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i MroR.L. Hanson

IMPERIAL CHEMICAL INDUSTRIES LIMITED
| IFl o ~ NOBEL_DlVlSION Telephone : Ardrossan-Saltcoats 2140

, Res’earch,Department- Telegrams Nobel %tevenston :
Nobel House. Stevenston,-Ayrshire 1 :Te"*x 7 7370

Your tef

_Power Branch . S
Department of the Nmry Ourret:  JP/MDS -
Office of Naval Research R S

Washington D,C. 20360. g g Date: 22 July 1966
‘USA.‘ ‘ \

Dear Mr. Hanson, e

: ; I am sorry I om.*ted from our data sheets the. impact S
sen:ntinty values on our apparwtus ‘for the standard explosives.. ‘

- oof course, the ‘valuen given’are of' little use. wn.thout these standaniat;

_and Lhe.d intended to include them.” -~ - 4
'\\_ ' The figures for the 5 Kg hammer are: - -

"k:'RD)\ °5 - 30 cm. - -
. PETN 30.- 140 cm.
Tetryl 60:- 70:em. . i
NG - 25 - 30 cm, ' m I

: 'J.‘NT is very insensxtive and glves a ve.lue > 200 ca.
with a 2 Kg. hammer. ,

- Yours ’.:s-itnqer;elyt, B
R j’;p‘-~ S
- ’x\\.""‘.x : ‘\‘\“‘ >
(00 mters)
Govemmem, Research uection.

' This letter ig & supplement to Data Sheets for Compounds Prepared>
under U, S. Navy Contracts N62559-25'76 -3318 -4076,—4272[ :

4D 3740732
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Introduction

This report covers the period lst July 1960 to 30th June 1956
and suzmarises the 1mportant pro erties of comﬂounds prepared in :
the Research Department ;aboratorles of the Nobel Division cf
Imperial Chemical Industries Limited on behalf of the Advanced
. ReseanchiErojects Agency -under A.R.P.A. Order 25. The work
Sponsored by A.R.P.A; was monitoredfby“fhe Office'of Neval
7Research and wes carried'out gnder U,S;:Rety Contracts

N62558-2576 -3318, —h076 and -4272‘i

The report is divided 1nto three sectlons. Seétion 1‘dee}s o

w1th all NF—conta:x.m.nD compounds flrst prepared or repared by
~.'v:’xev;v,reutes ender*nhe above;ecntracts. Sectlon 2 deals w1th
egmpourds conta:ﬁiﬁg the Npé7greup}Qplytandlprepered under
\ifhese’contrects; Secfion 3 describes briéflyéthekinstrumentsf .

aq& metheds eﬁpldye& in de;erminingeﬁhetéhysicel eharacteristicsj
‘of these ‘compounds. | | | |

Compounds have been listed in elemental order:as in Chemical

.~Abstracts. Infra-red and n.m.r. ‘traces have not been reproduced -

but are retained on file in Research Department Nobel Division,
-for refereﬁee purposes. Infracord 157 Spectra are available for
.all NF~componds listed and Infracord 557 s>ectra for some of

- these compounds. Both Infracord 137 and 337 spectra are

available for the NO - compounds.'
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CONFIDENTIAL

\»Strﬁéture : NFZOONH2
.thsical State: White solid, m.p. u2—u2.5°c
Analysis: Found: C, 12.0; H, 2.2; F, 36.5; N, 27.8%

Cale. for CHFN,0:  C, 12.5; H, 2.1; F, 3%.5; N, 29.2%

1v;nffa—red absorptions at: 5.0(5),?3;l(m), 5.6(5), 6.3(5),i

74(s), 8.3(a), 9.00n), 10.9(s),
12.0(w), 11+.(m)/“' SR T

- Impact Sensitivity: 1020 em

~ Preparation:

" References:

jOther Propertiéézy Moisture ébhteht;ﬁhen prepared.b;jﬂ, noﬁ-fMﬁr

‘hygroscoplc on - storage An ihe atmosphere.-
Attempts to chlorlnate nltrate and acetylate
  **DFb were upsuccgssfulg.5Attemptsftq;preparef~~f‘
. lithium,sodiﬁm énd“SiIfé?fﬁgrivﬁtives 6f ;,

,Déﬁ?wéréVéiso:hhéd;EeSSful.

4

: calc. hl 0; Zst298 meaS.C(qu)i ‘

_-66.0 4cél/iole‘

f298

Fluorination of -5% urea in 0,1N NaOH solution _
followed by ether extraction:

NH,CONH, + F —> NP CONH_; 567 yield

2 2 2 2’
Aerojet-General Corp., Report 0371-02-2, July 19607

Dow Chemlcal Corp., Report No. AR~2Q-60 Anrll—June 1960

1.C.I. Progress Report 1! Vo. 9, July - September 1962.

- CONFIDELTIAL
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Data Sheet

NéNitro-N'-difluoraminomethylureaA

- Structure: 0 NNHCONHGH NF

2 22

from alcohol/ligroin)

S

_Analysis: Found: C, lh.h, H, 1.9; F, 23 7, N,

czﬂthth3 requlres. C, ;ha ; H, é.h; F,V?Z.h;

- Infra-red.aosorptions‘at: 2.8(n), 5.1(@),_3;2(m);:

5.8(s), 6. 2(s). .u(s),

4 7;h(m)’ 7;8(m)’ 8. 2(5)'

‘12 l(m), 12 5(m), 1,3 L,
Impact Sensit1v1ty 10-20 cm
Exploslon P01nt°' 1}6 e
célé. élji;hkcai/éoié »

Other Properties ZSHf298

Physical State: Whlte solid, @.p. 83- 7 c (recrystalllsed

N, 32.9%
5.3(s),
7.1(5).,
9.6(s),

EG@P.

'vPreparatlon. Reactlon of HINF with nltrourea in the presence

2
of 32% aqueous ‘formalin and H, qu

.. NNHCONH + CH O HNFz 0 NNHLONH(,H NP

3 27 2 ==y 2 272
N " CHN, (50% yield)

Reference: I.C.I. Progress Report No. 15, Januaryﬁ;;March 1964.
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_Explos:.on P01nt ll.,O C '

CONXIDENTIAL

3
Data Sheet

3. Bis(difluoraminome thzlxlnitramine (BDMN)

- Structure: (F NC 2)2
Physical State: ‘ Yellow liquid |
Analy31s Found- ' 6,3}5-9; H 3.1? P, 33.7; N, 50 2&
kCalc. f‘or Czﬁzﬂ\u o? o,Al.z.As‘,‘ H, 2 1' E, 39.0,; N, 29 2%
Infrg—red absorptions at: 3'0(5 5. 9(m), 6 A(vs), 7 l(vs),

S 9(VS), 8.8(s), 9. 1-9. h(m)
o 10 5(s), 11 o(s), 12.2(3), 13. 8(s)p
Impact Sen31t1v1ty 10-20 em < |

sz : ¢ SRR &

f‘298 calc. -30.1 kca.],/mole (Esso AHf298

‘calc. -27.0) Mopop»opeuant s I. 297 5 calc. .

Other‘ Properties:

Vapour pres sure measured°

_o°‘ 5.8 mm ‘: R m° | 285
W es o s® wa
) 2o°“, 12,2 f, IR 60° 571
| 30° 18.‘5 | 1590 (esi;.) 760 o

Vacuum thermal staulllty test at 60° showed
an autocatalytlc decomnosn.tlon (imtial gas A

_»evolutlon 19.5 ml/g/lOO hr) Sllghtly swelled

[N b+

-0I0 and "DI/Dl casting nowaers.

vommxmﬂAL




.Preparation: Reaction of }m§2 with m.tram:.ne and paraf‘ormaldehyde

in the presence of 96% H,S

lg.
; | N‘d2N0 + (CH ,0), + HNF, =% (§ NGE, ) NNO;  26% yield
Ref‘erences~ Esso Research & n.nglneerlng Co. QPR 62—1.., Sept -Dec.
o | 1962 I.G.I. progress Report No. 14, JuJ;,r 1, 1962 - ‘
December 31 1965,No. 21 July 1 - September 30, 1965. . A




4.

‘ fPrepanat;on: Treatmevt of methané sulphonamlde w1th 3]% aqueous}:f

GONFIDSNIIAL

Data Sheet
Mothane N—difluoraminomethylsulphonamide
Strupture: Mesozmﬂuﬁzmrz

Physical State: m.p. (u=76 U

Analysis: Feund: G, 15.0; H, 5.7; F, 25.7; K, 17.6% ..
| 021-16?2 2023 requires: C‘,_—,lS.O; H, 3.8; F, 23.8; N, 17.5%

Infra-red abSorptions:at.? 3.0(s), 7. lS(m),' 7.6(5),5 8.0(x),

‘8'7(5 9. 3(W), 9 9(w) 10 2(5), . |
0. 95(s), 11,5(“,), 11.95(5), ‘
12 2(s), 12, h.(s)’ 13. gj(m)r

f‘ormal:,n, HNF and HZSOL.. (Soluble in water)

 MeSO NH2 + GH,0 + HNF, . —?—-’*) uesozmcrxznrz

- L - 75/0 yn.eld

Reference: I.C. I. Progress ‘Iepo*t No. 18 January l- December

51, 19&0

~
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Dats Sheet

N 5. ,N'-als‘dlfluoramlnometgxl)sulghamlde
Structure: F,NCH ZNHSOZM{CHZN?Z ' : - -
| Physical State: 'Clear, colourless oil '
Anslysis: Founds . C, 1L.1; H, 3.1; P, 33.9 N, 2.8
. 6 MNA-OZS requlres C 10. 6 H 2.7; F,B}»G, N,-2l+.8%} i A
Infra-red ab;orptions'at~ } O(S), 6. S(m); 6. 85(5); é—95(s); |
©7.05(s), 7:5(s), 8. 3(a), 8.68.8(s), 1
| | 9. 3(m), 9 9(m), 10.2(m), 11.0(s), 12, 2(s)}* o i
,Zér;P;fét??h:f>Reactlon gf Hg?z w1th sulphamlde and paraformaldehyde Lot .:}?é
CE £ ’the presence of' 96 H,S 4, fol.mwed by Et20 z
extractions . (. .
Sl o S0, + (Cﬁzé’)x +HNF2 < N“S"zmm “Fz
I 317 yield
= ;Réferericei: k'I C.I. Progress Report o, 18 Janua*'y 1- DecembeL |
‘ ' 31, 196.. ‘ | . )
H cwmm'tem -




CONFIDENTIAL
7
Data Sheet

g,ﬁ:Bls{dlfluoramlno) l,§-d1n1troxmzdazolldlnPZ-one

Structure: FZNCHN(NO )comwo )cxmz

Physicel State: Whlte SOlld m.p. 69—70

Analysis: Found: C, 13.2; H, O.4; F, 27.5; X, 29. 6%
~ GH,F, N0 6% requires: €, 12.9; H, 0.7; F, 27.3; N, 30.2%

:Infra—red absorptlons at SFA(S),:6 2(5);v7.é(ﬁ),.8 i(s);

~
.

:_ | A 8:0(s), 9.2(), 9.75(m), 20.7(w);
| | | ,’fﬁ 11. 6(m), 12, h(v), 13. ‘a(w);uL o
HNMR Spectrum (HeCN solutlon‘ ?rlplet centréd’ at 3. 11’(3-16 qfsec)
| TR e ';Preparatlon: Nltratlon of«+,5-bls(dlfluoramlno)1m1&az011d1n—2-one; 3f;]"'
;: | | 3 »w1th HNej/Ac 0 for 2— hr at :10 followed by N
i ’lrfevaporatlon of the 301d before addltlon of water. o i;fﬁf‘ -
T, NCH-;II:X A0 F2’\ICH-N-N0‘ , R
R « , S e HNO, __.> | - -co® \, DR
| FNCH-NA FNCH=N-NO . el

2 : , 2 2
: ~ Very small yleld

Reference: I c.I. Progress Report No. 23, Janu“ny 1- March

31, 1966 B ‘, R
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Data Sheet

7. gaifais(difluéramino)—irnitroiuidazolidineZ-one h

Structure:: FzVCHN(NO )ce\mc‘{\nﬁ'2

Physical Statc{ Thite solid, m.p. LD"BQ (ueco“o ) (recrystall:.sed |

7 from 1PrQH(hexane)‘
Rialysis: Found: €, 15.2; &, 0.8; F, 3L.8; N, 30u

C.H.F N.0, requires: G, 15.5; ii, 1.3; F, 32,65 N, 30.1%

3314‘53 A P

Infra-red absorptions at: 5.7(s), 5.6(s), § .25(s), 7. 75(m), -
| ..9(5), 8 l\S), o/(m), 9 5(BI), .
",.sm), 1o.o(m), ll-JS(m), 12. l(w),_,___.:

hg 12 u(w), 12, 8(n,, 13. l(w), 13 7(“)

HNMR Spectrum (MeCh~solutlon) . Trlplev centred at g 3 18 Q/sec)
aj o5

- and at 3-45
s ‘f_ o '!;,; Broad 51nglet at l 7#1!€NH)

19FNMR Snecurum (MeCN solutlon) Trlpleu at -32 5 8 (J 18 q/sec)

Impact Sensi »1v1t*'- <5 en i f‘
EkplOSlon p01nt 152 C

Preparab;on: V*trﬂtlon of ,,5-015(dlflaor*m,no)1m1dazollu1n—

2-one with 100% HNO, at 20° f'or 2 days

3
‘FZRC'-hd o : JCH—R-’OZ T
T2 g0 smmo, = 4| 00?5 50% yield
' qucy-NH 3 % ol |
- "z | _
Reference: I C.~. Progress Report No. 15, ary 1 - %arch

51, 1984, to. 23, Jamuary 1 - Harch 31, 1956.

oo
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2 k, 5-Bis (difluoramino)imidazolidin-2-one

CONFIDENT IAL

e via i X b

Data'Sheet

Structure: FZN&rmcomcmm ) *

_ Physical State: W#hite solid, m.p. l?éo (recrystaliised from
benzene) - o o

 Analysis: Pound: . C, 19.4 H, 1.9 F, 39.9; N, 29.8%

; #

- SRAN | b N, 29.5%
V_Inf‘ra.-redabsorpti'ons at: 3.1(s), 3.2(s), 5.8(s), 6.9(s),

H F N-Q requires: C,'I9,2;> E, 2;1$1-F,lh65h; :ﬁ,k29.&%f ’

7.7(m), 7.9(s), 8.:6(a), 9.9(n),
10.50), 1L.3(a), 11.5(s), 13.1(a)H. -
'HNMR (Acetoneksolution)f ‘Triplet centred at %.39%¥¢5 J= -18 q/sec (CH\
. \;_k,‘, ":;\each peak split by’ lh J 1 8 q/sec.
“\;19? T . -~ . Broad singlet at 2, l2n1(NH
- "“FNMR - (Acetone solution): Trlplet at -31.6 8, J= 15 sec,

Iﬁpact Sensitivity:.’lO—ZO‘cgl ‘

Y

 Explosion Point: >3oo
VOtheé Pfébérties _Can. be subllmed undér Qacuum at 100
0.2 g sample lost 1*6& oy wt. on storage ét
7u for 14 days in onen tube,
AH f298 calc.i 153. 8 xcal/*ole
‘Vacuum thermal stablllty 0.3 m]/g/].OO hr at 60 c
'Preparation: 1. Reaction af HVF2 Wltn h,p—dlrfdroxy— Uy 5-
dlmethoxy—, or L, 5—dlethoxy1m1dazolld1n-2-oner»1

1n ‘the nreaence of 96% h L

CONFIDENTIAL




2.
R‘prf'e!‘qm':ﬁe s:

L

1 2-d1o1 with urea /in the presenoe of H,S
or HSO I'

CONFIDENTIAL

10
- H,S0 P, NGH-NH
ROCH-NH 2 2 '
> 00 + HNF, 2 [ >°°
S ‘ P NCH-NH

R=H, 78R yield
~ Ralls, 78% yield

R—Et: 81.% yield
condensation of 1, 2-bis(difluoramino)ethane-

1_4

\3 . ) Sl .
P_NCHOH " HX_ FNCH-MH __
o2 +NcoMt, — 2 OO S
FZNCHOH 22 o anm[—}m B =
X = so F, L6% yiel\i STl s
X = HsO,, 16%yie1a o B

LG, I. Progress Report NO.,llq., July 1 1962 -
" December 31 1963; No. 15, January 1 -hrch 31, 1961;,

No.17, July 1 - September 30, 19614.

. No. 23, Januar_y 1.- Ilarch 31 1966

 CONPIDENTIAL
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9,

fron ethanol/ligroin) . ‘é
4 AnalysiS' Found: ’ C,A16.2; Hy,2.7; F, 32-3; N, 31 1ﬁ !‘ |

CONFIDENTIAL

11
Data Sheet

N,N'-3is(difluoraminome thyl)=N-nitrourea

2 2
Physical State: White solla, m.D. 69-72 c (recrystalllsed

Structure: F NCH N(NO )cormcn NF

;f ¥, 29.8,

\n

3 5 h{503 requlres' >C; 15.3; 1, 2;1;. F; 324

Infra-red absqrptibns*a£:  2.85(&);i5;8(§), GLO(m)ifG,Z(s),‘f4

W
TR S TN N SR

- :G.Q(s),f7.0(m),,7.1(@),h7;#(my5
- 7.8(n), 8.2(s), 9.6(s), 9:8(a),

110.7(n), 10.9(s), 12.2(s), 12.55(s);

Buas(s), 355 g
: Impact Sen51t1v1t';'<5 cm i,flg, ;ivﬁhl 4 . M é i
‘k?Ex31951on Pdin»?‘\lh} *‘fsli; 1 ' i,f ~E w  ‘£§$»_‘ ? :~§_V‘j ,;;;;fff"f _§
thef Efé?ertiés: ufzgg cale. -1 9‘? 'C"L/mol ‘ Monop*égéllant | e
- s.1. 2&5 calc.
" Preparation:’ Reaction of ﬂNFz with nitrourea in the presencé
| of 37 aqueous fOrﬁéiin aﬁd 32304‘ |
. i HVF | “ G
zmzcozﬁmoz + (,HEO ————Z F Nmizc(rmz}cozmxa 2NF2; |
| 38% yield )
Reference: 1I. c.I. F&ogress Report 0. 13, J_nuarJ 1 - March B
31, 196.. _‘ )
CO:irIDEN:TAL - f . s
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CONFIDENTIAL
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- Data Sheet

N-AceEIIQN-difluoraminomethxlgzggogxlamine~

Structure:

AcN(CH)CHNF, SN

Physical State: White solid, m.p. 93=94°C

6 2“2

Analysis: Found: C, 25.8; H, k.5; F, 27.4; N, 19.1%

0. requires: C, 25.7; H, 4.3; F, 27.1; ‘N ‘2O.q%3' .

Infra-red sbsorptions at: 3. 15(s), 1(s), 7. l(s), 7. 9(m),

Préparation:

- Reference:

"kJune 30 1963 - ’ ':,>: >;

8. 0(m), 9 8(m), 10. O(m), 10. 9(m),
12.2(5), 12.8(m)rx_

The action of" HNF on a mlxture of acetohydroxamlo

~ acld and paraformaldehyde in the presence of 96”

H2804

AcNHOH g (CH 0), + HNF, —31-4i ‘AcN(OH)CH
' ' 8% yleld

I.C.I1. Progress Report No. 12 Julj l 1962 -

2’;‘ N

A

N

I
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1l.

- Impact Semsitivity: 10-20 cm | o e

Data Sheet

N, N'-Bis (difluoraminomethyl)urea (BDMY)

Other- Propertles Aﬁ

Structure: F NCH _NHCONHCH_NF

2

2 2

Physical State: White solid, m.p. 162°C (recrystzllised from

‘ llgrozq/ethanol)

Analyeis; Found: C, 19.4; H, 3.1; P, 39.8; N, 29.6% -

3 gk, & 4

Infra-rea avsorptions at:

Exp1051on P01nt 168°C

(1ii)

oy

f298

b recovered unchanged frOm.lklfz
(1)

(i1)

cale. _128. 7 kcaL/mole. mwws o K

=

N O requires: C, 18.9; H, 5,.’2;‘ F, -AO;O; 711\1,'279-5% o 7, [

3.0{s), 6.1(s), 6.6(n), 7.5(a),

8.0(x), 9.0(n), 10.0(m), ‘11;0(5),

bl s

-

1‘- 35(S)s lJ O(m)9 13. 5(m)[“

<

BRI

Storage at 70 for 7'days. R

-A mixture with aluminium powder and

ammonium perchlorate heated at 100°C
fer i heer B “

A mixture with nitroqellﬁioee (12;65 N)
mainfainedat 70°C fer 1 hour 

A mixture with Casting Liquid -
(nitroglycerine/+riacetin/2-nitro-
diphenylamine\: 80/19/1) maintained

at 70°C for 7 days




CONFIDENTIAL
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Vacuum Thermal Stavility test, 0.3 ml/g/lOO hrs

Y P S

at 60°,

BDMU was décomposed by base and by nitration,

and was recovered unchanged from attempts at
difluoramination,‘halogenation,-and fluorinﬁtioh. '

2

Preparation: (i) Reaction of HNF, with 2 mixture of urea snd ~
paraformaldehyde, in the presence of 96% H,S0;

cr
or other dehydrating agents

o

S ; R S g <R
7NH200NH2 + (CHZO)x + JLLZ - FZNCHZNHCONHCHZNF2 e
| 89% yield f
(i1) Reaction of difluoraminomethanol with .urea in A
e o ~ the presence of 96%:H2804‘ot other dehydrating. ' -

‘agents:

L

N~

, N ) . “ e 'Qv T : 3 | ‘7 i :: ‘:: \ : ) -H 0 » .
A ; - o \ x i CONh2+F2NCH OH -——-} FZNChéNHCONHCH%NFQ‘

(111) Reaction of ii,N'-dimethylolurea or of

2

 ;_ ; _t - - |  presence of 96%5H2804, HSO;E orvHSOBCl

'RGCHZNHCONHC}zoRfHNF2>‘—9 LE?NCHZNHCONHCHZNEZ ;

\ : e R With H_SO : R=H, 98% yield; R=Me, 765 yield

1,N'-di (methoxymethyl)urea with HNE_ in the

N
~I

2T A
 With HSO;F: R=H, 95% yield
Mith HSO;Cl: R=H, 95% yield

CONFIDENTIAL




CONFIDENTIAL
15

References: I.Ci;: Progress Reports &qs. 11, Janusry 1 -
~March 31, 1963; 12, July 1, 1962 - June 30, 1965,;‘
L, July 1, 1962 - December 31, 19633 15,
January 1 - Merch 31, 196%4; 23, January 1 -

Marck 31, 1966,

;e
‘: ﬁ“
8 :. \
) |
2 N <
3 Ay <
%.

g :
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o _Analysis-

[/

»0ther Propertles. AH

~fPfeperation:

References:

- Data Sheet
12. ,N'-Blsidlfluoramlnometh

White solld, n.p. 8900 (Esso'Repdft“m.p.e78—80)~-,

Structure: [N(CH
Physical St ate'
Found:

Calc. for CBH6 ) 6 4

AH

" 37 “aqueous formalln, in the presence of H SO# ffr1 ‘752: S

- . - - ;2 V, \_ .
CHZ(NHNOZ)Z + cezo + HNFZ ——-é CH [N(CH NFZ’;VOZL,

. Infra-red absorptlons at-

£298

f2°8 o
S I 284. « . i;‘f‘: 23‘ sf?; S )

Dec, 1962.

I.C.I. Progress Report No. 1, July 1,.1962_7' R fi&E:j;f_

December 31, 1963;

31; 1964

¢, 16. 0; H, 3.0;

: G, us, i, 23,j

A, 10.3(5)’ 10'6(3)’ 10 9(5)’ ll ll-(m): E :‘{;ij‘ L= ]

The reactlon of HNF w1th methylene~d1n1tram1ne and

Esso Research & Et;gineering Co. QPR 62-1.., Sept. -

mt’?@@

rl methxlene dlnltremlne"BDH

-12 2(s), 13. l(s)[-* R s

r, 5.2 N, 30,5

F; 28] 63 1 Ny, 31"6%'

3:5(a), 6406), 7.0(a), Tba), S

76(), 7.9(s), B.7(), 9.70s), e o

-29.6 kcal/hole calc. NEsso estlmated ~‘5§f¢x

-31. 05 kcal/mole, and monopropellant

,\;‘ . : -~

s R

317 yield - o g

;No.'15, Jdnuafy};x- Hareh‘fifd o

SR
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Lo e Data Sheet
< 13, \Tns‘m.t‘luoram.nomethyl)amne, LD_‘_l
o et ‘Strugture. ( ) | -
= o R . | Phys:.cul Stat?»' Colourless hqu:.é b, p. 166 /760 mm |

Aralysis: Found: c 17.2; 'H, 2.9; F, 55.5; N, 2. 57:, MW,
'. ' (cryoscoplc in benzene), 232;..

*c

3H6F6N requ:.res. ‘c 17.0; H, 28 R, 53 8 N, 26..%; M.W.

4
: : - 212 IR ‘ . . -
,‘Inf*ra-re& absorptlons ‘et 3 l..(w;, 6,9(3), 7.2(5), 7. 3(3), 8. 2(5),
R 9 u(s), 10 o(m), 11.o(s), 12 2(s),
"_ S 13 .7(n), .16.7(m); 13 7(@)}t

2 'HNMR Specu-um (cc1 solutmn) Tnplet centred at 5.L3T J =24 ¢ /sec.
| 9FNMR Spectrum (CCll... solut:.on) Trlplet centred at -lg-2 78 s, J 24 q/sec.f

Impact Sensz.tlvn.ty 10-20 em T - , | 1 L
t‘ nxploa;ou Poxnt' ,>io6 o | |

calc. 25 3 kcal/ mole._: Mon0pr.opéllant

s

Other PrOperin.es

‘-.,

AH15'298
S, I. 287 calc. Refractlve “Index (18 ), 1. 378

T S L Soluble in EtZG CHClz, C6H,.' Insoluble in

S watexj. No decompqsltlon after storage in

'Pyrex' at room temperature for 3 months.
Vapour pressure measured: ST
s CONFIDENTIAL
ST T
: TR N




13. (contd)

Pré;fara‘hi on:

" References: -

CONFIDENTI AL

18
0° 6.4 mm 50°  34.4 mn
10°  10.3 50°  47.1
20° 17.6 - 60° 61.1
30° 25,7 .166°  760.0

D.T.A. endotherm;>180°. Storage-at 60°>
showed a slow initial pressure rise followed
bjian accelerating rate of increase. Did nct

~fofm‘§ua£efnary_salts,'decomPOSed vy HNOS}‘W

>;H61o s H O base,

3,
Treatment of the follow1ng w1th HNF2 and 962;H h?

~HSOBF or- HSOBCl

(1) - DlnltropentamethV1enetetram1ne. 50% y1eld L

(ii) Hexamethylenetetramlne°i;lo%'yleld By

(4i1) Hexamethylenetetram:ne dlnltrate,' }8%-yield‘“”:

(iv) 'quum. NHy NF26H20H° 13% yield

(v) '"'NF CH,,OH, NH2$03H- “3L% yield

(vi) F, CH"OH' (MH, )80, 5 18% yield

(vii) NF CH, OP NH, C1; 13% yleld

272 4
I.C.I. Progress Reports No. 15, January l -. March )1

1964 No. 16, April 1 - June 30, 1964; No. 18,

- Jamuary 1 - December 31, 1964; No, 19, January 1l -

March 31, 1965; No. 20, April 1.- June 30, 1965;

No! 21, July 1 - September 30, 1965.
CONFIDENTIAL

D N L




; l :

19

14. Methane N,N;bisfdifluoraminomethxlZsulghonamide

Structure: MeSO N(CH

2)2
- Physical State: White solid, m.p. 44_46 c > o
Analysis: Found: C, 15.5; H, 3.4; F, 34.0; N, 17.4%

c H_’,Flb 3 0,8 requlres c 16.0; H, 3.1; F, 33.8; N, 18.7%

=

: I§fra-red absorptions at: 7. 3(5), 7. h(s), .7(m), .e\m),
- ; -:8.5(5); 8.6(3), 9,9(9), 10.1(m),
10.3(s), 10.8(s), 11.0(s), 11. 7(m),~ TR

= i_ 12:1(s), L2, 2(s), Le.5(s), - ““‘W

Impact ben51t1v1ty 30—#0 cm ;if

. Preparatlon. Treatment oP methane sulphonamide w1th paraformaldehyde;.j‘

HNF‘ H sol+ (Insoluble in water) o R T

Bl

MeSO NH, + (h 0) + HN”‘ ——% ngso N((,H 2)2,..
ERRET 58/ ﬁleld «Q

Reference: I.C.I. ProgreSb Report no. ld Jenua;y l - DeCemoer.j

31, 1964.

CONFIDENTIAL
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Data Sheet

15. I2—D1fluor:.«m1no—§,6 diketop;peraiine

Structure:
NF
(or 1somer)

Physical State: White solid, m.p. 156-7°, recrystallised from

isopropanolrw‘} _
‘Analjsiﬁ: rouna ' C >28 Ny H;'2;6; R, 21.61a1ﬁ, 33{2%
chaQFZNAOZ requlrec- C 27. 3,, H 1.1; F, 21 o N 31 8¢{M

" Infra-red absorp‘clons at: 2. 95(5) 5. 75(3), 5. 95(5), 6. 2(s),
o f—'~id - 6. .3(s), 7.2(3), 7.°(m), 7. 9(5) -
Y 3(n), 9.2(m), 11.0(s), 11.15(s), -
11 s(m), 11. 55(m\ 12, G(m), 12. 7(m),
13.4(n), 110-.0(m),“
Preparation: The resction of disodium 2,3, 5,,6-tgtz§gh}d§5:&pip§raéiﬁé-* R
“.1,h5disuléhoﬁafg with HNszand H80301 (minoé ﬁroduct)

SON H

VRS

B I - o :

‘ 500 yieldx_ 157 yield

‘Reference: I.C.I. Progress Report No. 20,iApril'14June 30, 1565.

CONFIDENTIAL
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16, 2 -Trifluonimino—é-kéto iperazine
Structure: |
N o -

F;]L j[ s |
Physical State: - White solid, ﬁ.p."206;79? reétjstallised from N bi} ;fé

, iSppr§panol ;  ’\ | |
Angiysis: Found: G, 25.0; H, 1.9; F, 28.6; N, 37.5%;
: §“'; - M(ebullloscOplc in. acetone), 182 ,{
' ~cI+H2F3N50 requlres C, 2h.3; H, 1.1; F, 29.5; N, 36. 3%, ‘ ?

M, 195.5
Infra-red absorptions at: 2. 95(s) 3.10), 5.8(s), 6.2(s),

6. 3(s) 7. 15(s), 7.85(w), 8.1(w), -

/ o - 10.8(s), 11.0(5), 11.15(s), 15.1(n),
e e o 13.3(), W.0(n), Bub@)P
' ‘Ep?egaratipn; (1) 'Thé'reaction of disodiﬁm 2,3,5,67tetra—*’ /

Lhydroxypiperaziné-l,thisnlphonate_with

HNF. and HS0,Cl, or with 96% H so in the

2 3 L
 presence of paraformaldehyde,
: ‘ ‘ §O3Na | N
-\ HSO_C1 0
ol N e, 25
Hol, Jou N FN
- N ‘
1 - S0 Ne
s05Ne

50% yield 15% yield
‘ With 9&%‘H x (cH O) 2 the yield was 3H.
o B , | COI"FIDI‘NTIAL
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lo. (contd.)

(ii) The reaction of 2,3,5,5-tetraacetoxy-

) 1,4—dinitro§iperazine with HNF2 and
} 1 | ' : 96% HZSOA’ 8% HZSOA or hSOBF.

NO
N 2

: H
§ ~ N
 2c0( Noic 0y NF
N I ;
AcO OAe ) FNA /=NF ’
N N

coomo,

s

405 yield

- Reference: I.C.I. Progress Report No. 20, April 1 - June 30, 1975,
_ s '{ ‘ - Lo . j O

R N gi

CONFIDENTIAL "
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3

19
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Data Sheet

2,2,2,G-Tetrafluoriminqpiperazine (TFP)

Structure: . H
N
FN NF
FN NF S
H

Phiysiocal State: White solid, m.p. »230°, recrystallised from

isopropanol

Analysis: Pound: G, 22.6; H, 1.0; F, 36.0; N, LO.ME

'M(ebﬁllioscdpic:in acetone), 2Q§ ’ ”
chnghﬁ »reéuirés; ;C, 22,9; 'H, 0.95; F, 36.2;  N, Ao.q%;
: | -x,:zio. | N
Infga—red ab;ofptioné at: ,2.95(m), 5-2(i),‘6;8(ﬂ),: 7;1Km); 1°:9(");;i
A ;'11.1(s);’i5.§%§)rg S |
Ulffé-Violéf'ébsorptipns at: 255mr, 327mrf {in Me0H soiu£ion) o
'HNMR Spectrum (Acetone solutiéﬂ);; Peak at 6.35 (MeCN).

»‘Peak at£6.—t|.1’t(acé.,1‘:one).‘ ) Peak at -0.507 (ac»etlone)
FNMR Spegtrqm (Acetone séiﬁtioﬁj; Peak ;t %24,0 S.j
Impact Sensitivity: 5—16 em | :
Explosion Pointi 2#4.501 
Other PropertiesjiNfFé did‘ﬁot con&éﬁge %i%h difiﬁo?éﬁiﬁome£ha§;1.;
3205 reacted with‘TFB bgt éi@ ﬁotvgivé

2,3,5,6-tetrafluorimino-1,4~dini tropiperazine.

CONFIDENTIAL
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17. (contd.)
TFP was recovered unchanged from treatuent with
HNO;/AcZO. Hydrogenetion of TFP resulted in the
uptake of 5 molsszr

Chlorination of TFP either gave recovered TFP or

to give an unidentified product.

~ complete decomposition. HF @id not add to TP

at room'temperature. TFP was decompose& by

| | LiAIH, . K
~ Preparation: The actlon of HNF2 and 96 H, 50, (4 hrs) HSO;P, :
HSO,CL (1 hr)  on salts of 2,3,5, 6—tetra-'

3
_ hyﬂroxyplpera21ne-lh —dlsulphonlc acid.

-
7

E MéNa, 77% yield (H L)'

Referenees: fIC%I.wProgreSS Repbrts No.'lﬁ, Jenueny{l - March -
31, 1965, ‘No. 20, April 1 - June 30, 1965;

No. 21, July 1l - September 30 1965.

CONFIDENTIAL - -
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Data Sheet

4,5-Bis (difluoramine)-1-formylinidazolidin-2-one

Structure: FZNCH-NCHO
0
F2N CH-

Physical State: White solid, m.p._105-7

i

" Analysis: PFound: C, 22.6; H, 2.2; F, 32.8; N, 25.9%

C\H,F N0, Tequires: C, 22.2; H, 1.9; F, 35.2; W, 5. 9“

 Infra-red absorptions at: 3.0(a), 3.1(n), 5.6(s), 5 7(s), 5.9(s),

7.0(), 7.2(s), 7.3(a), 7.6(s), 8.1(s),
o 8(s), 10.7(a), 1. 9(m), . 5(s).
| _12 l(m), 13. 2(m)y‘ o
Preparation: The reactlon of 1-formyl~i, 5~d1bydroxy1m1dazolld1n-
2-one with HNF, and 96% F SO, ‘

2 #
HOCH-W—CHO - H SO CH-N-CHO
l CO + HNF —"5 J:u Neo yleld
H0ChH 71\5'1 FZI\ u"L
Reference: I.C.I. Prbgress.Réport No. 19, January\l ~ March

31, 1965.

CONFIDENTIAL
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Data Sheet

19. 2,3,5,6-Tetrakis (diflucramino)dioxan (TDD)

Structure: 0
F2N NF2

Physical State: Liquid, b.p. 78-82/5 mm 100-110°/10 mm
Analysis: Round: C, 20.6; H, 2.2; F, 41.3; N, 15.0%

Cale. for G}, Fel 0,: C, 16.4; H, L.h; F, 52.1; N, 19.2%

Infra-red absorptions at: 3.4(m), 5. S(m), b 2(m), 8. 6(3),

8. 9(m), 9. 6(m), 10 2(s), 11. h(s),
12, 6(m)r‘

‘aHNMR:Spéctrum‘(gc;LQsolutlon)., Trlplet at #.h9‘¥, J=19 q/sec 4

(impurity single peaks at 6.60%
2nd at 2.76Y) =
19FNﬁR Spec%rum (cc14‘solution): Doublet cenired at -34.36,
| J=20 ¢/sec; doublet centred
at ~33.66, J=20 ¢/sec; ‘broad
band at -31.2 &(impurity ")
Impact Sensitivity: 5-10 ;m

Other Properties: cele, -91.4 kcal/mole. Monopropellant

Mpo9g
S.I. 266 calec. U.V, Absorption, max = 218mfﬂ4

' Gas liquid chromatography indicated a complex

mixture of products uh three major components.
Ao f§'~——:ﬂftzq§!
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(contd.)

/

Preﬁération:» Reaction of HNF2 with gi&@xal_qrﬂpolyglyoxal in the

CONFIDKNTIAL
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(approx. 80%) being isomers of TDD. Refractive
Index of mixture (18°%) 1.3960

Vapour pressure measured:

20° 2.1 mm ¢ 50° 14.2 mm
50° 4.1 60° 21.1

0 k ..O‘ T
40 8:1 - - 205 (est) 760

"~ 'Reaction withrethanblic Lase led to dehydro-

S

fluorination. TDD did ﬁat readily nitrate or
methyla.e, and no adducts were formed with

3F3 and Hb(NOZ)3.

Vacuun thermal stability at 60°, O.4 ml/g/100 hr .
~alone, or witﬁ AP, Al; or HPVA: |
" Some samples of crude TDD plasticiéea ni tro-

‘cellulose (lu.Gie N), a‘casting-powdér (AID)‘gnd

‘bis(@ifluoramino)periodate oxycellulose. HPVA

was soluble in TDD.
Crude TDD was compatible with nitfoCelluioSé,J
aluminium, ammonium perchlorate maintained at

70°C for 2 days.

presence of HSOBF, H303CI or SO3

CONFIDENTIAL
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19. (co'm::d.i)r

Ref'erences:

;March 31 1963. No. 21 July is oeptember 30 1965.“:

oo T
. l HNF _? [ ] -3 ?l;% ya.eld

. CONFIDENTIAL
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CEO

Essc Research"& Eng. Qo. , PR 60;-_3\, June;“

Sept. 2960. . . .

I.C.I. Progress Reports \‘os._?—-ll Jan. | 1, 1062 -

: S w it ~
ST P Sl s .
2 AS it >
T = ~ ;
: . < -
~ oo
T ‘., B ™~
<
N S
” ‘ .
L
E <
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Data Sheet '

S 20, :_,_2—315 &dn.f‘luoramno)—l-uruldoim‘dazoln.d:.n-z-one

Structure. F NCH-—IKCONH , ;

_ N A é co
« R e T *pcH-ft |

2 ‘
o . Phys:.cal State- wmée"'s;clid' Deps 159-163°

ry

{ A T S *Analyns-- Found c 21 g. H, 2.7; F, 32.5; N, 30.2%
B ~n\~ CAHBFANSD? requlres- C 20.8; H, 2.2; P, 32,9; N, 30.3%
ek lr s "-"i"*”Infra-re& &bSOI’p»lO'IS at: 2, 9(5), 3.1(s); 5.7(s), 6.u(s),

e

Al

S e e m), 8.0(w), 8.2(), 10.6(w),
s | / < . o 10.8(111), ll.-lb(xm); 1109(‘”), 12;2(m)-’
L 13.3(a), LeO(m)p

s, f'A . 'HNMR Spectrum (Acetone solution): Broad peaks at 2.45 X,

E s S © 3.18%NH). Quadruplet centred at 3.98%,
- : J=17 c¢/sec; doublet centred at #005.(’ |

= J=2l, o/sec (CHY : | foooEe
lyFNZ.J.R‘ Spectrum ,(Acetone solﬁtion): Doublet centred at “2-/2‘8.76',
J=27 c/sec;, quintuplet cent;‘ed at -30.85,

J=i7 ¢/sec.’

‘ - Other Prbperties: Nltratlon mtt; HNO3 gave a sohd m.p.
65—70 Nitrous ac1d aecomposed the compound
The infra-red and n.o.r. spectrum support- the "
B - = T4~ imidazolidin-2-one Strué\tu_r‘e‘. - o c

C

CONFIDENIIAL
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Data Sheet

20, L,5-Bis (dif‘luoramino)-l-ureidoimidazolidin—2—-one
Structure: F NQi—I‘{\CONH
| Jco
R NCH-1ff
Physical State: White solid, m.p. 159-163"
‘Analysis: Found: C, 21.9; H, 2.7; F‘ 32.5; N, 30.2%
CLHSFANBOZ requires: C, 20.8; H, 2.2; F, 32.9, N, 30.3%
Infra-red absorptions at: 2.9(s), 3.1(s); 5. 7(s), 6.ir(s),
7. 7(m), 8.0(m),-8.2(s), 10.6(w),
16.8(n), 11l.4(m), 11. 9(w), 12, 2(m),
- 13 2(m), lla-.O(m)["'
"HNMR Spectrum (Acetone so.‘utlon) | Broad peaks at 2 L5 X,
3. 18'6’(NH) Quadruplel, centred at 3 98’C
J=17 c/sec, doublet centred at l;.,OS’(
J 214- c/sec (CF; | |
197"NMR Specirum (Acetone . solutlon) Douolet centred at -28. 76,
J=27 ¢fsec; qulntuplet centred at -30 886,
J=17 c/'se'é. =
Other PrOpérties: | Nitr‘ation with HI\TO5 gave a solid, m.p.
| 6‘5V-7>O°.V i\Iitfous acid decomposed the compound.

The infra-red and n.n.r. spectrum svpport the

imidazolidin~2=one structure.

CONFIDENIIAL
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20. {contd.)

Preparation:

Reference: I.C.I, PfdgregS_ReportiNo. 20,.h§ri1 i_JtJune 30,"‘

Treatment of 1:1 glyoxal:biuret adduct or its
acetate with HNF2 and‘HzSQ& alone, or in the .
presence of paralormaldehyde or of clyoxal
HOCH-NCONH,, | F NCH-NCOuH,,
] o s HNF, —> | co ¢ 76% yield
-~ HOCH-NH = FZRCHmNH :

~

1565; No. 21, July 1 - September 30, 1965.

=

T

Y
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CONFILENTIAL
3
~ Data Sheet

N=Dif'lioraminomethyl acrylamide

Structure: CHO:CH.CONHCH~NF
2 z 2

 Physiccl State: White solid m.p. 15=3° (recnystal‘leed from

acetone/hexane)
Analysis: Found: G, 34.8; M, b.3; F, 26.0; T, 208°
c H6F N0 requires: C, 35.3; H, 4o P, 27.9; N, 20.65
Infra-red a.sorptions at: 5.1(s), 5.05(s}, 6:2(5), 5;5(5),‘
7.1(s), 7-65(a), 8.1(s), 8.95(a),
| ~9.:~1(m),«~ 10, 1(s), 10. 3('s)‘,,10 9(s\

B (@), 124(5), 14.1(m),L

\;Impact Sensftivity. >200 cm |

. Preparation: Reaction of HN‘4 and 96% h 4, HSQijon'N_'z
methylol acrylamlde:
= CH2:CH.CONHCH OH + IKF CH,:CH.CONHCH_NF_;

I 90% yield

Reference: I.C.I. Progress Report Ko.:2§, January 1 - March

o

31, 1960.

CONFIDF: TIAL
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22,

CH‘»‘F“N,»O freuquires: C, lbc7 F, 2 1

CONFIDENTIAL
Data Sheet

N-Difluoraninomethyl=N'-(2,2,2-trinitroethvl)urea

NECOIHCH C(NO )

Sfrucfure: 2mC'2
Pnysical State: White solid m.p. 170-1° (recrystallised from
KeOH/H,0) |

Analysis: Found: c, 17.3; H, 1.9; 7, 12,9; K, 30.6%

st of Ry

L FgFsls 05 ,132 i, 292‘,

Infra-red absorptions at: 5.0(m), ¢.1(s), V.)(s), ».h(s),
7.15(m}, 7‘.8(s), 8.05(n), 9.1(w),
9-9(w),V11.05(w), 11.5(m), 11.7(w),

12.4(n), 12.,(m), l).a(m), 13. 9(m)[

Other Properties: Vacuum Trhermal Stablllty test, O. 2 ml/u/loo hr

at 60

Joane L

Ry

‘1:Pr¢paré%ion leluoramlnaulon of W-hydro&yueth¢7 -N'-(2,2,2-

Ir

trlnltroethyl)urpa with -'F’ and 95¢: HZSOA

S ' ‘ ‘ K_S0. .

. . 2 ~
i NHCONHCH (i N COWHCH
HOG: HCO%H 2c( 02) e, ———\#A\quc* 1 CORHC] c(noz)3

.490 ylelo

Reference: I.C.I. Progress Report lo, 22, October 1 —fDecember 31,

, 1965; 23, Jenuary 1 - Harch 51, 19:<.
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_ Preparaylon Reaction of 2 3—ethylenealoxydloxan w1th HNF

2,3-Bis (difluoramino)dioxan

Structure: 0
¥y
NF
0 2
Analysis: Found: C, 25.3; H, 4.O5;= F, 40.3; N, 15.0%

C,HgF, N0y Tequires: C, 25.3; H, 3.2; F, 40.0; N, LnT6

Infra-red ausorptions at: 3.3(w), 6.8(a), 7:9(s), 8.4(s), 9. 6(m),

9. 9(m), 10, 3(”‘)’ 10 (S), 126(5),
12. u(s), 1,.7(m)rL
Impact Sen31t1v1ty 40—00 cm

211’1

the nresence of 96A H2 X

E.]: j ,g — [ ] ;B%ﬁdd

) Reference- I.C.I. Progress Report No. 10, October 1 -‘December

31, 1962.

~
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Data Sheet

1,2-8is(difluoramino)-1,2-diformamidoethane

Structure: (F?_NCHL\‘HCHO)Z

Physical State: White solid, m.p. 184-185°C (reerystallised

from isopropanol) (Bsso Report 195f6°)

Analysis: Found:  C, 21.9; H, 2.9; F,35.2; XN, 2.5

Calc. for C,HeF 1\’-;02: C, 22.0; H, 2.8; F, 3i.9; N, 5.7

L
Irfra-red absorptions at: 3.0(s), 3.4(2), 5.9(s), 6.6(s),

- 147(n), 17.5(=), 19.6(w)[
Impact'Séﬁsitivity: 20-30 cm - - I
Explosion Point: 169°C

Other Properties: Interaediate in the preparation of 1,2-

bis(difluoramiﬁo)ethané—l;Z-diﬁitramine-

by the process:

v N N I LT
F2§CHNHCHO HFNO FZNCﬁNKOZCHO ‘Et‘
Ac %

'\:LA ‘Ii\' A
F2.CFN§CHO 2 FZICHPIOZCHO

5T~ ryield

Preparation: The reaction of 1,2-diformamidoethane-1,2-diol with

HNF, and 96% H,S0:

7)
10 HD NCHIHCHO s

HOCHNHCEO ~HNF, F?_:clzm CHO . 5o sield

HOCHKECHO Hzggu P UCHIHCHO o

“ CONFIDENTIAL

7772(m), 7.9(55; 8,2(m), 9.8(m),

1.4(s), 11.8(), 12.k(a), 13.6(s),

NCHNHNO

F, NCHNHNO, . -
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24. (contd.)
_References: Esso, Q.P.R. 62-1, December 1%31 - March 1962
I.C.I. Progress Report No. 15, April 1 - June

30, 1964; No. 17, July 1 - September 30, 196L.

CONFIDENTIAL
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Data Suset

25. 4~Difluoramino-S5-methoxy-2-nitrimi:oinidazolidine

Structure: MeQCH=Ni

: N
w; ‘YCLJ N{C:I\HOZ =
B IPRR R V2Rl s}
2
Physical State: White solid, m.p. 152°
Analysis: Found: C, 22.9; H, 3.5; 7, 17.3; N, 32.4%

Cl‘_HT“‘ZZ\‘QO3 requires: C, 22.8; 4, 3.3; P, 17.9; ¥, 33.2.

Infra-red a sorptions at: 2.95(s), 3.1(s), «.2(g), 6.6(s),

7.8-7o9(5), 2-15(5), 8.9(m)9 9-1(m)’

L : o 9.35(s) 10.4(s), 11.3(n), 12.1-12.2(m),

12.85p,
'HNMR spectrum (Acetcne solution): NH absorptions at 0.72 and
1.21T. Complex series of peaks in the region

4D to 5.5% associated with ring CH. Peaks due

to CH3 groups obscured by solvent,
FNMR spectrum (Acetone solution): Two douvleis centred at

-38.8 8 (J=27 ¢/sec) znd -41.6 8 (J=18 ¢/sec)

Preparation:

Reference: I.C.I. Progress Report s, 21, J

Treatument- of /4 ,5-dimethox; -2-nitrininoimidazolidine

and 96% H_SO in the -resence of 37%

with IIKF, ,50, & :
formalin, or of 805 HQSOLr
HeOCH-NH . MeOCH-TH  with formalin,

| >C=NNO2 + WF, > | _C=NNO_ ; L yield. ‘
MeOCH-NH : : F,[iCH~HE " with 805 H 504’

107 yield

-

1y 1 - Septemter 50,

1955; o, 22, Octoter 1 - Decem-er 51, 1955,

COIFIDEITIAL
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"~ “ Data Sheet

Ethyl N-difluoraminomethyl-N-fluorocarbamate

Structure: F2NCﬁ2NFCOOEt
Physical State: Colourless liquid
Analysis: Found: C, 51.3; U, 5.2; F, 27.7; N, 17.3%

Chﬁ7F3N202 requires: C, 27.9; H, 4.1; F, 33.1; &, 16.3%

_ Infra-red aﬁsorptions at: 3.0(s), 3.35(n), 5.9(s), 6.6(s),

7.15(s), 7.5(s), 7.55(s), 8.1(s),"

/i

8.5(n), 9.15(s), 9.7(s), 11.1(s),

11.45(m), 12.3(s), 12.85(s), 13.6(a)p:

Preparation: Reaction of HNF2 and paraformaldehyde with ethyl

N-fluorocarbamate in the presence of 96% HzSOL.+

¥
-PZSO

NHFCOOEt + (CHZO)X + HNF2 SNCH,,

25% yield

Reference: I.C.I. Progress Report No. 1k, July 1, 1962 -

- December 31, 1963,

F NCH_NFCOOEt;

R

T T

T SIS - AP d PR
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Data Sheet

27. . Tris(difluoraminomethyl)urea

™ e
NCH

Structure: (T, NCONICH T,

2)2 2

Physical State: Vhite solid, m.p. 70-7%  (purified by
sublimation at IOOOC) |

Aanalysis: Fcund: C, 15.5; &, 3.5; F, 4hf; I, 27.%

CAH7?6350 requires: C, 18.8; H, 2.7; P, L..7; I, 27.4%

Infra-red obsorptions at: 2.9(m), 6.0(s), -.5{n,, 8.0(@),

10.0(n), 10.9(s}, 12.3(s), 12.9(x)ps

Preparation: Action of excess iiNF, in the presence of 96%

2
1,50, on erude i, 1"-bis (nethoxymethyl)uron
0
"
C

P N T ,
““eocnzr" TCsze T, (FNCH,) NCONHGH

CH CH ?i“s'% e

2wy — 2 ;2% 456 yield

Reference: I.C.I. Prbgress Report Ko, 12, Jjuly 1, 1962 -

June 30, 1963; io. 20, April 1 - Junc 30, 1955.

COIFIDENTTAL
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Data Sheet

28. Ethyl N-difluoraminomethylcarbamate

Structure: F,NCH NHCOOEt

272

- Physical Stéte: Liquid '

Analysis: Found: c, 30.:}; H, 4.8; F,26.2; N, 18,0n

Calc. for CzﬁéFzNzoz‘ C, 31.2; H, 5.2; F, 2.7; N, 18.2%

Infra-rad é.bsorp‘clo'ns at: 2:95(5), 3.3(m{),; 5.‘85(57), 6.5(s),

- 6.9(n), 7.1(n), 7.3(n), 7.5(n), 8.0(s),

8.45(m), 8.%(a), 9.1(s), 9.7(s), 11.0(5),
11.4(n), 12.2(s), 12.8(a), 13.7(m)}

Other Properties: Did not give difluoraminbmethyl ammonium ion

;ah‘reacﬁioh wiﬁh HCIQ#
Preparation: Reaction of HNF2 on ethyl éa.rbamate énd pafafcrmaldehydé T 3

in the presence of 96% HéSOA

- | NH,COOEt + (CHZO)X + HNF, ~}:f—(-)$,b FNCH NHCOOE t
| - 2% yield
References: Aerojet-Generzl Corp. Report No. 0235-C1-12, .
Sept._ 1 - Nov. 30, 1961.
1.C.I. Progresé Revort MNe. 1., July 1, 1962 -

Dec. 31, 1963; Xo. 16, April 1 - June 3u, 197,
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i Daté Sheet

29, 1,2-3is(difluoramino)-1,2-dimethoxyethane

t el HNT iN y
Structure: CHBOC..N“:ECM'FZOC’I3

Physical State: Colourless liquid

Analysis: Found:  C, 25.5; K, 5.4; F, 39.5; N, 13.5

.Chiial?‘kiizoarequires: C, 25.0; H, &.2; F, 39.¢; N, Li6j

‘Infra-red absorptions at: 34(s), 6.5(5), 7.35(s>, 8.25(s),
| 8.7(s), 8.9(s), 9.65(s), 10.1(n},
110.4(n), 11.5(z), 12.1(s), 13.1(n),
| | 13.9(s) P, ; | -

Impact Sensitivity: L0-60 ca

Preparation; Reaction of HNF with glyoxal tetramethylacetal in

2
the vresence of 965 stq
‘ R

~

(€0} Cii . ..., H.S0 #eOCT®_, = :

; 2 + “NFZ‘ 2 & | 2’; LS9 yield
1;e0) ,CH 4eOCHEF :
(iie0) 2

Reference:

I.C.I. Progress Report‘Npﬁclo, Octobef 1- =

December 31, 1962

CONFIDE!'TIAL
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Data Sheet

N,N'-Bisgdiflﬁoraminomethyi)-N—methongrea ; '

Structure: :FZNCHEN(OMe)CONHCHZNF

2

Physical State: Gum

analysis:

CAHBEANAQZ

requ:res: C, 2

b=

<

Preparation: Reaction of methoxyures with seraformaldehyde and

Reference: I.C.I. Progress Report io. 12, July 1, 1962 -

i es , £ GHO. 1T -
HNF2 in the presence of fo” “2§Qk
‘ ‘ sto,
ieORHCOML, + (cnzo)x +:Hhr2 -—f-ii:FéNCHZN(oue)CONhCHZyFZ

Low yield

Jlme 30 > 19';3 *

CONFIDE. ' IAL

.8; E, 3.5; P, 3436; N, 25.4; OCEj, Lo 1

Found: C, 22.7; I, k.55 F, 31.9; N, 2..7; OCH;, i1

«f
/>
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Data Sheet

1,7-2is{difluorenino)=2,4,=trini tro~2,4, i=triazaheptane

tur s : VG, N(N PN H, (N0, )CH, IF.
Structur::: FZI\CI.ZN(NOZ)CM2 (IOZ)C 2«(102,C Ay
Physical Siate: White solid, @.p. 156-70 (recrystallisea from

isopropanol)

 Analysis: Found:  C, 15.: H, 2.7; P, 19.7; N, 51.7%;

¥(evullioscopiec in acetone), 357

G, HgF, NigO requires: G, 14.1; H, 2.4; F,22.3; N, 320955 ¥, 340

L B8 4 876 :
Infra-red aosorptions at: 5.3(s), ¢ .5(‘,. 7.0(s), 7.1,\m) 7. 85(5), a

7 95(5)) 8 Oj(m), 9 O(m)) 9.,(&1),

10.35(5), 10.5(s), 10.8(m), 12.4(m),

I

1

o . 13.05(m), 13.25(m)

Preparation: Action of HNFz“aﬁd 96% H "?SO)+ on: 2,4,6=trinitro-

2,A,G-triézaheptape—l,7-d;acet&ce:

P |G (o) Lo

lev [ St (1:02)_‘30321 o
83 yield

1,80
AcO[(Jh kL. )JZ»CI‘ Ohc + HIF,

Reference: I.5.I. Progress Repori Wo. 20, Arril 1 - June 30, 1955.

COvE IDI'I TIAL
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Data Sheet

2-Difluoraninovutan-2=-o0l

Structure: MeC(OH)NF Et

Physical State: Colourless liquid

Analysis: Found:  C, 38.5; H, 7.0; F, 30.1; X, 8.6%

chﬁ9F2NO reguires: vC, 38.4; ~H, 7.2; ’F, 30.4; N,’ll.25

Infra-red absorptions at: 2j§(s), 3.35(s), 6.9(s), 7.1(;),
| 7.3(s), 7.8(n}, 8.3(s), 8.5(s),

9.5(s); 9.7(s), .10.2(s), 10.4(s), -

11.4(s) /{
Preparation: Reflux. of HNFé over;methylethyl ketone
MeCOEt +'~m2 —> ﬁec§0H)1m2Et
Quantitative
~Referehce;b‘I.C.I.~Progress Report No. 6, 0§£ober 1 - Decembér 31,

1961

, ..o . :J:—ﬂ'!
- 7 N . e o L T,
'F' ta ~ ‘ T LI~
i i
L

. gmmann 7

N » PN . .
O e e
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Data Sheet

33, 1,2-Bis{difluoramino)-1,2-di(methanesulvionanido)ethane

Structure: (¥ NCHNHsque)2
. <

2
Physical State: Solid

Analysis: Found: G, 18.0; E, 3.0; F, 20.65; N, 15.9; S, 23.0%
C#HlOFbﬁgphsz requires: C, 15s; H, 3.1; P®, 23.9; N, 17.6; S, 20.1
 Infra-red absorptions at: 3.1(z), 7.%(s), 7.5(s}, 7.05(s), 7.8{mn),

L
~

5.6(s), £.75(a}, 5.3(a), 9.75(n), 10.35(a),
S ' ;lU-7(5)) ii-"*‘(s>) J‘-l~7(‘$)) lﬁb'l(s),ik |

e S - 15.5(m), Lh.0(m)p.

-3

Preperation: Treztment of 1,2-di(methanesulphonzmido)ethane-l,2-

diol with HNF, and H S0, : | ‘ : ; .
) 204 : | ,

2

HOCHNHS 0, ¥ee 965 H,SO, F _ICHNHSO Me S
© . HNF, — 7] 25 78% yield
HOCHIHS 0,1 e - FNCHNHSOMe .

" Reference: I.C.I. Progress Report No. 2l, July 1 - September 30,

1965.

—
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Data Sheet

N,N'-Bis(2,2,2-tribromo-1-difluoraminoethyl)urea

Structuwre: (carjcm\?ém)zco

Physical State: Prisams, m.p._tho, recrystallised from ethanol

Analysis: Found: C, 8,5; i, 0.75; 3Br, $5.0; F, 11.2; N, 9.9

CBH43r6FANAO rgquires: C, 8.7; H, 0.6;' Br, 69.#;» F, 11.0; N, 8.1%

Infro-red ebsorptions at: 2.50(m), 3.01(s), 5.97(s), 6.00{r), 6.54(s),
8.07(m), 8.33(n), 8.70(m), 9'17(5’)’ 5.80(m),
10.8(m), 11.76(s), 12.8(s), 13.9(s) -

,» NO, or ONO, on

further treatment with HIF,/118% H,S80, , HNFZ/HSOBF!

Other Properties: o replace@ent of oromine by HF

AgNO, or AgNO;.
Preparation: The reaction of bromal, urea, HNF,, ZSOA

and 9% H
‘ H_SO
CRr,CHO + HNF,. + NE.CONH. —=—3 CRr.CHNF_NHCONHCHNF.CBr.:
Ty TFp + MR U0, == 3y oUBrs;
| ‘ 419 yield -

Refe;encg; I.C.I. Progress Report No. 22, October 1 - Deceuver 71,

1965.

CONFIDENTIAL
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Data Sheet . i
5. N,N‘-Bis‘2,2,2-trichloro—l—difluoraminoethzlZuréa
Struct%r): (CC13CHNF2NH)ZCO
Physical State: Prisms, m.p. 1600; recrystallised freom ethanol
Analysis: Found: C, .9; H, 0.93; Cl, 44.l; F, 16.6; N, 16.5
C.H CLF I O recuires: C, L4.2; H, 0.95; Cl, 49.8; P, 18.0; N, 13.3%
547767 4 S 7 ~
N ~ Infra-red absorptions at: 2.90(a), 3.01(s}, 5,57(s), 6.25(a), 6.52(s),
8.3(n), 9.2(=), 9.9(m), 10.9(m), 11.8-11.9(s);

12.8(s), 13.9(s)f

N R Y

-~ Other Properties: No replacement of chiorine by NF,, RO, or ONO, on
| R & Ltk OF % H,.S0, 50, F :
further treztment with un-z/lljf H2DOL’.HNF2/ HoO3 ’ |

AgNO, Or AQ;I‘EO‘5

. ‘Prepsration: The reaction of chloral, urea, HNF, and 98% H,50,
/] | e ;
hzoO - _
CC1,CHOC + INF_ + NH, CON: -—-—lt CCl, CHNF NHCONHCHNF _CCL_;
Db A I - B Sl At A
’ ’ 22%% yield '

Reference: I.C.I. Progress Report No. 22, October 1 - December 31,

1955.

CONPIDE.TIAL
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Data Sheet

36. 1,3-2is(difluoraminomethyl)=4,5-difluoriminoinidazolidin-2-one
Structure: FuzC-N-CHNF.
N <
| >co
: Fri:C-N-CHZATF2 |
Physical State: m.p. 162#A° (recrystallised from EtOH)
Analysis: PFound:  C, 21.7; H, 1.9; F, 41.8; N, 30.4%
| ,CBHLF‘éNéO requirgs: C, 21.6; H, 1.4 Fﬁ, :1.0; z:,;o.‘zsé
Infra-red absorptions at: 5.6(s), ©.2(s), 7.2(s), 7.7(m), 8.55(m),
. R 9.7(m), 9.3(m), 10.0(m), 10.25(s), 10.8(s), .
- 11.2(m), 13.8(a), 12.0(s), 12.2(s), 12.4(m),
127.-9(51), 13.3(111)".
'"HNMR Spectrum (MeCN solution): Triplet centred at 4.4l (J=24 ¢/ sec)
19FNMR Spectrum (MeCN solutiog): Single peak at +31.k § (C:NF), ‘ S
triplet at ~44.0& (322i o sec) (GiLNF,) o ;
£298
S.I. 245 calc.

- Other Properties: AH, ., calc. -32.7 kcal/mole. Momopropellant .

i ) Preparation: Action of HCl in aqueous acetone on 4,5-bis-

(difluoramino)-1,3-bis (difluors:inomethyl)imidazolidin-~

Z-one . | *
FZNCH-N-CE{ZNF2 o s CH-N:CIEZI'E'Fz
| >co > | 260° %5 75 yield
?_NCH-N-CH NP, Fii : CH-I{-CE_I'F
2 el < s 2 2

Reference: I.C,I. Progress Report'ﬁo.lé, April 1 - June 30, 1946i;
No. 23, January 1 - March 31, 1950,

CONFIDENTIAL
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Da a Sheet

“4,5-Bis(difluoranino)-1,3~diformylinidazolidine "

‘Infra-red absorptions at: 3 4(s), 6.0(s), -.9(s), 7.3(s), 7. S(m,,v

Structure: F.NCi-N-CHO
2 N
,,CH
- FZN(H-N-CHB

Physical State: White »0lid, m.p. 118°%C

C, 25.5; N, 24k.1%

C, 26.1;

Analysis: Found: H, 3.0; F, 31.5;

CHF N, 0, requires: H, 2.6; F, 33.0; N, 24.3%

564 &
Zode(m), 10.9(m), 11.4(m),
13.1(n), 15.7(m), L.1(m)p*

th on 1,3-diformyl-

7.6 (m) [ 70.‘:) (‘n) b
];2;0(111) s 12-8(m)’

Preparation: The action of HNF, and 96s: H

2
L ,5~dihydroxyimidazolidine

Hom;~v-cpo HNF F NCH-I cn
| Sen ;3% | t s 207 yield
HOCH-N- CHO e ?ZMT—'-C'*‘B '

Reference: I.C}I.,Progress Report Yo. 17, April 1 - Jure 30, 1964

CORFIDENTIAL
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Data Sheet

38. 4,5-tis(difluoramino)-1,3-bis(difluorsminomethyl)imidazolidin-2-one,

(BDMYDI)

Structure: ¥ _NC!i-N-CH, NF
Z C02 ’

Iy lr‘-A" i |
| FNCRN-GH,
Physical State: Liguid

Analysis: Found: C, 18.2 M, 2.0; ™, 47.3; N, 256.6%;

M(ebullioscopic in acetone), 324 |
C5H6F8N60"re§uires: C, 18.9; &, 11?; F, 47.5;_ N,ZE.h; M, 518*
Infra-red absorptions at: 3.3(w), g.é(vs), Se3(vs), 7.0(s), 7-3(3),
o 7.6(), 8.0(s), B.k(w), s.3(n), 9.7(a),
10.0(m), 10.7(s), 11l.4(s), 12.2(s);

13.3{w), L.k(w), 16.4(w), 20,0(w) .

'"HNMR Speotrum (CCl solution): 15 peaks in the region 4.15 to 5.72;t

L

consisting of a iriplet due to “he marnetically

equivalent hydrogen nuclei on the CH2 groups, gnd
a pair of sextuplets due to tre nagnetically non-
equivalent ring CH-rings.

19

PNMR Spectrum (CCL, solution): Doublet centred at -30.56 J=18 ¢/sex.

k ‘
(CHNFZ). Triplet centred at -43.28, J=21 c¢/sec
(CH2NF2}. Dounlet:trizlet in 1:1 ratio.

Impact Sensi+ivity: 5-10 cno

. S e a0 cn s . ; L AC
Explosion Point: 2»250°C (volatilisation occurred zkove 1,0 C)

COFIDENTIAL
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 Data Sheet
39. _fJ-B:.s (chfluoramnome thyl)inddazelidin-2-one
Structure:  CH,N(CHNF )cow(cr* )cn
- Physical- State; Yellowish liquid.
¢ mnalysis: Found: C, 2802;' ‘Hl; 5.8; “F, 32.8; N, 25,9
<. 5 BFI..D‘AO reanps C; 27.8; Hy, 3.7; P, 35.2; N, 2509;“
) - Infra-re'* bsorpt:.ons at: J.O(w) 36 5(::), 5.85(5), u.YS(S), 7.0(3),
e S Tk, 7.9(), 10.0(n), 10.4(), (),
S n o el . o A12.35(§)’ 13.3:(‘?)#. o o | | \ _

¥ Other Properties: Vacuum Thermal S’ability 0.3 m)/g/100 hr at 50°C
i - Preparation: The reaction of%HNFQ with a mixture of imidazolidin-

. 2-one and paraforz:xﬁzva‘ldejhyd,éf 1nt‘1e presénée of96% HZSOA- - B

CH.-NH o CH ~N-CH_NP
| |~2>c- (CHO)+HNF-——* | o6 2
’ CHZ-NH : ‘ cnz-N CHZNFQ ,

| approx. 50% yield
Reference: I.C.I. Progress -Report No, 1., July 1, 1952 -

December 31, 1963;7 No, 23, Janﬁary 1 - March 31, 196'6.,7

CONFIDEN. TAL




40,

’Inf‘ra-rred‘ absorptions at: 2. 9(w). \37 3(\7)9 5 8(5). o«S(w), . 8(m), |

205" calg. | .

. ;?;‘gparfa\tvion: Actz}.on of excess mé,under autogenous pressure :‘i.nf LR

b * the bfesence ‘of %“. H, 30&_ on X N"bis (methoxymethyl)uron

,‘:f . ) ‘ 0 ) ) < L
- . 17t
MeOCHZN NCH,,OMe HNF
2] | < “(F NChz) NCON(CH )
. CH2~O,//CH2 | 52364 36/,yield S

- Other Properties:. A

CONFIDE: TIAL

L%
7

Dita Sheet

Tetrukis

Afluoraminomethyl } urea

Strusture: -(ancnz)zwcomc-! mi'z)2

 Physical Stute: Colourless liquid

Analvsis: Found: © ©, 18.5; H, 3:3; F, 48.1; K, 254 e

CHgFglig 0 fgguire%:_ C, 18.7; H, 2.5; F, 47.5; ¥, 26,2 -

i

7. O(m), ?.l(m), 7e3(m), 7o 7(m) 8 .0(s),

1, 8(5), 12 1(o), Bos(mfe.

Reference: 1I.C. I Progress Report No. 12, July 1 1962 -

; J une 30 1963.

CONFIDENTI AL

l 'j8 3('1)3 9,1(!:1), 9 S(m), 9 8("1) 10 ll-(m)s . ‘

I
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pata dheet

4Ll, 1-Difluor..inocvelopentan-le=ol

Structure: O<DH ; . ; . C ‘  )
‘ NP}\. ‘ | . : o2 3 '

Physical Stzte: White solid, m.p. 10°C

Anal,;ks:i.S: ‘Found: €. 41.7; H, €l F, 24.8; N, 908,"

K, 10, ac. w L B

!
N
~J
[
~
L X}

, ‘, | | 05}{9 21\:0 reculres. Cgl 2;35-5;;' H, 6.67

»Ingra-red abSorptions at:  2,9,($)‘," 5,35(3), 3ek5(m),. .ul(s)y 7 5\5)   ‘~ -
o 78(), 8.2(n), 8.6(s), 9 9.1(m), W), .

i 10°o(m),‘11 6(5),;. | , )(

e Pre‘pa.rationf Ref‘l acmg ~{NF2 1 ¢ 'cloi)_entanone |  : S

: C 0 + x*'NF ———) QUanti tative ° i
.. \ RO Reférence- I. C L Progress Report ’\Ioo 6 October 13 December 31, 1961\ e 4

COLFIDENTIAL | .
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Data Shee Lt

42. 4=Difluo: aiino-5-ethoxy~2-nitrimiroinidezolidine

Structuré: EtO"h—Nh ,
&{ C“N’I\O2
F N -NH

-~ Physical State: Nh*te 3011d RaPo 1730 {decomp. )

Analysis: Found: G, 26,1 K, 4eO; F, 17.0; , 30.’4; f‘.ﬁ:‘to 201%

G, 901\: 0. requlres €, 26.7; H, 4.C; P, 16.9; N, 31. EtO 20,05

Infra-red absornulons at: 2595(5), 3 l(s) 6.3 (s), 6 5(3),, ek(m)

7.6(a). 7.8(s), 8.1(s), B.6(m); 9.0(s),

-9 3(5)’ 9. 8("‘)’ 10-3( ), 11 5(111), lZ.l(m), -
| | | 12.3(m); 12. 8<m), B3\
" Preparation: 'Actlon of HiF,, and 80,~ H, so4 on L. 5-dlethoxy~2-

n1tr1m1ro1m1dazolld1ne

‘EtoCH-NH S Fzﬂ“H-NH
o )c-v\mo2 + HNF, ——-—) | ,c.1m02
“EvoCi-NE  Btoca-f

T L% yleld
- Reference: I.C.I1. ProgreSS*Report No. 23, Jenuary 1 < March

CONFIDENIAL
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. Stmcmre- F, Ncn,,.mtcomcn N"‘

CONFIDENIIAL

;$5

T A

Q‘. . Data. Sheet o

oy

N, N -on (u.,.f‘luo* amnome wh jl)-N- ethvlures

- Tt

2
Pnyslcal State: I‘{hlteg hygro:,comc oOlld. m, Pe 52~ 55 c

| Analysn.s- Foumz- ¢, 28._1‘;_ H, 5.5 F, 31.9; , 26,38

csnloFLf‘ orequlres c, 27.5; H, L.6; F,”Sh.?;‘,.-N,,25.7°,/a¢

Infre-red sbsorptions at: 2.95(s), 6.05(s), 6.55(s) 7.95(s),

Et'\'HCONh,, + (cv o) . HNF ——-# F. NCHNEtCONPCHZNF

. 81%: _,rie 1d

A:Rgf&:fﬁnce' I C I.. Progress Report No. ll, J...nuary 1- March

= 31 1963

CONFIDENTTAL

5.1(a), 10.0(s), 1L.0{s), 12.35(s), -
| o 13.0(z), 23.7(m) . o
Breparation: The reaotion of HIF, with a mix-ure of ethyl ures
‘ s i | and']'par&fo_l_‘m&ldeh;‘z’de in -ti:x«e' presence of 9655 _‘HQSG;; e
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Data Sheet

by, 24,0'eBio(i-difluoraminoethyl)urea

Structure: :.iecrn: (m?z)b.fdcomca (NFZ)Me
, Phyéiéul State: White solid, a.p. 125° (dec.) (recrystallised
- | - 1from Et0il/Yigroin) s h
‘An;iysis':: ‘Fci)und’f:' ¢, 25.‘9;‘ H, 5.0; F, 35.4; N, 26.35%

| ._EMJCSH\;LOFAN@@ requires: C, 27.5; H, L.6; By 3h.9; N 25, T%

" Infra-red absorptionsAat: 3.0(5),'6.1(5)376.5(5)5 7,?(w),l8.0(m),~

L 8.6m), 8.9, 9.3(m), 10.2(a), LB,

Preparation: Reaction of urea with paraldehyde9 HNF,, and:96% HZSOA |

NH,CONH,, + (MeCHO) '+ HNF, & yeCH (NP, )NHCONHCH (NP, )Me = — -
. : o 19% yield LT \ T
Reference: I.C.I,,Progréss Report Ho; }5; January 1 - Mafgh 31,

- ~

196k,

CONFIDE: TAL




.. CONFIDE:iTAL

vota Sheet A ; R

9. 1l,2=3%io{(difluorzmine)=1,2=-dioxanidoethane

tructure: (Fzzecmmcocoonl)z 7
Physicel Sicter White solid, m.p. 150° (dec.)
Anslysis: Founa- C, 23.5; H, 2.2i""F, 22,7, N, 17.4 I
6 ¢ 4“ 0, requlres~ C 23, 5, H,’2.0; F, 2..8; ﬁ,ils.j% !
Infra-red 2bsotjitions at: _2.95-(5) : 5.0(",;:)’»,‘5,7(5‘), 5.9(s), 6.5(s),
7.55(a), 8.0(s), 9.0(w), 9.8(x), 10.75(a),
a1, ss(m), 12.2(w), 13.>(m), 13 8(m)r‘

_Preparation: Reactlon of 1 2-d1(sodlo-OXamldO)ethane-l 2-d101 - 77i ‘.-.1%{ »
| o o _ w1th»S¥F2 and H2SQ4
hOCIMHCOCOONa. | F_NGHNICOCOOH - % |
| ...+ HNF, -——# _2— | 5 56% yield
hOCHNHCOCOONa' WCHWHCOCOOH Co .

Relerence: I.C.I. Progress Report No, 19, January 1- March

31, 1905.

CONFIDENTIAL
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o Data Sheet
Lo 1,2=is{4ifluoranine)-1,2-bis(trifluoracetanido)ethane
Structure: (FZNCHNHCOCF3)2 ﬁﬁ?f?téif/
Physicul State: White solid, m,p., 183-5°
Analysis: Found: SC, 20.1; ¥, 1.3; F, 53.9; N, 15.5%; .
. M(ebullioscdpic_in acetone), 356 f» : A, P
' 6Hlflonho2 reguires: C, 20.3;° H, 1.1; P, 53.7; N, 15.8ﬁ; M, 354;
Infra-red ansorptlons at: 3, 05(5), 5.9(s ),‘0.55(n) 8. 1(m) 8 3(3), |
| 7 | | o ,4 8.55(s), 11. l(m), 11.95(a)," 1,.3(m),
- R L 13.8-14. O(m),* | N -
' ' ~ Preparation:. Reactlon of l Q-bls(trlfluoraceﬁamldo)ethane—l 2-d101 o
| m.th Hx\? and ‘{2SOLI_~ e
HOCHNHCOCF, NC}H\IHCOGF -
B 5. HNF,, ———;* I 3;; 72% yield - -
HOCHNHCOCF;  FiCmmcocE, T
~Referenc2: I.C.I. Progress Report No. 20, April 1 - June 30,.1965.
4 B
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Deta  Sheat -

oramingj=-1-diflupraminomethyi=3- 2,2, = triitroethy

imidazolidin-2-ore (3D71)

- Structure: - F,NCH-NCH _NF / | | I
2] o® 2 R .

| | ) tzmncqc(uo )5

" Physical State: Crystalllne s0lid, m.pe 80—87 (rccrystalh.,ea :

#

= T o from CCl )

Analysis: Found- c-,\:{.17.5; H, 1.4; ¥, '27. 1; N, 25.%

~

C6H6 6NO req_ures ¢, 17 3; H l+, F 274 N (ff

| Infra—red a%:sorptlons at'> 5. 6(3), 6.2-6, 5(3), 6 9-7 1>('s)',"‘ 7. 7( ), o
B 1(s), 9.4(n), 9.8(n), 9.95(n), 1o.¢(m),
 10 8(s), 11.4(s), u.6(s), 11. 75(5), B
| 12. 2-12 3(s), 12. 85(5), 15 o(s)/L |
'H, MR Spectrum (CDCl3 solutlon) 16 peaks in the region L...O} to
‘ 5. 681’ cons:.stlng of a singlet due to the hydrogen
nuclei of the CH C(NO )3 group, a @rlplet due to
the hydrogen naclel of the CH,IE, group‘, é.nd a palr
qf’_sextuplets due to the magnetlcallylr}xon-}equivgig'ﬁ’t’
rlng CH-rings, |
- Peng Spectrua (CDC1, solution): A triplet ceqtrea at -28.8 §,
' J=21 c/"‘s;ec; a doublet centred at -31,08, j=12 c/sec-i
a trlplet cen'cred at —45 65 J=2; c/sec, three

groups in ratlo 1:1:1, as.,lbned to I-.'Fz grouns on

positions 5, 4 and 1 respectively.

CONFIDENTIAL




#7.' (contu.)
Impact éensitivity- 5-10 ca . - T
Other Properties: ZSHf298 calc.‘-lSO 0 ;cal/mol Monoerpellant
S.I. 263 calc. Vacuum Thermal b»ablllty
0.3 ml/¢/100 br at 60°

Preparublon- “Action of HNF2 and %% H 550, on 4,5-dxmethoxya

4
1-methoxymethy1-3 (2 2 2—trlnltroethyl)imldazolidin— o
; 2-one: A SR
*;.feOCIJH-l\' gg‘ok | ”+ Y, _,__1,5 F, NCH u-gg N,
; B ‘-ieLCH—N-CH L€ (N0, oo :_‘F?_NCH—N-CH C(NO )
| o Ny Rnh 745 yield -
| | _Me, 32°/ y:.eld
,i‘Refefence:j4I C I Progress Reports No. 20 Aprll l - June 30 ‘;i;r;
o 19555 No. 21, July 1- September 30 1905,- wo. 45, |
“January l—- Narch 31, 1936 s o =
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Physical State: White solid, m.pi 171-2°C, ‘pur‘ Fied by dissolvirgg

~in acetone and reprec::n.p:n.tat:n.nb m.th water.

" Analysis: Found ¢, 2L, 54 ‘H~1'8° F, 43.3; N, 23.4,0,

- M(ebullloscOplc in acetone) 5 3L2

':ﬁ-‘lffceﬂsrgqso reqtures c 20.8;- H, 1. 7, F,-43.9; 7N, 21...3%, M,M h
’Ip;ra-;-red a_bsorptloneha.j:- 3 3(5) s 5 75(5), 6. 9(m), 7. O(E), 7‘«_5(@} o

- 7.8(m), 8.1(s), 9.8(s), 10. 3(w), n.2(s),
e 12000, 1350, WS

- 'HNMMR Spectrum (Acetone solut:n.on) Singlet at 1.09‘((CHO), ' Tripllet

at’3. 68‘\! J=23‘~ c/ sec (ri-ng CH).  Bach peak split
into doublet J= L; c/sec. -
9 "JMR Spectrmn (Acetone solutlon) Gomplex spectrum between »l;0.98

~and =363 68

‘Impact Sensitivity: 5-10 cm o
Explosion Point: 202°C
CONPTDENTTAL
\'\
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(contd.)

CONFIDENTTIAL

S g2

Other Properiies: ASHf298 cale. =71,2 kcal/mole, ﬁoﬁépropellant

Preparation:

{f

(1)

.. HOCH:

 EocH
‘ N

(31)

. plperazlne with HNF and H SO

AcOCH

*NHE.‘

S.I. 280 ecale.

EtQH, alone or with HC1

products from atteépted teductionkwith NarH. .

tinchanged by HNO, in CF.CCOH.

3 10

Decomposed vy refluxing with

» 21so by reaction with

Unidentified

A

in H203 and frcm actioq of HCIOA. Cyanogen

bromide did not react,

Test, 0.5 81/g/100 hr.

piperazine with HNF,
<

CHo
- HCOH *

l

_HCOH
N
' .

CHO

Ch

-y -

i
HCOAc

AcOéF

CHO

HAQAC

CONFIDE: TIAL

and conc, aeid:

Vacuum Thermal Stability;

N~ L

~Reaction of 1,4-diformyl-2,3,5,6~tetrahydrony-

CHO
o U »v
- \HCNF “HSO P78
T2 72 ”Q% oleum 695
v . fHSO c1 520‘ -
v N L
. 9 }‘250}/ o
V»CI*'O NaF ‘ 26¢.

Reaction of 1 hsdiformvl- 2,3 5,\-tetraaﬂet"~

L N

CHO

L 4

FN /”N\\\

- HFF ZMI’H HONF, -
. H, ? FNCH HCNF

\\\N/’/ 2

' .

CHO

7% yield
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48. (contd.)
Reference: I.C.I, Progress Report No. 13, Av_)ril 1 -« June 30, 1964;
No. 17, July‘Al - September 30, 1964; No. 18, January 1-
December 31, 1964; No. 19, January 1 - March 31, 1965;

No. 20; April 1 - June 30, 1965.

4

1
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Dita Sheet

. ~+9 N-Diflucraminomethyl-N'=(2,2,2-trinitroethyl)uron

Strusture: ~0 :
- \
NCH NCH.C(N
PN 27’? N 2c( 02)3

®,

Hzc\\g}/
" -Physical Sta‘ce: “hite solid, m.Dp. 83-85" (recrystallised from
| iprot) . o o
Ana}&sis: -.f‘oundi C,~22€2; H, 2.1;’73“, 9.7; 1, 25,5,%‘;‘

06H8F2N608,fequires: C, 21.8; H, 2.4; F, 11.5; N, 25.4%

1

Infra-red absorptions at: 6.0(s), 6,3(5), £.7(=), 7,3'(w), 7.55(m), RN

- 707(“‘)3 805(‘7)3 900("’"), 9065(‘”)9 908(‘")’ k
- 20.0(w), 30.15(w), 11.1(n), 11.6(n),

I

12.4(m), 12.5(n), 13.0(w), 13.4(m)f

'"HMMR (HeCy solution): Triplet at 5.08% (I, =2) o/sec), peak

LA

f —NF2
at 5001'3'(uron ring CHZ) and peak at 4.83%
| [CHZC(NOZ)B] , in ratio 1:2:1
19FNMR (MeCN solution): Triplet at —hA,S4S<JNF oy = 2 c/sec)

_ T2 T2
Explosion Point: 153° :
Other Properties:. Vacuum Thermal Stabf:.’-lity 4.7 nl/g/ 100 hr at 6.090

‘Preparation: Action of HNF, and 95% H,S0, on N-methoxymethyl~

NP (2, 2,2—t£initroethyl)uron at -239

CONFIDENTIAL
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6>
(contd,)
co_. | co_
NeOGL N NCH,C(NO), . FNGHNT  wow.o(uo.)
2 2vWOJs e T NCH, 22053
C|: J?"i — 1 ! : ' |
2P~ 2 10 o2
LT yield

Reference: I,C.I. Progress Report No. 23, January 1 - March,

/

14
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Duta Sheet

Tris (difinoraainomethyl) trini troethylurea

Structure: (FZNCHZ)ZNCON(CHZNFZ)CHZC(JOZ)B

Physical Stute: Colocurless viscous liquid

Analysis: Found:  C, 16,7; H, 2.1; F, 24.0; N, 26.3%

c6H8F6N8'o‘7 requires: C, 17.2; H, 1.9; F, ?7'5? ‘N,‘ZG.S)“; - o ,
Infra-red absorptions at: 3.4(. ), 3.5(i)e 5.8(s), 6.2-6.4(s), o

6.5(s), 7.1-7.5(s), 8.1(s); 8.45(a),
9.2(s), 9.5=10.0(5), 10.5(s), 1C.75~-
12,0(s), 11.5(s), 11.75(n), 12.-12.5(n),
13.75(w) ¢, |

P;eparation:‘ Actiohrgf HN?Q agd;9§% stoh undef~autcgenou§ p:e§sﬁre

at room temperature on {-methoxymethyl-N'-(2,2,2-

trinitroethyl)uron

. co_ .
. _/ \ :
1ieOCH XY NCH,C(NO,),
2| 22 3 miF o ‘
u C o >§‘§§’ (erCHZ)ZACQN(CHZNFZ)CHQC(NOQ}S7»k
2°Ny7 72 27l \ ST

Reference: I.C.I. Progress Report No. 23,,January 1 - March

31,‘1966;
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D.ta Sheet

51, 1,1,4.h4~P2trakis(diflusramine)cyclohexane (TDC)

Structuse: ﬁNX‘_YNﬁ
AN — NNf

Physical Stz‘e: Wiite solid, mep. 107—108

Analysis: Found: C. 24e8; H, 2.8; F, 52.8; 1, 19.6%

Calc. for C,i C. 25.0, H, 2,8; F, 52.5; K, 1:.50%

5gtal,} S &S »
Inframred ;buorpslpns at: §¢4(s),76:é(s), 7.2(m),.9¢7(m); 9.9(m), -

10.2(s), 10.9(s), 11.1(s), 11.4(s)
'HinMR Spectrum '\CDCI3
19FNMR Spectrun (CDC] solutxon‘~ Single peak at -27 A.S

solution): Single peak at 7.51%

3.
Impacb Sensiti v1ty- 5—10 cm

'ExPlssiOn Point: DEVOuPOSeS Wlbhdut exp10513n at ?oo C
Other Properties: Vapour pressure:-

15°¢ 7.3 amHg  A5°C 9.0 mm Hg

25 7.8 55 9.8
55 83 .65  1L.2

Heat of véporisation: 2 kcal/mole

Density: 1.7 &/c.c.

U.V. absorption; Amax = 210 mp

Very soluble in nitrozlycerine

Atteatps to brominate, ci:lorinate 1ndvoxidi$e

TLC were unsuccessful., ZIDC Was‘resistant 1o

alkzli,
ls}‘ caelce ~H5.! -e21/mol
teo9n 5504 zenl/mole

CONFIDEITIAL
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51 (contd,)
Preparctior: Reaction of cyclohexane-1,4~dione with'HNFz

' ; P or HS
in the presenc: of 96,‘H280h, HSQB- or H 03Cl

- e
0==<__>: o+ WP, —> Ry , Nri>_90$; yield

~References: Rohm and Haas, QPR P-61-6, Janucry - March, 1961 -

‘I.C.I. Progress Report No. 4,V4pri1*- June, 1961

B
H .

it

UNFIDE.TIAL
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. ta Sheet

2.3.5, .- Yetrakis(difluoramine)-2,5,6-dinethyldioxan

;» Structure:

ra
e e
o p
Fﬁﬂt j"'& oR ‘;Nto NFy,
: N
BN SO~ NF, FUaaNe) mfa
Physjical State: Pale yellow liquid

Analysis: Found: €, 23.1; H, 2.5; F, 46.3; N, i?.ﬁ;

" M(Gas Density balance), 307 o
CoHgFgli, 0, requires: C, 22.5; H, ‘2.5; F, 47:5; N, 17.5%. M, 320
Infra-red abéorptibné at: B,A(W), 6,9(w),‘7.2(m), 8.1(@);:8;4(5),

C 8.8(s), 9.2(m); 9.8(x), 10.1(s), 10.6(s),

| o 11.3(s), 11,7(m)/‘. B - |

Impact Sensitivity: 5«10€cm = o
Preparation: Re;;tioﬁ of HNF2 with monomethyl glyoxal in thg

« ~ presence of HSOBF

| (o
. . HSO_F 1.0
¥eCOCHO +"HNF71—1>’ fiN \"NFK or isomers,

= N~ /"N, 257 yieid

S

Reference: I1.C.I. Progress Report No. 13, July 1, 19€3 -

Septerber 30, 1963.
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D.ta Sheet

L,4-3is (Wi "luoramino)cvelohexane- 1,4=d%0l

Structure: H°>®<2H

o 5
Physical State: Wi.ite so0lid, m.p. 114-5 °c
Analysis: Found:  Cy 35.5; I. :4-.3; F 55 7 N, 13.0%
C6HlDF4h202 requires: Cu‘33 0 H A.G F 34&9 ‘ N 12 9%
Infra-red absorptions at 2 9(5) 7 ifxn), . 8(5), 8.2(m) 8.7(w),
.,5<av), 9 3(s)a 9 7(3,, 10.,1(m),f |
10 3(‘”;, (10 5<5)s 11 5(5), »5(5)
12, E(m)," '

Preparation: Refl‘u,mg\ FNF over crclohexape—l 1+-0.10ne SR

an HNF ———)
Oo M F;NK_.> <NF

Quan ultatlve y1e 1ld

S
N

Reference: I.C.I. Progress 'Repori: No. 5, July 1 - September

30, 1;:61

CONFIDENTIAL
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» Vuta Sheet”

die  132~Dizcetanidom1,2-bis(difluoramino )ethane

/

Structure: (¥, HCHIHAc) .
Physical State: White solid, Moo 19\400
Analysis: Found: = C, 28,5; H, 4.2; F, 29,1; N, 21,50

A‘c:éﬂth_nz'&oz requires: ,C’ 2%.3; H, 4,1; ¥, 30.9; N, 22.8%

Infra-red absorptions at: 3.0(s), 3.4(s), 6.0(s), 6.5(8),,_ 6.9(s),

73(5), 78(s), 8.5(n), 8.7(m), 9.7(m), %

10.3(n’, 11.2(m), 11.5(s), 12.1(a),
T TETO NPT T
Preparationﬁ Reaction of HNF, with 1, Zfdiacetamido‘evthane-l, Z-diol

in the presence of 955 4SO,

1,50,
HOCHNHAc - H_SO  F_NCHNiAc \
NS AR 21\]- 5 10% yield
HOCHNHAC FNCHilae

Reference: I.C.I. Progress Reﬁort’ ilo. 15, Ja_riuary‘l‘- Mai'ch

31, 1964; No. 16, April 1 — June 30, 196k.
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| D.ta Sheet
55 1,2=Di ¢ Il onothoxyauino)-1,2-tis Lﬁfluaf:;::ino) ethzne :
»Stz‘uc‘;.u1~c: (r,uC‘m'HCOOme) - S o B .
Physical Stete: write s0lid, mep. 422—1‘. (dec,) \rnc- '“‘311« ses . 3
- ' w : ‘ from ethdro]/l.x.sx oin) i -
Aﬁalysis:’f?;ﬁnd: C, 26.L; H, 3.5; B, 2.7 K, 20.2; OCH;, 22.8%
CGH].C)FAI‘IOA. I’B\{UJIES‘ C, 25 9; H, ).6; F, 27.4; K, 20,2; - ‘
: . OC’nw 24,3,, | | | :
Tafra-red *’?’*)‘3"’“9‘&-‘5“ at: 2.95(s), 5.9(s)5 £ 6(5), 6.5a), 7. 55(8), L
= T 78(L82@h85@%9w@%9mﬂﬂ o
' =0 | T ,,85\w), 10 5(), 1L.1(a), 11 6;(5),

12, l(m); 12. 8(s)s 15 5(m}t‘

‘ Pre;;arai;"'.o\n: (1) nctn.on of HNF and 96% .80, on 2 5 d,J.-'

2 2L
S = o car-oomethoxyamlno)-l Lx.-d.lo:{an'
' Co o o NH Coof H F IJCHNHCOOIue
SN - [ 5 oolle "’ J Sy 6T% yield
o~ MHeoorle P HIHCOOKe o
(i 1) Action of "rrﬂ' and 9\,,v i 304 on 1,2-di-
;(Cu.r..o tho.cyc.nlnf‘)e ’wrf-l ”-d.lol
?OCI‘..-HCC\JL .80, F.ICHUECOOMe S
: SiCE
+ 142 —-2——# e ;7 92, yield
HOCH! """OOL. S FQI'ICI'IH‘TCQOMe S

wxferznecz: I.C,.. Pr'o,gtre:s Re,.ort o, 15, Jenuwuwry 1 - harch
,"\ . -

CO.FIDEL TIAL
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Data Sheet

560 2,3,5,9-"etrakis (difluoraming)-1,k4-di (me thanesulohonyl)piverazine

Structuré:

S0_Me
v 2
N
—
P NCE HONF
2 | 2
FZNCQ\\N_,ECNFZ
v
: | | S0Me
o Physical State: mop. 235~240 C (decomp. ), recrystalllsed from
3 i N § ?; acetonltrlle R B
',Analysis: iFouna« | c 16.0;_H, 2.7; F, 35.k; N,s18.5; S, 15.%%
i {:;5:fi<t:ns  : : : QGHlorS' 4 2 rpqu_re§ C., 16.1; H, 2,2; F, S3h.1; ﬂ, 13.8;
R  Infra~red absorptions at: 7.1(m), 7 3(s), 7.6(m), 7.,7(5), 8.1(),
= 8.5(s), 9.2(s), 9. 9(m), 10.2(s), 10.3(s),
P 10.4(s), 11.0(s), 11.3(s), 1l. 6(s), B 1(s),
T | L85 - |
';:?j“ft”f‘f o . 'HNMR (Acetone solution): Triplet centred at 3.957%, J=21 ¢/sec
g | B (ring CH) i
19, ., S — el -

FNMR (Acetcre solution): Pair of doublets at ~41.3 §(J=12 ¢/sec.)
and -38.7 §(J=12 ¢/sec)
Impact Sensitivity: 20~40 cm

Expiosion Point: )QEOOC

CONFIDENTIAL
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- Reference:

CONFT DENTIAL

'

(contdf)

Other Properties: Unchsnged by

HNO‘B/ (CF3 co)20, Raney nickel,

NaBH /H20, or cyanogen bromide

Preparation: Action of HNF,, and HZSOA on 2,3,5,56-tetrahydroxy-
A 1,4=di (me thanesulphonyl)piperazine. T
SO Me SO Me
HOCH 'N HCOH | P NCH 'N \HCN'F
HO HCOH - F N HCNF2 .
. I
sozuei sgz»Me

I.C.I.VProggess Repo

December 31, 196l

CONFIDENTIAL

rt No, 18;:3aguary 1~

No. 19, Januery I = March 31, 1965.

/7

%'&ield




CONFIDENIT AL
Iy

N

~Bis (diflivoraming )7 B=dihydroxy-1,,~di(me timnesu]‘:ghogyl )=
piperazine
Structufe:f , iozhie =
Ho[h F,
FZN . OH
ot
SO Me |
Physical State: - Crystalline solid, m.p. 1889.'((1ecomp.)
 (vecrystallised from MeCH, EtGH) |
. Amlysis: Punmd:  C, 19.8; H, 3.5; F, 2L.6; N, 1w.2; 3, 18.15 |
06H12F1Fi€k0382 requires: C, Ml9.72; FH, ,5.2;».’1“‘, 20;'2; N% J.A.?; §,l7..05a;
I‘nfr;aé:fed,absorptions at:  2.85(s), 6.79(5),’\7;1(3‘1)_, \73745(5),\7055(3),K ;
cLF o | 7.9(s), 8.4(s), 8.7(s), 9.1(s), 9.3(s),

» 10.2‘(;;_;),‘516.55(5), 10.85(s), 11.45(s),
12.9(s)p.
Other Properties: Forams adduct with dioxan. Converted to diacefiéi;e_.
w.p. 210-226° ( decons.) and to’ tetrakis-
- (difluorawino) derivitive.
Preparaiion: Treetaent of 2_.3“, S,5—-tetre.11y&*c@‘-i,h—di (e thane--

s:lrhenyl)piperazine with iF, ~nd EO0% H,30,

CONFIDE.. ITAL
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(contd.) < ‘ )
SC, ke SQ_ lle
? 2" v 2
I~I\, N
- HC OH 80 H_SO N NF
+ HNF2 ————2--$ 2 2 ;58 yield
HO\ OH HC OH
N N
t - t
kY
502..!e SOZMe

Reference: I.C.I. Frogress Reports No. 20, April 1 - June 30,

19..5; No. 21, July 1 - Septemier 30, 1965.
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Jata Sheet -

58, 2-Difluor.uino-l,l-diethoxypropan-2=ol

Structure: (Et0) oCHC ( OH)NF‘ZMe

Physical State: Colourless liquid

Analysis: Found: F, 20.5; N, 7.7:

c7H~151:-2No3 requires: F, 19.1; N, _7.0%‘

Infra-red abserptions at: 2.9(m), 5.4(m), 5.9(n), 7.2(n), 8.0(s),

9.0-10.0(s), 11_.__5(m), 12.4(;)(‘}.

Preparation: Action of HNF,, on 1,1-diethoxy acetone ’ ' ' 3 g

~—> (Et0) 2a:c(0H)NF2ue .

(EC) CHCOMe + HNF
Quantitative o ]

2

Reference: - I.C.I. Progress Report No, 11,45anuary 1 - March

o 31, 1963,

AN

CONFIDENTIAL




I

59.

CONFIDELTIAL

-8

Data Sheet

~
T

N,N'=Bis (difluoraminomethyl)=bis(2,2,2-trinitroethyl)urea

N\

N{ CO : o .
NCH.” , "

Structure: [(OZN)BCChz
2

FNCHS 1o
Physical State: White solid, m.p. 108-9° (recrystallised from

aqueous EtOH),

Analysis: Found: C, 17.0; H, 2.6; E, l4.5; N, 26;5%

C7H8FAN10Q13 requires: €, 16.3; H, 1..6; F, L.7; N, 27.1%
Infra—red absorptions at: 5.9(s), 6.3(s), 7.15(§),)f.6(s),qz.8(s),
| 8.2(s), 9.25(s), 9.9(n), 10.9(n), 1L.6(s),
ST 1.8(); 12.2(s), 12.5(n), 1257(s), 13.9(s)f
'HNKR Spectrum (Acetone;soiutioh): Deuteration showed that ﬁo NH or 7
OH were present. Triplet éentréd at 1+.70“'((J‘=23 c/sec) ;
7 duevtoiCHjZNF2 groups,;aISQ three neaks at 4.8k, L.62,
and h.35f(indic;ting so@e‘Steric hind:ance;of the
CHzc(Noz)j grqups.- | o |
l9FNMR_Spectfum (Acetone solution): Triplet centred at 45.2 8,
J=23 ¢/sec, consistent with N-Ci,NF, group.
£298
S.I. 269 calc. Vacuum Thermal Stgbility test;ﬂ

Other Properties: AH calc. ~111.5 kéa;/molé, Monopropellant
0.5 ml/g/100 hr at 60°C.

Impact Sensitivity: 5-10 cm

Explosion Point: 159°¢.

CONFIDELTIAL
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(contd.)
Preparation: Reaction of N,N'-bis(2,2,2-trinitroethyl)uron with
and 965 HZSOL‘_é

°Q

(0N}, CCH _N” NGi,C(NO,,)

R
HTF,

273 ?| &1 3 HITF,,
AN o7 2 Y‘ZSOL <
| co 4
| VORGSR

| ;

P EAT
Cl5 yield

Reference: I:C.I. Progress Report No, 22, October 1 -

Decenter 31, 19<5; io. 23, Jzanuery 1 - March 31, 1966.
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Data aheet

1,2-8is(difluoramino)=1,2-dipropiolamidocthane

Structure: (FZNCHNHCOC;CH) 5 =
Physical State: White solid, decomp.'léoo without melting

(recryetal*lsed from 1PrOd/H 0)

s

Analysis: Found: €, 37.2; H, 2.8; F, 20.9; N, 2L.0%

CSH6FhNu02 requires: C, 36.1; H, 2.3; F, 28.6; ‘N, 21, 1%

Infra-red absorptions at: 3.1(s), 4.7(5),6.0(5); 6.5(s), 7.5(w),

i 7.8(s), 8.1(w), 8.9("1), : 90§(w)9 vl'O-hEv(W),
_ 11. 14-5(5)’ 13 2(3)"'
PreparAtion: The action of HNF and 98m ¥ OL on 1 2- diproplol--}

_amldoethang-l,Z-dlol.

HCCHNHCOC=CH F HCIH\’HCOC_CH ¥

e, -——ﬁt ;5 376 yield
HOCHINECOCECE / ancmmcoc-cn

Reference: I.C.I. Progress Report Fo, 24, April 1 - June 30,

1966.
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Data Sheet

61. 1,2—Bis§di;1ugramino)-l,Z-bis[g,i-bisgdifluoramino}—2-

oxoimidazolidin—l—x%]ethane
r

Structure: Cco
HN \Nme
| |

FZNJH - HCNF2 Jz

Physical State: White solid, m.p. 180° approx. (decomp.)

Analysis: ,Found:- C, 18.8; H, 2.3; P, 45.2; N, 26.3% in one

case only. A more typical result is:
C. 21.5; H, 2.1; F, 38.0; N, 28,05
) . . . . . A '.":7_ <o
C8H8F12 10% requnres C, 15.1; H, 1.6; F, 45.2; N, 47 8%
Infra-red absorptions at: 3. l(s), 3. 2(5), LR 7(3), 8. O(s), 8 6(s),
9.2(m), 9 8(s), 10. 6(s), 0. 9(5), 11-@5(5),

12.3(s), 12.9(s), 13.4(m)
Impact Sensitivity: 5-10 cm
Explosion Point: 163-166°» |
Other Properties: ZSHf298 cale. -301.2 kecal/mole. Monopropellant
| 'S.I. 225 cale. Initially thought to be 2,3,5,6-
tetrakis(difluoraminé)-1,4~endoket0piperazine _

‘ )
Vacuum Thermal Stability test at 60 gave steady

gas evoiution rate of 0,3 ml/g/lOO hr.
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61. (contd,)
Preparation: The reaction of the 2:1 adduct of 4,5-dimethoxy-

imidazolidin-2-one with glyoxzl with HNF, and

2
| H,50, -
HN/C N-CHOH- Hh’Fz ‘fﬁ\?/co\‘z\:-cmz— :
eOCl:I{—%H(llOMe ) W FZN(!‘H%—-/- Hclmz )
| | 70% yield

Réference: I.C.I. Progress Reporfs No. 17, July 1 - September
30, 1964; - &o.‘18,-January 1- Deceiber 31, 1964;
No. 19, January 1 - March’31, 1965; ﬁo. 20, |
April 1 - June 30, 1965; No, 23, January 1 -

~ March 31, 1966.
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62. Tetraxis(difluoraminomethyl)elycoluril

Structure: F,NCH_N-CH-JCH N
2o % 02 2
F NCH, N-Cti=NCHN?,,

 Physical State: White solid, m.ps 155 C
Analysis: Found: c, 24.1; H, 3.0; P, ;36.9;' s Ny 28.1% -,
| gl Fgig0, requires: C, 25.9; H, 2.5; F, 37.8; N, 21.9%
Infra-red aosorptlons at: 5.8(s), 7;7(m), 8.0(n), 8.4(m), 10.0(m),
10.8(n), 12.3(s), 1ke6(s) F.
Impact Sensitivity: 10-20 cm |
Explosion Point: 23400 ,_ 3
Other Pr0pert1es AHf‘298 calc. 20 0! ca.l,/molé, Recovere_d unchanged
from reaction with 98‘}.: H:O3 at room temperature.
Preparation: The reaction of glycolu;fil with difiuoraminomethanol -
and 967, H

- CH - ' 11,50 FNCH CHQICH'\IF

J’H c -0 + NPOH 0 <% o_c?’ 2
= - i

F NCHZ’%T CH-£CH NF

3490 yield
Reference: 1. C I P- ogress Report No. 15, Januc.ry 1l- Harch

31, 1904, No. 16, Aprl; 1 - June 30 1954

CONFIDENTIAL
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Data Sheet

1,2-3is(difluoramino)-1,2-(2-diflucreninoprovionamido)ethane

Reference: I.C.I. Progress Report No. 21,»Ju1y 1 - September

Structure: (Fzg QHCOCFZCLZNFz)Z

Physical State: Solid, m.p. 185° (decomp.) (recrystallised
from iProH/cCl, )

~ . .
-~

Analysis: PFound:  C, 26.3; H, 3.k; F, 40.6; N, 22,5

' ; . 63 R e N ¢’
C8H12F8A€ 5 requires: C, 25. H, 3 2; P, AO H N, 22.3¢

.Infra—red absofption,_s at: 3, o(s), 3. 25(m), 0.05(8), 6.5(s), 7.55(m),

7.95(a), 8.05(a), B.4(x), 8.8(n), 9.8(a),
1ofv.5(w), 10.5(a), 11. 0(s)» - 11 6(5). 12, 0(3)»: |
12 5(m), 12. 7(m), 15 b(s,’l

Preparation:“Reactlon of l 2-d1acry1am1doethane-1 2-diol cr LtB

methyl ether with HNF2 and_96ﬁ H SOA for 8 hrs:

ROCHNHCOCH: CH H SO F N(‘HI“ECOCH'CHNF - SR
| +m2—'2——# | 2re 2,

RCCHNHCOCH : CH F.NCHNHCCCH,,CH, NF, S

2 T2 27722
: : ° R=H, 5% ,yleld
R=Me, 36% yield

30, 1965,
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64, 1,2-Di(carbethoxyamino)=-1,2-bis(difluoramino)ethane

Structu-e: (‘FZI*ICHI\THCOOEt)2 | . ~ =
Physical S'tate: White solid, m.p. 200-20500 |
Analysis: Fou:d: C, 31.9; H, k.5; F, 24.0; N, 18.3% ,
HMFAI\AO requires: G, 31l.4; H, 4.6<; Py 2.9; | N, 18.3%
Infra-red absorptions at: 3.0(s), 5.9(s), 6.5(s}, 7.3(m), 7.6(s),
7.8(s), 8.1(m), 9.3(n), 9.5(m), 11.5(s),
12. os(m), 12.75(5), 13.4(n), 15. A(m),u

'HNMR Spectrum (Acetone SOlutlon) _Quadruplet centred at 5.83 ¥,

I

e SR o o J=7.2 ¢/sec (CH,). Broad doublet at 2,17, 2.30%¢,

3=7.8 ¢/sec (NH). Cr;'mple:;_ miltiplet at 3.8-4.8 v (CH)

.19FNMR‘ SPGCtrum (AfietOne V&A;'olutiar‘i); Doublet at =26.9 §, J=27 q‘/seé;" fe

singlet at =31.,04; dou let at ~35.2 s J=12 ¢/sec
| Other“ Properties: Did not rrlve an “I-NOZ derlv :tive on nltratlon. |
Preparation: Reaction: of HN’F2 w1th 1,2-di( caroethoxyamlno)ethane-

1 2-d.101 in the presence of 96‘; H, SO

-HOCHNHCOOE t . F NCHNHCOOEI: ,

+ HNP, —# 3 T5% yield . N
- HOCHNHCCOEt | F uCI'INHCOOEt . -
Bef‘erenrce:' I.C.I. P’fogress Report Nd: i5:, zJa.nuary“l - Marcl':

31, 1964; No. 16, April 1 = June 30, 196,

. /; i
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Data Sheet

©5., Héxakis(difluoraminomethyl)melamine

Structure: N

2\
2)2N<|: ﬁh(CHzNFQ)Z

N

N(CH2NF2)2

\3
(P NCH

Physical State: White solid, m.pe. 158-1400 (iecrystalliéed '

from hot CCIA)»
“Analysis: " Found:  C, 22,2; H, 3.3; F, 32.5; N, 33.3%;

‘M(ebullioscopic in acetone), 707

CgH; ,F o)y, Tequires: €, 21.0; H, 2f5;‘ F, 44.2; N, 32.6%;
M, 516 | R
Infra-red absorptions at: 6.4(s), 7.8(m), ~8.2(x;}1)"~, 9.4(m), 9.f8(sw),
| | 711.0(}m), 11,2(m), 12,4(m), 13.9(m) M
'"HNMR (Acetone solution): Triplet centred at kLT, J=24 o/ sec.

1 7 R ' ;
ImoR (Acetone solution): Triplet centred =t -L5.6 ¥, J=24 c/sec.

Impact Sensitivity: 5-10 cam =

Explosion Point: D266°

Other Pro;;-ekr;ties: Aﬂf,‘d% ~47.9 kecal/mole {calc.). Monopropeliant
S.I. 25. calc, |

Preparation: Reaction of HNF, with cru.e hexa(mei:_hoxymethyl)-

melanine or with hexamethylol melamine, in the

CONFI.JE... IAL
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65. (contd.)

presence of 96% H280

b
2 N
- AN AN
(ROCH,) NC™ “ci(a LOR), b0 (F NChz)z nc” CN(CH,IVF.,),,
. g k + HNF "-%b . I L
N¢ 7 IKc/
n(CH 2OR) 0 : , N(‘mzNFz)z

N

R=Me, "Low yield"
R=H, 80-90% yield

| Reference: I.C.I. Progress Report No. 12, July 1, 1962 -

June 30, 1963; No. 17, July 1 - September 30, 1964.
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Data Sheet

_Qg._[ carbethox dif‘luoraminomethyl)amino] ncliane

Structure: CH, [N(CHZ,D:Fé) coont_:l )

Physical State: Liquid (98;. pure by 3LC)

Analysis: Found: C, 32.2; H, Sk B, 25,23 X, 1609

CHy P10, Teauires: §, 55.8; H, 5.0; F, 23.7; ", 17.5/%
Infra-red avsorptions at: 3.0(s), s.:(m), 5.9(s), 6.6(s}, 6.5(m),
7.0(m), 701(m>;'7~3(m)’ 7.6(m), 8'0(5))
8.5(m), 9.6(s), 9.7(s), 10.4(w), 11.0(s},

ll.lp(m) , 12:2(5) ,Q12.8(m), 13.6(m) 2

~

I/

Preparation: The action of difluoraminomethanol on methylene

i
1/

diurethane in the pre§en¢e of 96%:?1‘2804.

= -

Et00CNH H SO EtOOCNCH NF
S s JCH, *+ NF_CH OH 2% enZ 2
Bt00CHH 2772 Etoocﬁcrigm?2

36% vield

Reference: I.C.I. Progress Revort No. 16, Anril 1 - June

30, 196k,
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Data Sheet

67. ;lZ-Bis(difluoramino)—lLZ-bisl;,ﬁ;bis(difluoramino)—l-

formy;:Z—oxoimidazolidin—j»yl]ethane

Structure:
//CO\\
HCO-N N-CHNF -

[

1

‘FéNCH-—ﬂ-HCNFH
< 2

Physical State: White solid, m.p. 125° (decomp.) (reprecipitated
from MeOH with H,0).
Analysis: Found: C, 22.1; H, 1.5; F, 58.9; N, 27.2%

o 0, requires: C, 21.4; 'H, l.4; F, 40,7; N, 25.0%

10%8712"10%
Infra-red absorptions at: ~3.1(s), 3.2(s), 5.7(s), 7.05(s), 8.0(s),

8.6(s), 9.8(m), 10.6(m), 10.9(s), 11l.4(s),

12.3(m), 12,9(s)rt
Preparation: Diflucramination of the 3:2 adauct of formyl urea

with glyoxal.

L PN )
HCON i=CHCH-| HNF2 HCON \\N-CHNFz
| =357 é 5
v H SO e M

55% yield
Reference: I.C.I. Progress Report No. 23, January 1 -

March 31, 19¢6.
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Data Shest

- 08, 1,2-315(uirluoraminq)-l,2~bis[§,S-bis(ﬁirluoramino)-)-

difluoraminomcthvi—2~exoimidazolidin—l—y?}ethzﬁe

Structure: L
‘ SO N W e
A F2.\CI.21\ N Ld...z ,
F_lCH ~—— HCIF L
4 &<

2

N

Physical State: Straw coloured liquid (very impure) =

Analysis: Found: U, 22,05 H, 5.2; ¥, 45.0; X, 23.7
Cy oty oF iy o0, Fequires: ¢, 18.9; H,,1.6;<‘?, 47.9; N, 26.5%

- Infra-red absorptions at: Not obtained
Other Prcoperties: ZXHf298 cale, ~311.2 zcal/mole. . Monopropellant
S.I. 234 celc. =
. H.S * the ]
2‘and 96:-. HZ 04 ot tbe nethylated,

formylated; 2:1 adduct or<4,5-dimethoxyimid¢azolidin-

Preparation: Treatment with HNF

2-one with glyoxal:

- GO : ‘CO [o{0)

~ AN . -

His TH (Cvo) nﬁ” \h~CHOH-CROH-N \\NH
2 | I | I i

elCH ——HCOMe : ¥eOCH —HCOMe MeOCH —- IiCOMe

~

ﬁeoaf"/ﬁo\”‘cnf e e N-CHNF
[ [Py H=CHEOMe- 2 PN ¢ Nt - -
2 272, 2
| | —> |
. MeOCH —-HCONe 4 F_ICH——HCI'F,
- 2 Z 2 >
Reference: I,C.I, Pregress Repcrt o, 22, Cctorer 1 —December

51, 19235,
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69. 112-315(airluoramino)-l,Q-bis[},S-bis(ﬂirluoraminq)ré:

methyl-2-oxoimidazolidin-l—yl]ethane
4
Structure: Co :
Me-N"~ \NCHNF‘?:‘
. l )

F i H———%‘ICE\‘FQ j
< 2,

it

2

o S PN
Physical dtute: White sclida, m.p. 208

y &l l; N, ZOfG,'f

Analysis: Founa: C, 2.5 H, 2.5 F
= _ C10H12F12E1002 requires: C, 22.6; H, ¢-3; F, 42.9; N, 264 3%

Infra-red absorptions at: 5.u(s), 7.15(s), 7.65(s), 8.1(s),
- - 8.5(31), 8.7(n), 9.15(n), 9.55(n),
9.8(m), 10,1(m), 10.6(s), 10.75(s),
10.95(s), 11.35(s), 11.65(s), 12.15(s),
13.15(.53)#. |
'HNMR Spectrum (Acetone solution): Tfiplet centred at 4.02 Y,
J=18 c/sec,
(Doublet centred at 5.507T),
J=12 c/sec.

19FNMR,Speé%rum (Acetone solution): Peaks at ~25.7, -30.2, -32.5,

"3307’ -3‘:§-° 2) -3703 6

Inpact Sensitivity: 10-20 cm

Torpedo Friction (1 Kg): 5-10 cm

CONFIDE:. .IAL
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69. (con*d.)

Other Properties: Zyﬁf298 cale., =293,2 kcal/mole. MonoprOpellant

S.I. 233 calc., DTA exotheru zt zEOO. Vacuun

Thermal Stavility test at 60°C, 0.< mls /100 hr.

Preparation: Action of HNF2 and 96% HZSOA on the 3:2 glyoxal:

methylurea condensate:
L00 C

e ON ~ H,SO % |
MeN Ii«-CHOH . mz 2 * MeN N CHNF2
HO!}} - HCOH
- 2

I.C.I. Progress Report No. 20, April 1 - June 30, 1965;

5 | [_inqqi —_ HCN‘F2

Reference:

No. 21, July 1 - September 30, 1965; lio. 23,

January 1 - March 31, 1966,
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70, l.e=3isi ifivoeaing)=1,c=ci (Lthy rloaldo ) etianne

Stracture: (L‘zi{ i1I\1iCOCO0=t )

White $0lid, mep. 200-230 (decoi..)

{
"t
=
3
a
(]
L
(o2}
(b-
¢!
¢ 123
D
*0

e L ed ™ b : SN . -
) anzl;sis: Fouad: &y dledy  H, 5. 5.
S~ 1YY e - ]
. Cpuis, B 0, reoulres: C, 1405 ., 15.9
B R TR

I
i

Infra=zed 2 .orotions at: 5.0(s), 5.7(5), 5.5(8), Co5(s), 7.7(s), oot ]
g.0(z), 10.3(‘1) 11.5(ny, 11.0(0),

—_— i,u( )r .

X

Presaration
:

Renctlon of 1,2-d3 (ethylozani o)ethane-1,2-diol ]

and 94 H 50,

wed Ll TN
wien rdu

A

TCCIIZICOOCBE - H.80 FIiCIIiCCCLCEt

FOVEYEY

- - 23 2
. : . | + HWF, =3 ‘ ;
: HOCTTHCUC00EL < Fj"C""”COCOO“

509 yield

/

- b Y - S T T e crma mmad T A T
TONEYESShIl .L.C..L. Frosress Recort 408 Ly &ML L o=
" ] 1 -
haren 31, 1905,
- B
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Data Sheet

piperazine

SOZMe
Structure: _N
F2N OAc
(or isomer)
AcON NF2
N
Sozue

Physical State: Solid, m.p. 210-220° (decomp.) (recrystallised
from MeCN) |

S

Analysis: Fbﬁnd: C, 26.8; H, 3.5; F, 19.2; N, 12.5; ‘S, 13.85
C10H16F4N40882 require‘sg C, 26.1; H, 3.5; F, 15.5; N, 12.2; S, 13.9;';
Infra-red absorptions at: 5.7(s), 7.4(s), 7.6(n), 8.4(s), 8.6(s),
9.0(m), 9.8(s), 10.0(m), 10.2(s), 10.5(s),
10.7{s), 11.3(s), 1L.5(m), 12.9(s)K.
Preparation: Acetylation of 2,5-bis(difluoramino)-3,6-dihydroxy-

1,4~di (methanesulphonyl)piperazine (or isomer)

_ %OQMe . \ : : %OzMe
. N ER N
F2N OH ‘ 11 80 FZR OAc
+ Aczo + AcOil _ .
HC NT AcO NP ’
{; 2 . IY 2
SG2he : SOZMe
5% yvield

Referenc :: I,C.I. Progress Re ort Xo., 21, July 1 - Jeptember

30, 1965.
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Data Sheet
1,1,2=-Tri(corvethoxyaming-2=-difluoraninoethane
Structure: (EtOOCNH) ,CHCH (NF JHCOOEY

Physical State: White solid, m.p. 194=195"C

“Analysis: ¥ound: F, 9.9; N, 15.5; O0Et, 39.7% .

011320F2N406 requires: F, 1l.1; N, 16.4; OEt, 39.52

Infra-red absorptions at: 2.9(s), _.+(5;, 5.8(s), 6.5(s), 6.8(s),
7{-:‘5(5)‘: 704(5)’ 7-5(5); 7‘7\5), 709(5))
B,Eal‘(m)‘, 9.1(n), 9.6(s), 1l.1(m), 11.3(s),

12;l(m), 12;7(s)rﬁ

Preparation: Reaction of HiP. with 1,1,2-tri{cortethoxyamino)ethan-
) " 2 b ’ \

2-0l in the presence of Y65 H,304.
Y

E£00C.H G GUOEL EtOOuI!HTHNHCGOEt

H SO
+ I'II\EI"2 —-4-—-#

HOCH#HCO0Kt F2NCHNHCCOEt"

755 yield
Reference: I.C.I. Progress Report io. 15, January 1 =

Y¥arch 31, 196.L.
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1,2-315(di Fluoraning)=1,2-bis [iy, 5-bis (difluoranino)-1-

(2,2, 2-trinitroethyl)=2=oxoimidazolidine3-y1] ethane
rARaaE Fae-

Structure:

2

F NCH-——-H&NF

co
CCH N/ \w-cvmz 1

>,

Physical State: Straw coloured viscous liquid

i

¢, H .F, N .0  requires:

12710712 1671,

Infra-red absorptions at:

Analysis: Found: C, 22.6; H, 2.6; F, 19.7; N, 23.7; OMe, 2.3%

c, 17.3; H, 1.2; F, 27.5; N, 27.0% =

3.0(m), 3.4(%), 5.7(s), 6.25(s), 7.0(s),

7.7(5), 8-05(5), 8055(‘?)9 9'1(“‘)9’9-3(““)’

9.7-10.0.n), 10.8(s), 11.3~11.5(s),

12.2(s), 12.4(s), 12.8(s)[ e

Preparation: Treatmeat with HNP; and 965 H_SO, of 1,2-bis-

2 2k

E ,5~dime thoxy~-1-(2, 2,2-trinitroethyl)=-2-oxo-

imidazolidin—}-yl] ethane=l,2-diol:

co

.' -
(IJOZ)BCCh N N 1-CHOH-

2| |

/CO\

H_SO . .
- HNF, 2 |(NO, ) ccr N-CHIF -

FZNCH ——-——HCI‘&'F':2

2

Reference: I.C.I. Progress Repo.* No. <3, January 1 - March

31, 19¢6.
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=~ Dats Sheet

4. 1,2-Bis(difluoranino)-1,2-bis [gLs-bis (difluoramino)-3-ethyl-

2-oxoinidaz olidin-l-yl] ethane

Structure: i CO
BtN \NCHNE‘z-
|

I
T —— >
_FZI\CH ) HCJFZ ) ‘ | , . ‘
Physical State:  White solid, m.p. 178o (dec.)
~Analysis: PFound: . C, 25.8; H, 3.1; F, 40.8; N, 24.8%;
.M(ebullioscopic in acetone), 600 .
OyoigFoliyg0p Tequires: C, 25.7; H, 2.9; F, 40.7; N, 25.0%;
| ¥, 560,

Infra-red a‘osbrptiéns at: 5.8(s), 7.1(s), 8.05(s), 8.3 (5);::‘ 8.65(m), -

9.05(m), 9.8(m); 10.65(m), 10.9(s),

1L5(s), 10.9(a), 12.1(), 22.3(), . |
: 12.55(m), 12.9(s)M, o \‘ D
'HNMR ‘(\\Spectrum (Acetone solution): Triplet‘:*c\enti'\éd*at 3.95%, | \ R
| | J=19 ¢/sec. (CH). Quihfuplet |
cené‘éd at 6,4, J=6 c/sec. (CH2) R o
19FNMR Spectrum (Acetone solution): Indirs:{:i“ ¢t spectrum due to ' | |
| solubility Gifficulties. Peak
at =29.98 o L

2 2
ethylures adduct: .

Preparation: Action of HNF. and 96 H so; on the 3:2 glyoxal:

- CONFIDENTIAL
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T%. (contd.) |

[ co co

|Etm/ K~CHOH- H,80 | Eti” O N-CENF,- B

| | + BF, S| | | ;- ~T% yield
HOGH —— HCOH F NCH — HONF ‘
-2 3 .~ %9

Reference: I.C.I. Progress heport No. 20, April 1 - June

=

30, 1955; No. 21, July 1 - September 30, 1965.
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Data Sheet

75. Tri[éarbethogz(difluoraminomethxlzaminé]methane

Structure: ziC[u(C” )COOEt]3

Physical State: Yellow liquid
Anelysis: Found:  C, 29.8; ¥, 5.1; F, 25.6; I, k%

CDH22F613606 requires: G, 33.1; H, 4.7; F, 2..2; I, 17.8%
Infra-red absorptions at: 3. O(m), 3.5(m), 5. 9(s), 6.6(n), 7.35(m),
8.1(5), 9.2(a), 9.5(a), 9.8(a), 11.1(a),

- 12.3(m), 12.9(m) A

o~
-

- Preparation: The reaction of HNF2 with tri(carbethoxyamino)methane‘

and paraformzldehyde in ‘e presence of 96 H Soh

-

H SO

HC(NHCOOEt); + (CGH,0) + ¥, —=F He[w(cu i )°°°Et]3

55/(. sfleld

Reference: I.C.I. Progress Report Fo. 14, July 1, 1962 -

December 31, 1963.

CONPIDENTIAL




LA et

CONFIDENTI AL =

100

Dats Sheet

-bis (difluoranino)-3- =

isopropyl—Z#oxoimidazolidin-lfyi]gthane

Structure: co - -
1-PrN” Q\\N-CHNF -

| é 2
| EQNCH———-H NF2 5

Physical State: White solid, m.p. 170o

'~ Analysis: Found: C, 28.2; H, 3..; F, 36.3; N, 23.6%;

M(ebullioscopic in écetone), 610.

: . .k . 9.2« 1 3 6%
clhﬁZOFlZNlOOZ requires: C, 28.4; H, 3.4; F, 32.2; N, 23.6&, )
o | M, 588. .-

Infra-red absorptions at: 5.8(s), 7.3(s), 7.7(w), 7.9(s), 8.25(s),

8.7(m), 9.15(), 9.8(w), 10.9(s),

11.5(s), 12.3(s), 12.7(m), 13.4(W),
PRI

'HNMR Spectrum (Acetone solution):. In?istinct spectrum, multipiet

bands centred at 3.7 and 5.8X
19FNMR Spectrum (Acetone solution): Indistinct spectrum

Preparation: Reaction of %:2 glyoxal:isopropylurea adduct witn

. ¢ Y .
HNF2 and 96p.H2804.

CONFIDENTIAL




76. (contd.)

Lo _co
-PrN”  ““N-CHOH- H SO,  ki-prx \\N;CHNFz-
| I + HNF, e | l ;
| HOCH — HCOH F.NCH — HCNF
2 2 2
' 50% yield

Reference: I.C.I. Progress Report No, 20, April 1 -

June 30, 1965.
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Data Sheet

77 _@ﬁluoraminated Celiulose Derivatives
Bis(difluoramino)periodate-oxycellulose, DPOC
Reduced bis(difluoramino)periodate-oxycellulose, HDPOC
Bis(difiuoramino)nitratoperiodate-oxyceuulose, DNPOC
Reduced bis(difluoramino)nitratoperiodate-oxycellulose, HDNPOC

Bis(difluoramino)dinitratoperiodate-oxycellulose, D2NPOC

Structures:

CHyOH | CHyOH | °“1°“° x
o) ' i——o
J :H ¢ s H )'\a\ : CHQ o
FAbe, Loon AN hip, 9 FIfN oH -

(DPOC) | -~ (HDPOC) (DNPOC)

= CH" QNOQ_ C‘AONDX
K oles "o
CH o¥ ~
R rf NF 4 F Cuf"”, °
(ioNpoC) a (DZI‘POC)

Physica.l State: White polymeric solids

Analyses:
fCompound:_N, %fF, %fDegree of Substitution:.
f : Wz : 0N02
h :DFOC :10.2:25.6: 1.7 . -
:HDEGC @ 9.2:24.,8: 1.5 : -
:DNPOC : 9.0:16.C: 1.1 : 0.5
:HDNPOC : 8.2:13.9: 0.7 : 0.2
:D2NPOC  : 8,8:16.5: 1,0 : 0.4

CONFIDE: TIAL




77. (contd.)

Impact Sensitivity: DPOC  40-60 cm

HDPOC  10-20 cm

; D2NPOC  40-50 cm
Explosion Point: ppoc  146%
HDPOC  116°C
D2NPOC  112°%

Other Properties: DPOC was plasticised by nitroglycerine and by
2;3,5,6etetrakis(difiuoramino)dioxén, (TDD).
HDPOC was stable on storase at room temperature
for 4 months, whéreés DPBC decompose&'to a
significant extent in 2 months, HDPOC was
shown to be compatible with, and was recofefed
unchgnged froﬁ:

(i) aluminiun and ammonium perchlorate at
100°C for 1 hour

(ii) nitrocellulose (12.5% W) maintained

= at 70°C for 1 hour‘

(iii) aluminium and ammonium perchlorate in
the presence of water or of alcohol/
acetone (2:1) =zt room temperature for
1 hour

(iv)r aluminium, ammonium perchlorate, nitro-

e - - ecellulose 5% 1) and casting liquid
o & s L] I -, B N f . /
. A




77, (contd.)

(m.tro glycer:.ne/ triace u.n/ 2=nitrodiphenylamine
= 80/19/1) stored at 70°g for 2 weexs.
Preparation: Periodate oxldation of cellulose followed by

difluoramination, reduction and nitration,

CHOH . CH oM
00 O) we, ,("' "o 7% yiela
\"\, \P‘\ \ (i) HNF,/9E% H_50” N ST
N 2™ SH  choN
OH O EN NE by
(Periodate-oxycellulose) : (pPOC) “
<H ,
o | HaTH FraoH
K, ﬁ‘\,f J< oo N5 75 yiela
0 3 0
I")N/ NF; k3 | A NPy X
(DPOC ' (HDDOC)
CH,oH ; c#, oNo ‘
N Stgle
DN — Pes s rield
JSH ol . e :
AN e by 5"' }" oy
(pPocC) (DiiPaC)
Hyonla : - SHp NG, |
o o Na3H '1 N 5 350 yield
K \c)ro\ iy /{\o
‘/f H ] HM - (/ : CH"Q‘/ : ;
v‘iﬂl"’/—; OH "N N
(DrEPOC)

(1:pHPOC)




77. (contda.)

CH,ON
, c@qf HNO !99£1
J( >[\o | —> p /\{\o\ ; 306 yield
r( CH OH ’;h/ NE, C:H-J\C)I\/Ql

Cﬁnpoc) - (D2TPCC)

Theoretical performances: AH DNPOC -229 kcal/gm mole

AH

£298

£298 D2NPOC =207 kcal/gm mole

Replacement of NC by DNPO(, D2NPOC in NC/TMETN/AP/Be system results
in an S.I. increase of 1.2 and 1.3 1b.seq/lb. |
Reference: I.C.I. Progfess Reports Nos, 8, July 1, 1961 -

June 30, 1952 to 14, July 1, 1962 - December 31, 1963.

Atlantic Research Corporation, December 5, 1963, -

-

.
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Data Sheet

73. Poly-ethylene-2,5-bis(difluoramino)-3,4-dihydrofuran

Structure: | 7
1

\;1/ \ » \
Coh, ?(N‘ 2) ?(132' CHy

, CH2-~—————~CH2

Physical State: Pale brown ruvbery solid

Analysis:
* Samnle : C, % : H, % : N, % : P, % :
e - :Found:Regd. : Found:Regd. :Found :Reqgd. :Found:Reqd. :
: Sample 1 : : : :

27% CO content: 45. 6 55. l 7.2: 7.7: 7.7; l0.0; 18.1; 27.2 ;

: Sanmple 2 ; : . ; : : : ;
hlp CO content: 43.2: 42, 1 5.5: 5.3: 15.3: 12.3: 27.3: 33.4 :

se. o0

- . . . - -
o . . . - . - -

Preparation: Reaction of ethylene/carbon monoxide co-polymers with

-~ .

LJFZ alone and in the rresence of H SOA, e.7.:

FZI /0\ E 1

™~ e T . COE. 173

{ HL CO-C';L,, CO-C?I' L} - ,C2H4 ‘ C ' c.H l ; 90 yield
d
n

References: I.C.I. Progress Report No, 1., July 1, 1962 -

_Uecember 31, 1963; HNo. 15, Januzr— 1 - March 31, 196L4.
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1.

Structure: HOCH-N-NO

CONFIDENTIAL
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Data Sheet

4,5=-Dihydroxy-1,3-dinitroinidezolidin-2-one

co?
HCCH-5-NO,

Physical State: Solid m.p. 158° (decomp.)
Analysis: Found: C, 17.3; H, 1.8; N, 20.3%
’C3H4n#07 requirgs: C, 17.5; H,[1.9; N, 26.%
Infra-red absorptions at: 2.95(s), 5.0(s), 6e3(s), 7.6(m), 7.8(m),
| 8.0(n), 8.6(s), 9.1(s), 10.6(w), 12.4(w)}.
Preparation: Action of(IOQh HNO3 at OOC, on 4,5—dihydroxy-

imidazolidin~2-one

HOCH-NH HNO. HOCH-NNO. =~ -

| >co —3 | 0% ; 23% yield
HOCH~NH HOCH—ﬁNOZ :

Reference: 1I.C.I. Progress Report lio, 23, January 1 - March

CUNFIDETIAL
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Data Sheet

2. 4,5-Dihydroxy-2-nitriminoimidazolidine

Structure: HOCH-NH
>C=NNO
HOCH-NH

2

"~ Physical State: White solid, m.p. 169° (decomp. )
= ' Analysis: Found: C, 21.8; H, 4.5; N, 36.%%; k.W., 140

°336N1+°4 cequires: €, 22.2; H, 3.7; N, 3h.6%; M.W., 162

- Infra-red a’osc;z;ptions at:. 3.0(s), 3.2(m)‘,_ 6.5\25), ‘6.5(5), 7.8-8.0(s),

T

_ 8.9(n), 9.2(s), 9.65(s), 11.85(m), 12.3(n), .
. 13.3(a), 15.9-L4.0(n) [

Impact Sensitivity: 120-160 cm

E:fplosi’o’n Point: 164.5° |

Preparation: Addition of nitroguanidine to basic agueous glyoxal:

(CHO)2 + NHZC( :NH)NHNO, —> HOCH-NH

2 | Scamno,; 745 yield
HOGH~NH

Reference:. I.C.I. Progress Report-No., 20, April 1 - June 50, 1965. '.
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Data Sheet

] 53¢ &4,5-=Dinmc ihoxy=1,3-dinitroinidazolidin-2-one
Structure: LkeCCr-NilC,,
. \ [4
| co
LieOCH-NNO2

Physical State: Needles, m.p. 120-1°
Analysis: Found: C, 25.4; H, 3.35; K, 25.4:
05“8“}.,07 requires: C, 25.4; H, 3.4; &, Z3.7 |
Infra-red absorptions at 5.56(s), 6.33(s), 7.54(s), 7.91(s), 8.32(s),
8.55(s), 8.85(s), 9.13(s), 9.26(s), 10.03(m), = ]
10.75(s), 11.90(n), 12.25(s), 13.30(s), e
13.51(s), 14.0{m), 14.3(:":1)/{
Iupact Sensitivity: 200 cm
Explosion Point: >21,0°
Preparation: (i)‘ The reactior of xs HHOB/AczO on L4,5-dimethoxy-

r on 4,5~dimethoxy-

Q

2-nitriminoimidzzolidine,

imidazclidin-2-one
MeOCE-NH 21e0CH-1T0,,

| >Cxx —> | 6 ; X=:NNO,, 80 yield
XeOCH-NH ¥eOCH~H1I0

2 X

:0, 62 yield
Reference: I,C,I. Progress Lieport lio, 22, October 1 -

December 31, 1965.
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Data Sheet

Le 1,4-Diformyl-2,3,5,b6~tetranitratopiperazine

Structure: CHO

L}
I
N

02NOCH HCOI\O2

0,.NOCH HCONO
< \N ~ 2 ' SR
) . .

CHO
Physical State: White solid, m.p. 152-3°¢ (decomp. )
Analysis: Found: G, 19.3; H, 2.7; &, 21.6%; I.W. 415

o requires: C, 18.7; H, 1.6; 1, 21.8%; M.W. 386

6%u, |
Infra-rea ebsorptions at: 3.4(5), 5.8(s), 6.0(5), 6.1(5)3 £.9(m),
| 710}, 7.2(s), 7.4(x), 7.7(), 7.5(s),
7.9(s), 8.0(s), 8.2(s), 9.9(s), 10.3(m), |
| | 10.3(s), 12.2(s), 13.5(n), lv.0(m), 1u;5(m)[‘_
‘HNMR Spectrum (Acetone solution): Sin;le peak at 1.24 T in the ratio |
| of Z:4 to twin peaks a- 2;65,<2;80?f? assigned to the:
protons of the CHO and piperazine ring respectively.
Impact Sensitivty: 20-30 ci;’ lO-ZOfcm after recryétallisation
Explosion Point: 13° (deconmp.) |
Preparation: The reaction‘of A;N05 with 1,4~diforzy1l~2,3,5,5~

tetrechlcropiperzzine

CONFIDENTLAL




4. (contd.) e

CHO CHO
' t ,
N N . A
~ N
C1CH }CCI AghNO 022\"OCH HCCONO,,
| | — l | 5 63% yield
C1CH HCC1 0,NOC:: HCONO .o :
[} t
CHO - CHO
Reference: 1I.(.I. Progress Report No, 17, July 1 - September 30, o ? >

196L.,
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Data Sheet

5. l.2.&.Q-Tetranitrato-}16-dinitrocyclohexane

Structure:
NO
02N9 ONQ2 B -
02h0 - ONG2

Physical State: TYellow cryst;lli;e solid; A;;:Vi;i-éo.(&;éﬁﬁg.)
Analysis: Found: C, 18.9; H, 1.8; N, 19.%
C6H6N6Oi6 requires:,C& 17.2;AIH,-1.%;\ N, 20.1%
Inf?afred}absorptions at: 5.9(3), S.O(s), &:;(s), 7.6(m), 7.8(s),
| 7.9(s), 9.2{m), 9.5(n), 10.3{m), 10.5(=),
10.8(m), 11.9-12.6(5), 13.6(@), 13.7(n),
1h.l(m)rﬂ : T -

Impact Sensitivity: 10-20 cm

Explosidn Point: 175o
Other Properties: Al est., 120.2 kcel/mole. Estimated heat of
p e
combustion 1708 cals/;. Monopropellant S;I., est.,
261. Decomsosed in zacetone solution, no other
solvent found for KR study.
— Pre.aration: Nitration of 1,Z,u,S-tetrahydroxy-B,é-dinitrocyclo-
hexane with HNO /Ac 0 at Oo- or with HNLO./N SO-
¥y U2 S ¥y e L

for L hours: -

CONFIDEITiAL
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(contd.)
N 5 NO
HO OH HNO OZNO ON02 :
-—; 3 70 yield
HO OH OZNO ONO .
NO, NO,, ‘.

Reference: I.C.I. Progress Report Ne. 22, October 1 -

Decenber 31, 1966.
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Data Sheet

1,2-Dihydroxy-4,5-diritrato-3, -dinitrocyclohexane

Structure:

Physical State: White solid, decomnp. 2150
Analysis: PFound: 2, 22.2; H, 2.6; T, 10.%
CeHgh, 05 requires: C, 22Qo; H, 2.4; 1%, 17.2%
Infra-red absorptions at: 2.8(s), 5.0(s), S.4(s), 7.6(s), 7.75(s),
7.85(s), 8.9(n), 9.05(a), 9.7(m), 10.3(x),
10.9(m), 11.5(s), 12.3(n), 12.7(a), 13.5{m)};’
L.0(s) o
'"HNMR Specirum (Acetone soluticn): 5 pairs of doublets in the region
3.7-4.37T, indicates the structure shown is most
~ probable one.
Impact'Sensitivity: 20-30 cnm
K.Prepgration: Nitration of i,Z,A,S—tetrahydroxy—i,6-dinitrocyciof

hexare with iNO; in CHCL, at 0° for 1 kr.

N0 10,
20O O  HNO, HO 0iiC,
—> ;. 365 yield
HRr e~ O HO oNO,
N, 1o,

Reference: I.C.I. Prco:-ress Report lio, 23, Jenuary 1 - Marck 31, 196:,
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Data Sheet

1,2,4=-2rinvdroxyv=5=-nitrito-5,v~dinitrocyclohexane

Structure:

=

=

0 :

0RO 7 ot
}ﬂ)[;\//JOH
N02 |
Fhysical State: ihite solid, m.p. 195-200° (decom..)
Anzlysis: Found: C, 25.0; H, 3.3; N, 13.%
C6H9N3910 reqxiires: C, 25.4; K, 5.2;‘_ X, L 9% |
Infra-red absorp*ions at: 2.85(s), 3.1(s), ¢.05(s), 6.55(s}, 7.5(s),
7.65(s), 7.8(.3, 7.9(z), 8.9(s), 9.1(n),
©9.25(m), 3.7(an), 10.35(m}, 1C.8(m),
11. :-11.9(n), 12.85(m), W.0(s)f'-
'HIIR Specirum (Acetone solution): 0% peuig 2t 5.2, S.LfT; ring peuwks
at 3.7T, indistinct due to low solubility
Iopact Sensitivity: 2200 cm
Preparacica: Nitration of 1,2,y,5~tetrahydroxy-3,6-dini§rucyclo-
hexcne with HHO0,/H,.S0 at 0° for I nr
o ‘ Y T, T

50, 0, ~
HO OH IO G N 050

E .
=0 l\‘) ot ro N _Aox
NC :
2

(o=
W
.

Reference: I1,C.I. Progress Report Lo, <3, Jamuary 1 - Maerch 31,
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Datu Sheet

de  Lz4-Dimethanesaiphonyl-2,3,5,0-tetranitratoniveracine

Structure: S0, ¥Ke
il : N 2
NP
OZA«OL iONOZ‘
o Joxo,
N
Soﬁwe

Physical State: .hite s.lid, m.p}-lh8° (deconp. )

Analysis: Found:  C, 15.0; K, 2.i4; i, 17.9; S, 12.9.
C6H10N601682 reguires: C, li.8; H, 2.1; N, 17.7; S, 13.2°

i

Infra-red absory’.ions at: 6.0(55, 6.1(5), 7iu(u), 7.4{s), 7.55(s),

7.6(s), 7.5(z), 2.0(s), 8.35(n), 8.6(s),

9.1(s), 9.7(=), 9.9(x), 10.3(s), 10.8(s),

12,1-12.5(s), "1, 9(s), 15.5(m), 14.0(a), Li.2(m)f
'"HNMR Spectrum (Acetone'solution):"Sin'lu peuiss at 2473, 6.467T

“assigned to r;ng and SOZHc protuas reapectiyely

Impacfrsénsitivity: 5-10 c¢m |
Preparation: (i) Action of AgffO3 on 2,5,5;5;tet£é¢ﬁiorb-l,4p

dimethanesulphonylpiperazine:

S0 Me S0 ke

N N €
e Ner  Agio, 0o Norio,, |
| J — k %5 9u% yield
Cl\N c1 040N Jorio, |
SOQMe gOQMe ‘ .

COIRIDENTIAL
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(contd.)
(ii) Action of HNOB/Ach on 1,3,5,0=tetrakvdroxy-
. &~ .
1,4-dimethanesulphonylpiperazine:

S0, e S0, Le
N < - <
HO NOH e 007 Nouo, (
52 “ ;0 Bufl yield
Ho\_ Jox oNol_ Joo,
N i - "

SOzﬁe : : SOQMe

Reference: I.C.I. Annuzl Report, Progress Report lo. 13,

Janusry 1 - Dece.ber 31, 1904,

CCNFILENTIAL
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Data Sheet

L,5-Diacetoxy-1,5~-dinitroimidizolidin-2=-one
Structure: Ac~CH—N<N02
| _co
AcOCH-N-NO,,

Physical State: Solid, wm.p. ‘.25—128c (recrystallised from.ether)

Analysis: Pound: C, 28.7; H, 2.2; K, 1.2

C7H8N409 requires: C, 28.8; H, 2.7; N, lyeZx

Infra-red absorptions at: 5.5(s), 5.7(s), 5.25(s), 8.0(s), 8.35(s),
8.8-9.0(s), 9.6(s), 10.5(m), 10.85(m),
12.5(m), 13.35(m) "

Preparation: (i) The nitration of L, 5-dihydroxyimidazolidin-2~one |

with HNOz/ Ac,0

HOCE-NH AcOCH=IG0 |
" Sco Aepd | co® ;304 yiels

HOCH-NH fﬁ\"GB ACOCH-I\‘NOQ
(i1} The zuitration of L,5-dihydroz,-Z-nlicimino-

- . - '3 . PP !
imidzzolidine with :-II‘.O»)/A“ .0

[\

. HOCH=-NH AcOCE-LNO

< A .
| Jc=hmo, N | co? ; 30, yield
HOCH-IH o,

1 3 AcOCH-ITI0.
<

- March 31, 1966.

[

Reference: I.C.I. Prugress Report No, 23, January
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Data Sheet

10, MN,N'-Bis{2,2,2-trinitroethyl)uron

Structuse: GO,
(KO.).“CH.N “NCH,C (NO,)
4y 2 3 (_l .I ¢2 .A 2 3
As 3
AN

. . Nms - - 4o L0

Phiycical State: hite solid, reerystallised rron EtOH, m.p. 174=5

Anzlysis: TFound: C,.19.9; ¥, 2.5; U, 26.1%; K. (ebullioscopic
in acetone), 343,

C i i,0. reauires: C, 1v.6; H, i.9; ¥, 4. 1w, 423
7)8LC51.4. ¢ ’ s ’ ’ ’ . »

Iafra-red shsorptions at: 6.0(s), 5.3(s), 6.75(s), 7.2(s), 7.5-7.8(s),

12.6(a), 12.5{u), 13.0(

[ 7]
N’

s 2e%8), 1a.o(o)f

- 'HMMR Spectruz (Acetone solution): Two single peaks at L.¢l and

4.50X 1n the ratio 1:1 duc <o hydrogen nuclei of

trinitroethyl croups =nd uron ring, respectively .

e)
i

Impact Sensitivit:: 10-20
-y - v s —»A’U
Explosion Feint: 109 €

. . , . N , ‘ -0
Other Properties: Vacuum thermal stability test,l-l al/g/10C hr st £G

. . . - ‘. . aoo N : . we kW
Preparation: Rezction of h,u'-ols(metn_xy”ﬂ-*.;;qron with hC(nOQ)j

_ . .G :
in XcOH at 1007 for 3 nrs:

I
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(66ntd.) |
A o | co_
nieOCHZN/ e, 0e He0,) (v0,) C"HZN “weH, C (o, 5)5

g | CH "> | hc 5

: 2\ o 2\/ o
R | 75 yiela

Refereﬁge’:“" '-I C.I Progress Report ho. 2“. Cctooer 1 - Deoember‘
- 31 l9u5, ho. 25 Januc.ry 1- March 31 1966.
CONFI DENT.AL
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Strnoture: CO -
T HeOCHzN \chzcmo s R
20\ P B ‘

Physical State* < 3011d m.p. 63-65 (rncrystalllsed from |
‘ | | i-PrOH/hexane)
Analysis: Found:  C, 27.4; K, 37, 'N, 22.7%

cfl1159mqulr°s* ¢, 27.2; H, 3.6; N, 227% L

Infra—red absorptions at: 6. 0(5), 0.25(5), o.h(s), 6. 7(m), 7.75(5),
R 8.1w), 8.:5(w), 9.15(a), 9.4(a) 9.9(a),
=T 110.3(w), 11.0(w), 11.6(xn), 11.75(m), |
S 7\712.h(m), 12 S(m), 13.4(m)/* :‘w>‘ : 5
‘Impact Sens1+1v1tr 60-80 cm |
Explosxon Poxnt 152-) C“ S S
Preparatlon The reactlon between N ﬁ’-bls(methoxymethyl)aror f

and nitroform 1n the molar ratlo 1 0. %

i
HeOCH N~ “NCH,OMe MeOCHZN/ \NC'H20(N02)5
S T ‘+Hc(:102)3—--> [
»‘HZC¥K0/4052 SR o ‘HZC\\ ,ZCHZV |
, 0 o
68% yield .

Reference: I,C.I.' Progress Report No. 23, January ‘1 - March
51 ;19\10. N~
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L ta Sheet

Lt

2,5~Diaceto

5-(11!\1 trate=-1,4-dini tropiperazine -

Structure:

(- OAG . .
. s O J.somer

/ONO

N0,

;‘lesibalsitate: White soli&, recrystalhsed from ueCn, mop. 170

Analjéisi' Found: G, ki H, 2.6; N, 19: S, mil 5

lf) GOM requlres~ C 2).2 h, 2&., N 20 3,;»

;\VInfﬁa—red absorptions at: 3. 3(m), 5 6(s) 9.9(3), 6 z(b), 7 S(m),

 70 (5)9 8. 2..(5), 9'1(‘3): 9~8\5)a 10 1(5): |
;o.b(s), 1L.3(s), 11.9(x), 12:2(2), .
13.0(m), 15. 5(m)/“

- 'HNHR Spectrum (MeCN soluta.on) Slngle pea.ks at 7.701'(Ao-group

prctons) and- at 2.50‘t(p1perasme ring protons)

" ‘Prepé.ra.t‘i‘cm: Nitration 'qf_' salts of 2,‘3,5,6-—tetrahydro:qpiperanne-

1,4~disulphoric acid. “Slns 8:3 v/v ,HNO"/A‘?QO .a~§~.¢‘0° »

'SO,Na . e .
Ho” \OH mo. 0o [’ OAc
ol Jom 7. —-; ‘ AcO (or isomer),
N ‘ ’
\ 31453. yield
SojNa _ 2 ’
Reference: I.C.I. Prugress Report No. 19, Jé.xmary 1 - March
31, 1965
CONFIDENTIAL A
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Data Sheet

Structure. (0,). coH, »cR
2372 _
ncoN
- heOCHz”  TSCHOA

| 'Pm,smal State: White solid m.p. 98-100"

Analysis: Round: 04’2‘1535‘;: H, L.7; K, 2L7%

T Qe ‘ ‘. Ny P
~°1131AV8 17 requlres. c, 2¢.9, H, 2.7; XN, 21.1%

Infra-red aosor“t1ons aty 5 é(s); 6. 0(5); 6415(s), 6.3(s), 6.2(m),

6. 95(m), 7.u(w), 7.65(s), 7 95(&), 8. l(s),

8. 2(m), 8.4(n), 9:0(w), 9. s(w), 9 7(8). |
| - _1).3(w), 10.8(w), 11,5(m), 11.8(w), o
| Cre e ﬁ12 a(m)r- - -
| Preparauon-‘ The action of Ac o/nzso - (20: 1'v/v) on N,M-bis-

r(2,2,2—tr1n1troethy1)uroh..

- c LT : B
(NO ) cﬂp z’  NCH..C(FG.. )ﬂ (r.o ) ccn cE . L{N0.); .
2’3" | 2 3 (’ 2 2 3

< -> 2 Neon
H C\_— CHZ AcOCH/ - CH, OAc
o” £ | : =

Reference- I.C.I. Progress Report XNo, 22, OctoPex 1l - DGCEmbex

Jl, J»-9650

CONFIDE!TI
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dinitratoethane R . T

i

. .Structure: |MeOCH - CHOMe
OZNLVCO:& c;iouoz
o 2

Phys:.cal State° mite solid m.p. 19o-7 (aeconp.). |
Analys:.Sﬁ rmmd c 27.8; H, 3.0, X, 20.5; Me0, 20.3%

0121{181«8 16 requ:.res. c, 27. " H, 3 z., N, 21.1 ReO 23.1.%

~Inf:a-red absorpt:.ons at: 5. (s), 6.05(3), é.h(s), I.B(n), 7. (s),,

8 2(8), .1&5(5), 9.1‘90‘#(5)9 1001(8)}

i 1o.35(w) 1o.ps(w), 12.3(s). 12, 7(s),
1.5 j(S), BOS(W), 11‘—.2 W),l

 Preparatiti: N:.tratlon of 1 2-b13(h,5-da.methoq—2—oxoinidazolidin—

== _‘ 1-v1)ethane-1 2-diol nth HNO—/A“ 0.

MeOCH - CHOMe

|
0NN NCHONO
2 %0 2

2
Ref'eréncé: R I‘».C.f.hProgress Report No. 24, Januax;y;.l 1965 -

- June-30, 1966.
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3.1 Infra-red Spectra
Spectra of all compounds were deternined on a Ferrin-Flmer
Irfracord .odel 137 spectronmeter. Spec *ra of many compounds were

also deternined on a Perkin-Elmer Infracord Lodel 337 spectraometer.

i

. Liquids were run as thin €ilms between rock salt plates and solids
as mulls iu lujol or 'Florube' oil on rock salt pintes, Gases
were -deterained in 10 cm path-length cells with rocx salt

windows. Ia a very féw cases solid were prepsred in KBr discs,

YA

.2 IR Spectra - SR S I R } e

fHﬁNgR:aﬁd ;?F;NMR:speétrA wéfg obtained on ékP?rZih-Elﬁér

T N4
. =

]

- Model R10 60»mq/seciin§trument. j'Hqspeptfgéwere ohtained against -~ -

’tetramethylsilang 2s internal standard and 1?? spectra azainst
'-cﬁb;B as_internal standard. :

\

33 imp#ct~3ens{tivity_&\
| '~~éH¢ fali §ammcr tc$t~a§p§?atﬁs cohsis§5f6f a + Kg miid‘;“~
steelfhémmer @hich’is alioﬁéd!t; £211 from a measured height -
onto a fixed volume of .ampnle p13¢édrbe?ween the fcces-of twb

: veiticalyﬁoffbann steel roller Beafings ééch-% in, dianmeter #nd

% in, long.fffhefbearings are kept in piace by 2 ecollar of
abneale# Viorac V.45 ste:1 1z in. externsl diazeter cnd % in.

“+ l/lOOOHin. bore, the whaie‘éssembly reétingfon 2 steel plate -

of the ssme meteriel 13 in. in diameter cnd /15 in, thicks

CONFIDE.TIAL




- 62-3, June 11 - September 30, 19@?). Apprgiimétely!b;1 é oiiF

LAy, . ' 3
b : - ‘ - ‘J

gy s

\'r o D R . _“":'

The maximun nel it «t which uce detonotions occour out of ten
atteapts s rocorded and also the heijht al which at leas*

~-one detonation cccurs. - e

3.4 Explosion Point T

.
.

The exp}q#ion roint wasfdefermiﬁéd 6n‘d (VI grsanpie in
'an'Opeﬁ pouhd_bottom FPyrex giégs iest tube‘hea{eé 1#»& mépai(
block at 4 rate cof jc/min. The<§x§ldsion point is taken as
fhe %émperatg;e at wnich eiplosipn or igﬁition OCCUrsS.

3¢5 Vaccum Thermal Stability

NS

“Vacuum thermal stabilities were letermined in an apparatus of

the type Jescribed by Esss Research & Engineerin;’ (Report Fo.o -

) .35 tube closed with

the sample was confined under vazuum in a g
a Fischer-Pcrter velve and carrying a mercury menometer side arm,

’ ;- )7
= - “

“‘The tube includirg side arm was imsersed up to the valve seating *
R ‘ : i o ~ - T . : .

in 2 thermcstaticully controlled water bath at 0 C. Pressure

in the tube wzs read pericdically with a cathetometer by removing

v .

. e o . . : ‘ o -
it froa the Leth at 60 and placing in a swmall slass bath at 20,

-

3,6 Vapcuc Prassure - .

o

Vapour pressw ss_.of liguids were deterrined in apparatus

<

desdribed aiove after thorough de.arcing of the scuple.

.
1

ha

R
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7 Heats af ‘Fosuitio B
. A11 heats of Tuermation quoted srs cale te.’va&:as; Cahig

wers derivec from the leut of~formation of tbeiC+osest’;ainshed”

/eureeture Ly use Qf bord energy values :or simple bonds and

N

‘ group contrlou;;onx tor ~N.q.'—ﬂ ) N02 and ~C‘d02)3 £roups. ‘The

o

. values taken were —204 5 koal/mcle for -NF2 ~157.6 kecal’/mole

for =NF, -2.5 kcal/mole for -NO, and +3.2. kc\l/nole for replacement

- \.-;_:,»

of -CH cu5 -G, C(‘o ;e

The apwrexlmate methoa developed by M Je Harper and Ja A -chas "-

'(ump1351ves Researrh ané Develo>ment Estabilshment Waltham Abhej,

Report lo. Zq/ﬂ/ 0) was employed.  For alumlnlsed prOpellants

"\

the equat;un used wuul

108 Ig 0)2*}5 ‘.' 005270\) lOg Q + 0 39305 10g ((103 n g

Por non~alumirised hish energy prOpellants the‘equ&tion used was:

log I = 1.9555 + 0.3588 log 3 + O. 4505 logn.-O 333 IOg C.

i

where Q is the heat of reaction in‘Kcal
‘ ‘ pe er 100 g of
v

r is the numocer of moles of geseous produet %» ropellant
)

C is .. 1stal heust=capacity of products -

o

. o | 1
(betzn sclid and -2sous) in cnl.dere .-
-} ) n ' N
3 is czleuizted at 29874 using the most likely set of

combustion nroiucts and C is calcul:oted assuming an exhsust
. S
teaperature of 2000 X,
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