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FOREWORD  (U) 

(U)  This final report *as prepared by Stanford Research Institute, 

Menlo Park, California, for the Air Force Rocket Propulsion Laboratory, 

Edwards Air Force Base, California.  The report covers work carried over 

from March 1, 1970 to June 1, 1971 under Air Force Contract FO4611-70-C-0037. 

Scientists who contributed to the program include M. E. Hill, project super- 

visor, D. L. Ross, project leader, J, M. Guimont, M. W. Lerom, C. S. Nelson, 

and D. Tegg.  Nmr analyses were performed by H. C. Barrett, and elemental 

analyses were performed by E. M. McCarthy. 

(U)  The AFRPL Contract Monitors were Capt. Paul Jendrek (MKPC) and 

Dr. Frank Roberto (MKPC). 

(U)  Distribution of this report was made in accordance with the 

latest CPIA Mailing List. 

ii 

UNCLASSIFIED 



i 

CONFIDENTIAL 

CONFIDENTIAL ABSTRACT (U) 

(C)  The primary objective of this research program was the synthesis 

of thermally stable, high density, and high energy plastlclzers for new 

high energy polyether binders of interest to the Air Force.  Initially 

the synthesis of three specific nitrodifluoramino-ether plastlclzers was 

studied, but difficulties in synthesis and poor yields made their prepara- 

tion impractical.  The research effort was then redirected toward the 

synthesis of a series of nitrodifluoramlno-formal plastlclzers which re- 

sulted in the synthesis of SYFO,  bisCs-f luoro-5, 5-dinitro-2, 2-bls(dlf luor- 

amlno)pentyl3 formal.  In overall properties, SYFO has outperformed all 

other energetic plastlclzers known.  Results of tests to date show that 

SYFO has the required high energy and density, low volatility, and thermal 

and chemical stability.  In addition, SYFO imparts excellent properties 

to propellants formulated with it, and results in thermally stable propel- 

lents which heretofore have not been possible.  A summary of work performed 

on this contract follows In order of performance. 

(C) TDFH,   l,7-difluoro-l,l,7,7-tetranltro-4,4-bls(dlfluoramlno)- 

heptane, which was discovered on a previous Navy contract, was prepared 

in larger quantities and submitted to AFRPL for evaluation as a plasti- 

clzer for P-GFDNE, and for PCDE.  TOFH was found to be a very good plasti- 

clzer for these binders during formulation, but after curing, the propel- 

lent became brittle.  This was probably due to a low degree of association 

between TOFH and other Ingredients or the fact that a lower eutectic point 

was not achieved at the concentration of TDFH used, 

(C) Nitrodlfluoramlno ethers were studied In order to obtain plastl- 

clzers similar In structure to TOFH ijut lower melting. Compounds studied 

Included Goal Compounds I, IA, and II: 

(C)  Compound I, FC(N02)2CH2CH2C(NF2)2CH2OCH2C(N02)2F.  Two 

synthetic approaches to Compound I were investigated. The first involved 

the addition of fluorodinltroethanol to epoxybutene.  The reaction was 

ill 
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carried out  in base,   but  the epoxide opening was catalyzed  by the acidic 

alcohol,   fluorodinitroethanol,   rather than  the base.     The  resulting pro- 

duct  was  the undesired  isomer.     A second approach to  the synthesis utilized 

a metathetical reaction between  fluorodinitromethane and  iodobutene.     The 

desired  product was obtained,   but   the yield was never greater than 5%. 

(C)    Compound   IA,   FC(N02)2CH2OCH2C(NF2)2CH2C(N02)2F.     The  syn- 

thesis  of Compound   IA was  partially completed.     Fluorodinitroepoxybutane 

was  prepared by a metathetical  reaction between fluorodinitromethane  and 

allyl  bromide followed  by epoxidation with pertrifluoroacetic acid.     How- 

ever,   the reaction between fluorodinitroepoxybutane and  fluorodinitroethanol 

always   led   to polymerization  of  the epoxide. 

(C) Compound II, FC(NO2)2CH20CH2C(NF2)2CH2OCH2C(N02)2F. Numerous 

approaches to the synthesis of Compound II were investigated. Only one gave 

any degree of success.     The  intermediate secondary alcohol 

FC(NO2)2CH2OCH2CH(0H)CH2OCH2C(NO2)2F 

was prepared by the reaction of GFDNE with fluorodinitroethanol, but the 

yield was less than 1%. This and other routes were studied and found to 

be  impractical  for plasticizer  synthesis. 

(C)    Nitrodifluoramino formals were proposed and  studied  since 

the physical properties  expected of Compounds   I,   IA,   and  II could be 

achieved with the formals without   loss of energy,   and  because the formals 

could  be prepared with much  less difficulty and  in higher yield  than  the 

ethers. 

(C)    The synthesis  of each of six  formals proposed involved  the 

reaction of a nitrodifluoramino alcohol with  the chloromethyl ether of 

fluorodinitroethanol or dinitropropanol.    Three of  the  formals were pre- 

pared  but  their densities were  low.     An observation made during the 

preparation of one of  the  formals,   FYOF,   led  to  the synthesis of the 

symmetrical  formal,   bis Qj-f luoro-5, 5-dinitro-2, 2-bis(dif luoramino)pentyl] 

formal,   SYFO.    Our preliminary  tests on the compound were encouraging; 

therefore  a  sample was  prepared  and  submitted  to AFRPL for  further tests. 

iv 
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Their results showed that SYFO was the best plastlcizer tested to date. 

Because of the interest shown in SYFO, we have conducted a preliminary 

investigation of scale-up procedures for the preparation of pound quan- 

tities.  At the present time it appears that the reactions can be scaled 

up to prepare several pounds of SYFO for motor firings. This  work will 

resume in the near future. 

(C)  Fluoronitroethers were investigated briefly and synthesis 

achieved of DIAD, 1,15-difluoro-1,1,15,15-tetranitro-6,10-bis(2-fluoro- 

2, 2-dinitroethyl)-3,5,8,11,13-pentaoxapentadecane, 

[FC(NO ) CH OCH OCHCH -] 0. 

FC(N02)CH2 

This compound appears to meet all of the plastlcizer requirements; how- 

ever, it is not as energetic as SYFO.  Additional work on DIAD was post- 

poned in preference to work on SYFO. 
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I   INTRODUCTION  (C) 

(C)  Thermally stable, high energy, and high density plastlcizers 

are needed for use in propellants that will be subjected to extreme en- 

vironmental conditions.  The required binders for these propellants, 

PGFDNE and PCDE, appear to have been achieved, and have been undergoing 

evaluation by the Air Force.  However, until the present research program 

was begun, no known plastlcizers for PGFDNE and PCDE met all of the re- 

quirements.  FEFO approached the requirements as a plasticizer, but was 

too volatile and lacked the desired energy.  TVOPA had the required 

energy and low volatility but lacked the desired chemical and thermal 

stability.  TDFH possessed the required energy, chemical and thermal 

stability, and high density; however, the compound was a solid melting 

at 53"C.  TOFH was found to be a very good plasticizer for PGFDNE and 

PCDE during formulation, but after a period of time, the compound caused 

the propellant to become brittle—probably because of the crystallization 

of TOFH.  It became obvious that, to achieve plasticization with retention 

of the propellant and chemical properties, a lower melting solid or high 

boiling liquid of low volatility and a structure similar to that of TDFH 

was required. 

(C)  The synthesis of Goal Compounds I, IA, and II, all ether analogs 

of TOFH, was proposed and investigated.  These jompounds contained the 

same energetic functional groups as TOFH, but they also contained ether 

groups which would tend to make them more liquid than TDFH,  Later in the 

program, we found that none of the 3ynthetic routes investigated was prac- 

tical, even for the synthesis of small quantities for evaluation. 

(C)  The emphasis of the program was shifted to synthesis of the 

more readily prepared formals, compounds having the general structure 

ROCH OR in which R contains fluoro, nitro, and geminate-difluoramlno 

groups.  Several of these compounds were prepared, and the research cul- 

minated in the synthesis of SYFO, a corapouud which to date has met all 
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(C) requirements as a plasticlzer for the PCDE and PUFDNE binder systems. 

After termination of the experimental work on this program, a sample of 

high purity SYFO submitted to AFRPL crystallized, and had a mel*ing poiwl 

of about 290C. Nevertheless, propellants formulated with SYFO have cuti- 

tinued to give results superior to any achieved heretofore. 
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II DISCUSSION OF RESULTS  (U) 

A.   Synthesis of 1,7-Dlfluoro-1,1,7,7-tetranltro-4,4-bis-(dlfluoramlno)- 

heptane (TDFH)  (C) 

(C)  TDFH »as prepared under a previous Navy contract, and prelimi- 

nary testing indicated that it was a very promising candidate plasticizer 

for double base systems.  Because TOFH had the required thermal stability, 

density, energy, and nonvolatility, a sample was p epared and delivered 

to AFRPL for further Investigation. The  material is described as item 

C001 in Exhibit C of the subject contract. 

(C)  The synthesis of TOFH was carried out according to Eqs. (1-5) 

shown below; the average yield of each run is given. 

(CH3CHa)2C=0 + HOCHaCH2OH    ,7:     * (CH3CH2)2C   | 
U' OCH2 

I II 62^, 

Ft  O •09H2 

II +  2 Br2      %'       »  (CH3CHBr)2C       | 

III   92% 

MeOH X00"2 

III + 2 NaDH    7—5 *   (CH2=CH)2C       | 
{3) OCH2 

IV 37i 

IV +   2 HC{N02)2F    Me0"'   H»0   > [FC(N02)2CH2CH2]2C=0 

V 50^ 

CH,C1, 
V+  F2NS03H      "5)   ?   * [FC(N02)2CH2CH2]2C(NFa)2 

TDPH 88^ 
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(C) The reactions shown in Eqs. (1-4) have been reported previously 

2 
as well as the reaction of Eq. (5).   During the course of work on the 

difluoroamination, Eq. (5), we found that it was not necessary to isolote 

TDFH in large quantities.  The reaction mixture of Eq. (5) consisted of a 

sulfuric acid phase and a methylene chloride phase containing the desired 

TDFH.  To remove impurities, the organic phase was washed with water, 5% 

sodium bicarbonate solution, and then with 6N sulfuric acid.  After dry- 

ing with MgSO , the organic phase was assayed for TOFH and its purity. 

Melting points were consistently 52-530C.  Aliquot samples of TDFH pro- 

duced in this manner from each run were heated to 750C overnight; the 

melted material remained clear and colorless, indicating highest possible 

purity.  This factor would be significant if TDFH were to be produced on 

a larger scale.  Time did not permit a long-term storage stability test 

OH the TDFH in methylene chloride used for the reaction.  To avoid pos- 

sible decomposition on storage, the methylene chloride was removed and 

the TDFH was isolated in 10-g batches.  This material was then redissolved 

in spectroquality methylene chloride for storage and shipment.  A total of 

110 g of TDFH was prepared; 108 g was shipped to AFRPL. 

(C) During testing at AFRPL it was lound difficult to formulate the 

propellant due to the high melting point of TDFH (540C).  TDFH also tended 

to crystallize out of the propellant utter  formulation; therefore work on 

TDFH was terminated, and research on ics ether analogs begun. 

B.   Nitiodifluoramino Ethers (U) 

(C)  The synthesis of two ethers, Compounds I and II, was scheduled 

in the originale contract, and later. Compound IA was investigated.  Al- 

though the synthesis of each compound was partially completed, extremely 

low yields in all cases made continued work unrealistic, 

1.   1,8-Difluoro-1,1,8,8-tetranitro-4,4-bis(difluoramino)-6-oxaoctane 

(Compound I)  (C) 

(C) Compound I was proposed for synthesis because it contains the 

same energetic groups as TDFH but also an ether linkage which would tend 

to make it lower melting than TDFH.  Since TDFH meets all of the require- 

ments of a plasticizer for the composite system except for its high melting 

point, this compound appeared to be very promising. 
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(C)     The reaction sequence,   first  proposed   for  the synthesis of Com- 

pound  I  is  shown below. 

FC(NOa)aCH2OH + CHa=CH<!aCHa6 -7—— CTa=CMCH(OH)CHaOCH2C(N02)2F 
(6) 

FDNE EB FDNE-EB 

FDNE-EB   -^--►CHa=CH-CO-CH2OCHaC(N02)2F 

Ketone A 

Ketone A + HC(N02)aF   ~—r ►FC(N02)aCT2CHa-CO-CH2OCH2C(NO2)2F 

Ketone B 

Ketone B + FJJNSO^  ——— ►FC(N0a)2CHaCHaC(NFa)aCHaOCH2C(N02)2F 

Compound I 

(C) A series of reactions was run in which equivalent amounts of 

fluorodinitroethanol and epoxybutene were treated with different bases 

under several reaction conditions (see Table I).  The reaction mixtures 

were analyzed periodically by glpc, but only Runs 2 and 5 showed any ap- 

preciable change.  A high boiling product was isolated from Run 2, and 

the nmr, ir, and elemental analyses conformed to the desired product. 

However, two isomers are possible from this reaction:  the secondary 

alcohol (FDNE-EB) and the primary alcohol, Eq. 10. 

FC(N02)2CH20H + CH2=CH6HCH26 

FDNE EB 
(10) 

CH2=CHCH(OH)CH2OCH2C(N02)2F + CH=CHCH(CH2OH)OCH2C(N02)2F 

Primary alcohol 
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Table I 

(C) REACTION OF FLÜOR0DINITRQETHANOL 

WITH EPOXYBUTENE (U) 

Run 
Equlv 
FDNE 

Equlv 
EB 

Equlv 
Base 

Temp, 
0C 

Time, 
Days 

Results 

1 1 0.1 0-5 5 No reaction 

2 1 1 0-5 5 Primary alcohol 

o 1 0.1 25 5 I'o  reaction 

4 1 0.1 25 5 No reaction 

5 1 2 0-5 4 Primary alcohol + 

4% of secondary alcohol 

(C) Nmr analysis of the isolated compound in CFCL„ gave the follow- 

ing spectrum: 6 2.94 (s, 1, OH), 3.50 (d, 2, CH2CH(0H), J = 4 Hz), 3.95 

(rpindruplet or 2 overlapping triplets, 1, CH(0H), J = 5.5 Hz), 4.55 (pair 

of d, 2, CFCH-, J = 18 and 4 Hz), 5.5 (complex multiplet, 3, CH=CH2). 

Since this spectrum did not distinguish FDNE-EB from the possible primary 

alcohol, the acetate ester derivative was prepared and analyzed by nmr. 

The nmr spectrum of the alcohol had a doublet for two protons at 6 3.50, 

which could be either CH(0H)CH 0 of the secondary alcohol or CH OH) of 

the primary alcohol.  Likewise, there was a quadruplet (two overlapped 

triplets) for one proton at 5 3.95, which could be either CH(OH) of the 

secondary alcohol or CHCH OH of the primary alcohol.  If the alcohol were 

secondary, acetylatlon would cause the 6 3.95 quadruplet to be shifted 

downfield.  However, the nmr of the acetate ester showed the 6 3.50 doublet 

to be shifted downfield to ca. 6 3.95-4.0; thus the parent alcohol was 

primary. 

(C) Glpc analysis of Run 5, Table I, showed that two products were 

formed.  One was the primary alcohol, and the other was identified as the 

secondary alcohol (FDNE-EB) by comparing an nmr of the mixture with the 
3 

spectrum reported earlier by Grakauskas.  Further attempts to Improve 

the yield of secondary alcohol were not successful. Apparently FDNE is 

sufficiently acidic that regardless of how much excess base is in the 

reaction mixture, the epoxide opening is acid catalyzed and gives the 

primary alcohol almost exclusively. 

6 
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(C)  Because the unexpectedly low yield of secondary alcohol made 

the original approach impractical, a second synthetic route was considered 

as follows, Eqs. (11-14). 

CHa=CHCHaCHaX + FC(NOa)2H + AgaO 
Ace^°?e » 

X=Br,I 

CHa=CHCHaCHaC(NOa)aF ^lll 
CH.COOGH / \ 

(12) 
♦- CHaCHCHaCH2C(N02)2F 

OH 

 ^- ►FC(N0a)aCH20CH2CHCH2CM2C(N02)2F 
(13) 

1. fo] -^ Compound I 

(14) 

(c) The metathetical reaction (Eq. (11), was carried out with bromo- 

butene in three experiments; however, the bromine was not sufficiently 

reactive, and the fluorodinitromethane was decomposed by silver oxide. 

When iodobutene was used, the desired product, 5-fluoro-5,5-dinitro-l- 

pentene, was recovered in 5% yield. A number of reaction conditions were 

tried, but the yield could not be improved. Further investigation did 

not, therefore, appear practical. 

2.   1,7-Difluoro-l,1,7,7-tetranitro-3,3-bis(difluoramino)-5-oxaheptane 

(Compound IA)   (C) 

(C) When the synthesis of Compound I appeared impractical, we felt 

that a similar compound should be considered.  Compound IA is the lower 

homolog and contains one less methylene group than Compound I. 

(C)  On another program we found that the reaction of allyl bromide, 

fluorodinitromethane, and silver oxide in acetone solution produced high 

yields of 4-fluoro-4,4-dinitro-l-butene.  Because this compound is easily 

synthesized and readily available, it was considered a good candidate for 

an intermediate leading to a lower homolog of Coiitpound I.  The synthetic 

route to the homolog, Eqs. (15-18), is analogous to that given above for 

Compound I. 
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(C) 
CHa=CHCHaBr + FC(NOa)2H + AgaO    Ac^°"e   >    CHa=CHCHaC(N02)2F 

115 J 

TTTT 
cr'^H.   a.aw.caw.)^    S^g . 

0 

OH 
I 

FC(NOa)aCHaOCHaCHCHaC(NOa)aF    &'  j'^gOJI»  Compound IA 

(18) 

After the epoxldation step, Eq. (16), the product was recovered in moder- 

ate yield and characterized by ir, nmr, and elemental analyses. The 

reaction of the epoxide with FDNE in aqueous NaOH, Eq, (17), gave 1.8 g 

of a clear, yellow, viscous oil which could not be distilled nor analyzed 

by glpc; it consisted primarily of polymerized fluorodinitroepoxybutane. 

The nmr spectrum of the material was very characteristic of a polymer and 

similar to that of P-GFDNE in that there was considerable broadening of 

the methylene signals. 

3.   1,9-Di fluoro-1,1,9,9-tetrani tro-5,5-bis(di fluoramino)-3,7- 

dioxanonane (Compound II)  (C) 

(C) Like Compound I, this compound was proposed because of its simi- 

larity to TDFH and because the ether group would tend to lower the melting 

point. 

(C) Three synthetic routes for the preparation of Compound II were 

Investigated. Although none was entirely successful, the alcohol inter- 

mediate, Eq. (20), was prepared in 0.6% yield by the procedure initially 

proposed. Because the yield could not be improved, we concluded the pro- 

cedure was impractical even for the preparation of small amounts of Com- 

pound II. Hence, two other routes were investigated briefly, also without 

success. 

(C)  The procedure first proposed is outlined in Eq. (19-23). 
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(C) 
I I      NBOH I i 

FC(N03)aCH3OH + ClCH2CHCHaO » FC(N0a)aCH20CH2CHCH2O 

FDNE 

(21) 

ECH 

2FDNE 

(19) 
GFDNE 

(20) FDNE 

FC(N02 ) aCHaOCHaCHCHaOCHaC(NOa ) aF 

(22) [0] 

FC(NOa ) aCH2OCHaäcHaOCH2C(N02), 

(23) FJJNSO^ 

Compound II 

(C)    GFDNE    Eq.   (19),   was  prepared   in   15% yield by  the  method  of 
3 

Frankel    using a   two-phase reaction of FDNE with ECH and  aqueous base. 

A by-product  of  this  reaction was a  chlorohydrin,   an Intermediate  in the 

formation of GFDNE,   Eq.   (24).     The chlorohydrin was characterized  by ir 

and nmr analyses  and by Beilstein's halogen test;   in addition,   treatment 

of the chlorohydrin with base gave GFDNE,   Eq.   (25). 

I I     NaOH 
FC(N0a)2CHa0H +  ClCHaCHCH20 > FC(N02) aCH2OCH2-CH-CHaCl 

FDNE ECH ""T' 

(25) NaOH 

GFDNE 

9 
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(C)  Initial attempts to prepare the secondary alcohol, Eq. (20), 

led only to recovery of starting materials and polymeric GFDNE.  The only 

successful reaction was one in which a threefold excess of FDNE in IN NaOH 

was allowed to stir with GFDNE for two days at 0oC.  The organic materials 

from this reaction were extracted from the aqueous system and were frac- 

tionated by glpc using chloroform and silica gel.  Fourteen fractions were 

collected and analyzed; fractions 1-7 contained GFDNE and FDNE, and frac- 

tions 8-14 contained only FDNE and a higher boiling alcohol.  FDNE was 

evaporated from these latter fractions leaving 45 mg (0.6% yield) of a 

clear, colorless, mobile liquid that was identified by nmr as ehe desired 

secondary alcohol, Eq. (20).  This alcohol could not be distilled nor 

analyzed by glpc. 

(C)  There was a possibility that the primary alcohol, Eq. (26), 

had formed instead of the secondary alcohol, Eq. (27).  If this were true, 

nmr analysis alone would not bj sufficient to distinguish between the two. 

Therefore, we prepared the acetate of the alcohol, Eq. (28).  The shift 

of the methyne proton multiplet, CH(OH), by 1 ppm downfield to give a 

distinct quintuplet showed that the alcohol was secondary and not primary. 

The acetate of the primary alcohol would have resulted in a downfield shift 

of the CH OH protons. 

3 FC(N02)2CH20H + 3 NaOH(lN) + FC(N0a) aCHaOCHjCHCHaO 

(27) 

FC(NOa) 5CHaOCHaCHCH8OCHaC(NOj) 2F 

OH 

Secondary Alcohol 

(28>   Ac20 
■ 

FC(N0a) 2CHa0CHaCHCHa0CHaC(N0a) aF 

OCOCH3 

(26) 

FC(N0a)aCHa0CHaCH0CHaC(N0a) 2F 

CHa0H 

Primary alcohol 

10 
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<C) Nmr (CDCl,):  F,C(NOa)2CH1OCHaCHCH,0CHaC(NOa)2F 

bhlft, T Assignment J, Hz Area 

5.40 Doublet FC(N0a)2CHa- 17 4 
S.37 Doublet -0CHa- D 5 6.37 Multiplet -CH(OH)- 
7.69 Singlet -0H - 1 

Nmr (CDCI3):  FC(NOa)aCHaOCHaCHCHa0CHaC(NOa)aF 

OCOCH3 

Shift, T        Assignment J, Hz Area 

5.44 Doublet      FC(NOa)2CHa- 17 4 
6.26 Doublet      -0CHa- 5 4 
5.36 Quintuplet   -CH(OAc)- 5 1 
7.93 Singlet      CH3- - 3 

(C)  Because of the extremely low yield of secondary alcohol, the 

preparation of Compound II by this method was not practical.  However, 
4 

based on the work of earlier investigators,  the yield should have been 

much higher.  We felt very strongly that the yield could be improved by 

varying solvents, catalysts, or reaction conditions. 

(C)  In reviewing previous base-catalyzed reactions of FDNE with 

epoxides, we found that only water had been used as the solvent.  However, 

in these reactions, the starting epoxide (e.g. ethylene oxide, propylene 
4 

ox.Je, epichlorohydrin) had always been water soluble.   Therefore, the 

epoxide could easily react with  luorodinitroethoxide in the aqueous 

phase.  In the case of GFDNE, the compound had no water solubility, and 

very little reaction could occur.  Also, no reaction occurred when THF 

was used to solubilize GFDNE (also epichlorohydrin) for reaction with 

FDNE in aqueous base.  Thus it appeared that, for reaction to occur, two 

11 
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requirements must be met:  (1) the epoxide must be solubilized in water 

by some means, and (2) water and/or a hydroxyllc solvent must be present 

in order to hydrate and stabilize the fluorodinitroethoxide anion.  By 

using ethanol as a solvent, both of these requirements could be met. 

(C)  Three concurrent experiments were conducted in which varying 

ratios of GFDNE, FDNE, and NaOH in ethanol were allowed to react at 0-50C 

for 15 hr.  The mole equivalent ratios of FGDNE:FDNE:NaOH were 1:2:2, 

1:2:1, and 1:1:1.  Copious amounts of sodium nitrite separated from all 

three reaction mixtures, and we observed that the amount of sodium nitrite 

formed was directly proportional to the amount of sodium hydroxide used. 

The ethanol supernate from the three reactionr contained starting materials, 

polymer, and a large amount of carbonyl-containing product that could not 

be separated or identified. 

(C)  In the above reactions, the formation of sodium nitrite could 

arise only from loss of nitrite from the fluorodinitromethyl group of 

either GFDNE or FDNE.  At first glance it appears that FDNE would be less 

stable to base than GFDNE; therefore, we reasoned that the sodium nitrite 

and the carbonyl product of the reaction formed, as a result of deformyla- 

tion of FDNE, into formaldehyde and sodium fluorodinitromethide.  The 

latter is very unstable in base and thus its presence would account for 

the sodium nitrite formation.  On the contrary, a GFDNE/NaOH/ethanol 

solution produced sodium nitrite in large amounts and much more than an 

FDNE/NaOH/ethanol solution. 

(C)  In order to determine the fate of the fluorodinitromethyl group 

in base, and still be able to identify its decomposition products readily, 

we treated fluorodinitropropane in ethanol with one equivalent of NaOH at 

0-50C.  Sodium nitrite formed rapidly, and the major organic product iden- 

tified was ethyl propionate.  The proposed mode of product formation con- 

sistent with these results is shown in the equations below. 

12 
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(C) 

CHJCHJCCNO^JF 

NaOH/C,H5OH 

[CHJCHJCCNOJ) =NOaNa] + F
- 

"Ofit 

[CH3CHjC(NOa)OEt] + NaN02 

OH" 

[CH3CH,C(OH)OEt]  +  NaN02 

-H+ 

CHaCHjCOOEt 

rCH3CHaC(F)=N02Na] + NaN02 

OH  /-H 

[CHaCHjCOF]  +  NaN02 

EtOH 

CHaCHjCOOEt 

(C)  These results had a direct bearing on the reaction of GFDNE and 

FDNE In base which we had been conducting.  In aqueous media we had always 

observed carbonyl-containlng (ketone or carboxyl) products whose formation 

could not be accounted for by condensation of formadehyde.  In addition, 

the carbonyl compounds were always extractable from other organic products 

with dilute base; therefore, they were no doubt carboxylic acids formed 

by base hydrolysis of the fluorodlnitromethyl group.  In addition to hy- 

drolysis, polymerization has always occured also.  Therefore, in the 

reaction of GFDNE with FDNE to form the desired secondary alcohol, two 

known competing reactions are in effect.  Depending upon the rates of 

these reactions, of course, only a finite yield of secondary alcohol can 

be obtained.  These statements would also be true for the reaction of 

13 
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FDNE with epichlorohydrin to give GFDNE; we find that no yields greater 

than 30% have been reported.  In our experience, yields of GFDNE have 

been much less. 

(C)  In light of the above discussion, it appeared that the yield of 

secondary alcohol (0.6%) probably could never be improved significantly 

by using sodium hydroxide as a catalyst.  A literature search showed that 

other catalysts have been used for the condensation of alcohols with epox- 

ides.  We felt that at least a brief investigation of each one was warranted, 

(C)  The stannic chloride-catalyzed reaction of FDNE and propylene 

oxide in methylene chloride solution was reported to give a 15% yield of 
4 

FC(N0 ) CH OCH CH(0H)CH .   Lewis acid-catalyzed reactions of epoxides 
*.£.£,£ o 

with alcohols are poor at best; polymerization of the epoxide is the usual 

course of reaction.  Nevertheless, we attempted the analogous reaction of 

GFDNE and FDNE under the same conditions, Eq. (29). 

FC(N0a)aCHa0H + FC(N0a) 2CHtOCHa6HCHad + SnCl4 (4 drops) 

(30) 

Hr-OCHa-CH-]n0H 

CHa0CHaC(NO9)2F 

CHaCla 

15 hr/250C 
(29) 

[FC(NOa)2CHa0CHa-]2CHOH. 

P-GFDNE 

(C)    Some starting materials were recovered,   but  the reaction  fol- 

lowed  the usual course giving primarily P-GFDNE,   Eq.   (30). 

(C)    Boron trifluoride  (BF  ) catalyst was  investigated briefly be- 
«5 

cause it has been used  successfully for numerous  similar epoxide conden- 

sations.       The reaction of GFDNE and FDNE with  BF    catalyst,   Eq.   (31), 

in  the cold and at  250C for one to five days gave essentially polymers 

14 
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(C) 

of GFDNE.  To determine if BF would indeed catalyze the desired ring 

opening, it was used in a reaction of FDNE and ECH which should have giv.n 

the chlorohydrin, Eq. (32), 

BF3 GFDNE + FDNE       » FCCNO^C^OCH^OHKHgOCH^NO^F 

BF 
FDNE + ECH  . * * FC(N02)2CH2OCH2CH(OH)CH2Cl 

but in this reaction only polymer was formed and FDNE was recovered. 

(C)  Pyridine was also used as a catalyst for the reaction of GFDNE 

+ FDNE, and FDNE + ECH.  Experiments were carried out with neat reactants 

or with solvent (CH Cl ) at ambient temperature with one equivalent of 

pyridine; and with neat reactants at 600C with one-tenth equivalent of 

pyridine.  With one equivalent of pyridine at ambient temperature, no 

reaction occurred.  With one equivalent of pyridine at 600C, decomposi- 

tion occurred to give only tar products.  With one-tenth equivalent of 

pyridine at 900C, little or no reaction occurred and starting materials 

were recovered.  But the fact that no chlorohydrin formed in any of the 

cases from reaction of FDNE + ECH showed that pyridine was not effective 

as a catalyst. 

(C)  Concurrent with the work described above, we also investigated 

other methods of obtaining hig-h concentrations of the fluorodinitroethoxide 

anion for reaction with epoxides.  A brief attempt was made to use sodium 

hydride as base instead of sodium hydroxide. Ether solutions of ECH and 

FDNE to which sodium hydroxide was added gave no GFDNE or its chlorohydrin, 

Eq. (33).  A subsequent experiment was run in which an ether solution of 

FDNE was treated with NaH, Eq. (34).  A yellow salt precipitated and was 

washed with ether and then resuspended in ether.  The suspension was aci- 

dified with dry HC1, Eq. (36).  The salt formed in this acidified mixture 

was filtered and shown to be sodium chloride. The filtrate was evaporated 

leaving fluorodinitromethane; therefore, the fluorodinitroethoxide anion, 

which no doubt formed, rapidly dissociated in the ether solution into 

15 
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(c) fluorodir.itromethide and formaldehyde, Eq. (35).  After removal of the 

formaldehyde, acidification produced fluorodinitromethane.  The above 

discussion is summarized by the following equations. 

FC(NOa) ,01,011 

ECH 
2. NaH 

NaH\ (34) 

GFDNE FC(NO,)aCH,o"Na
+ + 1/2 H, 

(35), 

FC(NO,)'Na+ + HCHO (removed 
from 

solution) 

(36) HC1 

FC(NO,)2H + NaCl 

(C)  In a final attempt to prepare the secondary alcohol from GFDNE, 

a brief study was made on the reaction of nitroethanol and also its sodium 

salt with GFDNE as proposed below, Eqs. (37-38). 

0,NCH,CH,OH 

or 

02NCH2CHaONa 

+   FC(NO,),CH,OCH,CHCH,0 —/    > 

(37) 

FC(NO,),CH,OCHaCH(0H)CH,0CH,CH,NO,   -J ^°' NaNOa 

(38) 

rFC(NOa)aCH,OCHa-l,CHOH 

Secondary alcohol 

16 
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(C) The nltroethoxlde anlon rather than aci-nitroethanol Is reported 

to be the predominant species present In basic alcoholic and aqueous solu- 

tions,   Eq. (39). 

OjNCHjO'Na* « .^   Na+ ~02NaCHCH,OH 
(39) 

I" .re fore,   reaction of the  alkoxlde  with GFDNE should have  readily occurred. 

We  found,   however,   that use of either freshly prepared sodium nltroethoxlde 

or sodium nltroethoxlde prepared In  situ gave the  same  results  In aqueous or 

alcoholic  solutions—hydrolysis of  the   fluorodinitromethyl  group of GFDNE. 

Although  the nltroethoxlde did not produce as basic a medium as  the sodium 

hydroxide used earlier,   the solution was still sufficiently basic to cause 

hydrolysis of  the fluorodinitromethyl  groups. 

(C)    Because of the  limited  success of the reaction sequence using 

GFDNE.   a  second  approach was  attempted.     The synthetic   route  is  outlined 

in Eqs.   (40-43),  which are analogous  to  those described  previously for 

Compound   I. 

H0CH2C0CH20H +  2 N02CH=CHa       (40) >   NOjCHjCHaOCHaCXKHaOCHaCHaNOj, 

-M22Zli£i£a_^(OaN)aCHCHaOCHaCOCHaOCHaC(NOa)aH    FC10a   » 
(41) " (42) 

FC(N02)2CH20CH2COCH30CH2C(N02)2F    FaNSOaH   »    Compound  II 
(43) 

Nltroethylene was allowed  to react with dihydroxy ace tone under the following 

conditions: 

a) Dihydroxy ace tone  in nltroethylene as solvent  at 85-900C 
for 3 hr 

b) Dlhydroxyacetone  and 2.1 equivalents of nltroethylene in 
cyclohexanone at 85-900C for 2 hr 

c) Dlhydroxyacetone and 2.1 equivalents of nltroethylene  in 
dloxane at 85-900C for 2-4 hr. 
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W»J   Under these  conditions no carbonyl-containing  product was obtained   from 

the reactions;   the nltroethylene evidently reacted with dihydroxyacetone, 

Eq.   (44),   but  not sufficiently to open  the ring of  the dihydroxyacetone 

dimeride which  formed  under the reaction conditions,  Eq.   (45). 

HOCH XT- 2CH.=CHN01 

HO      o 

r       ^-CH.OCHjCHaNOa 

NOaCHaCHaOCH,-l J 
HO'^O^ 

(45) 2CHa=CHN02 

2 NO,CHaCHaOCHaCOCHaOCHaCHaNOt 

(C)    To prevent dimeride formation,   the diethyl ketal  of dihydroxy- 
7 

acetone was prepared  and treated with nltroethylene under neutral and 

basic conditions, Eq. (46), Table II. 

(C) The results of the reactions given in Table II showed that, 

above 70-800C, the ketal decomposed and caused polymerization of the 

nltroethylene;  the ketal alone slowly decomposed above 70-800C.  Below 

700C the ketal was partially hydrolyzed to give a ketone and polymer. 

Under basic conditions, polymerization occurred in preference to the de- 

sired reaction. 
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(C) 

Table II 

(C)   REACTION OF NITROElMYLENE WITH DIHYDROXYACETONE DIBTHYL KETAL (IT) 

(C,H50) ,C(CHtOH) ,       CH^CHNO, t   (CjH 0)   c(CH,OCH1CH1N01) , 
(46) 

Ketal, 
mmol 

Nltroethylene, 
mmol Solvent 

None 

Time, 
hr 

2 

Temp, 
0C Results 

1.0 2.1 80 Polymer. 
Ketal decomposed. 

1.0 2.1 None 6 70 Polymer. 
Ketal  decomposed. 

1.0 2.1 CHCla 15 61 Polymer + 
starting material 
+ ketone. 

1.8 

1.0 

1.0" 

10.0 

2.1 

2.1 

Nitro- 
ethylene 

CDCI3 

THF 

60 25 N.R. 

55 40 Polymer + 
starting material 
+ ketone. 

0-25        Polymer. 

(C)  Since none of the above reactions gave any indication that the 

desired product could be obtained without great difficulty and a large 

investment of time, this work was discontinued in preference to a third 

approach to the synthesis of Compound II. The reaction sequence is out- 

lined in Eqs. (47-49).  The first three reactions were investigated and 

partially completed. 
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HOCHtCH(OH)CHa0H 
Dioxane 
(47) 

^ [HOCH.OKOHXM.OKI]     CHa^a)a  ■■ DMSO 
(48) 

H  O/H 
HOCH^HttXDCHjOCHjCCNO^aK] «" "—►   HOCH,CH((M)CHaOCHaC(N08) 2H' 

(49) 

-   ^a^Wilö]0^0^3   *     [FC(NOa)2CH80CHa-   ]2CH0H 

(C)     Glycerol   in dioxane was  treated  with potassium to give the  in- 
10,11 

soluble monopotassium glyceroxide, Eq.   (47).     The   resulting suspen- 

sion was  stirred with trinitroethane and  a   small amount  of DMSO in an 
12 

attempt   to obtain »-(potassium dinitroethoxy)-glycerolf    ' Eq.   (48).     The 

orange  solid  that   formed was  immediately  filtered,  dissolved  in water, 

and  acidified,   Eq.   (49).     Extraction of  the   aqueous phase with ether 

gave only a  trace of yellow oil  whose  ir spectrum appeared   to be crude 

Qf-dinitroethoxyglycerol,   Eq.   (49).     Work on  these reactions was  not 

completed  because  of  the change   in the work  statement,   and  because  the 

initial  results were not promising. 

C.      Nitrodifluoramino Formals     (U) 

(C)     Research  on the synthesis of  the  proposed  formals  as  plasticl- 

zers  started  in November.    The  structures of  these compounds are given 

in Table   III.     We had planned  to  prepare  all of the compounds  listed,   but 

due to  the difficulties encountered  in  preparing some of   the compounds 

and  the work on SYFO and DIAD,   not  all were  synthesized.     The proposed 

synthetic  route  for all of the compounds  is  shown in  the  following general- 

ized  reaction scheme,   Eqs.   (?;)   and  (51). 

R'OH 
HC1 ROH/CHgCla 
.«»«■♦'  R'OCHaCl " M'    ' >     R'OCH, HCHO a SnCl4 ■ 

(50) (51) 

OR 

■CHaC(N02)2F 

•CHaC(N0a)2CH3 

R =  CH3C(NIa)2CHaCHaC(NOa)2CHa- 

FC(N0a)2CHaCHaC(NFa)2CHa- 

CH3C(N0a)2CHfCHaC(NFa)2CH2- 
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(C)    The  results of each synthesis  are described in Table  III  along 

with the physical  pioperties determined   for  those compounds  prepared. 

Table   III 

Code 
Name 

YXOX 

(C)     NO -NF    FORMAL PLASTIC IZERS     (C) 

Structure  -  Properties 

CH3C(NF2) 2CH2CH2C(N02) 2CH2OCH2OCH2C(N02) 2CH3 

C10H16N6OlOF4=456-28    P=1-46 

vp = 0.1   M.   (25°),   0.97 M  (35°) 
Ota =  242°  exo    nD     (25°)   1.4522 

Remarks 

Previously  prepared  on 
Contract N00O17-69-C-4412, 
31% yield not  optimized. 

YXOF CH3C(NF2)2CH2CH2C(NO2)2CH20CH2OCH2C(N02)2F 

C H N O F = 460.24,^1.53, DtarS2080 exo 

vp < 0.01   ^ 210C    AH  vap ■ 21  kcal 

28% yield not   optimized, 

FYOX     FC(N02)2CH2CH2C(NF2)2CH20CH20CH2C(NO2)2CH3 

C9H13N6O10F5    = 460-24 ^ 

Synthesis  attempted.   De- 
sired product  not  obtained, 

FYOF    FC(N02)2CH2CH2C(NF2)2CH20CH20CH2C(N02)2F 

XYOF    CH3C(N02)2CH2CH2C(NF2)2CH2OCH2OCH2C(N02)2F 

C^H,   N^O,   F=  = 460.24 
9  13  6   10  5 

Product contains 50% of 
[PC(N02)2CH2CH2C(NF2)2CH20]2CH2 

as inseparable  impurity. 

Synthesis  attempted.     De- 
sired product  not  obtained. 

XYOX    CH3C(N02 ) 2CH2CH2C(NF2 ) ^OCI^OCH^NO,,) ^ 

C10H16N6010F4 "  456-28 

Synthesis  not   completed. 

1.       2, 2-Bls(difluoramino)-5,5. 11,ll-tetranitro-7,9-dioxadodecane 

(YXOX)     (C) 

(C)    Compound YXOX was prepared  on a  previous  contract  (Contract 

N00017-69-C-4412)  using the general  method  already described.     Specifi- 

cally dinitropropanol was  treated with  formaldehyde and HC1  to give 

dinitropropyl  chloromethyl  ether,   Eq.   (52),   which  was  then treated with 

bis(difluoramino)dinitrohexanol and  stannic chloride in methylene 

chloride solution  to give YXOX,  Eq.   (53).     The vapor pressure,   heat 
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(C)     stability,   and compatibility of YXOX with P-GFDNE was  very favorable, 

although  its density of  1.46 was   lower than desired.     Since the objec- 

tives were  the synthesis of  low-volatility,   energetic  plastlcizers with 

densities  greater than   1.56  to  1.59,   synthesis  of  the other compounds 

in Table   III was undertaker. 

CH3C(N02)2OH2OH + HCHO HC1  » 
(52) 

CH3C(N02)2CH20rH2Cl 

CH3C(NF2)2CH2CH2C(N02)2CH2OH  + CH^NO^CI^OCHgCl 
-HC1 

(53) 

CH3C(NF2 ) 2CH2CH2C(N02 ) 2CH2OCH2OCH2C (NO,,) 2CH3 

■ YXOX 

2. 2,2-Bls(difluoramlno)-ll-fljoro-5,5,11, ll-tetranitro-T^- 

dloxaundecane  (YXOF)     (C) 

(C)     Compound YXOF was prepared  by the method   used   for YXOX,   except 

that  fluorodinitroethanol was used  In lieu of dlnitropropanol.     See Ap- 

pendix A.     Because of  the presence of the  fluorodinitromethyl group, 

YXOF was more dense (1.53)  than YXOX (1.46).     In  all other  respects, 

the two compounds had nearly  the same physical  properties.     Its dta was 

run,   and   it  was  fouui   to  exotherm at  2080C.     The  vapor pressure  of YXOF 

was  found  to be less  than O.OIt-A at  210C. 

3. 4,4-Bis(difluoramino)-l-fluoro-l,l,10, 10-tetranitro-6,8- 

dioxaundecane   (FYOX)    (C) 

(C)     Synthesis of FYOX,   attempted  only once,   gave an unidentifiable 

liquid  product whose nmr  spectrum was consistent  with the desired product 

in all  but  one respect;   no signal  for  the -C(NF  )  CH„0 protons was ob- 

served.     Since FYOX was  not expected  to be as dense as  the related 

derivative FYOF,  work on  FYOX was postponed In preference to the prep- 

aration of FYOF. 
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(C) 4.       5.5-Bls(dlfluoranilno)-ll-fluoro-2,2.11, ll-tetraaltro-7,9- 

dloxaundecane (XYOF)     (C) 

(C)    For the  synthesis  of XYOF,   fluorodinitroethyl  chloromethyl  ether 

and  bis(dlfluoramlno)dlnitrohexanol were  treated with stannic chloride in 

methylene chloride,   Eq.   (58).     BisCdifluoramino)dinitrohexanol was  prepared 

by   the reactions   shown  in  Eqs.   (54-57).     (See Appendixes B,   C,   and  D.) 

0 0 
II H 

CH3C(N02)2H + CHa=CHCCH8OH r*- CH3C(N02) 2CH2CH2CCH20H 

O 
(CF3C0)a0 r**u  nnnnv HNF2 #►    CH3C(N02)2CH2CH2OCH200CCF3 , a » 

CH3C(N02)2CH2CH2C(NFj)2CH2OOCCF3       CH30H»     CH3C(N02) 2CH2CH!IC(NF2) 2CH2OH 
(57) 

+ C1CH20CH2C(N02)2F      J-^   CHaCCNO,) 2CHSCH2C(NF2) 2CH20CH20CH2C(NO2) 2F 

(58> XYOF 

The product was worked   ur   in the manner described  for the other goal 

compound.     The nmr of  the  product was not  consistent  with  the XYOF struc- 

ture.     As observed   in  the attempted preparation of FYOX,   no signal   for 

the  C(NF  ) CH_0 protons was  present.     We made no  further  attempts  to pre- 

pare   this compound,   since other proposed  formals could  be prepared  readily 

«id   appea  ed  to be  more promising candidate  plasticizers. 

5. 1,5-Bis(difluoramino)-2, 2,11,ll-tetranitro-7,9-dioxadodecane 

gXYOX)     (C) 

<C)    No attempts were actually made to prepare XYOX because of  the 

difficulties encountered  in   the synthesis of XYOF,   and because of the 

success of other candidate plasticizers. 

6. 4,4-Bis(difluoramino)-l,10-difluoro-1,1,10,10-tetranitro-6,8- 

dioxadecane  (FYOF)     (C) 

(C)    For  the  synthesis  of  FYOF,   fluorodinitroethyl  chloromethyl  ether 

and  bis(difluoramino)fluorodinitropentanol were treated with stannic 
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(C) chloride,   Eq.   (59),   and the product was worked  up  in  the  manner described 

for YXOF  (Appendix A). The product was identified  by nmr  as  a  1:1  mixture 

of  the desired FYOF and SYFO,   bis[ f luorodinitro-bis(dif luoramlno)pentyl] 

formal. 

FC(NO,),CH,CH,C(NF,),CHaOH  + ClCH20CH,C(NO3)aF    gjjC^   > 

(59) 

FC(N0,),CHaCHaC(NF,)aCH2OCH,0CH2C(l«)a)aF FYOF 

+ 

CFC(N0a)aCHaCHaC(NFa)2CHaO-]aCH2 SYFO 

Attempts   to  separate  the   two compounds  by distillation  and  column chroma- 

tography were not successful.     Therefore,   to prove conclusively  the struc- 
13 

ture of   the symmetrical  formal,   it  was  synthesized  by a  known method, 

Eq.   (60),   by reaction of  the domino  alcohol with  formaldehyde  in 96% 3Ul- 

furic acid   (see Appendix J). 

FC(NOa)aCHaCH2C(NF2)2CHaOH      j|C"g   >       rFC(N0a)2CHaCHaC(NFa) 2CHa0-]2CH2 

(60) 

The synthesis  and  properties of  the  symmetrical   formal  will  be discussed 

in detail   in  the next  section.     Because of  the expected high density of 

FYOF,   several additional   attempts were made to prepare it   free of the 

symmetrical   formal.     The  results of  this  research  are shown   in Table  IV. 

(C)     The results  fall   into  two distinct categories.     When pyridine 

or zinc chloride was used   as catalyst,   the starting alcohol,   fluorodi- 

nltro-bis(dlfluoramino)pentanol,   was  recovered quantitatively.     With other 

Lewis acid  catalysts,   the starting alcohol rapidly disappeared.    No higher 

boiling products  formed,   and no alcohol was  recovered  after work-up.     There- 

fore,   we reasoned that the other catalysts were promoting decomposition of 

the  alcohol   via  the cyclic  mechanism  shown below  in  Eq.   (61). 
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(C) 
Table  IV 

(C)  ATTEMPTCD SYNTHESIS OF FYOF   (U) 

Catalyst 
Time, 
hr 

Temp, 
0C 

CHvCla 

ml Remarks 

Pyrldlne 
(1 equlv) 

24 50 No reaction 

AICI3 1/4 25 10 Decomposition 

BFa'EtjO 1/2 25 10 Decomposition 

SbCl3 1 25 10 Decomposition 

ZnCl, 72 40 10 No reaction 

F      F 
\  / 

,H 

FC(N0a)aCH2CHacN     y0 

(61) 
NF, 

-►    HF + HCHO + 

FC(N0t) jCH2CHaC-NFa 

NF 

14 
This mechanism has been proposed previously  to explain the decomposition 

of 2-methyl-2,3-bis(difluoramino)propionic acid to give carbon dioxide 

and hydrofluoric acid, Eq. (62). 

F  F^H 

N    (0 

FaNCHa-CO  ' a   ' I ^ CO 
CH3 

NF 

•*■     C0a + HF + FaNCHa-C-CH3 

(C) Therefore, in our attempts to prepare FYOF using stannic chlo- 

ride as a catalyst, it appears v». ry likely tbat decomposition provides 

a source of formaldehyde, Eq. (61), for the formation of the symmetrical 

formal, see Eq. (59).  Thus stannic chloride catalyzed both FYOF forma- 

tion and alcohol decomposition, whereas the other Lewis acids catalyzed 

the alcohol decomposition exclusively. 
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(C) Wp felt that reaction (61) «ight be prevented if the stannic 

chloride were added in the form of a complex with fluorodinitroethyl 

chloromethyl ether.  However, a substantial amount of SYFO was observed 

by glpc when this was done.  Since FYOF and SYFO cannot be separated 

conveniently, additional work on FYOF was discontinued. 

7.   Bis[5-fluoro-5,5-dinitro-2,2-bis(difluoramino)pentyl3formal 

(SYFO)  (C) 

(C)  The synthesis of the symmetrical formal (SYFO) was mentioned 

earlier in this report.  It was initially prepared in 25% yield as a 

clear, colorless liquid with a density of 1.63.  The dta had an exotherm 

at 2100C, and its vapor pressure was found to be 0.01414 at 210C.  Since 

this compound appeared to be a better candidate plastlcizer than any of 

tae six formals proposed, a 3-g sample was prepared and submitted to 

AFRPL for testing; Initial tests appeared promising.  Therefore, we be- 

gan an Investigation to Improve the synthetic procedure as much as pos- 

sible.  The entire synthetic route is shown below in Eqs. (63-67). 

0 0      (CF3CO)20 

FC(N0_)_H + CH.  ■ CH-CCH_0H       ► FC(N0o)nCHoCHoCCHo0H      ~ 
2  2 2 2 (63) 2  3     2     2       2 (64j 

0         0 F oNS0oH                                                               0 CHo0H 
II          II 2       3                                                                   II 3 

FC(N0_)_CH CH&H OCCF. ► FC(N0  )  CH_CH C(NF_)9CH OCCF. — t  £     t    t       t         J (65)                  i  t     t     t         t  t    l         6 (66) 

HCHO    r .. 
FC(N02)2CH2CH2C(NF2)2CH2OH     "-p [^(NO^CH^H^NF^CH^J  ^ 

SYFO 

(C)     The addition of  fluorodinltromethane  to hydroxymethyl  vinyl 

ketone  and   the esterificatlon  with  trifluoroacetic  anhydride are well 

known  reactions  and  proceed   in  good  yield  without  difficulty,   Eqs.   (63) 

and   (64).     However,   during  the difluoroamlnation,   Eq.   (65),   we  found 
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(C)     that  substantial  amounts  of 2-difluoramino-2-trifluoromethyl-4-difluoramino- 

4-(3-fluoro-3,3-dinitropropyl)-l,3-dioxolane were   formed   in  addition  to the 

desired  product,   Eq.   (68). 

0 
HNF " 

FC(NO,),CH,CHtCCH10CCF3     » »  FC(NOa) jCHjCHjCCKFa) 2CHf0CCF3 + 
I! 

Desired Product 

r o • 
FC(NO,) 2CH8CHtC(NF,)CHaOC(NFa)CF3 

Dioxolane 

We also found that the ratio of dioxolane to desired product depended on 

the conditions under which the difluoramination was run.  To find the 

best conditions to minimize formation of the dioxolane, a series of re- 

actions was run in which the reaction time and temperature were varied. 

We found that other reaction variables did not particularly influence 

the product yield.  The results of this research are shown In Table V. 

Table V 

DIFLUOROAMINATION OF 5-FLUORO-5l5-DINITRO-2-0X0PENTyL TRIFLUORCACETATEa (C) 

Run 
Starting 

Material,   mol 
DFSA,b 

mol 
Addition 
Temp,   0C 

Reaction 
Temp,  0C 

Reaction 
Time,   hr 

Desired 
Prod.   % 

Dioxolane 
,0 

1 0.049 0.18 0-5 0-5 1/2 25 75 

2 0,049 0.18 0-5 0-5 1/2 25 75 

3 0.023 0.09 0-5 0-5 1/2 30 70 

4 0.023 0.12 0-5 0-5 3 37 63 

5 0.012 0.15 0-5 0-5 2 25 75 

6 0.033 0.19 0-5 25-30 2 77 23 

7 0.033 0.10 0-5 25-30 2 75 25 

8 0.033 0.10 0-5 25-30 2 54 46 

9 0,048 0.20 0-5 25-30 2 76 20 

10 0.049 0.18 8-10 25-30 1/2 58 42 

11 0.049 0.18 8-10 25-30 1 71 24 

12 0.049 0.18 0-5 25-30 1 64 36 

13 0.049 0.18 0-5 25-30 1 64 36 

All  runs carried out In two-phase system of 100% sulfurlc acid and 
methylene  chloride. 

Difluorosulfamic acid. 
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(C)  The best results were obtained from Runs 6, 7, 9, 11, 12, and 

13.  The conditions for these difluoroaminations are very much like those 

used in the batch process developed by Rohm and Haas for the difluoroami- 
15 

nation of trifluoroacetoxy acetone.    One of the critical factors in the 

reaction appeared to be the reaction temperature.  Although the tempera- 

ture at the time of addition of starting material to difluorosulfamlc 

acid did not seem to have a significant effect, a reaction temperature 

of 25-30oC was required to obtain consistently high yields of the de- 

sired product. 

(C) After further investigation we found that if the reaction was 

carried out in the presence of 1.4 equivalents of SO , then dioxolane 
o 

formation was eliminated completely, and the desired product was obtained 

in 76% yield and better than 95% purity. 

(C)  The transesterification of 5-fluoro-5,5-dinltro-2,2-bis(difluor- 

amino)pentyl trifluoroacetate in metha>nol, Eq. (66), proceeds readily and 

in 100% yield. 

(C)  The final step, Eq. (67), to give SYFO is far more complicated 

than any of the others.  It Involves a number of complex equilibria as 

well as an undesired side reaction.  We found that the ratio of reactants 

and the amount of sulfurlc acid catalyst critically affected both the 

equilibrium of the desired reaction and the side reaction.  The side re- 

action is one in which difluoramino compounds in the presence of sulfurlc 

acid, Eqs. (70) and (71), undergo the loss of HNF .  The rate of this 

reaction is dependent on the amount of formaldehyde present.  To force 

the equilibrium of Eq. (69) toward product formation, an excess of formal- 
13 

dehyde must be used,   but if too large an excess is used, it facilitates 

the loss of HNF  from the alcohol and formal, Eqs. (70) and (71). 

Although the loss of HNF  from the alcohol and formal is a reversible 

reaction, the formaldehyd^ drives the reaction to completion by re- 

acting with the HNF  to g|lve difluoraminomethanol, Eq. (72). 
m 
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(C) 

FC(V02)aCHaCHaC(.VFa)2CHaOH   /{{gjjj '       [FC(NOa) 2CHaCHaC(NFa) 2CHaO]2CH2 

(69) 

(70) (71) 

0 
II 

FC 

[FC{N01)aCH,CH2CCHaO]aCH2 + 
0 0 

(NO,)2CH,CH2CCHaOH      FC(N02)aCH1CHt^CHaOCH,OCHaC(NFa)aCHtCH1C(NOa)2F 

+ HNFa + HNF, 

HCHO from (69 

HOCHaNFa 

HCHO from (69) 

(C) After a series of small-scale reactions were run under a variety 

of conditions, we found that a mole ratio of 1.5:2, formaldehyde:alcohol, 

gave the highest yield of formal with minimum loss of the alcohol in the 

side reaction, see Table VI. 

(C) When an excessive amount of sulfuric acid was added to the re- 

action mixture as in Run 2, the equilibrium was reversed, and the formal 

returned to the alcohol even though excess formaldehyde had also been 

added. When a large excess of formaldehyde was added to a reaction mix- 

ture as in Run 3, loss of HNF from the starting alcohol and the formal 

occurred. The optimum ratio of alcohol to formaldehyde to sulfuric acid 

was obtained in Run 9. 

(C)  The procedures discussed above are adequate for the preparation 

of SYFO on a small scale.  However, to produce larger qu&ntities, we be- 

gan investigations to modify some of the procedures in order to reduce 

the hazard of large scale work, and also to determine whether or not the 

experimental procedures are adaptable to large scale preparation.  This 

work is discussed in the next section. 
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Table VI 

(C)   PREPARATION OF SYMMETRICAL FORMAL    (U) 

Run 
Starting Material, 

mmol 
90% HfS04, 

ml 
HCHO, 
mmol 

Time, 
hr % Product* 

1 2 0.2 4 3/4 < 5 

2 2 0.2 4 18 <5b 

3 57 6,0 290 18 <5C 

4 3.3 0.15 2.2 25 

5 3.3 0.56 3.7 < 5 

6 5.7 0.28 4.3 15^ 

7 6.3 0.20 4.3 15d 

8 .7 0.28 4.3 15d 

9 44 2.16 33 39e 

a 

b 
Based on glc, taken relative to amount of starting material remaining. 

Initially gave 65" but decreased when a solution of 0,1 g of formalde- 
hyde in 0.2 ml 90% sulfuric acid was added. 

Initially gave 14% but decreased when gaseous formaldehyde was bubbled 
into the mixture. 

Contained mostly dioxymethylene product because paraformaldehyde was 
not completely depolymerlzed. 

Actual yield of recovered product after workup. 

a.   Investigation of Scale-up Procedures for SYFO (U) 

(C)  Since tests by AFRPL indicated that SYFO was a very promising 

candidate plasticizer, we began an investigation of methods of improving 

the synthetic procedure used for its preparation.  The results discussed 

below are tentative and indicative only of what may be expected in the 

preparation of a pound of SYFO.  For the preparation of several pounds 

for motor firings, the study of each step must be completed. 

(C)  The procedure which we have been using for the preparation of 

fluorodinitromethane (FDM), Appendix E, is quite hazardous because it 

involves isolatioa of potassium fluorodinitromethlde.  This hazard limits 
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(C)  the scale on which the reaction can be run.  To facilitate the prepara- 

tion of large quantities of FDM, we began investigation of procedures 

which would eliminate the necessity of isolating the potassium salt. 

(C)  Following a procedure developed at NOL, we prepared the sodium 

salt of FDM from fluorotrlnitromethane (FTM) in methanol/water and acidi- 

fied the salt in situ.  This solution was added to hydroxymethyl vinyl 

ketone in the manner described previously.  See Appendix F.  The yield 

was moderate, but extraction of 5-fluoro-5,5-dlnitro-2-oxopentanol was 

made difficult by the presence of the methanol used in the preparation 

of FDM.  A duplicate reaction was run using a small amount of Triton X-100 

surfactant instead of methanol but again the yield was poor.  Because the 

fluorodinitromethide anion was not very stable in aqueous solution, the 

low yield of ketoalcohol was probably due to prior decomposition of FDM. 

(C)  Fluorodinitroethanol (FDNE) has been prepared in excellent yield 

by reducing FTM in the presence of formaldehyde.  The addition of the 

fluorodinitromethide anion to formaldehyde occurs rapidly, and the anion 

has little opportunity to decompose.  We ran a similar reaction by treat- 

ing FDM with sodium hydroxide/hydrogen peroxide in the presence of hy- 

droxymethyl vinyl ketone.  The desired product was recovered in 20% overall 

yield.  The overall yield from the procedure involving isolation of potassium 

fluorodinitromethide after deformylation of FDNE was 39%.  The new method 

represents a substnntial decrease in yield, however the reaction can be 

run on a much larger scale and more quickly.  In addition, the difference 

in the cost of starting materials (FTM compared to FDNE) males the new 

method quite attractive, especially since a substantial improvement in 

yield may be possible with optimization. 

(C)  For the purpose of red  ing the cost and time required for the 

production of SYFO, these first two steps described above have the great- 

est potential for improvement. 

(C)  Preparation of the trifluoroacetate, Eq. (64), is a straight- 

forward esterification.  We have experienced some variations in the yield 

on large scale runs, which may be due to lack of purity of the starting 
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(C)  alcohol (which is not distilled) or to the length of time which the tri- 

fluoroacetate is heated during distillation. The  distillation requires 

both low pressure and high temperature, and decomposition products have 

been observed in the pot residues after distillation.  The reaction can 

be carried out on a large scale, but it may be necessary to distill the 

product in batches or to forego the distillation entirely depending upon 

whether or not impurities affect the subsequent difluoroamination reac- 

tion, see Appendix G. 

(C)  The difluoroamination of 5-fluoro-5,5-dinitro-2-oxopentyl 

trifluoroacetate, Eq. (65), has been by far the most hazardous step in 

the synthesis of SYFO, see Appendix H.  Our usual method has been to 

isolate pure difluoramine to determine the amount available for reaction. 

We have now modified a procedure developed at Rohm and Haas,   rmd iso- 

lation and condensation of difluoramine is no longer necessary.  The 

procedure consists of bubbling the difluoramine directly into a cooled 

mixture of 30% fuming sulfuric acid and methylene chloride.  The amount 

of difluorosulfamic acid (DFSA) available for reaction is then determined 

by iodometric titration.  Using this method, it is never necessary for 

difluoramine to undergo a change of state, thus reducing the hazards 

considerably.  Although large scale reactions have not yet been run, we 

do not anticipate any difficulty. 

(C) Ti ansesterification of the dJfluoroaminated material to give 

5-fluoro-5,5-dlnitro-2,2-bis(difluoramino)pentanol, Eq. (66), is rapid 

and gives a 100% yield of product, see Appendix I. 

(C)  As discussed previously, preparation of the formal, Eq. (76), 

involves a number of complex equilibria.  We investigated several dif- 

ferent procedures to improve the yield of the formal and to facilitate 

the purification procedure.  A preliminary investigation of the prepara- 

tion of formals in methylene chloride disclosed that FEFO could be pre- 

pared from FDNE in good yield.  A mixture of fluorodinitroethanol, 

trioxane, and a catalytic amount of sulfuric acid in methylene chloride 

was refluxed under an inverse Dean-Stark trap.  The formation of FEFO 

was observed by glc in a very short time.  When this reaction was repeated 
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(C)  with fluorodinltrobis(difluoramlno)pentanol, no formal was observed, and 

the alcohol disappeared within a few days. The  sulfurlc acid apparently 

catalyzed only decomposition of the alcohol.  Since this was not success- 

ful, we conducted our subsequent investigations of the reaction in sul- 

furlc acid solvent. 

(C)  To optimize the ratio of alcohol to formaldehyde, three small 

scale reactions were run for 5 hr in 95% sulfuric acid using alcohol: 

formaldehyde ratios of 2:1.0, 2:1.5, and 2:3.0.  After work-up, the 

highest yield was obtained with a ratio of 2:1.5.  Two additional reac- 

tions were run to determine (1) if the reaction time could be shortened, 

and (2) if the yield could be improved by using 100% sulfuric acid con- 

taining a trace of SO .  Both reactions were run for 2 hr using the 

optimum ratio of alcohol to formaldehyde.  The mixture containing SO 

showed a small increase in yield over the one containing 97% sulfuric 

acid.  TTierefore, all the remaining reactions were run using a trace of 

so3. 

(C)  Yields of the small scale formal reactions were 60-65%.  On a 

10-g run, the yield was also 65% but decreased to 61% for 20 g, and 47% 

for a 40-g run.  This decrease in yield with increase in scale may be 

due to the limited reaction time or the stirring efficiency because the 

reaction mixture contains two phases.  As the reaction size increased, 

it became more difficult to maintain a homogenized mixture. 

(C) An improved purification procedure for SYF0 was used on each 

of the large scale runs discussed above.  The crude reaction product was 

dissolved in 50:50 chloroform:hexane and passed through an aluminum oxide 

column.  For the 40-g run, the column size was 4 x 50 cm, and 50-ml frac- 

tions were collected.  The first fraction, which left a residue on evapora- 

tion (usually 1-2 g), contained no SYFO and was discarded.  The next eight 

fractions . ontained SYFO and low boiling impurities.  These were combined 

and placed under a vacuum of < 5 M- at 500C for 24 hr to remove low boiling 

impurities.  After this treatment the residual SYFO was clear and colorless 

and + 98% pure, see Appendix J.  The physical properties of SYFO are 

listed in Appendix K. 
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(C) The procedures discussed above are a considerable improvement 

over those originally used to prepare SVFO, but they should not be con- 

sidered optimum. 

b.   Thermal Stability and Plasticization Study of SYFO (U) 

(C) A 0.16-g sample of SYFO (+99% pure) was placed in a flask open 

to the atmosphere through a very fine capillary and was stored in an oven 

at 100oC.  The sample was weighed periodically and samples were removed 

for ir and glc analyses.  At the end of eight days, there was no detect- 

able change in the appearnnce of the sample nor in the ir or glc.  The 

percent weight loss versus time is shown in Figure 1.  On the 24th day, 

the ir showed a weak carbonyl absorption, and in the glc a new lower 

boiling component appealed.  The sample was +85% pure at that time. 

(C) The Air Force expressed an interest in the ability of SYFO to 

plastici/c nitrocellulose.  Therefore, we conducted a series of experi- 

ments with SYFC and also with FEFO and dlfluoro-FEFO for comparison 

purposes.  Nitrocellulose films containing the following ingredients 

were prepared: (1) 50 mg NC, 150 mg TEGDN (reference), (2) 50 mg NC. 

150 mg SYFO, (3) 50 mg NC. 50 mg TEGDN, 100 mg SYFO, (4) 50 mg NC, 150 mg 

FEFO, (5) 50 mg NC, 50 mg TEGDN, 100 mg FEFO. (6) 50 mg NC, 150 mg di- 

fluoro-FEFO, (7) 50 mg NC, 50 mg TEGDN, 100 mg difluoro-FEFO.  Each of 

the components was dissolved in ethyl acetate, combined, and then poured 

into a watch glass.  When the ethyl acetate had evaporated, the films 

were cured at 600C for 6 hr. 

(C)  All of the films were clear and colorless.  The films contain- 

ing only the test compound with nitrocellulose were moderately pliable 

but broke more readily than the reference.  Films containing TEGDN were 

nearly as pliable as the reference.  Differences between the films cast 

with SYFO, FEFO and difluoro-FEFO were extremely small, and all three 

can be considered very good plasticizers for nitrocellulose. 
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(C) c.        Sensitivity of  SYFO    (U) 

(C)     Impact Sensitivity.     Impact   tests  were  run on  a  Technoproducts 

drop-weight   tester using nitroglycerin and  ethyl  nitrate  as  reference 

samples.     The  results  shown  In  Table VII  indicate   that  SYFO is  moderately 

sensitive  to  impact   and  should  be  handled vd th care. 

Table  VII 

(U)     IMPACT SENSITIVITY OF SYFO     (U) 

Ethyl nitiate  (1  kg weight):     50% point  =  1  kg-cm 

Trial 0.5  cm 1   cm 2 cm 

1 — + + 

2 + + 
3 - + 
4 

Nitroglycerin  (1  kg weight):     50% poin'  =  1.5  kg-cm 

Trial 1  cm       1.5 cm 2 cm 

+ 
+ + 

+ 

1 - 
2 - 
3 - 
4 - 
5 - 
6 

(1  kg weight) 

ial 2 cm 

SYFO (1  kg weight):     50% point  =  4-5 kg-cm 

3 cm 4 cm 5  cm 

1 - - + + 
2 . + + - 
3 - _ 
4 - + 
5 + 
6 + 

(C) Electrostatic Sensitivity.  The electrostatic test was run by 

charging a capacitor at a given voltage and discharging it through a 

50-mg sample via a detonation cable.  TTie gap at the end of the cable 

immersed in the sample was 0.1 mm.  Lead azide was run as a reference and 

the results shown in Table VIII Indicate that SYFO is not sensitive to 

electrostatic discharge. 
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(C) Table VIII 

(U)     ELECTROSTATIC  SENSITIVI1Y OF SVFO    (U) 

Lt>ad  Azide 

Results 

+ 
+ 

Run Ml 111 Joules 

1 5 
2 10 
3 15 

SYFO 

1 40 
2 80 
3 80 
4 80 
5 80 
6 80 
7 83 
H 83 
9 83 
10 83 

(C)  Friction Sensitivity. A screw friction test apparatus was used 

to measure the friction sensitivity of SYFO.  Lead azide was run as a 

reference, and SYFO was found to be insensitive to friction.  The results 

•re shown in Table IX. 

Table IX 

(U)     FRICTION  SENSITIVITY OF SYFO    (U) 

Lead Azide 

Result Run Mohs . irdness 

1 Bare Tool - 
2 Glass (100 mesh) 5.5 

SYFO 

1 Bare Tool - 
2 Glass (100 mesh) 5.5 
3 Silicon Carbide 

(100 mesh) 
9 

4 Silicon Carbide 
(100 mesh) 

9 

5 Silicon Carbide 
(100 mesh) 

9 

6 Silicon Carbide 
(100 mesh) 

9 
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<c> H.        1.15-Ditluoro-l.1,15,15-tetranitro-b,10-bis(2-fluoio-2,2- 

(linitroethyl)-3. 5.8,11, 13-pentaoxapentadecanf  (DIAD)     (C) 

(C)     During  the   investigation of  the  synthesis of Compound   IA,   fluoro- 

dinitroepoxybutane  was  prepared.     The Air Force  expressed   an  interest   in  a 

low molecular weight   polymer of   fluorodinitroepoxybutane.     We proposed   to 

polymerize   the compound   and   end-cap  the  polymer  with  diazomethane  as   shown 

in  Eqs.   (73)  and   (71). 

FC(NO,)2CH2CHCHjO 
BF 

(73) 
i-^    HO-4—CH2-CHO_)-H 

CH,C(N02)2F 

n =  2-5 

 L-i-».   CHJO-P-CHJ-CHCH-CHJ 

(7.1) | " 
CH2C{N02)2F 

Several   polymerizations  were  carried out  using BF   'Et  0 in  ethylene di- 

chloride  with water  present   to   terminate  the  chains.     However,   all   reac- 

tions   led  either  to  very higli  molecular weight   polymer or  resulted   in  no 

polymerization,   see  Table X. 

Table X 

(C)  POLYMER IZATICW OF FLU0RODINITR0EPOXYBUTANE*  (C) 

Run Epoxide Water BF3-Et20 Conversion 
Remarks 

mmol mmol mmol /0 

1 20 4.8 0.4 <   1 No  appreciable polymerization 

2 5.6 0 0.26 80 Viscosity » PGFDNE 

3 5.6 1.3 0.11 60 Viscosity < PGFDNE 

4 5.6 0.8 0.22 70 Viscosity =  Run 3 

All runs carried out in 25 ml ethylene dichloride as solvent, 
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(C)     Three additional small scale polymerizations were carried out using 

ditterent catalysts and solvent systems.  Stannic chloride in benzene 

polymerized all of the monomer in less than 15 min at ambient temperature 

to give a very viscous oil.  BF «Et 0 in dioxane reacted equally fast and 

also gave a viscous oil.  Zinc chloride in dioxane did not react after 

4 hr at 250C.  After standing at 83"C for 3 days, all of the monomer had 

reacted to give a product which could be isolated by glc.  The product 

was purified by liquid chromatography, and the nmr of the product indi- 

cated that it was the symmetrical ether, bi s[.4-f luoro-4 , 4-dini t ro-2-hy- 

droxybutylJether, Eq. (75), rather than the expected diner, Eq. (76). 

See Appendix L. 

(75)^r[FC(N0j)jCH,CH(QH)CH2],0 
ZnCl. 

(7DJ^^ 

(76^ 

FC(NOa)aCHa6lCH20      „f"     a—<^ Symmetrical  ether a   ^     a ■        Dioxane ^^ 
HO -  CHf - CH -  0 -  CH,  - CH - OH 

I I 
CHaC(NOa)2F CH2C(N02)aF 

Expected dlmer 

(C)     To confirm  the structure of  the  symmetrical  ether we prepared 

its diacetate,   Eq.   (77),   and  compared   the nmr nf both. 

rFC(N02)aCHaCHCHa-la0       ACa0>     TFC(N02) aCH2CHCH2-]a0 

OH 
TTie -CH- protons of  the ether appeared as a multiplet at  T 5,73,   whereas 

the -(jM- protons of  the diacetate  showed  the  same multiplet  shifted 
OAc 

downfield  to  T 4,60,     Had  the ether been   the dimer shown  in Eq,  (76),   only 

one-half of  the -CH- protons would have  been  shifted downfield by  conversion 
OH 

to  the  acetate. 
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(C) Attempts to end-cap the dimer with diazomethar.e wen* unsuccess- 

ful. Normally, only acidic alcohols will react with diazomethane without 

the   presence of  a   Lewis  acid   catalyst. When  a  catalyst   is  used   there 

is   i  competing  reaction;   the diazomethane   tends   to  form polymethylene, 

and   the  ability of   the alcohol   to compete  with   this   side  reaction  depends 

again  on  its acidity. Apparently the  symmetrical  ether is not   suffi- 

ciently acidic   to give  significant  amounts   of  the desired  product. 

(C)    However,   we   found   that  the symmetrical   ether could  be end-capped 

by converting  the  alcohol   groups  to  formals  with   fluorodinltroethyl   chloro- 

methyl   ether,   Eq.    (78),    to  give UIAD,   see  Appendix   M. 

rFC(N02)2CH2CH(OH)CH2l20 +  FC(NOa)2CH20CH2C1 1   » 
(78) 

[FC(N02)2CH2CHCH2]20 

0CH20CH2C(NO2)2F 

DUO 

(C)  DIAD is a distillable colorless liquid with bp 115CC (< 51^). 

The physical properties of DIAD are given in Appendix N.  A thorough 

study of DIAD was not completed due to the effort expended on the in- 

vestigation of SYFÜ. 
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Appendix  A (U) 

YXOF,   2-FLUORO-2,2-DINITROETHYL 
5,5-BIS{DIFLUORAMINO)-2,2-DINITR0HEXYL  FORMAL   (C) 

(C)     To  a mixture  of  1.47 g  (5,0  raraol)  of 5,5-bi s(di fluoraraino)- 

2,2-dini trohexanol,   1.83  g  (10 nunol)   of  fluorodini troethyl   chloromethyl 

ether,   and 5  ml  of methylene   chloride   at 250C was  added 3  drops of stannic 

chloride.     The  reaction mixture was stirred at 400C for 48  hr.      It was 

then  cooled  and diluted with  25 ml   of methylene  chloride,   washed with 

10 ml  5% sodium bicarbonate,   dried over magnesium  sulfate,    filtered,   and 

evaporated  leaving 1.8 g yellow liquid. 

(C)     The   liquid was dissolved  in  chloroform and  passed  through a 

silica gel   column  (1  x 50  cm).     The  first 15-nl  fraction  (collected  from 

the   first positive IMPDA test)   contained 1.4 g.     The unreacted  fluoro- 

dini troethyl   chloromethyl  ether was  removed at 0,005  mm  (400C)   leaving 

0.6  g   (28"  yield)   of the  desired product.     A small   sample   for analysis 

was distilled  at  1400C (0.005  mm):      ir  (neat)  3.4   (w),   6.8   (m),   CH; 

6.1  -   6.3   (s),   7.5   (s),   SO,;   8.8   (m),   9.4   (s),   9.9   (m),   10.2  (m),   JO.9 

(m),   11.6   (m),   12,35  (m),   unassigned,     nmr  (CDClj)   T 5,22   (s,   OCH,0), 

5,43   (d,   PCdfO^tCHti   J =   17 Hz),   5,53   (s,  CN0,CHa0),   7.15   (m,   CNOJCHJCHJ), 

7,88   (t,   CHjCNF,,   J =  16 Hz),   8.34   (quin,   CHjCNF,,   J =  2 Hz).     Anal 

Calcd.   for C9H, 3N8010F5:      C,   23.48;   H,   2.83;   N,   18.26.     Fjund,   C,   24.06; 

H,   2.77;   R,   17.60. 
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Appendix B   (U) 

5,5-DINITRO-2-OXOHEXYL TRIFLUOROACETATE   (C) 

(C)     To a mixture  of 12.Og  (0.14  mol)   of  sodium carbonate  and  115  ml 

of tnethylene  chloride at 00C was added dropwise  11.2g (0.053 raol)  of 

trifluoroacetic anhydride.     To this mixture  was added a solution of  7.2 

(0.035 mol)   of 5,5-dinitro-2-oxohexanol     in  37 ml of methylene   chloride 

dropwise at 0° - 50C.     The  reaction mixture  was  stirred at 00C  for 1  hr 

and  then  refluxed  for 1-1/2 hr.     The  mixture was cooled  to 250C,   stirred 

for an additional  hour and filtered.     TTie  filtrate was evaporated  to give 

a dark oil  which crystallized on  cooling.     The product was  recrystallized 

from chloroform'hexane  to give 5.1g  (49"»)  of  tan  crystals:     mp  630-650C, 

ir  (melt)   3.3   (w),   6,85   (m),  CH;   5.55   (s)   CF3CO;   5.7  (s),   C=0;   6.3   (s), 

NO,;   8.1   (s),   8.5  u   (J),   C0C. 

E.   E.   Hantel,   Tetrahedron, ^9,   Suppl.   1,   85,   (1963), 
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Appendixe   (U) 

2f2-BIS(DIFLUORAMINO)-5t5-DrNITROHEXyL TRIFLUOROACETATE  (C) 

(C)     To a mixture  of 0.18 mol of difluorosulfamic acid in 25  ml 

of 100% sulfuric acid and 25 ml  of methylene  chloride at 00C was added 

dropwise a solution of 5.1  g  (0.017 mol)  of 5,5-dinitro^- 

oxohexyl trifluoroacetate  in  25 ml  of methylene  chloride.     The reaction 

mixture was stirred  for 3 hr at 250C.     The  organic phase  was separated, 

dried over magnesium sulfate,   filtered,  and evaporated leaving 5.0  g 

of  colorless  liquid. 

(C)     The liquid was dissolved in chloroform and passed  through a 

silica gel  column  (1   X 25  cm).     Fractions of  10 ml  were  collected from 

the  first positive  TMPDA  test.     The first  two fractions  contained 

4.4 g (67")  of the  desired product:     ir (neat)   3.3   (w),   6.8  (m),  CH;   5,5 

(s),   CFjCsO;   6.4  (s),   NO;,;   8.4  (s),  8.6  (s),   COC;   10.0   (m),   10.9 (*  (s),   NF,. 
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Appendix D (V) 

2, 2-BrS(DIFLUORAMINO)-5,5-DINITROHEXANOL  (C) 

(C)    A solution of 4.4 g  (0.011  mol)   of 2,2-bl3(difluoramlno)-5,5- 

dlnltrohexyl   trlfluoroaoetate  and 50 ml methanol was  re fluxed  for 1 hr. 

The  methanol  was  removed on a  rotary evaporator leaving 3.4 g (100%) 

of colorless  liquid:     Ir (neat)   2.8  (m),  OH;  3.4 (w),   6.8  (m),  CH,   6.3 

(s),   NO,;   10.0  (s),  10.9 u (s),   NFt;   nmr (CDClj)  T 5.85   (CSFaCHt0,   s), 

7.19   (OH,   s),   7,19   (CNOjCH,,   m),   7.76   (CNFJCHJC,   t,   J =  8 Hz),   7.85 

(CHjCNO,,   s). 
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Appendix  £ 

FLUORODINITROMETOANE  (C) 

(C)    To a  solution of  25.0 g (0.38 mol) of potassium hydroxide In 

100 ml of methanol  at  0 to -50C was  added  a  solution of 50 g  (0.32 mol) 

of   fluorodinitroethanol   in  200 ml of  methanol  dropwise over 20 min.     Dur- 

ing the addition,   50 ml  of  irethylene chloride  was  added  to  facilitate 

stirring.     After   the adc'ition was complete,   the  reaction mixture  was 

cooled  to -350C.     During the remainder of this procedure the potassium 

salt  was kept  cold  and wet.     All of  the materials   and  the apparatus were 

precooled  to  -780C. 

(C)    The  potassium salt was  filtered  and  washed  twice with  200-ml 

portions of  methylene  chloride.     The  filtrate was  discarded,   and   200 ml 

of   2N sulfuric  acid  was  added  to the  salt.     Acidification was  carried 

out   in  the same  funnel   and,   when the  reaction was complete,   it  was  fil- 

tered using the same funnel  again.     The  filtrate was extracted  4  times 

with 75-ml  portions of  methylene chloride.     The  methylene chloride  solu- 

tion was dried  over magnesium sulfate,   filtered,   and  evaporated   to give 

20 g of  fluorodinitromethane,   57% yield. 
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Appendix F 

5-FLUORO-3, 5-ÜINITRO-2-0X0PENTANOL (C) 

(C)     Hydroxymethyl   vinyl  ketone was generated   in  situ according  to 

the   following procedure.     A mixture of  135 g (1.57  mol)  of 2-butyne- 

1,4-diol,   5.2 ml of 97% sulfuric  acid,   8.0 g of  mercuric  sulfate,   and 

800 ml  of water was stirred at  50oC for 1 hr.     The mixture was  then 

cooled  to 250C and filtered.     To the filtrate was  added  a  solution of 

90 g (0.725 mol) of fluorodinitromethane in 600 ml of water at  250C over 

20 min.     The  reaction  mixture was  stirred under  a  nitrogen atmosphere for 

18 hr.      It   was  then saturated  with  sodium chloride and  extracted 3  times 

with 200-ml   portions of  methylene chloride.     The  methylene chloride solu- 

tion  was dried over magnesium sulfate,   filtered,   and  evaporated  to give 

117 g of  product,   77% yield. 
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Appendix G 

5-FLU0RO-5t5-DINITRO-2-OX0PENTYL raiFLUORGACETATO   (C) 

(C)     To a stirred  suspension of 193 g  (1.82 mol)   of  sodium carbonate 

In 1300 ml  of methylene  chloride at 00C was added 179  g  (0.85 mol)  of 

trlfluoroacetlc anhydride dropwlse over 30 mln.     To this mixture at 50C 

was added a solution of  117 g  (0.56 mol)  of 5-fluoro-5t5-dlnltro-2- 

oxopentanol  in 400 ml  of methylene  chloride dropwlse  over 1 hr.     The 

reaction mixture was  stirred at 50C for 1,5 hr,   refluxed for 1.5 hr,   and 

then  stirred at 250C for 1 hr.     The mixture was  then  filtered and evaporated 

to give  120 g of crude product.     This was distilled  through a short column 

at  110-1200C  (0.1 mm)   to give  100 g of pure product,  58% yield. 
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Appendix H 

5-FLÜORO-5,5-DINITRO-2,2-BIS(DIFLUORAMINO)   PEKTYL TRIFLUOROACETATE  (C) 

(C)     Dlfluoramine was generated by adding 150 ml  of a 3-molar 

dlfluorourea solution to 60 ml of 4N sulfurlc acid at 95-l000C over 

20 min.     The dlfluoramine was bubbled directly into a mixture of 88 g 

(0.33 mol of SO3)   of 30% fuming sulfurlc acid and 30 ml of methylene 

chloride at 0-S0C.     An aliquot of  the  DFSA  solution was removed and 

found  to contain 0.24 mol DFSA by  iodometrlc titration. 

(C)     To the DFSA solution at 0-50C was added dropwise  over 30 min 

a solution of 15 g  (0.049 mol)   of 5-fluoro-5,5-dlnitro-2-oxopentyl 

trifluoroaoetate in 25 ml of methylene  chloride.    When the addition was 

complete,   the  reaction mixture was warmed to 250C and stirred for 2 hr. 

The acid phase was  then separated and extracted with 25 ml of methylene 

chloride.     The methylene chloride solutions were combined,  dried over 

magnesium sulfate,   filtered,  and evaporated leaving 14.6 g of product, 

76"« yield. 

■ 
■ 
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Appendix I 

5-FLUORO-5,5-DINITRO-2,2-BIS(DIFLUORAMINO)PENTANOL  (C) 

(C)    A solution of 14.6 g (0.037 mol)   of 5-fluoro-5,5-dinitro- 

2,2-bis(rtifluoramlno)pentyl  trifluoroacetate  in 50 ml of methanol was 

refluxed for 10 min.     The  methanol was  then removed in vacuo  to give 

11.0 g of product,   100% yield,  >85% purity on  the basis of glc analysis 
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Appendix J 

BIS[5-FLUORO-5,5-DINITRO-2,2-BIS(DIFLUORAMIN0)PENTYL]FORMAL  (SYFO)   (C) 

(C)    A mixture of 1.5  ml of 100% sulfuric acid containing a small 

amount of SO3  and 0.68 g  (0.025 mol  of  formaldehyde)   of  trioxane was 

stirred  for 10 min.     This  was  then  cooled to 100C and 9.8 g  (0.033 mol) 

of 5-fluoro-5(5-dinitro-2,2-bis(difluoramlno)pentanol  was added dropwise 

over 15 min at 10-150C.     The reaction mixture was stirred vigorously 

for 2 hr at 250C and then poured into a rapidly stirred mixture of 40 g 

of ice/water and 40 ml of methylene  chloride.     The  organic phase was 

separated and  the aqueous phase extracted twice more with 40 ml  of 

methylene chloride.    The methylene  chloride solutions were  combined, 

dried over magnesium sulfata,  filtered,  and evaporated leaving 8.7 g of 

crude product.     This was dissolved  in a 50:50 mixture  of chloroform: hexane 

and passed through an aluminum oxide column.    Fractions of 20 ml were 

collected.     The product  (6.8 g)   came  out in fractions 4-8.     The  fractions 

were  combined and stirred vigorously at 500C  («Sy.)   for 24 hr.     The 

residue of 6.6 g was analyzed by glc and found to be >09% pure,   65% yield. 
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Appendix K 

PROPERTIES OF BIS[2t2-BIS(DIFLUORAMIN0)-5-FLUORO 
S.S-DINITROPENTVL]  FORMAL  (SYFO)   (C) 

Structure; 

Empirical  formula: 

Formula weight: 

Appearance: 

Melting point: 

Vapor pressure: 

Density: 

AH      : -1 vap 

AHj (8) estimated: 

AH° (1) estimated: 

DTA: 

Anal. Calcd for C11H14F10N8010: 

Found: 

[FC(N02) j,CH2CH2C(NF2) 2CH20]2CHa 

CtlH14F10N8010 

608.29 

Colorless solid 

29 0C 

0.047p,  (35.20C),   0.014p,  (20.70C) 

1.64   (250C) 

15,0 kcal/mol,  2.5 kcal/lOOg 

-253.26 kcal/mol,  -41.63 kcal/100g 

-268.26 kcal/mol,  -44.13 kcal/lOOg 

Exo 230°C (onset 2000C) 

C,   21.72;   H,   2.32;   N,   18.42. 

C,   22.01;   H,   2.48;   N,   17.64. 

Infrared spectrum  (neat):     3.3  (w),   3.4  (w),   6.85  (w),  CH;   6.2   (s), 

7.5  (m),  N02;   8.7  (m),  9.3  (m),   10.0  (m),   10,9   p, (m),  unassigned. 

Nmr (CDCI3):      T 5.25   (sf   0CH20),   5.88  (s,   CNF2CH20),   6,87   (m,   CN02CH2), 

7.62  (t,   CNF2CH2C,   J = 8 Hz);     9 -26.6  (s,   NF2),   +103  (t,   FCN02, 

J = 18 Hz). 
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Appendix L  (U) 

BIsr4-FLUORO-4,4-DINITRO-2-HYDROXyBinYLl  ETHER (C) 

(C)    A mixture of 1,7 g (9,45 nnnol)  of 4-fluoro-4,4-dinitroepoxybutane, 

0.50 g (3,67 mmol)   of zinc chloride, and 4.1  g of dioxane was stirred at 

80°C for 4 days.     The  reaction  mixture was  cooled,  diluted to 25 ml  with 

methylene chloride,   and filtered.    The filtrate was washed with water, 

dried over magnesium sulfate,   filtered,  and evaporated to give 1.2 g of 

yellow liquid. 

(C)     The product was dissolved in a 25:75 mixture of chloroform:hexane 

and passed through a cellulose  column (1   x 25  cm).     Fractions of 10 ml 

each were collected.     The  third,   fourth,  and fifth fractions contained 

0,7 g  (37%) of product:    ir (neat) 2,8 (m),  OH;  3,4  (w),   6.9  (m),  CH; 

6,2  (s),  7,5 (m),  NOa;  8,9   (m),   9,2 y, (m),   unassigned;   nmr (acetone-d6) 

T 4,99   (CM,   d,  J = 5  Hz),   5.73   (CH,   ra),   6,37  (CHaO,   d,   J = 5 Hz),   6,71 

(CHaCN09,  m).    To confirm the structure,   the diacetate was prepared by 

the  following procedure, 

(C)    A solution of 0,30 g of 4-fluoro-4,4-dinitro-2-hydroxybutyl 

ether in 10 ml of acetic anhydride was stirred at 800C for 45 min.     The 

reaction mixture was cooled to 100C, poured into 30 ml of water, and 

stirred vigorously for 1 hr.    The mixture was extracted 3  times with 

10-ml portions of methylene  chloride.    The methylene chloride solution 

was dried over magnesium sulfate,   filtered,   and evaporated leaving 0,3 g 

of pale yellow liquid.    Nmr  (acetone-d6)  T 4.60  (CH,   m),   6.17 (CH3O,   d, 

J = 5 Hz),  6.44 (CHjNOa,  m),   8,04  (CHa,  s). 

' 
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Appendix M    (U) 

DIAD  (U) 

(C)     Ten drops of stannic chloride was added to a mixture of 2.27 g 

(0.006 mol)  of bis[4-fluoro-4,4-dinitro-2-hydroxybutyl]etherf   4.36 g 

(0.024 mol)   of fluorodinitroethyl  chloromethyl ether,  and 20 ml of 

methylene  chloride at 250C,    The  reaction mixture was refluxed for 72 hr 

and then diluted with 30 ml of methylene  chloride.     The  solution was washed 

twice with 10 ml portions of 5% sodium bicarbonate.    The methylene  chloride 

solution was then dried over magnesium sulfate,   filtered,   and evaporated 

leaving 5.0 g of pale yellow liquid.    This was placed under a vacuum of 

less than SJJ, at 70CC for 4 hours to remove the excess fluorodinitroethyl 

chloromethyl ether.    A sample of the residue was distilled through a 

short path at 1150C (< Sg,)  to give a > 99% pure sample for analysis. 

Ir (neat)   3.3  (w),  3.4  (w),  6.85   (w),  CH;   6.2  (s),   7.55   (s),   NGj;   9.8  (m), 

C0C;   11.65  (m),   12.4 y, (m), unassigned;   nmr (acetone-d6)   T 5.03  (d, 

CNOJCHJO,   J =  17 Hz),   5.08  (s,   0CHa0)t  5.54   (m,   CH),   6.09  and 6.10, 

(d,  CH20,   J = 5 Hz,   dl and meso),   6.4S  (m,   CN03CH3C),   to 102  (broad 

singlet,   FCNOjCC),   108 (broad singlet,  FCN03C0.    Anal.  Calcd for 

C14H18N8021F4:     C,   23.67;   H,   2.55;   N,   15.77.     Found:     C,   22.08;   H,   2.41; 

N,  14.28.     The elemental analysis will be repeated when more material 

Is available. 
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Appendix N     (U) 

PROPERTIES  OF  1,15-DIFLUOR0-1,1,15, 15-TETRANITRO-6,10-BIS- 
(2-FLUOR0-2,2-DINITR0ETHYL)-3,5,8,llI13-PENTAOXAPENTADECANE    (DIAD)     (C) 

Structure: 

Empirical formal: 

Formula weight: 

Appearance: 

Boiling point: 

Density: 

AH   : 
vap 

AH°  (g) estimated: 

H.  (1) estimated: 

DTA: 

Anal.   Calcd for C, >,H,oNo0olF .: 14  18  8  21   4 

Found: 

[FC(N02)2CH2OCH2OCHCH2] 20 
CH2C(N02)2F 

C14H18N8021F4 

710.35 

Clear, colorless, mobile liquid 

140° (5)i) 

1.53 (250C) 

20.0 kcal/mol   (estimated) 

-427.11  kcal/mol,   -60.13 kcal/100g 

-447.11  kcal/mol,   -62.94 kcal/100g 

Exo 2400C  (onset   1900C) 

C,   23.67;   H,   2.55;  N.   15.77 

C,   22.08;   H,   2.41;   N,   14.28 

Infrared spectrum  (neat);  3.3  (w),  3.4  (w),   6.85  (w),   CH; 6.2 (s),   7.55  (s), 

N0_;  9.8 (m),   COC;   11.65  (m),   12.4n (m),   unassigned;  nmr (acetone -d   ) 
2 b 

T5.03 (d.CNO.CH.O, J = 17 Hz), 5.97 (s, OCH 0), 5.54 (m, CH), 6.09 and 

6.10 (d, CH20, J = 5 Hz, dl and meso), 6.45 (m, CNO CH C), cpl02 (broad 

FCN0QCC),   108  (broad,   FCNO CO). 
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ii ABSTRACT .pjjg primary objective of  this research program was the synthesis of  theripally 
stable,   high density,   and high energy plasticizers  for new high energy polyether bind 
ers of  interest to the Air Force.     Initially  the synthesis  of three specific nitro- 
difluoramino-ether plasticizers was studied,   but difficulties in synthesis  and poor 
yields made their preparation impractical.    The research effort was then redirected 
toward  the synthesis of a  series  of nitrodifluoramino-formal plasticizers which  re- 
sulted  in  the synthesis of  SYFO,     bis r5-fluoro-5,5-dinitro-2, 2-bis(dif luorar.ilno)penty 
formal.      In overall properties,   SYFO has outperformed all  other energetic plasticizers 
known.     Results of tests  to date  show that SYFO has the  required high energy  and 
density,   low volatility,   and  thermal and chemical  stability.     In addition,   SYFO im- 
parts  excellent properties  to propellants  formulated with it,   and results  in  thermally 
stable propellants which heretofore have not been possible.     A summary of work per- 
formed  on  this contract  follows   in order  of performance.   (C) 

TDFH,   1,7-difluoro-l, l,7,7-tetranitro-4,4-bis(difluoramino)heptane,   which was 
discovered on a previous Navy contract,  was prepared  in  larger quantities  and  sub- 
mitted   to AFRPL for evaluation  as  a plasticizer for P-GFDNE,   and  for PCDE.     TDFH was 
found   to  be a very good  plasticizer for these binders during formulation,   but  after 
curing,   the propellent  became brittle.    This was  probably due to a  low degree of  as- 
sociation between TOFH  and other  ingredients or  the fact  that a lower eutectic  point 
was not  achieved  at  the concentration of TDFH used.   (C) 

Nitrodifluoramino ethers were studied  in order to obtain plasticizers  similar in 
structure  to TDFH but   lower melting.    Compounds  studied   included Goal Compounds   I,   IA, 
and   II : 
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Compound I, FC(N02)2CH2CH2C(NF2) CH2OCH C(NO ) F.  Two synthetic 
approaches to Compound I were Investigated. The  first involved the addi- 
tion of fluorodinitroethanol to epoxybutene.  The reaction was carried 
out in base, but the epoxide opening was catalyzed by the acidic alcohol, 
fluorodinitroethanol, rather than the base.  The resulting product was 
the undesired isomer.  A second approach to the synthesis utilized a 
metathetical reaction between fluorodinitromethane and iodobutene.  The 
desired product was obtained, but the yield was never greater than 5%.(C) 

Compound IA, FC(N02)2CH2C(NF2)2CH20CH2C(N02)2F.  The synthesis of 
Compound IA was partially completed.  Fluorodinitroepoxybutane was pre- 
pared by a metathetical reaction between fluorodinitromethane and allyl 
bromide followed by epoxidation with pertrifluoroacetic acid.  However, 
the reaction between fluorodinitroepoxybutane and fluorodinitroethanol 
always led to polymerization of the epoxide. (C) 

Compound II, FC(N02)2CH2OCH2
c(NF2)2CH2OCH2C^N02^2F•  Numerous 

approaches to the synthesis of Compound II were investigated.  Only one 
gave any degree of success.  The intermediate secondary alcohol 

FC(N02)2CH2OCH2CH(OH)CH2OCH2C(N02)2F 

was prepared by the reaction of GFDNE with fluorodinitroethanol, but the 
yield was less than 1%. This and other routes were studied and found to 
be impractical for plasticizer synthesis. (C) 

Nitrodifluoramino formals were proposed and studied since the 
physical properties expected of Compounds I, IA, and II could be achieved 
with the formals without loss of energy, and because the formals could 
be prepared with much less difficulty and in higher yield than the 
ethers. (C) 

The synthesis of each of six formals proposed Involved the reac- 
tion of a nitrodifluoramino alcohol with the chloromethyl ether of 
fluorodinitroethanol or dinltropropanol.  Three of the formals were 
prepared but their densities were low.  An observation made during the 
preparation of one of the formals, FYOF, led to the synthesis of the 
symmetrical formal, bisLs-fluoro-5,5-dinltro-2,2-bis(dlfluoramino)pentyl] 
formal, SYFO.  Our preliminary tests on the compound were encouraging; 
therefore a sample was prepared and submitted to AFRPL for further tests. 
Their results showed that SYFO was the best plasticizer tested to date. 
Because of the interest shown in SYFO, we have conducted a preliminary 
investigation of scale-up procedures for the preparation of pound quan- 
tities.  At the present time it appears that the reactions can be scaled 
up to prepare several pounds of SYFO for motor firings.  This work will 
resume in the near future. (C) 

Fluoronitroethers were Investigated briefly and synthesis achieved 
of DIAD, 1,15-difluoro-1,1,15,15-tetranitro-6,10-bls(2-fluoro-2,2-dinitro- 
ethyl)-3,5,8,11,13-pentaoxapentadecane, 

[FC(N02)2CH2OCH2OCHCH2-^0 

FC(N02)CH2 

This compound appears to meet all of the plasticizer requirements; how- 
ever, it is not as energetic as SYFO.  Additional work on DIAD was post- 
poned in preference to work on SYFO. 
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