
15. X. 1954i Kurze Mitteilungen - Brief Reports 423 

Table l V 
Assay of Variouy Hydrochlorides for the Presenee of "tmmonium 

Bands" 

Compound Immonium Bands 
measured in C -- Chloroform, or N = Nujol) 

Nicotine monohydrochloride (Fig. 1 (C) 
Nicotine dihydrochloride (Fig. 1) ( C ) . .  
Peganine (vasieine) hydrochloride (N) . 
Pegadiene hydrochloride (C) . . . . .  
4-Quinazolone hydrochloride (N) a . . . 
Febrifugine dihydrochtoride (N) ~ . . • 

4.77m;5.05 m 

4-92vw;5-30 vw 
4-86w;5-14m;5-43 TM 

a It was expected that the weakly basic character of the amide 
nitrogen in position 3 would restore the independence of the cation 

G 
- -NH =, CH--NH--CO 

1 2 3 4 
by suppressing the contribution 

(< 
- -NH--CH - NH--CO. 

1 2 3 4 

Such an effect is operative and leads to the appearance of immoniun~ 
bands, very weak in quinazolone hydroehloride, more distinct in the 
dihydrochloride of the quinazolone alkaloid febrifugine (an alkaloid 
from Hydrangea, el. B. R. BAKER, et al., J. Org. Chem. 17,132 [1951] ; 
I am greatly indebted to Dr. BAKER for samples), where there must be 
bonded or non-bonded interaction between the three oxygen func- 
tions: desoxyfebrffugine dihydroehloride, where no such interaction 
is possible, lacks immoniurn bands. 

i m m o n i u m  b a n d s  is u n e x p e c t e d  a n d  m i g h t  be d u e  to t h e  
d i r ec t  or,  less  l ikely,  v i n y l o g o u s  a t t a c h m e n t  of  N b to  t h e  

> C = N  ~-- g r o u p ,  in  o t h e r  w o r d s ,  a n  , ¢ -amino indo len ine  
t y p e  of s t r u c t u r e  (I). T h e  s u b s t a n t i a t i o n  of t h i s  c o n c e p t  
is a w a i t i n g  f u r t h e r  c h e m i c a l  e x p e r i m e n t s .  A full  r e p o r t  
on f u r t h e r  uses  of  t h e  i m m o n i u m  b a n d s  for d i a g n o s t i c  
p u r p o s e s  (pos i t iona l  e f fec t  of  a l k y l  s u b s t i t u e n t s  in 
p y r i d i n e s  a n d  q u i n o l i n e s ,  s h i f t  to  l onge r  w a v e  l e n g t h  in 
a r o m a t i c  N - o x i d e  h y d r o c h l o r i d e s ,  k e t i m i n e - e n a m i n e  
t a u t o m e r i s m ,  etc.)  will a p p e a r  in t h e  n e a r  f u t u r e L  
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National  Insti tutes o/ Health, Washington Id, D.C.,  
February  8, 195d. 

Zusammen[assung  

Bei  der  S a l z b i l d u n g  o f t e n e r  o d e r  z y k l i s c h e r  Sch i f f s che r  
B a s e n ,  e i n g e s c h l o s s e n  a r o m a t i s c h e  H e t e r o z y k l e n ,  wie 
P y r i d i n ,  Chinol in ,  B e n z o x a z i n ,  I n d o l e n i n  usw. ,  k 6 n n e n  
die im U V . -  u n d  U R . - S p e k t r u m  a u f t r e t e n d e n  b a t h o -  
ode r  h y p s o c h r o m e n  V e r s c h i e b u n g e n  sowie d a s  A u f t r e t e n  

® 
o d e r  A u s b l e i b e n  de r  fiir d a s  K a t i o n  > C = N H - -  c h a r a c k -  

t e r i s t i s c h e n  ( ( I m m o n i u m - 1 3 a n d e n ,  bei  4 ,5 -5 ,5  /~ zur  
E r k e n n n n g  d e r  N a t u r  u n d  d e r  P o s i t i o n  v o n  A m i n o -  
s u b s t i t u e n t e n  b e n u t z t  w e r d e n .  

t The method has been utilized to advantage in the meantime: 
the tobacco alkaloid myosmine was found to be a~l-pyrroline deriv- 
ative as the free base as well as in the form of the mono- and di- 
hydrochloride, B. WITKOP, J. Amer. Chem. Soc. 76, in press. Like- 
wise, new structures had to be postulated for tetrahydropyridine and 
~,-conieeine (added in proof). 

T h e  R e d u c t i o n  o f  A m i d e s  w i t h  L i t h i u m  

A l u m i n t u m  H y d r i d e  1 

T h e  r e d u c t i o n  of c a r b o x y l i c  ac id  a m i d e s  wi th  l i t h i u m  
a l u m i n i u m  h y d r i d e  g e n e r a l l y  y ie lds  t h e  c o r r e s p o n d i n g  
a m i n e  w i t h  t h e  s a m e  n u m b e r  of c a r b o n  a t o m s  *. H o w -  
ever ,  in s o m e  cases ,  a m i d e s  are  c l eaved  to  a l coho l s  or  
a l d e h y d e s  a n d  a m i n e s  3. 

T h e  fo l lowing  m e c h a n i s m  h a s  been  p r o p o s e d  4 for t h e  
r e d u c t i o n  of  a m i d e s  a n d  v i n y l o g s  of a m i d e s  to  y ie ld  t h e  
c o r r e s p o n d i n g  o x y g e n - t r e e  c o m p o u n d s :  

()AIH~ )AIH:~ H ~ 

[i " ' /  "<-----~ ~ I~ N-~2=~ / ~ R-C-N / 
1 -c-N\ . \ r, 

t 

T h e  r e a c t i v e  spec ies  here  is t h e  a l u m i n o h y d r i d e  ion A1H'~ 
which ,  a c c o r d i n g  to  PADDOCK 5, e x i s t s  in e t h e r  s o l u t i o n  
in e q u i l i b r i u m  w i t h  a l u m i n i u m  h y d r i d e  a n d  t h e  h y d r i d e  
ion. T h e  a t t a c k  of t h e  h y d r i d e  ion a n d  t h e  t e n d e n c y  of 
t h e  n i t r o g e n  a t o m  to  d o n a t e  i ts  e l e c t r o n  pa i r  to  t h e  
e l e c t r o n  d e f i c i e n t  c a r b o n  r e s u l t s  in a c l e a v a g e  of t h e  
c a r b o n - o x y g e n  b o n d  to  y ie ld  t h e  a m i n e ,  w i t h  a t o t a l  
c o n s u m p t i o n  of o n e - h a l f  m o l e  of l i t h i u m  a l u m i n i u m  
h y d r i d e .  

W h e n  t h e  e l e c t r o n - d o n a t i n g  t e n d e n c y  of t h e  n i t r o g e n  
a t o m  is d e c r e a s e d  b y  s t a b i l i z a t i o n ,  t h e  a d j a c e n t  c a r b o n  
a s s u m e s  a m o r e  p o s i t i v e  c h a r a c t e r .  T h e  a t t a c k  b y  t h e  
h y d r i d e  ion a lone  or  in c o n j u n c t i o n  w i t h  a sh i f t  of 
e l e c t r o n s  f r o m  t h e  o x y g e n  a t o m  r e s u l t s  in a c l e a v a g e  of 
t h e  c a r b o n - n i t r o g e n  b o n d  to  y ie ld  t h e  c a r b o n y I  d e r i v a -  
t i ve  a n d  t h e  s t a r t i n g  a m i n e .  

: ().,\IH~ (:().\IH:~ :O: 

i' I 1 / .-  , . . . .  - t -c+ 

H 

T h e  i so la t ion  of a l d e h y d e s  g e n e r a l l y  r e q u i r e s  t h e  a d d i t i o n  
of o n e - q u a r t e r  mole  of l i t h i u m - a l u m i n i u m  h y d r i d e  to  a 
s o l u t i o n  of a mi d e .  T h e s e  c o n d i t i o n s  are  fulf i l led b y  t h e  
i n d i c a t e d  m e c h a n i s m ,  T h e  a l d e h y d e  t h e r e f o r e  does  n o t  
ar ise  as a r e s u l t  of t h e  h y d r o l y s i s  of a n  i n t e r m e d i a t e  
c o m p l e x ,  as  h a s  b e e n  p o s t u l a t e d  6, b u t  is p r e s e n t  in t h e  
r e a c t i o n  m i x t u r e  p r io r  to  h y d r o l y s i s .  T h e  use  of e x c e s s  
c o m p l e x  h y d r i d e  c a u s e s  a r e d u c t i o n  of t h e  a l d e h y d e  to  
t h e  c o r r e s p o n d i n g  a lcohol .  

T h e  m e c h a n i s m  h a s  b e e n  e x p e r i m e n t a l l y  ver i f ied.  T h e  
b e n z a m i d e  of b e n z o t r i a z o l e  w a s  t r e a t e d  w i t h  o n e - q u a r t e r  
mole  of l i t h i u m  a l u m i n i u m  h y d r i d e  in e the r ,  w i th  i nve r se  

1 Contribution No. 13 from the Yerkes Research Laboratory. 
2 R.F. NYsrROM and W.G.BRown, J. Amer. Chem. Soe. 70, 3738 

(1948). - A. UVFER and E. SCHLITTLER, Helv. ehim. Acta 31, 1397 
(1~4s). 

3 K. BANHOLZER, T.W.  CAMPBELI,, and H. ScnMxD, J. Amer. 
Chem. Soc. 35, 1577 (1952). - G. WITTm and P. HORNBERGER, Ann. 
Chern. 577, 11 (1952). - N. G. GAYt.ORD, J. Amer. Chem. Soc. 76, 
285 (1954). - V. M. Mx6ovI6 and 31. L. Mluan.ov16, J. Org. Chem. 
15, 1190 (1953). - M. MOUSSERON, R. JACQUIER, M..~,IOUSSERON- 
CANET, and R. ZAGDOUN, Bull. Soc. ehim. France [5j 19, 104~2 (1952). 

4 N. G. GAYLORD, Exper. 10, 166 (1954). 
5 N. L. PADDOCK, Nature 167, 1070 (1951). 

V. M. Mxdovx6 and M. L. MmAn.OVl6, J. Org. Chem. 18, 1190 
(1953). - M. MOUSSERON, R. JACQUIER, .'~. MOUSSERON-CANET, and 
R, ZAGDOr'N, Bull. Soc. chim. France !'5] 19, 1042 (195"2). 
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add i t ion .  The  in f ra red  s p e c t r u m  of a s amp le  of t he  reac-  
t ion mix tu re ,  w i t h d r a w n  before  hydro lys i s ,  i n d i c a t e d  a 
s t r o n g  a b s o r p t i o n  at  5 ,85/ t ,  and  was ident ica l ,  over  t h e  
range  5.75-6.00 /~, to  t he  s p e c t r u m  o b t a i n e d  f rom a 
s y n t h e t i c  m i x t u r e  c o n t a i n i n g  benzo t r i azo le ,  t he  benz-  
a m i d e  of benzo t r i azo le ,  b e n z a l d e h y d e  and  e ther ,  a n d  
was d i f f e r en t  f r o m  t h a t  o b t a i n e d  f rom t h e  s y n t h e t i c  
m i x t u r e  in t h e  absence  of b e n z a l d e h y d e .  The  r educ t ion  
p roduc t s ,  a f t e r  h y d r o l y s i s  a n d  t h e  usua l  work-up ,  were  
b e n z a l d e h y d e  a n d  benzo t r i azo le .  I t  has  p rev ious ly  been  
r e p o r t e d  t h a t  t h e  r e d u c t i o n  of  t h e  b e n z a m i d e  of benzo-  
t r iazole  w i t h  excess  l i t h i um a l u m i n i u m  h y d r i d e  yie lds  
benzy l  a lcohol  a n d  b e n z o t r i a zo l eL  

A n i t r o g e n - a t u m i n i u m  b o n d  has  been  p o s t u l a t e d  as 
an i n t e r m e d i a t e  in t h e  c leavage  of c o m p o u n d s  c o n t a i n i n g  

I I -. 
t he  - N - C - O -  g roup ing  ~. The  fa i lure  to  fo rm an oxygen -  -. ~ ,- 

a l u m i n i u m  b o n d  in such  c o m p o u n d s  m a y  be due  to  the  
n o n - p o l a r i z a b i l i t y  of th i s  c a r b o n - o x y g e n  bond .  

N. G. GAYLORD 

Yerhes Research Laboratory, Fi lm Department, E. I. 
du Pont de Nemours and Company, Inc., BuJJalo 7, N . Y . ,  
June 30, 195d. 

Zusammen[assung 

Ein  e in fache r  M e c h a n i s m u s  wurde  vo rgesch lagen  u n d  
ein e x p e r i m e n t e l l e r  Beweis  gegeben,  um die B i ldung  yon 
A m i n e n  ode r  A b s p a l t u n g s p r o d u k t e n  in der  R e d u k t i o n  
yon A m i d e n  mi t  L i t h i u m a l u m i n i u m h y d r i d  zu erkl~iren. 

1 N. G. GAYLORD, J .  A m e r .  C h e m .  Soc.  76, 285 (1954).  
2 N. G. GAVLORO, Exper. (in press). 

Infra-red Study of the Carbonate in Bone, 
Teeth and FrancolitO 

Introduction 

One of t h e  m a j o r  p r o b l e m s  in t he  c r y s t a l l o g r a p h y  of 
t h e  inorgan ic  po r t i on  of t e e t h  a n d  bone,  as well  as t he  

1 This work was partially sponsored by the Air Research and 
Development Command, United StatesAir Force, through its European 
Office under contract n ° AF 61 (514) 647 C. 

mine ra l  f rancol i te ,  is t he  e luc ida t ion  of the i r  c a rbona t e  
c o n t e n t .  M a n y  inves t i ga to r s  have  c l a imed  t h a t  t h e  car- 
b o n a t e  is f o u n d  as an a m o r p h o u s  ca lc ium and  m a g n e s i u m  
c a r b o n a t e  phys i ca l ly  m i x e d  wi th  t he  a p a t i t e  phase  of 
t hese  s n b s t a n c e s L  There  are o the r s  who  bel ieve t h a t  a 
c a r b o n  radica l  s u b s t i t u t e s  in s o m e  way,  in a s t r uc tu r a l  
pos i t ion  of t h e  apa t i t e ,  f o rming  a c a r b o n a t e - b e a r i n g  
m e m b e r  of t he  a p a t i t e  series *. 

The  a m o u n t  of ca rbon  d iox ide  re leased  b y  t r e a t i n g  
t h e s e  ma te r i a l s  w i th  acid is by  no  m e a n s  a t r ace  a m o u n t .  
In  t h e  four  s a mp l e s  s t u d i e d ,  we  h a v e  t h e  fol lowing 
ana lyses  based  on s a mp l e s  pur i f ied  b y  specif ic  g rav i ty  
s e p a r a t i o n  a n d  d r i ed  a t  110°C. (I t  is well  t o  no te  t h a t  
t h e  bone,  d e n t i n e  and  e n a me l  were  f reed of organic  
ma te r i a l  by  boi l ing in a so lu t ion  of K O H  in g lycer ine  
accord ing  to  t h e  m e t h o d  ot GABRIEL3.) 

Sample % CO 2 

cow e n a m e l  2.88 
cow d e n t i n e  3.91 
cow bone  (femur) 5.15 
f rancol i te  2.70 

X-ray  work 

I t  is e v i d e n t  t h a t  if t h e  CO~ were  p r e s e n t  as well 
c rys ta l l i zed  CaCO 3 a n d  MgCO 3, i t  would  be poss ible  to  
see t he  l ines of these  ma te r i a l s  by  X - r a y  d i f f rac t ion .  In  
fac t  it  was d e m o n s t r a t e d  t h a t  it  is poss ib le  to  d e t a c t  as 
l i t t le  as 3% CaCO 3 a d m i x e d  w i t h  a p a t i t e  by  X - r a y  
d i f f r ac t ion  m e t h o d s  4. However ,  t h e  l a t t e r  p roof  d e p e n d s  
upon  well c rys ta l l i zed  calc i te  a n d  in t h e  case of the  
ma te r i a l s  s tud ied ,  i t  is p o s t u l a t e d  t h a t  t h e  c a r b o n a t e s  
are  t oo  f ine ly  c rys ta l l i zed  to  be  d e t e c t e d  b y  X - r a y  

1 W. F. BALE, Amer. J. Roentgenology 95, 735 (1940). - M.L. 
LE FEVRE, W. F. BALE, and H.C. HODGE, J. Dent. Res. 16, 85 (1937). 

G. TROMEL and H. MOLLER, Z. anorg, allgem. Chem. 206, 227 
(1932). - M. J. DALLEMAGNE, J. Physiol. 43, 425 (195I). 

2 D. McCoNNELL and J, W. GRU~ER, Airier. Min. 25, 157 (1940). 
- D. McCONNELL, Bull. Soc. franq. Min6ral. Crist. 76, 428 (195~). 

a S. Z. GABRIEL, Z. physiol. Chem. 18, 257 (1894). 
4 S. R. SILVERSIA~¢, R. K. FUVAT, and J. A. WEISER, Amer. Min. 

37, 21! (1952). 
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Fig. l.-X-rays patterns taken with Copper K-alpha radiation. Angles given in degrees theta (O). 


