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SYNTHESIS OF M I X E D  POLYNITROORTHOCARBONATES 

AND RELATED DERIVATIVES 

William H. Gilligan and Michael E.  Sitzmann 

Mary1 and 20910 
Naval Surface Weapons Center, White Oak, Silver Spring, 

ABSTRACT 

Tris( polyni troal koxy)chloromethanes (chloroorthoformates) , 

a new class of compounds, are prepared by the chlorination of 

tris(polynitroa1 koxy)methyl disulfides. The chloroorthoformates 

are reactive intermediates, which with alcohols give mixed 1:3 

and 1: 1:2 orthocarbonates. Additional derivatives are obtained 

with nucleophiles such as F-, N3-, CN-, and 2-imidazolidone. 

I NT RODU CT I 0 N 

One of our research interests is the development o f  methods 

for the synthesis of polynitroaliphatic compounds that contain at 

least two different substi t~ents.'-~ There are several advan- 

tages for such methods: 

be prepared, 2. the physical and chemical properties of the 

compounds may be manupulated by the choice of substituents and 

1. a greater number of compounds can 
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3. they pe rm i t  t he  p repara t i on  o f  a s e r i e s  o f  compounds which may 

be o f  value i n  the  e l u c i d a t i o n  o f  p roper t y  vs s t r u c t u r e  r e l a t i o n -  

s h i p ~ . ~  There i s ,  o f  course, one major disadvantage i n  t h a t  

mu1 t i - s t e p  syntheses a re  g e n e r a l l y  requi red.  

From t h i s  v iewpoint ,  our a t t e n t i o n  was d i r e c t e d  t o  the 

method o f  H i l l  and co-workers f o r  the p repara t i on  o f  symmetrical 

p o l y n i t r o a l  i p h a t i c  and p o l y f l u o r o a l i p h a t i c  orthocarbonates. 

The i r  method e n t a i l s  the r e a c t i o n  o f  a p o l y n i t r o  o r  p o l y f l u o r o -  

a l coho l  w i t h  carbon t e t r a c h l o r i d e  i n  t h e  presence o f  anhydrous 

6-9 

f e r r i c  c h l o r i d e .  

be the  i n i t i a l  format ion o f  t h e  t r i c h l o r o m e t h y l  e the r  as the 

r a t e  determining s tep and then the i n c r e a s i n g l y  f a s t e r  format ion 

o f  t h e  d i ch lo ro fo rma l ,  t he  chloroorthoformate and f i n a l l y  the 

symnetri c a l  orthocarbona t e .  

The mechanism o f  t he  r e a c t i o n  i s  purported t o  

FeC13 ROH ROH 
ROH i- CC14 - ROCC13 - (R0)2CC12 - 

ROH 
(R0)3CC1 (RO)4C 

The reac t i on ,  i n  p r a c t i c e  has been r e s t r i c t e d  t o  2-fluoro-2,2- 

d i  n i  t roethanol  , t r i n i  t roethanol  and 2,2-dini t ropropane- l ,3-d io l  

(and po ly f l uo roa lcoho ls ) .  

d in i t rop ropano l  , s ide  reac t i ons  predominate and the symnetr ical  

carbonate has been the  major product.  However, i t  was reasoned 

t h a t  i f  t h e  in termediates could be synthesized independently, 

they m igh t  then r e a c t  w i t h  a second n i t r o  o r  f l uo roa lcoho l  t o  

With o t h e r  n i t r o a l c o h o l s  such as 2,Z- 
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g i v e  a wide v a r i e t y  o f  mixed orthocarbonates." This  paper 

r e p o r t s  the  synthes is  of several  po l yn i  t r o a l  i p h a t i c  ch loroor tho-  

formates, a new c lass  o f  compounds, and t h e i r  reac t i ons  w i t h  

a1 coho1 s and o the r  nucl  eophi 1 es . 
RESULTS AND DISCUSSION 

The chloroorthoformates 1, 2, 3 and 5 were prepared by the  

c h l o r i n a t i o n  o f  the s u b s t i t u t e d  t r i s (e th0xy )methy l  t r i c h l o r o -  

methyl d i s u l f i d e s  which have r e c e n t l y  become avai lab le. "  The 

c h l o r i n a t i o n  proceeds r e a d i l y  i n  1,2-dichloroethane s o l u t i o n  a t  

c1 n 
L (R'0)3CSSCC13 ___.c (R'0)3CC1 + C1SCC13 + SCL2 

- 1, R '  = -CH2C(N02)2F 

c1 2 ( R '0)2(  R"0)CSSCCl - (R'O) 2( R"0)CCl + C1 S C C l  + SC1 

- 2, R '  = -CH2C(N02)2CH3 
R" = -CH2C(N02)2F 

- 3, R '  = -CH2C(N02)2F 
R"  = -CH2CF3 

- 4, R '  = -CH CF 
R" = -cH;c(~o*)~F 

ambient temperature, b u t  f o r  convenience, temperatures of 68-65' 

were genera l l y  used. 

-- i n  s i t u ,  o r  i f  necessary, i s o l a t e d  before being converted t o  

o the r  products. They are q u i t e  s e n s i t i v e  t o  mois ture o r  humid 

a i r ,  whereupon they hydrolyze t o  an a lcohol  and carbonate, and 

the re fo re  anhydrous cond i t i ons  must be maintained dur ing t h e i r  

format ion and subsequent reac t i ons .  

The chloroorthoformates can be used 

Treatment o f  the 
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chloroorthoformates w i t h  an a lcohol  a t  60-80' i n  l Y 2 - d i c h l o r o -  

ethane s o l u t i o n  produces mixed 1:2 and 1:1:2 orthocarbonates. 

( R  '0)  3CC1 t R"OH-(R'O) 3COR" 

( R I 0 ) ( R "0 ) CC1 t ROH-( R 0 ) ( R "0 ) COR 

Alcohols which a re  r e s i s t a n t  t o  c h l o r i n a t i o n  and r e a c t i o n  w i t h  

by-products can be added a t  t h e  beginning; f o r  more s e n s i t i v e  

a lcohols  i t  i s  necessary t o  remove excess c h l o r i n e  o r  even t o  

i s o l a t e  t h e  chloroorthoformate before prepar ing the  orthocarbon- 

ate. 

s t rong e lec t ronega t i ve  subs t i t uen ts ,  eg., t r i n i t r o e t h a n o l ,  t o  

ethanol .  

1,3-diol t h e  mono-product 11 cou ld  be e a s i l y  prepared. 

b is-product  - 12 requ i red  a much longer  r e a c t i o n  time, which i s  

cons i s ten t  w i t h  the  f a c t  t h a t  molecular models i n d i c a t e  the re  

i s  considerable s t e r i c  res i s tance  t o  the  format ion o f  t he  b i s -  

d e r i v a t i v e  12. Conversely, w i t h  2,2,8,8-tetranitro-4,6-di- 

oxane- lY9 -d io l  where the re  i s  g rea te r  separat ion between the  

hydroxyls,  t h e  b is-product  cou ld  be r e a d i l y  prepared w h i l e  

attempted p repara t i on  o f  t he  monoderivat ive l e d  t o  mixtures.  

The a l coho ls  t h a t  were used ranged from those con ta in ing  

D i o l s  were a l s o  employed and w i t h  2,2-dinitropropane- 

The 

Q u a l i t a t i v e l y ,  t h e  r a t e s  of t h e  r e a c t i o n  are, i n  general, 

i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  cumulat ive e f f e c t  o f  t h e  e l e c t r o -  

negat ive subs t i t uen ts  on both reactants ,  which i s  i n  keeping 

w i t h  t h e  pos tu la ted  intermediacy o f  carbenium ions.  

Conversely, t h e  s t a b i l i t y  of t h e  orthocarbonates should be pro-  

p o r t i o n a l  t o  the  a d d i t i v e  e f fec t  of t he  e lec t ronega t i ve  

6 
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subs t i tuents  i f  a decomposition mechanism proceeding via 

pos i t ive  ions i s  assumed. I n i t i a l l y ,  t he re  was some doubt t h a t  

orthocarbonates incorporating non-substi tuted alcohols would be 

sta bl e .  However, t r i  s ( f  1 uorodi ni t roethyl  ) ethyl orthocarbonate 

- 9 was recovered unchanged upon prolonged standing i n  aqueous 

ethanol containing 10% t r i f luo roace t i c  acid.  

then t h a t  various func t iona l i t i e s  can be eas i ly  introduced in to  

orthocarbonates containing t r i s (po lyn i t roa1  kyl) groups. 

i t  should be noted t h a t ,  while no examples a r e  given i n  th is  

paper, mixed 2 : 2  orthocarbonates can be prepared from the  chloro- 

orthoformates 2, 3, a n d  5 by a su i t ab le  choice of alcohol.  The 

mixed orthocarbonates t h a t  have been prepared, and  the  react ion 

conditions and y i e lds  are presented i n  Table 1. Physical prop- 

e r t i e s  a r e  shown i n  Table 2. 

I t  would appear 

F ina l ly ,  

The chloroorthoformates a l so  r eac t  with other  nucleophiles.  

T r i s ( f1  uorodini t roethyl)  chloroorthoformate 1. r eac t s  w i t h  

hydrogen f l  uoride-pyridine complex t o  y i e ld  t r i s ( f1uorod in i t ro -  

e thy l )  f luoroorthoformate 3. 
the azido der iva t ive  a w a s  formed and the cyano der iva t ive  2 
was prepared by the react ion of 1. with t r imethyls i ly l  cyanide. 

W i t h  2-imidazol idone, 1 - t r i s ( f 1  uorodinitroethoxy)methyl-2- 

imidazolidone 23 was prepared. 

the 3-nitramide 24 a t  Oo, however a t  25' the  t r i s ( f1uorod in i t ro -  

ethoxy)methyl group decomposes and the urethane, 1-(f luorodi-  

nitrocarbethoxy)-3-nitro-2-imidazol idone 25 is  formed. 

With sodium a t i d e  and crown e t h e r ,  

Compound - 23 can be n i t r a t ed  t o  
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TABLE 1. Reaction Condit ions for Mixed Orthocarbonates. 

 NO?) -,CH~O~,COR 
b mole r a t i o  

- R ROH/COF~ t i m e  (h) temp, 

-CH2C (NO2) 3 2.0 74 65' 

-CH2C(NO2) 2CH3 2.8 23 65O 

-CH2CF3 6.5 1 80° 

-CH2CHzNO2 1.2 7 65' 

-CHzCH3 1.1 0.02 80° 

-CH2-CP-CH2 4.5 0.25 50' 

-CH2C (NO21 ~CHZOH 1.1 7 65O 

-CH2 (NO21 2CH2O 0.5 96 65O 

d 

d 

[.C (NO21 2CH2O 3C 

0.45 30 65' 
1 '  

-CH2 (NO2) 2CH20CH20 
1 [Fc "02) ,CH20] 3COCH2C (NO*) 2CH2 

-CH2C "02) 2CH3 2.2 24 60° 

-CH~ CF3 1 5  1.5 80° 

-CH2C ("32) 3 2.0 45 6 5O 

F C  (NO,) ~CH,O1-, (F2CCHqO) COR 

-CH2C (NO21 3 2.0 52 65O 

-CHzC (NO21 2CH3 2.2 46 6 Oo 

(F=CCH-,O) s rFC (NOS) -,CH,O1 COR - L -  J 
-CHzC(N02) 3 2.0 48 60° 

y i e l d  

81 

93 

98 

91 

88 

81 

89 

63 

79 

89 

100 

74 

82 

83 

82 

Footnotes  Table  1. 

a) COF = Chloroformate. b) Time  was measured from p o i n t  a t  which 

t h e  alcohol  was added. c) For compounds 2 and &5, t h e  a lcohol  was add- 

a f t e r  formation of t h e  chloroorthoformate was complete. d) For comp- 

ound lo, the chloroorthoformate w a s  i s o l a t e d  and red isso lved  i n  d ich loro-  

e thane before  the a d d i t i o n  of y lyc idol .  

sweep hydrogen c h l o r i d e  from t h e  r e a c t i o n  mixture. 

A ni t rogen  purge was used t o  

100 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
1
2
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



TABLE 2. Physical Data for Mixed Orthocarbonates. 

9a.k 
117-118 

116-118 

57-59 

89-91 

oil 

52-53 

79-82 

133-135 

gum 

129-131 

oil 

115-117 

42-43 

oil 

oil 

lH-NMRa& 

4.82 s. 4.69 d 

4.74 d, 4.59 m, 4.15 m 

4.66(d,6H), 3.67(q,2H), 
1.24 (t, 3H) 

4.71 d, 4.00 m, 3.38 m, 
3.14 m, 2.89 m. 2.63 m 

4.74 d, 4.58 s, 4.52 s 

5.17 d, 4.92 s 

5.20(d,12H), 4.98(s,2H) 
4.81(s,4H), 4.67(~.4H) 

5.15(d,2H), 4.71(s,6H), 
2.35 ( s ,9H) 

4.68(d,2H), 4.40(s,4H) 
3.92 (qr2H) , 2.20 (s,6H) 
5.50(s,2H), 5.20(d,2H), 

4.88(s12H), 4.75(d,4Hl1 
4.01 (q.2H) 

4.67(d,4H), 4.40(s12H), 

4.76(~,4H), 2.36(~y@) 

3.92(q12H), 2.18(s,3H) 

4.74(d,2H), 3.98(q84H) 

Elemental Analysis 
Molecular Calc ' d/Found 

F - Formula C E  - N 
CgH8NgF3022 16.60 1.24 19.36 8.75 

16.78 1.16 19.25 8.93 

C10HllN8F3020 19.36 1.79 18.07 9.19 
19.41 1.82 18.03 9.39 

CgHgNgF6016 18.96 1.41 14.74 19.99 
19.05 1.51 14.50 19.66 

CgH10N7F3018 19.26 1.80 17.47 10.16 
19.35 1.83 17.20 9.98 

CgHllN6F3016 20.94 2.15 16.28 11.04 
20.93 1.99 16.04 10.81 

CloHllN6F3017 22.07 2.04 15.44 10.47 
22.06 2.05 15.27 10.52 

CloHllN8F3021 18.88 1.74 17.61 8.96 
18.84 1.73 17.36 9.20 

C17H16N14F6036 18.45 1.46 17.72 10.30 
18.47 1.48 17.65 10.19 
b 

c2 OH2 2N16F6042 

C12Hl7N8F02o 23.54 2.80 18.30 3.10 
23.59 2.82 18.16 3.07 

CllH14N6F401 6 23.50 2.51 
23.50 2.61 

14.95 
14.79 

13.52 
13.59 

CllH14NgF022 20.54 2.19 19.60 2.95 
20.57 2.23 19.58 3.02 

CgH8N7F5Ol8 18.10 1.35 16.42 15.91 
18.27 1.34 16.23 15.78 

CgH8NgF7014 19.90 1.48 12.89 24.48 
20.02 1.50 12.64 24.43 

Footnotes Table  2. 

a) TMS was used as an internal standard. 

compounds 8, lo and 11. Acetone-dg was used for  l2, l3, 14 and 16. For all 

others, CDCl3 was used as the solvent. b) Compound 13 was very sensitive to 
shock, so elemental analysis was not attempted. 

The NMR solvent was CDZCl;! fer 
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HF 
- 1 t [FC ( NO2) 2CH20]3CF 

20 

21 - 
( CH3) 3 S i  CN 

- 1 * [FC(N02)2CH20]3CCN 

22 - 
While a r a t h e r  l a r g e  number o f  examples o f  t h e  p r e p a r a t i v e  

u t i l i t y  o f  ch lo roo r tho fo rma tes  have been presented, i t  i s  c l e a r  

t h a t  t h e  s y n t h e t i c  p o s s i b i l i t i e s  have n o t  been exhausted. 

t h e  proper  cho ice  o f  r e a c t a n t s ,  many o t h e r  s i m i l a r  d e r i v a t i v e s  

may be prepared. 

By 

EXPERIMENTAL 

Caution. 

The compounds desc r ibed  h e r e i n  a r e  e n e r g e t i c  exp los i ves  and 

should be handled w i t h  due ca re  by exper ienced personne l .  

spec t ra  were ob ta ined  w i t h  a Var ian  XL 200 spectrometer w i t h  TMS 

as t h e  i n t e r n a l  standard.  I R  spec t ra  were ob ta ined  w i t h  a 

Beckmann model 167 spectometer. Elemental  a n a l y s i s  were pe r -  

formed by G a l b r a i t h  L a b o r a t o r i e s  Inc . ,  K n o x v i l l e ,  Tenn. 37921. 

'H-NMR 

M e l t i n g  p o i n t s  a r e  uncor rec ted .  

General Procedure f o r  Ch loroor tho formates  1, 2, 3, and 4. 

A s low stream o f  gaseous c h l o r i n e  was passed i n t o  a s o l u t i o n  

of 6.539 (0.10 mol ) o f  t r i s (  2 - f l  uoro-2,2-dini  t roe thoxy)methy l  

t r i c h l o r o m e t h y l  d i s u l f i d e  i n  20 mL o f  d r y  1,2-dichloroethane a t  
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The 

me thanes 

lower ch 

However, 

60-65' f o r  2 h .  

d i t iona l  2h before the solvent was removed by a stream of dry 

nitrogen. 

(95%) of a white s o l i d ,  mp 69-72'. 

The solut ion was then held a t  60-65' f o r  an ad- 

The residue was washed w i t h  dry hexane t o  give 4.859 

Compounds 2 ,  3, and 4 were prepared i n  a s imi la r  manner 

from the respect ive d isu l f ides .  

extreme moisture s e n s i t i v i t y  of the t r i a l  koxy chloro- 

prevented sa t i s f ac to ry  elemental analyses.  I n  general ,  

or ine content than the calculated value was obtained. 

the absence of su l fu r  was confirmed. 

Representative Procedures fo r  the Preparation of Mixed Ortho- 

carbonates. A . )  Tris(2-fluoro-2,2-dinitroethyl) (2,2-dinitro- 

propyl) orthocarbonate 6. 

A solut ion of 4.29 (0.028 mol) of 2,2-dinitropropanol and 

6.359 (0.01) mol ) of t r is(  2-f luor0-2~2-dini  troethoxy)methyl t r i -  

chloromethyl d i su l f ide  i n  20 m L  of dry lY2-dichloroethane was 

t rea ted  w i t h  gaseous chlor ine f o r  2h .  The solut ion was he ld  a t  

60-65' f o r  an additional 21h ,  a t  which time the solvent was re- 

hexane and water. 

zed from CHC13 t o  

moved and the residue washed 

The so l id  residue, a f t e r  dry 

give 5.809 (93%) of product, 

consecutively w i t h  

ng , was recrystal  1 

mp 116-117.5. 

B.  ) Tri s(  2-fluoro-2,2-dini t roethyl  )ethyl orthocarbonate 9. 

Dry chlor ine gas was passed i n t o  a solut ion o f  6.53g (0.01 

mol ) of tri s(  f l  uorodini troethoxy)methyl tri chl oromethyl d i  sul f ide 
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i n  20 mL of dry lY2-dichloroethane f o r  2 h  a t  60'. 

addi t ional  2 h  a t  60°, excess chlor ine and about 5 mL of solvent  

were removed w i t h  a stream of dry nitrogen. 

anhydrous ethanol was added and the so lu t ion  was refluxed f o r  one 

minute. After cooling, the  v o l a t i l e s  were removed and the o i l y  

res idue was washed with hexane. 

a f t e r  i t  was dr ied  in  a vacuum des icca tor .  

dicated the product was e s s e n t i a l l y  pure. 

After an 

Then ,  0.65 mL of 

The o i l  weighed 4.559 (88%) 

GLC ana lys i s  in-  

For compound 10, t he  chloroorthoformate was i so la ted  and 

redissolved i n  dichloroethane before the addi t ion of glycidol .  

A nitrogen purge was then used t o  sweep hydrogen ch lor ide  from 

the react ion mixture. For compounds 1. and 15, the  alcohol was 

added aftew formation o f  the chloroorthoformate was complete. 

See Tables 1. and 2. f o r  reac t ion  conditions and physical 

p roper t ies  of the mixed orthocarbonates.  

Tris(2-fluoro-2,2-dinitroethoxy)fluoromethane 20. 

Tris( f luorodini  troethoxy)chloromethane L, (0.01 mol ) i n  

20 mL of dichloroethane was prepared a s  described above. 

Excess chlor ine was removed w i t h  a stream of nitrogen a f t e r  

which the so lu t ion  was t ransfer red  t o  a Teflon b o t t l e  containing 

5 mL of HF/pyridine (70% H F ) .  The mixture was stirred a t  ambient 

temperature f o r  20h and t h e n  i t  was poured onto i c e  and ex t rac ted  

with CH2C12. 

was s t i r r e d  w i t h  hexane and f i l t e r e d  t o  give 4.549 of s o l i d ,  mp 

90-95'. 

After  drying and removal of t he  so lvent ,  the residue 

Recrystal 1 i z a t i  on f rom C H C l  gave 3.88g (79%) , mp 
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96-98'; 'H NMR (CDC13/TMS) 6 4.85 d; mass spectrum (C I )  m/e 519 

(M+C2H5+). Anal. Ca lc 'd  f o r  C7H6N6F4015: C, 17.15; H ,  1.23; 

N, 17.15; F ,  15.50. Found: C, 17.33; H, 1.33; N ,  16.98; 

F ,  15.66. 

Tris(2-fluoro-2,2-dinitroethoxy)azidomethane 21. 

Compound I (3.36 mmol ) , i s o l a t e d  as descr ibed above, was 

d isso lved i n  10 mL o f  d r y  benzene con ta in ing  0.39 o f  10-crown-6 

ether .  

t u r e  was s t i r r e d  a t  ambient temperature f o r  20h. 

m ix tu re  was f i l t e r e d  and the  f i l t r a t e  was chromatographed on 

s i l i c a  gel  60. E l u t i o n  w i t h  CH2C12:hexane gave 1.09g (63%) o f  

an o i l ;  'H-NMR (CDC13/TMS) 6 4.75d; I R  ( f i l m ) ,  2155 cm-l (N3). 

Anal. Calc 'd  f o r  C7H6F3NgO15: 

N, 24.57. Found: C, 16.52, H, 1.18; F,  10.91; N, 24.53. 

Tris(2-fluoro-2,2-dinitroethoxy)acetonitrile 22. 

Sodium az ide (0.459, 6.9 mmol) was added and the mix- 

The r e a c t i o n  

C, 16.38; H, 1.18; F, 11.11; 

Compound 1. ( 5  mnol) was i s o l a t e d  ( v i d e  supra) and d i sso l ved  

T r i m e t h y l s i l y l  cyanide (0.759, i n  10 mL o f  d r y  te t rahydrofuran.  

7.5 mmol) was added and the s o l u t i o n  was re f l uxed  f o r  24h. 

A f t e r  removal o f  t he  so l ven t  t he  res idua l  o i l  was s t i r r e d  w i t h  

c o l d  CHC13 t o  y i e l d  1.209 (48%) o f  22, mp 73-75'. 

l i z a t i o n  f rom CHC13 r a i s e d  the mp t o  77-78'; 'H-NMR (acetone-d6/ 

TMS) 6 5.45 d; I R  (KBr d i s c )  2265 cm-' (CN). 

C8H6F3N7Ol5: C, 19.33; H, 1.22; F, 11.46; N, 19.72. Found: 

C, 19.35; H, 1.22; F, 11.37; N, 19.72. 

Recrysta l -  

Anal. Calc 'd  f o r  
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l-Tris( 2-fluor0-2~2-dini troethoxy)methyl-2-imidazol idone 23. 

Tris(f1uorodini troethoxy)chloromethane 1 (0.03 mol) was 
isolated (vide supra) and dissolved in 60 mL of dry 1,2-dichloro- 

ethane. 2-Imidazolidone (6.09, 0.069 mol) was added and the mix- 

ture was stirred at ambient temperature for 24h. The solvent was 

them removed in vacuo and the residual solid was stirred with 

water, filtered and dried to give 12.759 of 23, mp 154-156'. 
Recrystall ization from dichloroethane raised the mp to 155-156'; 

H-NMR (C6D6/TMS) 6 4.46 (d, 6H), 4.00 ( s ,  lH), 2.66 (t, 2H); 1 

2.20 (t, 2H); IR (KBr disc) 3480 (NH), 1725 (C=O), 1605 (NO2) 

cm-l. Anal. Calc'd for C10HllF3N8016: C, 21.59; H, 1.99; 

F, 10.25; N, 20.14. Found: C, 21.55; H, 2.00; F, 10.16; N, 19.96. 

l-Tris(2-fluoro-2,2-dinitroethoxy)methyl-3-nitro-2-imidazolidone 

24 and 1-(2-fluoro-2,2-dinitrocarbethoxy)-3-nitro-2-imidazo- 

lidone 25. 

To an ice cold mixture of one mL of 90% HN03 and 3.5 mL o f  

conc. H2S04 was added 0.609 of 23 and the mixture was stirred 
vigorously at 0' for one h. 

precipitate was filtered and washed with water. 

It was then poured on ice and the 

After drying, 

the solid was recrystallized from dichloroethane to give 0.429 

(65%) of - 24, mp 202-203'; 'H-NMR (acctone-d6/TMS) 6 5.28 (d,6H), 

4.27 (t, 2H), 3.64 (t, 2H); IR (KBr disc) 1765 (C=O), 1600 and 

1575 shoulder (NO2). Anal. Calc'd for C10H10F3Ng018: C, 19.98; 

H, 1.68; F, 9.48; N, 20.97. Found: C, 20.01; H, 1.64; F, 9.45; 

N, 20.72. 
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A s i m i l a r  n i t r a t i o n  o f  23 a t  24-27' f o r  3h produced a 76% 

y i e l d  o f  25, mp 165-166'; 'H-NMR (acetone-d6/TMS) 6 5.64 (d, 2H), 

4.28 (t, 2H) , 3.91 ( t ,  2H); I R  (KBr) 1820 and 1745 (C=O), 1607 

and 1560 (NO2) cm-l; mass spectrum (C I )  m/e 312 (M  t 1). 

Anal. Ca lc 'd  f o r  C6H6FN509: 

Found: C, 23.15; H, 1.88; F, 6.17; N, 22.16. 

C, 23.16; H, 1.94; F, 6.11; N, 22.51; 
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