

rnr'y'c.-:1 .'nta showed that the product x^as 2,2,7,7-tetralcis(difluoramine) oclanv. 

The lack of ether abscrpti'-tt before and after the purification indicate that 

the cyclic product was not fcnv.cd. 

N 

,- » 
Aerojet-Central ileport O255-C1-10,   U April 1961  (Confidential). 
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II    Technical Discussion, A (cent.) Report No. 0255-01-12 

^2        ^2 
CH3CO(CH2)u0OCH5 v CHjCCCHg^CCHj 

SPg        NFg 

CH,-C    Ä^C-CH, 
3 i    0    i      5 

NF2      NF2 I 
I 
I 

Miscellaneous 

The reaction of 1,3,3-trlethoxybutane with dlfluoranlne 

In sulfuric acid gave en NP compound which has not yet been Identified. Although 

I     the elemental analysis Is In approximate agreement with theoretical for 

i-tethoxy-.S ;i-bis(difli)cramino) butane, the Infrared spectrum shews extremely 

strong carbonyl absorption. Further work will be done with this material. 

The addition of dlfluoramlne to dlcyclohexylcarbodllmlde 

was studied as a possible means of preparing a material with four nitrogen atoms 

connected to a carbon. In the Initial experiment, dlfluoramlne was refluxed over 

the carbodiimide at atmospheric pressure for h hrs without an added catalyst or 

solvent. The infrared spectrum of the product Indicated mainly starting material, 

but with major new peaks at 6*0 and 11.7^. These would suggest the formation of 

the monoadduct, C^H^N-^NHC^H,.. This reaction was then repeated, with the 

NF2 

addition of sulfuric acid to the refluxing solution of the dilmide in difluoraml 

In this case a large yield of « white oxidising solid, m.p. ^o, »a. isolated. 

Ihif material has not yet been identified. 

2.   Experimental 

«•   2,5,5-Triraethy1-2-(difluoramino)tetrahydrnfuran 

To a refluxing mixture of 6 g difluoramine and 15 ml cone 

bulfuric acid was added, dropwise, 2.28 g (0.02 mole) of methallylacetone. The 

solution became slightly yellow during the addition. After 3-1/2 hr the ey.c 

nc. 

oss 
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II Technical Discussion, A (cont.) Report No 0235-01-12 

difluomuine vas removed and the solution was poured over 150 ml of ice. The 

product was extractfd with three 50-ml portions of methylene chloride, washed 

with 5C ml  of wate, and dried over sodium sulfate. The solution was filtered 

rnd the solvent distilled off. The remaining liquid was distilled to give 0.66 3 

<i,5,f-trimet>iyl-!::-(difluorenilno)tetrahydrofuran, identical to the product prepared 

tr^ra 5"Det'r.yL-f-n*trc-2-hexanone.* 

b. Reaction of 2-Methyl-2-heptene-6-ene with Difluoramine 

Difluoramine (t j») ''as refluxed into 20 ml of concentrated 

sulfurie acid. 2-Methyl-2-hftptene-c-one (2.52 g^ 0.02 mole was added dropwise. 

.vftdr k  hrs, the excess difluormninc was reaoved ard the solution was poured over 

150 ail of ic> and the product extracted with 150 ml of methylene chloride. The 

r.Ltl.yltne chloride solution was washed rfith 50 ml of water, dried over sodium 

luifrte, end  the solvent distilled off. Distillation of the residue gave 0.4 g 

P-iuethyl-Vv'difluorpraino)-6-lieptanone. 

Anal,  calc'd for CffaJm^t    C,  55.5;  H, Q.k ; N,  ?.$ 

Found:    C,  5^.0;  H,  1.U&; H,  7.60 

c. Methyl ß-Difluoraminopropionatc 

Methyl acrylate (2.^2 g,  O.OJU mole) v»as adf'ed to a re- 

fluxing mi::ti;re of 8 g of difluoramine and 17 ml of concentrated sulfuric acid. 

r.  püle yellow, iteu^r.enrous solution formed. The excess difluorrmine way ron-oved 

nf'er Vl/2 hr ani  the solution was poured over 150 ml of crushed ico. A heavy 

Layer fctpr.ratert end wae extracted with loui 50-ml portions of methylea« chloride, 

'jha solution '.a;, w.-.: hed with 50 ml of water and dried over sodium sullatu.  The 

tolvent was removed by diFtlllation. Distillation of the residue gave 3.5 g 

'0.025 mule, 73.5^ yield) of methyl ß-difluoranlnopropionate, b.p. V70C/?C ir;n, 

Hj.2^ 1.3793. 

^Aerojet-Central Report 0233-01-11, 11+ July I96I as correccpj In Errata. 
7 Augubt I96l, Figure h. 
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Anal. Calc'd for C^O^:  C, 34.53; H, 5.04; N, 10.07 

Found: c, 3^.25; H, 5.22; N, 10.2 

d.   Reaction of Difluoramine with Ethoxyacetylene 

rifluoramine (5 g) was allowed to reflux over 1.4 g 
(0.02 ^U:  of ethoxyacetylcm« for 4-1/2 hr. «,. excess difluoramine was removed, 

and the product WM vacuum-transferred ac 0.1 mm to a -80° trap. Fractions of 

rhe two majov exponents wero trapped by gM chromatography and the infrared 

Bp«ctM wore obtained. Elemental analyses have not yet been obtained. 

e.   5-Mechyl-2,2-bi8(diflucra.nino) pentane 

Difluoramine (8 g) was refluxed over 15 ml cone sulfuric 

acid, and 2.5 3 (0.025 mol«) 3-methyl-2-Pentanone wac added dropwise. During 

the 3-hr reflux period a colorless layer separated from the solution. The excels 

dlfluoramiM WM tmovd,  and the product was vacuum-transferred into a -80oC 

trap at 1 nra to yield 1.39 g of colorless liquid. Distillation gave O.43 g 

;-rc;thyl-2,2-fc2(difluoramlno)pentflnR, b.p. 59
0C/27 mm. 

Anal, calc'd for CgH^N^: C, 38.2; H, 6.1,; N, 14.«; P, 40.4 

Found: c, JB.O; H, 7.0; M, U.l; F, 38.4 

f•   2,2,7,7-tetrakis'Difluoramino)octane 

A solution of 2.13 g (0.015 mole) of 2,7-cccanedione in 

17 Pi of cone sulfuric acid was prepared at OOc. Difluoramine (7 g) was 

C-encrnted and allowed to reflux over this solution for 4-1/2 hr. The execs 

diflaoraaln, .,s then swept out and the acid was poured over 150 ml of cru.hcd ice 

1h. product was extracted with three 50-ml portions of methylene chloride. The 

..othyune chioride solution wa. then washed with 50 ml of water, dried ever 

.odium sulfate and concentrated by distillation. Vacuum distillation of the 

r«sldu« gave 1.5 g of colorless liquid, b.p. 71 to 72"/0.1 mm, „hlch shewed 

carbenyl absorption in the infrared spectrum.  This material *„ stirred with 

\ 4a] of cone sulfuric acid and extracted with 6 ml of methylene chloride.  The 

I 
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n 
solution was washed with two 5-ml portions of water and dried over sodium sulfat«, 

and the solvent was removed. The residue was 0.55 8 of white solid, m.p. 60°. 

Anal, calc'd for CQH^FQ: C, 30.2; H, h.kO;  N, IJ.^i  F, 1*7.5 

Found: C, 29-3; H, 3-99; N, 16.5; F, hk.'o 

When the acid layer from the purification was poured 

over ice, no precipitate, was formed. 

g.   Reaction of Cyclobutancne with Difluoramine 

To a refluxing mixture of 30 ml of sulfuric acid and 6g 

of difluoramine, l.h  g (0.02 mole) of cyclobutanone was added dropwi.?e. A hiyb 

reaction exotherm requi'-ec! very slow addition of the cyclobutanone. After U  hr, 

tie  homogen«oua solution was poured over 150 ml of ice. The product was extracted 

with three JO-nl portions of methylene chloride. The combined methylene chloride 

joiution WAS then washed with 50 ml of water and dried over sodium sulf.ite, and 

the; solvent ;7cs distilled off through a 6-in. packed column. Distillation of thft 

it^idufc U-ive Otk g of a colorless liquid, b.p. ^lo/0.1 mm. 

Anal, four.at C, kk.2;  H, 5.^2; N, 12.6, F, 17.6. 

h.   Reaction of 1,5,3-Triethoxybutane with Difluorarainc 

1,3,3-lriethoxybutane (20 g, 0.0105 mole) was added 

dropwi.t to a refluxing mixture of 7 g of difluoraminr. and 18 ml of cone sulfuri-- 

acid.  After k  hrs the mixture was poured ever 150 ml of crushed ice. Tbe product 

wai extracted with three 5C-ml portions of methylene chloride and the organic 

solution was washed with 50 ml of water and dried over sodium sulfate. The 

mtthylene chloride was distilled through a 6 in. packed column and the residue was 

•distilled to yield 0.8 g'o£ colorless liquid, b.p. 570/limm. The. Infrared spectrum 

showed a strong peak at S.6 n, as well as peaks at 7.0, 7.3; Ö.6, 10.?, U.' 

and 12.2 ^i. 

Anal. <ound: C, 30.1+; H, U.65i N, I1*.5; F, i*0.6. 

Page c, 
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3.   AQUEOUS FLUORINATION (V. Grakauskas) 

1.    DllCU|8lOB 

a.   Fluorination of Dlcarbamates 

It has been shown that simple carbamates undergo direct 

fluorination to give the corresponding NF derivatives.* This work has been 

exLenied to  r.-mlnal and vicinal dicarbamates with the objective of synthesizing 

tv'i rDirrispond.ng bis(diflucraminü) derivatives. 

\n aqueous suspension of diethyl raethylenedicarbamnte 

Wi.ü fluorinatod until three iroles of fluorine per mo? e of the dicarbaraate were 

consume^«  » trace of bis(diflucremino)mPthrn3 was found in the cooling trap. 

A \:\')id product possessing strong oxidizing properties 

v^j io'ated on extraction of the aqueous reaction mixture. Fractional 

ulhclllitlon of this extract yielded a high-boiling compound. The high-boiling 

liquid (;'< yield) was identified as diethyl N^N'-difluoromethylenedicarbamatc, 

r:4o(:*TCü0C?HA^ en the basis of its infrared spectrum (Figure 5) and eleir.ontal 

aoalysifii A weak infrared peak at 2.9 \x may be due to a contaminant such as 

diethyl fiuor^r.iethyldicarbamate. Gas chromatographic purification could not be 

jqtd btCiuae of the high boiling point of the material. A preliminary proton 

JJMJ". spectrum (nuclear magnetic resonance) agreed well with the proposed structure. 

The major componerif. of the lower-boiling fraction was 

iei ^.cv.ted by gat chroma'zography and, on the basis of infrared spectrum (Figure 6) 

and elemental aralysin, the compound was tentatively identified as ethyl 

dLriuoramiuomothylcarbamn:^. NF-CIUNHCOOC^H,-. The analytical results would also 

a^ref with tha isoroeric structure, NHFC^NFCOOC-IL. NMR spectroscopy will be used 

to differentiate between these structures. 

■ 

*AtrojPt-Ger.er£l Report 2099 (Annual Summary),  November I96I,  p.  26   (Confidential). 
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Another component (5 to I(#) of the low-boiling mixture 

.« separated by gas chromatography, and on the basis of its infrared spectrum 

•ad .l^fl analysis the material was tentatively identified as ethyl 
K-aifll.rOT.lnoinethyl.N.fluorocarbamat^ „p ^ ci 

U      .. «o completely satisfactory, and additLfl wor^is
5 in progress to secure 

a nample  of higher purity. 

"     na(. b , , , ,     ^ flUOrination of ^o« aiethyl methylenedicarbamate 
nay be tentatively formulated as follows: 

CH2(NHCOOC2H5)$ -: F2 J^ ^(^^ + ^CH NFC00CoHr + N^CH.NHCOCC.Il. 

+ CHgdtfCOOCjHj^ 

„rr.   ,      .      , Ih'! """'"«"O" <" "«hyl ethyl^dicarb.mat, „as c«Ud «   „„der s!mllar reaccl(,n condltlons to those ^^ for ^^ ( 

^   th. K£ yu„e Mleri..   Ihe fluorl„atl<)„ „, ^ ^^^ ^ 
« .   « 1 „u. r.tlo of £luotlne „ 3ub9trate_ ^^ Df     btt _ 

r n ::::r°crrro"the ^ iu°M* ^™ - s~ ^ '-"«- 
" ;^l"ro«^-««"*-«...   (CH2NFC0OC2„ )2, on the b-t. oi U. l^r^d ^e„,» fF   ur(1 7) and AtmaA anuyaisi    ^IM ^ ^^^^^ ^^^ 
«. y.i., .h. pre8s„ct .f . .„„ ab.,orption of (2_9 p) ^ thc ^^^^ 

c. the co^ound suggest. th,.t tb. conpound .u s„M„h.t l^pu«. 

„„    . „ A ''""--'""""E fraction contained savarnl oompononts, 
«.. of   h„ onIy in trace ...onnta.    », maJor „„„„„^ of ^ 

"^»^ M. C^atogtapb,. and, „„ the basis of It. initared spectto. 
-Figure 8) and elemental analysis,  the ccapound vas identified as 

ethvl f-diflno^inoethyinoorocarb^ate, W^CyTOWyL,    Ihe rMi of ,^ 
»t„Ul „as ahoot m.    ^ flllori„atlon o£ ^ ^ .^.dic^ 

t« repruaaud by tb. following equation: 

;        (^„HCOOC^^ t P2 j^ (CH2NF2)2 + (CH2mc00C2H5)31 NT2C[,;ay,Tcccsiv 

I 
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It is interesting that while NFgCIUNHCOOCLH,. was the main 

reaction product in the fluorination of diethyl methylenedicarbamate, the fluorin- 

etion of the ethylene analogue gave mainly NFgCHgClUNFCOOCgH,.. In the case of 

Wt^CfUIIBOOOCJLt  the difluoramino group apparently deactivates the NH toward 

fuither liucrinstion. The difluoramino group in NF^CHgCHpNHCOOCpH,., on the other 

hand; being one carbon further removed from the NH, has less effect on the 

activity of the NH. 

b.   Fluorination of Kethylenediamides 

It h-is been shown that the fluorination of N-methylamides 

eives methyldifluoramine ia hi«h yields.* Geminal diamicles are readily available 

and th«i fluorination wr.s extended to these compounds with the objective of 

tjathesizing the correspcr.ding gem-difluoramino derivates: 

I 

I 

RR'C^HCOR"^ + F^JüaEL- RR,C(NF2)2 + R"C00H 

Methylenediacetamide was fluorinated in aqueous solution 

until from 4 to 5 moles of fluorine per mole of diarcide were consumed.  Only 

c email snount of iitpnre bis(difluoramino)roethane «ras isolated in the cooling trap. 

Workers at Rohm 4 Haas Co. have reported obtaining 

H !MdifluoraminoWthane from the fluorination of aqueous methylen^diformacide.*» 

Ve have attcniptad this reaction using reaction conditions similar to those used 

for the fluorination of the dlacetamide derivative. As was the case with the 

letter, only very Pinall amounts of bis(diflui)ranino)m3thane were isolated. No 

Etucy cf roaction conditions with a view to improving the yield of CHp(KF.,,' 

hu ytt bren made. 

c.   Fluorination of A.'.lyl- and Arylureas 

Fluorination of arylureas has been derived previously.**» 

N^N-Diflunrourea has been identified as one product of thesa reactions.  A volatile 

AtrojtM.-Genfral Report 2C99; p. 21. 

Private eomounicatioc frcm Dr. J. P. Freeaisn, Rohm & Haas Co., to 
Dr. N. W. ThoiBM, Aerojfct-Genöral Ccrpinciou. 

*** 
Aerojet-General Report 2099 (Annual Summary), November I96I, p. 19. 
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liquid, b.p. 2koc, was also isolated, which has nd» been identified as Freon-11 

^FCCl ). This material was a propellant for the Aerosol antifoam agent used to 

prevent the foaming of the aqueous solution during fluorination. 

The fluorination of aqueous allylurea also resulted in 

cleavage of the ON bond., with the formation of N,N-difluorourea: 

(H2O) 

I 
CH2 = CHC!12NHC0NH2 + Fg -.V"^;>  NF2C0NH2 + ? 

Small amounts of solid and liquid products hfith strong oxidizers) wer« also 

produced, but these materials have not been identified, 

d.   Fluorination of Cyanogunnldine 

One experiment has been carried out in which aqueous 

cyanoguanidine waa fluorinated. Fluorine was readily consumed and a large amount 

cf f: brown, v.-atrr-in soluble solid was produced. This material possesses no 

oxidising properties and has not been identified. A small amount of N,N-diflu- 

cnurea was isolated from the aqueous solution. 

2.   E'/.porinc.ntcil 

a.   Fluorination of Diethyl Mrthylenedicarbanate 

A solution (partial suspension) of 38 g diethyl methyl- 

enedlcarbamat« (0.2 mole) in 65C ml water was flurrinated at 10 to 150C with 

E l-io-li mixture of fluorine and nitrogen until approxitnatnly 15 liters of 

fluorln« gas was passed into the reaction mixture.  The reactor was connected in 

teries with -80 and -110oC traps to condense volatile reaction products. At 

the end of the run each cooling trap contained 0.5 ml of colorless liquid. Ih« 

material exploded when an attempt was made to obtain a gas sample for infrarud 

analysis.  In another similar experiment, however, a gas sample was secured 

without explosion end the material was identified on the basis of its LnfrarfC. 

gpectrum aa bis(diflucramino)methane contaminated with carbon dioxice and nltrcgM 

oxides. 

The aqueous fluorination mixture, containing from ; to '■ 

ml  of a heavy colorlesa liquid, was extracted with seven 75-ml portion« of methylene 

chlorld«. Th« combined extracts were dried and filterpd and the filtrate was 
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concentrated to 75 ">!•• The raethylene chloride solution was stirred with solid 

sodium bicarbonate for 5 rain and filtered; the filtrate was concentrated to 

remove the solvent. The rp.sidue, 16.0 g of a pale yellow liquid, was fractionated, 

but on the basis of gradually increasing boiling point (25 to 50oC/0.1 mm) and 

refractive index of the distillate, it was found that the lower-boiling mixture, 

15 g, could net be separated on distillation. The end fraction of the mixture.. 

1,5 g, b.p. 85 to 37oC/0.1 to 0.5 mm, NJp 1.U252, was identified on the basis cf. 

its infrared spectrum and elemental analyses as diethyl N^N'-diflucrcnjethyl^ne- 

dicarbamate, CH2(NFC00C2H5)2: 

Anal, calc'd for CLHjgP^O^s C, 57.17; H, 5.55; N, 12.^ F, 1.6.3 

Found: C, 56.3 ; H, 5.55; N, 12.5; F, 16.5 

The low-boiling material (15 g) was submitted for gas 

chromatcgrnpliic analysis. The mixture was found to contain many crmponcnt?;, most 

of them present only in traces. The main component of the mixture was found to 

be present 'n 6*0 to 90 f concentration. A sample of this material was scpatatrd 

un u semip^epiirativc pns Chromatographie column for infrared and elemrntel 

analys«« (sec paragraph c, below). The. infrared spectrum shewed the presence of a 

strong N-H absorption pesk. On the basis ef infrared and elemental analysis, the 

•t;.;/l Jiflt>ür;unincmcthylcarb,Tmate structure, NFoCH^NHC00CoH.-, bis  been assigned to 

nhe cempeund. Hcvever, an rrted in the discussion, '..he isoneric structure. 

KHPCHgNFCOOCgHj, carnot be ev-ciuded. The yield was 50f3 based on the chromato- 

groph rf-ak areas. 

Anal, calc'd for C^gNgOgi C, 51.15; H, 5.25; N, 18.13; F, 2^.66 

Found: C, 51.5 ; H, 5.^0; N, lo.l ; F, 24.1 

Another constituent of this mix»-u:-^ was rlso isoln^id. 

A bairple ef rhi? material., apparently not pure, was ai.'ly^cJ, but Lhr »lemental 

aaalysia is somewhat off from that calculated for HF.GLJIFOOOC H . 
2 2     2 p 

Anal, calc'd for C^F^O.,: C, 27-9; H, U.IO; N, 16.5; F, 55.1 

Found: C, 29.5; H, 1».6 ; H, Vj.h;  F, 26.6 

The natarlal showed practicelly no N-II absorption in the infrared spoctrum. 
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b.   Fluorination of Diethyl Ethylenedicarbatnate 

A partial solution of it0.5 g diethyl ethylenedicarbamate 

(0.2 uoU) in 650 ml water was fluorinated at 15 to 20oC with elementary fluorine 

diluted with nitrogtn (1:4) until 16 liters of fluorine gas were passed into the 

vt-action mixturö. TV:« reactor was converted in series with -80 and -1100C traps 

to condanse volatile reaction products. At the end of the run, each trap contained 

0.2 ml of a colorless liquid. These materials were combined, and a sample was 

submittf-d for infrared analysis. The infrared spectrum showed the presence of 

highly contaminated l,2-bis(dlfluoramirio} ethane. 

The aqueous fluorination mixture containing from 5 to 7 ml 

of a henvy water-insoluble oil was extracted with ten J5-ml  portions of methylene 

(.Moride. The cctrbined erttrarts were dried and filtered and the clear filtrate 

wai concenlra-ed to 100 ml. The solution was deacidified by treating it with 

.'; g of solid Kwdium bicarbonate. The filtered solution was concentrated to remove 

the residual solvent« The residue was purified by distillation a.-.d gave Ik  g 

of a colcrlest. liquid, b.p. 20 to 3S0C/0.1 to 0.5 «■»• The distlxlation residue, 

8 to 9 g of viscous dark liquid possessing only woak oxidiring properties, was 

ret Investigated in this experiment. 

Tlie distillate was redistilled. After the removal cf 12 f 

<. f liquid, b.p. £0 to 65oC/0.1 mm, there were collected 2 g of colorless liquid, 

b.p, Jo to  780C/r-.l mm. n*5 1.42^5. This material vac redistilled, Kp. 78 to 

r9r,C/C.l to 0.5 mir., n ^5 i.k^b.    On the basis of the infrared s?ectru,n and 

blonentary analysis, the compound was identified as diethyl N^N'-dlfluoroethyleno- 

diearbamate. CH, (NF000C-H,.). 

Aral, calc'd for CQH, ^N^:  C, 40.0; H, 5.8?; H, 11.66: F, 15.62 

Found: C, 59^8; K, S/'o; N, 11.80; F, 15.4 

The mixture of lower-boiling products (12 g) could not be 

puriflad by distillrtion. The material was submitted for gas chroma"ographic 

analysis.  Tt was found that the mixture contained many component.", moct of then 
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present only in traces. One compound, 85 to 90$ of the total, was predominant 

in the mixture. A sample of this material was separated for infrared and elemental 

analyses on a semipreparative column. On the basis of elemental analyses and tha 

infrared spectrum (no N-H absorption peak), the compound was identified as ethyl 

difluoramiromethylfluorocarbamate, NFgCHgCHpNFCOOC H , yield J0%, 

Anal, calc'd for C^iyy^: C, 52.26; H, 4.87; N, 15.05; F, 50.62 

Found: C, 52.5 ; H, 4.82; N, 14.8 ; F, 50.6 

c.   Analysts of Products from the Fltibrlnation of Diethyl 
Methylenedicarbamate (1) and Diethyl Ethylenedicarbamate 
(11) (R.  M. Roberts) 

Distilled isolates taken from these two fluorinated reaction 

mixtureti were examined by gas chromatography under essentially identical conditions. 

A 3/8 x  o-in. column of 5^ LAC (ethylene glycol-succinate polyester) on Chromosorb 

vai operated at 90OC at a helium flow rate of 200 ml/min. Ten constituents were 

ciecected in mixture I and seven in mixture II. From the richer distillation cuts. 

85 tc 9C^ of the material was eluted as pure component from I aftar 9-1/2 min, 

while a 90-to-955i yield was obtained from II as a lower-boiling eluate in about 

7  minutes.  These chromatographically pure isolates were liquids at room temperature 

and could be collecred directly into tared capillary tubes without resorting to 

chilling,  (fhen 50-jil portions of the mixtures were run, only two or three in- 

.ifcctirms were needed to provide ample center cuts for elemental and infrared 

analysis. 

The capillary tubes, initially sealed on one end, then 

left crrrplettly open in most of the component work, were immediately taken for 

aralvcäip.  Preg.l microcombustion OH analysis was performed according to the 

method described by 3trahm.* A notable modification introduced in the Str.ihn. 

 __  

R. D. Strehn, in Bulletin of loth Meeting. JANAF Panel on Analytical Chemistry 
ol Sulid Propellants. October h-6,   i960,  pp 45-7 
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method v/as the inclusion of a 15-xm  section of MgO between the Ag and the second 

Cc207 section. This greatly extends the life of the combustion tube by clininct- 

iiig IIF attack on the quartz walls. This addition was largely made at the expense 

cf the first GuO bed, which was shortened to about 50 mm. This did not constitute 

a compromise, lio-;;ever; since the capillary tube was placed in a ceramic boa«, «nd 

buried in CJO to minimize chances of detonation. At Strahm's verbal suggestion, 

the ratio of CuO:Cr 0^ in the mixed bed was also changed from 2:1 to 10:1. 

Nitrogen was determined by the micro Dumas method outlined in the same reference, 

but without modification. 

Fluorine analysis was performed by the ICnallgasflamme or 

Vlekbold technique, in which the volatilized sample undergoes combustion in a 

hydrogp.n-oxygen flame conuained in an all-quartz system.* A new thorium tltration, 

involving; the mixed indicator alizarin-methylene blue was investigated and found 

to yielc^ boperior iciproducibility to that of the standard methods/* 

d. Fluorination of Methyleneformamide 

A solution of 10,2 g methylenediformamide in 550 ml 

w:.t«r was fluoriaat'id at 0 to 50C as described above. Fluorination was continued 

until 12 liters of fluorine had passed into the reaction mixture. Fluorination 

wi.p quit" !;1ur;ßish and considerable amounts of unreacted fluorine escrped from 

:hp reactor. At the end of the run, the. -80 and -110oC traps each contained 

Vl ml of a volatile liquid. This material was identified by its infrared 

<?i tcLruni as b^sCdif luornniino)methane contaminated with carbon dioxide and other 

unknown imr'srlties. 

e. Fluorination of Allylurea 

A colution of 25 g allylurea (0.25 mole) in 10CC ml wcter 

vus fl-jorinated at 0 to 50C with elementary fluorine (diluted with nitrogen, l:k) 

■iutil  ?1 liters of fluorine gas were passed into the reaction mixture. At the 

R. Levy, in Proceedings of the International Symposium on Microciciiuftry. 
1958; Ferganon Prtss, 19üC, p. 112. 

Hi Soep, Kedcded Vlaam Ghem Ver 21, h9  (1959) (CA 5^ it253, I960) 
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end of the run the pale-yellow reaction mixture contained small amounts of suspended 

solid. The -80oC trap converted in series with reaction flask contained 0.2 ml 

cf a colorless liquid. 

The aqueous mixture was extracted with seven 50-ml portions 

of diechyl ether. The solid dissolved slowly. The ether solution was dried, 

filtered and concentrated to remove the solvent. The viscous residue was distilled 

to give from 1 to 2 g of colorless liquid, b.p. l+0oC/0.1 to 0.3 inm(partial sub- 

limation), which solidified to a white solid. This material was identified as 

N,N-dlfluorourea by comparing its Infrared spectrum with that of an authentic 

sample. 

The distillation residue, from 1 to 2 g of a viscous 

bioun oil, solidified on washing with methylene chloride. This material was 

not identified. 

f.   Fluorination of Cyanoguanidine 

A solution of h2 g cyanoguanidine (0.5 moles) in 6^0 ml 

water was fluorinated at 10 to 150C with elementary fluorine (diluted with nitrogen 

lik)  until 22 liters of fluorine gas had passed into the reaction mixture. A 

liquid (0.2 nl) which accumulated in the -11C0C trap was lost in manipulation. 

The aqueous reaction mixture, containing large amounts of 

'. hrown solid, was filtered, and the solid material washed first with water, then 

with ethanol and ether. The solid, b.p,"> 50CoC (no oxidizing properties), amounted 

to 8 grams. 

The aqueous filtrate was extracted with seven 70-ml portions 

uf diethyl ether, and the combined extracts were dried, filtered and concentrated. 

The semi-solid residue was purified by distillation at 50oC and 0.1 mm pressure 

to give 1 g o£ white crystalline solid, which was identified by its infrared 

spectrum as N,N-difluorourea. 

I 

r 

\ 

Page 18 

CONFIDENTIAL 



I 

[ 
1 

i 

[ 
■ 
[ 

i 

i 

CONFIDENTIAL Report No.   0235-01-12 

-     i     . , ItiKiataai 

i    t    i 

<u 
c 

0) 
Ü 
ni 
>» 
X 
o 

43 u 
u 
I 
o 
u 

o 
3 -o 
o 
u a, 

>>4 

H 

3 
00 

ItRtlltlll 

I 
CONFIDENTIAL Figures  1-2 



I 

: 

i 

i: 

i 

CONFIDENTIAL Report No.  0235-01-12 

I 

I. 
I 
1 

?.     8       g       8      «      S       S       «      g      „ 

c 
5 

u 

% 
>. 
o 
u 
u 
e 
o 
M 

U 
u 
3 

■o 
o 
H 

-j 
u 
3 
30 

U. 

s     s     s     s 

i      S      S      g      S      Si      3 s     s     » 

IssRssiSÄga 

CONFIDENTIAL Figures   yh 

. 



CONFIDENTIAL Report No.   0235-01-12 

I    s    s    e    s     s 

I 

I 

I 

I 
I 

I 

i: 
I! 

I 
f 

■  t  i ?     «     s     s     s 

a. 
u 

JO 
u 
« 
o 

c 
<u 

r-l 

u I 
a 
h 
o 
3 

a 
i 

z 
z 

u 
0) 

Q 

01 
M 
3 
00 

•H 

Wl 
D 
O 
-i 

u 
V 
B 
o 
c 

u 
o 
3 

r-t 
'M 

a 

u 
U 

II 
u 
3 
00 

CONFIDENTIAL Figures  5-6 

% 



I: 
n 

CONFIDENTIAL Report No.  0255-01-12 

ItattivKi letctitii 

I 

D 

( 

: 

[ 

J3 

<u 
c 
0) 

£ u 
<v 
0 
u 
0 
3 I 

: * a 
i 

z 
z 

u 
o 

M 
3 
00 

?     «     s     s     s 

J3 

(0 

o 
3 

J= u 
01 
o 
c 

9 
u 
o 
3 

Q 
I 

'II 

u 

0 
0) 
i- 
3 
00 

3      Ä       S       Si       Ä 

CONFIDENTIAL Figures 7-8 



Report No. 0235-01-12 

DISTRIBUTION LIST 

i 

I 

I 

I. 

L 
I 

Chlet,  Office of Naval Research 
iK'pari-ment oi tue Kavy 
Wn?hinp,trn ^j,  D.C. 
Attn:     Propulsion Cii^mistry Branch 

Code l42(. 
VIA:    EuV'epfRep., Azusa 

floWepsRep., Azusa 

Director 
AJvanced Research Projects Agency 
The Pentagon 
HMhlagton r.5,. D*C« 
Attn:    T^chnicr.l Infomnclon Officer 

Dv.  Ü.  V.  Sickcan 
Naval Ordnance Laboratory 
ritte C.»k 
b.'lvor Sprang.  MarylraiH 

Cfirmantiing Officer 
Avnr.y chenl-.al Center,  Maryland 
Attr.:    Technical Library 

LOP Alanoi Scientific Laboratory 
L< b /.]air.o8,  New ::pxir.o 
Attri;    leehnical Library 

Dr.  M. W.  Rigg 
U'fice of Naval Research 
IC.'O East Green Street 
Put>?dbna}  California 

Dr.  T.  L.  Brownyatd 
Bureau of Nival Weapons 
Department of the Navy 
Attn;     Ci'de pvUE-5 
Wabhington i^,  P.C. 

iir.  Ei  i.   Gtubrr 
Kird.   Plnsticc  Kose^rch 
General Tiro,  i Rubber Co. 
Rascareh Tdi oratory 
Akron, Ohio 

No. cf Copies 

11 

1 

C 

\ 



i: 

i; DISTRIBUTION LIST 

Chief, Bureau of Naval Weapons 
Deparcisent of the Navy 
Weshingcon 25,  D.C. 
Atta:    Code RMMP-2 

SPIA and LPIA 

Internal Distribution 

Report NO. 0235-01-12 

No. of Copies 

1 

As required 

53 

[ 
, 




