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DINITRONITRAMINO-HYDROXYESTERS, HYDROXYACIDS, 

POLYESTERS AND DIOLS 

Michael E. Sitzmann and Wi l l iam H. G i l l i g a n  

Naval Surface Weapons Center, White Oak, S i l v e r  Spring, 

Mary1 and 20903-5000 

ABSTRACT 

The synthesis o f  d i  funct  iona l  d i  n i  t r o d  t r a m i  no compounds, 

R-C(N02)2CH2N(N02)-R', where e i t h e r  R or R '  or both contain a 

hydroxyl group, Is described. The compounds inc lude 

hydroxyesters, hydroxyacids and d i o l  s. 

prepared from the hydroxyacids. 

Energetic polyesters were 

INTRODUCTION 

Our i n t e r e s t  i n  more s tab le  d i f unc t i ona l  energet ic 

intermediates containing the  hydroxyl func t ion  l e d  us t o  

i nves t i ga te  the  synthesis o f  d in f t ron f t ramines ,  

R-C(N02)CH2N(N02)-R', where e i t h e r  R or R' or both conta in  a 

hydroxyl group. The synthesis o f  these Intermediates was designed 

so t h a t  t he  d in i t ranethy lene and n i t ramino groups are more than 

one carbon atom removed from the  hydroxyl funct ion.  This 

arrangement provides compounds with increased s t a b i l i t y  s ince they 
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are not susceptible t o  a reverse Henry' type react ion (eq. 1 and 

eq. 2) t ha t  could occur i f  the hydroxyl group was separated by 

only one carbon atom. 

RC( N02) 2CH20H L> RC( NO2 

702 702 
RNCH20H B: > RN' + CH20 t 

2 + CH20 + BH 

BH 

eq. 1 

eq. 2 

RESULTS AND OISCUSSION 

The s t a r t i n g  mater ia ls f o r  t h e  d in i t ron i t ram ino  compounds 

were the diesters 3 and 4 which were prepared by n i t r a t i o n  o f  the 

condensation product (not isolated) from B-dini t roalcohols 1 and 2 
and g lyc ine ethyl  ester. 

RC( NO2) 2CH20H + H2NCH2C02Et ~-> [RC( N02)2CH2kCH2C02Et] 

- 1, R = CH2CH2C02CH3 

H 

8 - 2, R = CH2CH20CCH3 

90% HN03 

-2- 
- 3, R CH2CH2C02CH3 

R - 4, R CH2CH20CCH3 

The d in i t ron i t ramines are comprised o f  three types of 

compounds: (A )  hydroxyesters; (6) hydroxyacids; (C)  d io ls .  

(A). D in i t ron i t ramino Hydroxyesters 

The d iesters  3 and 4 each contain an ethyl  ester along w i th  a 

methyl ester a t  the opposite end o f  the molecule. 

expect a di f ference i n  the r a t e  o f  reduction o f  the two ester 

One might 
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groups wi th  borane-THF due t o  unequal e f fec ts  o f  the electron 

withdrawing groups [-C(N02)2- and -N(N02)-] on the electron 

densi t ies a t  the ester carbonyls.* 

the r e a c t i v i t i e s  o f  the ester groups was found t o  be qu i te  large 

w i th  the one nearest t o  the nitramino funct ion being considerably 

more d i f f i c u l t  t o  r e d ~ c e . ~  Thus, by con t ro l l i ng  the time and 

temperature o f  the reaction, the p a r t i a l  reduction o f  3 and q t o  

g ive good y ie lds  o f  the hydroxyesters, ethyl  3-aza-3,5,5-trinitro- 

8-hydroxyoctanoate 5 and ethyl  3-aza-3 ,5,5-tri n i  tro-7- 

hydroxyheptanoate 5, was read i l y  achieved. 

I n  practice, the d i f ference i n  

YO2 BH3 .THF Y 2  
RC( N02) 2CH2NCH2C02Et --) HO( CH2) ,C( N02)2CH2NCH2C02Et 

0 
4 R = CH2CH20CCH3 II - 6 , n = 2  

-9 

(R). D i  n i t ron i t ran ino  Hydroxyacids fo r  Energetic Polyesters 

Hydrolysis o f  the hydroxyesters 2 and 5 produced the 

d in i t ron i t ramlno hydroxyacids, 3-aza-3.5.5-trini tro-8-hydroxy- 

octanoic acid L, and 3-aza-3,5,5-trinitro-7-hydroxyheptanoic acid 

- 8 which Were o f  i n te res t  as monomers f o r  the synthesis o f  

energetic polyesters. The synthesis o f  S was straightforward and 

t h i s  hydroxyacid was read i l y  formed by treatment o f  e i t he r  the 

d iester  5 or the hydroxyester 5 with conc. hydrochloric acid. 
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NO2 

g 
RC( N02) 2CH2kH2C02E t 

yo2 
CoNC- ) HO(CH2)2C( N02)2CH2NCH2C02H - 4, R = CH2CH20CCH3 

Or NO2 
I 

HO( CH2)2C( N02)2CH2NCH2C02Et 
8 - 

The synthesis o f  the hydroxyacid 1. was more compl icated 

because, un l ike 8, compound 1 apparently has a strong tendency 

toward ester formation i n  the presence o f  strong acid. Thus, 

attempts t o  prepare I by d i r e c t  hydrolysis o f  5 wi th  conc. 

hydrochlor ic ac id  gave mainly polyester from sel f-condensation o f  

- 7. When t r i f l u o r o a c e t i c  acid and conc. hydrochlor ic acid were 

used t o  hydrolyze 5, a mixture o f  7 and the t r i f l uo roace ta te  9 was 

obtained. This mixture, however, could be converted t o  1 by 

hydrolysis w i th  water. 

HO( CH2)3C( N02)2CH2NCH2C02Et 

5 - 
CONC. HC1 
CF3C02H ’ 

0 NO2 II I 
NO2 
I 

HO( CH2)3C( NO2) 2CH2NCH2C02H + CF$O( CH2) 3C( NO*) 2CH2NCH2C02H 

7 - 9 - 

The hydroxyacid monomers 1. and 8 can be self-condensed t o  
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give energet ic polyesters. Thus, heat ing I or !with p- 

to luenesul fonic ac id  i n  1,2-dichloroethane w i t h  azeotropic removal 

o f  water gave polyesters (character ized by gel permeation 

chromatography, see experimental section). 

7 , n = 3  
l T , n = 2  - 

To our knowledge, there  has been no previous example o f  

energet ic polyester formation from s ing le  monomers. Generally, 

t he  synthesis o f  energet ic polyesters has been accompl ished only 

through the  preparat ion and reac t i on  o f  two separate s t a r t i n g  

mater ia ls,  a d i o l  and e i t h e r  a d i a c i d  or a d i a c i d  der iva t ive .  For 

example, AFNOL was prepared from 2,2,8,8-tetranitro-4,6- 

dioxanonane-l,9-dio\ and 4,4-dinitropimeloyl chloride4. 

A hydroxy terminated copolymer was obtained from the reac t i on  

o f  - 7 w i t h  butane-1,4-diol. Ca lcu la t ions  showed t h a t  t he  mole 

r a t i o  o f  - 7 t o  butane-l,$-diol should be 5.25 t o  g i ve  a theo re t i ca l  

no. average molecular weight o f  approx. 1550. The observed value 

was 1470 (by gel permeation chromatography). 

HO( CH2)3C( NO~)~CH~NCH~COZH I + HO( CH2)40H C1 CH2CH2C1 
P-CH3C6H5S03H ’ 

7 
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(C). D in i t ron i t ram ino  D io l s  

Although the  ester group nearest the ni t ramino func t ion  i n  

d ies te rs  2 and 5 i s  r e s i s t a n t  t o  reduc t ion  w i t h  borane-THF, 

prolonged treatment of 9 and - 4 w i t h  borane-THF a t  s l i g h t l y  

elevated temperatures gave the d i o l s ,  3-aza-3,5,5-trinitrooctane- 

1,8-diol 11 and 3-aza-3,5,5-trinitroheptane-1,7-dio15 12. 

y 2  BHjTHF NO2 I 

RC(.NO2) 2CH2NCH2C02Et 40-450c > HO( CH2),C( N02)2CH2NCH2CH20H 

11, n - 3 
12, n = 2 

- 3, R = CH2CH2C02CH3 

- 4, R = CH2CH20CCH3 

- 
R 

- 
Because d i o l s  11 and 12 have the  dini t romethylene and 

n i t ramino funct ions more than one carbon atom removed from the  

hydroxyl groups, they w i l l  not fragment under weakly basic 

condi t ions t o  g i ve  formaldehyde and unstable d i n i  trocarbanions. 

By contrast ,  B -d in i t rod io l s ,  R[C(N02)2CH20H]2, do r e a d i l y  fragment 

and t h i s  gives r i s e  t o  problems when energet ic prepolymers 

prepared from t h i s  type  o f  d i o l  a re  t rea ted  w i t h  isocyanates t o  

form urethane crossl inks.  The urethane l inkages are s u f f i c i e n t l y  

basic t o  cause any remaining B-d in i t roa lcoho l  end groups t o  form 

dinitrocarbanions.6 The unstable d in i t rocarban ions  lead t o  bubble 

formation i n  gumstocks and prov ide  s i t e s  f o r  the  i n i t i a t i o n  o f  

thermal decomposition and other chemical reac t ions  which cause 

degradation dur ing  aging. D i o l s  2 and 12, which cannot l ose  

formaldehyde, are not s i m i l a r l y  a f fec ted  by urethanes. 
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Thermal S t a b i l i t y  o f  D in i t ron i t ramines  

To t e s t  the thermal stabi  11 t y  of the  -C(N02)2CH2N( NO2) - 
l inkage, t h e  d ies te r  - 3 (mp 77-79OC) was he ld  a t  100°C f o r  48 hr. 

The l inkage apparently has good thermal s t a b i l i t y  as the  mount  o f  

gas evolved per gram o f  3 was on ly  0.75 cc. ( A  mater ia l  i s  

considered thermal ly s tab le  i f  the gas evolved per gram i s  l ess  

than 2.0 cc.) Thus, mater ia ls  conta in ing  the  -C(N02)2CH2N(N02)- 

l inkage would be expected t o  have good thermal s t a b i l i t y  unless 

other groups are present t h a t  e i t h e r  have poor inherent thermal 

s t a b i l i t y  or  w i l l  i n t e r a c t  w i th  the  l inkage. 

EXPERIMENTAL 

l H  NMR spectra were determined on a Varian EM-390 

spectrometer w l th  TMS as the  i n t e r n a l  standard. IR spectra Were 

obtained w i t h  a Beckmann model 167 spectrometer and elemental 

analyses were performed by Gal b r a i t h  Laboratories, Inc., 

Knoxvi l le,  Tennessee 37921. Me l t ing  po in ts  are uncorrected. 

1-Ethyl-&methyl 3-aza-3,5,5-trini t rooctanedioate (2). 
A so lu t i on  containlng 12.0 g (0.054 mole) of methyl 4,4- 

dinitr0-5-hydroxypentanoate,~ 11.4 g (0.082 mo1e)of g l yc ine  e thy l  

ester hydrochlor ide and 1.4 m l  (0.05 mole) o f  37% aqueous formal- 

dehyde i n  56 m l  o f  methanol and 28 m l  o f  water was s t i r r e d  i n  an 

i c e  bath wh i l e  3.0 g o f  sodiun hydroxide i n  25 m l  o f  water was 

added dropwlse t o  g ive  a f i n a l  pH o f  6.5. The mix tu re  was allowed 

t o  warm t o  room temperature and then 1.4 m l  o f  ace t i c  ac id  was 
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added dropwise t o  lower the  pH t o  5. 

was ex t rac ted  w i th  methyl ene ch lo r i de  and the  e x t r a c t  was washed 

w i t h  water, d r i e d  over sodium su l fa te ,  and the  methylene ch lo r i de  

was removed t o  g i ve  16.1 y o f  o i l .  The o i l  was slowly added t o  a 

n i t r i c  acid-acet ic anhydride so lu t i on  (prepared by dropwise 

add i t i on  o f  20 m l  o f  90% n i t r i c  acid t o  66 m l  o f  ace t i c  anhydride 

w i t h  cool ing below 25OC) s t i r r e d  i n  an i c e - s a l t  bath t o  keep the  

temperature below 5OC. The s o l u t i o n  was then s t i r r e d  a t  room 

temperature f o r  2.5 hr. before i t  was poured i n t o  500 m l  o f  i c e  

water. The mix tu re  was s t i r r e d  f o r  1 hr. and t h e  s o l i d  13.84 g, 

mp 67-72OC, was removed by f i l t r a t i o n .  C r y s t a l l i z a t i o n  from 

methanol gave 11.2 g (61%), mp 76-78OC. R e c r y s t a l l i z a t i o n  ra ised  

t h e  mel t ing  p o i n t  t o  77-79OC: 'H NMR (C0Cl3) 1.33 (t, 3H), 2.60 

(t, 2H). 3.03 ( t ,  2H), 3.80 ( 5 ,  3H). 4.35, 4.48 ( q  over lap 5 ,  4H) 

5.00 (s ,  2H); I R  (KBr) 1750 (C=O), 1550-1590 (NO2)cmm1. 

Anal. Calcd f o r  C10HgN4010: 

Found: C, 34.24; H, 4.48; N, 15.95. 

E thy l  3-aza-3,5,5-trinitro-7-acetoxyheptanoate (A). 

A f t e r  1.5 hr. the  mixture 

C, 34.10; H, 4.58; N, 15.90. 

A s o l u t i o n  conta in ing  6.0 g (0.27 mole) o f  2,2-dinitrobutane- 

1,4-diol-4-acetate,* 5.7 g (0.041 mole) o f  g l yc ine  e thy l  es te r  

hydrochlor ide and 0.66 m l  o f  aqueous 37% formaldehyde i n  28 m l  o f  

methanol and 14 m l  o f  water was s t i r r e d  i n  an i c e  bath wh i l e  1.48 

g o f  sodium hydroxide i n  12.5 in1 o f  water was added dropwise t o  

g i ve  pH 6 t o  6.5. The s o l u t i o n  was then s t i r r e d  a t  ambient tem- 

pera ture  wh i l e  0.66 m l  o f  ace t i c  ac id  was added dropwise t o  g i ve  a 
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pH o f  5 .  Af te r  1.5 hr. the mix tu re  was ex t rac ted  with methylene 

ch lo r i de  and the  ex t rac t  was washed w i th  water and d r i e d  over 

sodium sul fate.  Removal o f  solvent gave 8.3 g o f  o i l  which was 

s lowly  added t o  n i t r i c  acid-acet ic anhydride (prepared from 

dropwise add i t i on  o f  10 m l  o f  90% n i t r i c  ac id  t o  33 m l  o f  ace t i c  

anhydride w i th  coo l ing  below 2 5 O C )  s t i r r e d  i n  an i c e - s a l t  bath t o  

keep the temperature below 5OC. The so lu t i on  was then s t i r r e d  a t  

ambient temperature for 2.5 hr. before i t  was poured i n t o  300 m l  

o f  i c e  water. S t i r r i n g  f o r  30 min. gave a s o l i d  which was removed 

by f i l t r a t i o n  and washed w i th  water t o  y i e l d  7.66 g, mp 45-50°C. 

The s o l i d  was c r y s t a l l i z e d  from methanol-water t o  g i ve  6.03 g 

(63%) of product, mp 53-54.5OC. l H  NMR (CDC13) 1.33 (t, 3H), 2.05 

I s .  2H). 3.03 (t, ZH), 4.22-4.48 (over lapping s, t and q, (6H). 

5.03 (s ,  2H). IR (KBr) 1752 (C-0), 1598, 1577 (N02)CK1. 

Anal. Calcd for C10H16N4010: C, 34.10; H, 4.58; N, 15.90. 

Found: C, 34.15; H, 4.70; N, 16.04. 

E thy l  3-aza-3,5,5-tr i n i  tro-8-hydroxyoctanoate (5). - 
A 1 M so lu t i on  o f  borane-THF (32.5 m l ,  0.0325 mole) was 

s t i r r e d  under a ni t rogen atmosphere i n  an i c e  bath wh i l e  10.9 g 

(0.031 mole) o f  l-ethyl-8-methyl 3-aza-3.5.5-trinitrooctanedioate 

was added i n  port ions. The s o l u t i o n  was then he ld  a t  200C f o r  6 

hr. before 5.5 m l  o f  water was s lowly  added dropwise. The mix tu re  

was warmed t o  6OoC f o r  5 min. and then was poured i n t o  45 m l  of 

water. The mix tu re  was extracted with ether and the  ether ex t rac t  

was washed w i th  aqueous sodium carbonate, then w i t h  water and 
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dr ied  over magnesium su l fa te .  Removal o f  the  v o l a t i l e s  on a 

ro ta ry  evaporator gave 9.03 g of an o i l  which was chromatographed 

on s i l i c a  gel 60 (110 g) using methylene ch lo r i de  and then 

methylene ch lo r ide-e thy l  acetate (80/20) as e luent  t o  g ive  t h e  

pure product (7.5 g, 75%) as an o i l .  l H  NMR (CDC13 t D20) 1.35 

( t ,  3H), 1.74 (in, 2H), 2.79 ( t ,  2H), 3.80 ( t ,  2H) 4.24-4.47 ( q  

overlapping s, 4H) 4.70 (OH), 5.00 ( s ,  2H); IR ( f i l m )  3650-3100 

(OH), 1750 (GO), 1600-1550 (N02)m-l .  

Anal. Calcd f o r  $H16N409: 

C, 33.61; H, 5.25; N, 17.32. 

Ethyl  3-aza-3,5,5-trini t ro -7 -hyd roxyhep tanoz  (5). 

C, 33.34; H, 4.97; N, 17.28. Found: 

To 10 ti11 (10 ml) o f  1 M borane-THF s o l u t i o n  s t i r r e d  under a 

n i t rogen atmosphere i n  an i c e  bath was added 3.33 g (9.5 mnol) o f  

e thy l  3-aza-3,5,5-trini tro-7-acetoxyheptanoate. A f t e r  6 hr. a t  

2OoC, water ( 2  m l )  was slowly added dropwise and t h e  mix tu re  was 

warned t o  6OoC f o r  5 min. before i t  was poured i n t o  15 m l  o f  

water. Ex t rac t i on  with ether and washing t h e  ether w i t h  aqueous 

sodium carbonate and then with water fo l lowed by d ry ing  over 

magnesium s u l f a t e  and removal o f  v o l a t i l e s  on the  r o t a r y  

evaporator gave 2.52 g o f  o i l .  The o i l  was chromatographed on 

s i l i c a  gel 60 (60 9) using methylene c h l o r i d e  and then methylene 

ch lo r ide-e thy l  acetate (80/20) as e luent  t o  g i ve  pure product (2.1 

9, 71%) as an o i l .  1~ NMR ( C D C I ~  + 020) 1.34 (t, 3 ~ 1 ,  2.94 (t, 

ZH), 3.94 (t, 2H), 4.34 (4, 2H), 4.64 ( 5 ,  2H) 4.70 (OH), 5.12 ( 5 ,  

2H); IR ( f i l m )  3650-3200 (OH) , 1745 (C=O) , 1575 (broad) (N02)cm-l. 
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Anal. Calcd f o r  CgH14N409: c. 30.97; H, 4.55; N, 18.06. Found: 

C, 30.99; H, 4.74; N, 18.07. 

3-Aza-3,5,5-trinitro-8-hydroxyoctanoic acid (7). - 
A s o l u t i o n  o f  7.4 g (0.0228 mole) o f  e thy l  3-aza-3,5,5- 

trinitro-8-hydroxyoctanoate i n  20 m l  o f  t r i f l u o r o a c e t i c  ac id  and 

40 m l  o f  conc. hydrochlor ic ac id  was heated a t  70-73OC f o r  22 hr. 

before i t  was poured i n t o  180 m l  o f  water. The so lu t i on  was ex- 

t rac ted  w i t h  ether and the  ether ex t rac t  was d r ied  over sodium 

s u l f a t e  before the  v o l a t i l e s  were removed on a r o t a r y  evaporator 

t o  g i ve  an o i l .  Carbon t e t r a c h l o r i d e  was added and the  vo las i l es  

were again removed on t h e  r o t a r y  evaporator. Th is  was repeated 

several t imes t o  help remove t r i f l u o r o a c e t i c  ac id  from the  o i l  

which was shown by l H  NMR t o  be a mixture o f  t he  f ree  hydroxy ac id  

( t h e  t i t l e  compound) and i t s  t r i f l u o r o a c e t a t e  de r i va t i ve .  The o i l  

was then s t i r r e d  w i t h  150 m l  o f  water a t  75°C f o r  2 hr. before the  

ho t  s o l u t i o n  was decanted from some inso lub le  o i l .  The cooled 

s o l u t i o n  was ex t rac ted  w i t h  ether and the  v o l a t i l e s  were removed 

on a r o t a r y  evaporator t o  g i ve  an o i l  which by NMR ana lys is  s t i l l  

contained an appreciable amount o f  the  t r i f l uo roace ta te .  The o i l  

was s t i r r e d  w i t h  150 m l  o f  water a t  75OC f o r  1.5 hr. before the  

ho t  so lu t i on  was decanted, cooled and extracted w i t h  ether t o  g i ve  

an o i l  which NM showed t o  conta in  on ly  t h e  t i t l e  compound. 

S t i r r i n g  the  o i l  with methylene ch lo r i de  gave 3.75 g (562), mp 

104-108°C. Crys ta l1  i r a t i o n  from acetone-methylene ch lo r i de  ra i sed  

t h e  mel t ing  point t o  108-109°C. l H  MMR [C03)2C=O] 1.65 (m, 2H), 
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2.88 (m, ZH), 3.73 ( t ,  ZH). 4.20 (broad), 4.84 ( s ,  2H), 5.27 ( 5 ,  

2H); I R  (KBr) 3450 (OH), 3000-2500 (COzH), 1727 (C=O), 1590 

(shoulder) 1567 (NO2). 

Anal. Calcd for C7H12N409: 

C, 28.40; H, 4.16; N, 18.74. 

C, 28.38; H, 4.08; N, 18.92. Found: 

The t i t l e  compound has a strong tendency t o  form the  tri- 

f luoroaceta te  i n  the  presence o f  t r i f l u o r o a c e t i c  acid. Thus, 

heat ing the  hydroxy acid 2 (0.10 g) w i t h  2.5 m l  of t r i f l u o r o a c e t i c  

ac id  a t  72-75OC f o r  16 hr. fo l lowed by removal o f  v o l a t i l e s  gave 

0.14 g (100%) o f  the t r i f l u o r o a c e t a t e z ,  mp 94-95OC. 

[(CD3)2C=O] 1.9 (m, over lap w i t h  NMR so lvent ) ,  3.00 (m, 2H), 3.93 

(broad) 4.67 (t, 2H), 4.80 (s, 2H), 5.32 ( 5 ,  2H); IR (KBr) 1793, 

1725 (C=O), 1575 (N02)cm'l. 

Anal. Calcd f o r  CgHI1F3N4O10: C, 27.56; H, 2.83; F, 14.53; N, 

14.28. Found: C, 27.45; H, 2.87; F, 14.58, N, 14.24. 

AZa-3,5,5-trinitro-7-hydroxyheptanoic ac id  (g) . 

'H NMR 

A mix tu re  o f  4.4 g (0.0125 mole) o f  e thy l  3-aza-3,5,5- 

trinitro-7-acetoxyheptanoate and 36 m l  o f  conc. hydroch lo r ic  ac id  

was s t i r r e d  a t  70-74OC f o r  20 hr. before i t  was poured f n t o  75 m l  

o f  water. Ex t rac t i on  w i th  ether fo l lowed by removal o f  solvent 

gave an o i l  which turned t o  a s o l i d  (2.82 g, mp 139-141) (80%) 

when s t i r r e d  w i t h  20 m l  o f  chloroform. ReCryStdl l iZat iOn from 

acetone-chloroform ra i sed  t h e  me l t i ng  p o i n t  t o  14O-14l0C. 

C(CD3)2C=Ol 3.03 (t, 2H), 3.88 (t, 2H), 4.53 (broad), 4.89 (s, 

NMR 

2H), 5.26 ( S ,  2H); I R  (KBr) 3445 (OH), 3000-2500 (COzH), 1735 
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(C=O), 1590 (shoulder) 1565 (N02)cm”. 

Anal. Calcd f o r  C6H10NqOg: C, 25.54; H, 3.57; N, 19.86. Found: 

C, 25.69; H, 3.54; N, 19.71. 

3-Aza-3,5,5-trinitrooctanedioic ac id  (10).  - 
A mix ture  o f  4.3 g (0.012 mole) o f  1-ethyl-8-methyl 3-aza- 

3,5,5-trinitrooctdnedionate and 40 m l  o f  conc. hydrochlor ic acid 

was s t i r r e d  a t  70-72OC f o r  18 hr. be fore  i t  was allowed t o  cool t o  

room temperature. The s o l i d  p r e c i p i t a t e  was removed by f i l t r a t i o n  

and washed w i t h  co ld  water t o  g i ve  3.0 g (79%), mp 171-174OC. 

C r y s t a l l i z a t i o n  from acetone-chloroform ra ised the melt ing po in t  

t o  173-174OC. 

(broad), 4.79 (s,  ZH), 5.27 (s, 2H); IR (KBr) 3600-2500 (COZH), 

1730 (C=O), 1587, 1563 (NO2)tm’l. 

Anal. Calcd f o r  C7H10N4010: C, 27.10; H, 3.25; N, 18.06. 

Found: C, 27.13; H, 3.46; N, 17.83. 

Polyester from 3-Aza-3,5,5-trinitro-8-hydroxyoctanoic acid. 

’H NMR [(CO3)2C=O] 2.60 (t, 2H). 3.11 (t, 2H), 4.64 

A reverse Dean Stark t r a p  was attached t o  a f l a s k  conta in ing  

a s t i r r e d  mix tu re  o f  0.72 g (2.43 m o l e )  o f  3-aza-3,5,5-trinitro- 

8-hydroxyoctanoic acid, 0.05 g (0.24 mmole) o f  p- to luenesul fonic 

ac id  monohydrate and 10 m l  o f  1,2-dichloroethane. The f l a s k  was 

placed i n  an o i l  bath and the  o i l  bath temperature was ra ised t o  

125OC and he ld  f o r  20 hr. The reac t i on  mix tu re  was cooled t o  room 

temperature and the  s o l i d  (0.68 g) was removed by f i l t r a t i o n .  The 

s o l i d  was then s t i r r e d  w i t h  10 m l  o f  d i e t h y l  ether f o r  24 hr. a t  

room temperature. The inso lub le  s o l i d  (0.59 g, mp 135-160) was 
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removed by f i l t r a t i o n  and was shown by gel permeation chromato- 

graphy t o  be a polymer wi th  number average molecular weight o f  

1361 w i th  d i spe rs i t y  equal t o  2.49. I R  (KBr) 1755 (ester  C=O), 

1570 (N02)Cm-l. 'H NMR [(CD3)2C=O] showed no monomer was present 

by the absence of the t r i p l e t  a t  3.73 (corresponding t o  C30H). A 

new t r i p l e t  a t  4.34 (corresponding t o  C%-O-C=O) i s  present i n  the 

polyester. 

Polyester from 3-Aza-3.5.5-tr i n i  tro-7-hydroxyheptanoi c acid. 

A reverse Dean Stark t rap  was attached t o  a f l ask  containing 

0.69 g (2.43 m o l e )  of 3-aza-3,5,5-trinitro-7-hydroxyheptanoic 

acid, 0.05 g (0.24 lintole) o f  p-toluenesulfonic acid monohydrate 

and 15 m l  o f  1.2-dichloroethane. The mixture was s t i r r e d  i n  an 

o i l  bath whi le  the bath temperature was ra ised t o  115OC and held 

fo r  20 hr. The insoluble mater ia l  (0.56 g) was removed from the 

cooled mixture by f i l t r a t i o n  and then was s t l r r e d  w i th  15 ml o f  

d ie thy l  ether fo r  16 hr. The ether inso lub le s o l i d  (0.38 g, mp 

150-165OC) was removed and was shown by gel permeation chromato- 

graphy t o  be a polymer wi th  number average molecular weight o f  

1234 and d i spe rs i t y  equal t o  1.80 ( the  ether soluble mater ia l  was 

mainly the s t a r t i n g  hydroxy acid monomer). l H  NMR [(CD,),C=O] o f  

the ether inso lub le s o l i d  shows a t r i p l e t  a t  4.56 (corresponding 

t o  C%DC=O) instead of the t r i p l e t  a t  3.88 (corresponding t o  

€%OH) present i n  the monomer. 

Polyester from Copolymerization o f  3-Aza-3,5,5-trlni t ro-8- 

hydroxyoctanoic acid and butane-l,4-diol-. 
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A reverse Dean Stark t rap was attached t o  a f lask containing 

0.85 g (2.87 m o l e )  o f  3-aza-3,5,5-trinitro-8-hydroxyoctanoic 

acid, 0.05 g (0.545 m o l e )  o f  butane-1,4-diol, 0.06 g (0.288 

m o l e )  o f  p-toluenesulfonic acid monohydrate and 25 m1 o f  1,2- 

dichlorethane. The react ion mixture was s t i r r e d  I n  an o i l  bath 

which was held a t  100°C f o r  20 hr. The v o l a t i l e s  were then 

removed on a rotary  evaporator t o  y i e l d  a gumny s o l i d  which was 

s t i r r e d  w i th  30 m l  o f  water f o r  6 hr. The water-insoluble s o l i d  

(0.81 g, mp 6O-11O0C) was shown by gel permeation chromatography 

t o  be a polymer wi th  a number average molecular weight o f  1470 and 

a d ispers i ty  equal t o  1.35. I R  (KBr)  1757 (C=O)cm'l; no C02H 

absorption. 

3-Ata-3,5,5-trini trooctane-1,8-diol (11). - 
To a 1 H solut fon o f  borane-THF (105 nl, 0.105 mole) s t i r r e d  

i n  a co ld  water bath under a ni t rogen atmosphere was added 15.5 g 

(0.044 mole) o f  1-ethyl-8-methyl 3-aza-3,5,5-trini trooctanedi oate 

- 3 rap id l y  i n  portions. Af ter  the m i l d  exothermic react ion was 

over, the so lut ion was s t i r r e d  overnight a t  room temperature and 

was then heated a t  40-43OC f o r  4 days before It was cooled i n  a 

cold water bath whi le 11 m l  o f  water was slowly added dropwise. 

Most o f  the THF was then r m v e d  by d i s t i l l a t i o n  t o  give a th i ck  

s lu r r y  o f  insoluble bo r i c  acid. Diethyl  ether was added and the 

bor ic acid was removed by f i l t r a t i o n .  The ether f i l t r a t e  was 

washed w i th  aqueous sodium carbonate, then wlth water, and was 

dr ied over sodium sulfate. Removal o f  the ether w i t h  a ro tary  

307 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
9
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



evaporator gave an o i l  which was dissolved i n  175 rnl o f  w a r m  

methylene chlor ide.  Cooling i n  a d ry  ice-acetone bath gave 10.5 g 

(85%), mp 51-53OC. 

(m, 2H) 3.75 ( t ,  2H) 3.97 ( 5 ,  4H) 4.70 (OH) 5.12 (2H); I R  ( K B r )  

3650-3100 (OH), 1595, 1570, 1542 (N02)cm-l. 

'H HMR (CD2C12 + D20) 1.64 (m, 2H) 2.60-2.87 

Anal. Calcd f o r  C7H14N408: C, 29.79; H, 5.00; N, 19.85. Found: 

C, 29.82; H, 5.04; N, 19.75. 

3-Aza-3,5,5-trinitroheptane-l ,7-dio15 (12) . 
A 1 M so lu t i on  o f  borane-THF (50 m l ,  0.05 mole) was s t i r r e d  

i n  an i c e  bath under a n i t rogen atmosphere wh i le  6.42 g (0.0182 

mole) o f  e thy l  3-aza-3,5,5-tri nitro-7-acetoxyheptanoate 5 was 

added. 

then was heated a t  45-46OC f o r  24 hr. before i t  was cooled and 6 

m l  o f  water was slowly added dropwise. Most o f  t he  THF was then 

removed by d i s t i l l a t i o n ,  d i e t h y l  ether was added and the  i nso lub le  

b o r i c  ac id  was removed by f i l t r a t i o n .  The ether f i l t r a t e  was 

The so lu t i on  was s t i r r e d  a t  room temperature overnight and 

washed w i t h  aqueous sodium carbonate, then w i t h  water and d r i e d  

over sodium su l fa te .  Removal o f  solvent on a r o t a r y  evaporator 

gave an o i l  which was dissolved i n  75 m l  o f  warm methylene 

chlor ide.  Cooling i n  a d ry - ice  acetone bath gave 2.9 g (60%) o f  

c rys ta l s ,  mp 50-51.5OC. 'H NMR (CD2C12 + D20) 2.89 (t, 2H), 3.87 

(t, 2H), 4.02 ( 5 ,  4H), 4.70 (OH), 5.17 ( s ,  2H); IR(KBr) 3650-3100 

(OH), 1595, 1572, 1542 (N02)cm-1. 

Anal. Calcd for CgH12Nq08: c, 26.87; H, 4.51; N, 20.89. Found: 

C, 26.76; H, 4.40; N, 20.60. 
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