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ABSTRACT 

The water content  o f  t echn ica l  grade DMF, above which the  t o t a l  d i s -  
s o l u t i o n  o f  HNS f o r  r e c r y s t a l l i z a t i o n  purposes cannot be e f fec ted,  has 
been determined a t  104 C. A rap id ,  acceptably accurate NMR method f o r  
t h e  ana lys i s  ( c e r t i f i c a t i o n )  o f  t h e  water content  o f  techn ica l  grade DMF 
has been developed. 

I DISCUSSION 

The presence o f  water i n  N ,N-dimethyl formamide (DMF) above r e l a t i v e l y  
low, y e t  p r e v i o u s l y  undetermined composit ional l eve ls ,  i s  known t o  be 
r e t a r d a n t  toward t h e  d i s s o l u t i o n  o f  hexani t r o s t i  1  bene (HNS) i n  the  
s o l v e n t  d u r i n g  t h e  recrystallization/purification process. 

D u p l i c a t i n g  ac tua l  process r e c r y s t a l l i z a t i o n  prac t ice ,  t he  weight per- 
cen t  content  o f  water i n  DMF(1) was va r ied  from less  than 0.007 up t o  
2.53%, and t h e  appropr ia te  amounts of HNS (6.5 g/100 ma) were mixed i n  
t h e  var ious DMF/HOH so lu t i ons .  The several mixtures were heated from 
ambient (21  C) t o  104 C (220 F)  and he ld  a t  t he  upper temperature f o r  25 
minutes. Dur ing t h e  heat ing  cyc le ,  t h e  mix tures  were kept  ag i ta ted  by 
means o f  T e f l o n  coated s t i r r i n g  bars. The use o f  t ransparent  con ica l  
v i a l s  (Pyrex) a1 lowed t h e  determinat ion o f  t o t a l  s o l u b i l i t y  t o  be made 
v i s u a l l y .  The r e s u l t s  a r e  presented i n  Table I. 

From t h e  s o l u b i l ' i t y  data obtained i n  t h i s  study, i t  appea.rs t h a t  under 
process cond i t i ons  of 104 C and 6.5 g/100 mg, a  maximum water content  o f  
0.56% i s - a l l o w a b l e .  

NMR ana lys i s  o f  DMF has shown i t s e l f  t o  be a  r a p i d  and acceptable method 
t o  c e r t i f y  t h e  techn ica l  grade DMF f o r  use i n  i t s  r e c r y s t a l l i z a t i o n  and 
p u r i f i c a t i o n .  The DMF sample i s  run  neat (no added so lven t )  and w i t h  no 
need f o r  adding an i n t e r n a l  l ock  mater ia l ,  as the formyl p ro ton which 
appears a t  800 Hz (TMS) i s  w e l l  down f i e l d  of the  N,N-dimethyl doub le t  , 

(% 280 Hz), and i s  used as the  i n t e r n a l  lock .  The HOH peak, depending 
upon i t s  concent ra t ion  (and degree o f  hydrogen bonding), appears between 
335 - 310 Hz (TMS). Water content  data a re  obtained through HOH and 
N,N-dimethyl peak i n t e g r a t i o n ,  w i t h  HOH content  determined by normal i- 
z i n g  t h e  HOH/DMF content .  Sampling t ime f o r  one sample i s  20 t o  30 
minutes, w i t h  time/sample decreased appreciably w i t h  an increase i n  the  
number o f  samples. 

For process c o n t r o l  purposes, the' accuracy-sampl e  turnaround t ime i s  
q u i t e  acceptable. NMR ana lys is  r e s u l t s  f o r  var ious DMF/HOH samples, 
most o f  which were used i n  the f i r s t  p a r t '  o f  t h i s  study, a re  presented 
i n  Tabl'e 11. 

(1) Burdick and Jackson, Mater Content < 0.007%. 



Table I. HNS S o l u b i l i t y  i n  Various DMF/HOH Solu t ions  . . 

. . 

' . 104 C . . 

. DMF HOH 
(ma, 2 0.05) (Wt. %) 

HNS Added 
(mg ) (g/100 ma) Complete S o l u b i l i t y *  

3.0 0.007 195 6.5 Yes 

193 3.0 0.36 6.5 Yes 
. . , .  . 

193 .6.5 Yes 3.0 0.44 . . 

. . 

3.0 0.56 196 .6.5 . No (% 95% d isso lved)  

.. 
194 6.5 . N o '  . 3.0 1.40 . . -  

*25 minute digestion, with stirring, at 104 C. 
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Table 11. NMR Ana lys is  o f  DMF/HOH So lu t ions  
. . 

Water Content 
Ac tua l  NMR Analys is  
(Wt. %) (Wt. %)  Method 

2.53 2.4 2.4 2.5 Peak I n t e g r a t i o n  

1.40 1.3 1.4 1.4 Peak I n t e g r a t i o n  

Peak I n t e g r a t i o n  ' '  .' 

Peak I n t e g r a t i o n  

Peak. I n t e g r a t i o n  

Peak I n t e g r a t i o n  

Peak I n t e g r a t i o n  

Peak Height Comparison*. 

Peak Height comparison* 

* h e  t o  the higher than normal NMR sample viscosi ty  of DMF by not adding' 
a solvent t o  the system, the spinning side bands in ter fere  with peak 
integration i n  the range of 0.02 - 0.3% and below. 



COMMENTS 

I n  t h e  p a s t  severa l  weeks, t h r e e  r e c r y s t a l l i z a t i o n  processes f a i l e d  t o  
d i s s o l v e  HNS complete ly .  NMR a n a l y s i s  of  t h e  DMF o r  t h e  DMF/HNS r e a c t i o n  
m ix tu res  showed water  con ten ts  i n  t h e  range 1 t o  5%. As t h i s  has been 
shown t o  be a process r e t a r d a n t ,  and t h e  method o f  a n a l y s i s  i s  accep tab ly  
accura te  and r a p i d ,  i t  would seem f e a s i b l e  and adv i sab le  t o  c e r t i f y  each 
l o t  ( b a r r e l )  o f  DMF f o r  water  con ten t  p r i o r  t o  use i n  process ing.  




