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the t i ca l  3 - h y d r o x y d e c a h y d r o q u i n o l i n e  (IV). The  f o r m e r  
course  of o x i d a t i o n  is ana logous  to  t he  i n t r o d u c t i o n  of 
f l -hydroxy  g roups  in to  py r id ine  x a n d  qu ino l ine  z on 
biological  ox ida t ion .  The  l a t t e r  rou te  wou ld  be  c o m p a r -  
ab le  to  t h e  f l -oxygena t ion  of trans-decaline ( +  ~-de- 
calone) 3. The poss ib le  i n t r o d u c t i o n  of  a h y d r o x y  g roup  
in t he  2-posi t ion is r e m i n i s c e n t  of t h e  o x i d a t i o n  of 
n i ac inO a n d  qu in ine  n. 

By  con t r a s t ,  A a (~) - o e t a h y d r o q u i n o l i n e ,  be ing a t e r t i a r y  
u n s a t u r a t e d  a m i n e  wi th  on ly  one a c t i v a t e d  t e r t i a r y  
c e n t e r  for t h e  a t t a c k  of oxygen ,  eas i ly  forms,  as do  
s imi lar  bicycl ic  s y s t e m s  of th i s  t y p e  a beau t i fu l ly  c rys ta l -  
line h y d r o p e r o x i d e  n. 

B. WITKOP 

Nat ional  Inst i tules o[ Health, HZashington ld, D.C. ,  
A p r i l  21, 1954. 

Zusammen[assung  

D e m  p h e n o l i s c h e n  O x y d a t i o n s p r o d u k t ,  das  b e i m  
Durch l e i t en  yon  Saue r s to f f  d u r c h  geschmolzenes  trans- 
D e k a h y d r o c h i n o l i n  e n t s t e h t ,  wi rd  auf  G r u n d  der  Ana lyse  
und  s p e k t r o p h o t o m e t r i s c h e n  D a t e n  die K o n s t i t u t i o n  I I I  
e ines  3-Oxy-5,  6, 7, 8 - t e t r a h y d r o c h i n o l i n s  beigelegt .  Seine 
E n t s t e h u n g  er fo lg t  wahr sche in l i ch  fiber das  gleichfal ls  
geb i lde te  5, 6, 7, 8 -Te t r ahyd roch ino l in .  
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Spectrophotometric  Differences between 
Aminoheterocycl ic  Bases  and Their Salts  

W h e n  an  o p e n  or cycl ic  base  of t he  SCHIFF t y p e  
con t a in ing  the  e l e m e n t  > C = N - -  passes  in to  t he  ca t ion  

® 
> C = N H -  t h r e e  m a j o r  spec t roscop ic  changes  are  
o b s e r v e d  in t he  u l t r av io l e t  a n d  in f ra red  a b s o r p t i o n  
s p e c t r a :  

(1) A b a t h o c h r o m i c  sh i f t  in t h e  u l t r av io l e t  r a n g i n g  
b e t w e e n  1 and  50 mff a n d  more  d e p e n d i n g  on  t h e  t y p e  
of c o m p o u n d  a n d  the  p resence  of  a u x o c h r o m i c  g roupsL  
A h y p s o c h r o m i c  sh i f t  on  sa l t  f o r m a t i o n  usua l ly  ind ica tes  

® 
t h e  p a r t i c i p a t i o n  of t he  ca t ion  > C = N H - -  in pa r t i a l  or  
c o m p l e t e  intra- or intermolecular a d d i t i o n  r eac t ions  *. 
P y r i d i n e  and  i ts  de r iva t ives  are  n o t  n o r m a l l y  looked  
upon as cyclic SCHIFF bases,  a l t h o u g h  a n u m b e r  of 
chemica l  r eac t ions  (1 ,2 -add i t ion  a n d  r educ t i on ,  such  as 
a d d i t i o n  of a lkyl  l i t h ium,  HAMMICK reac t ion ,  acylo in-  
like c o n d e n s a t i o n s  w i th  a ldehydes ,  etc.)  c lear ly  i nd ica t e  
t he  i n d e p e n d e n c e  of t h e  " a m m o n o - a l d e h y d e "  (MORTON) 
sys t em.  In  o t h e r  r e spec t s  py r id ine  exh ib i t s  a r o m a t i c  
charac te r .  This  dua l i s t i c  b e h a v i o r  is r e f l ec t ed  in t he  
effect  of sa l t  f o r m a t i o n  on t h e  u l t r av io l e t  a b s o r p t i o n  of 
pyr id ines  which  m a y  v a r y  f r o m  h y p s o c h r o m i c  to  b a t h o -  
ch romic  (Table I). 

1 C/. B. WITKOP, J. B. PATRICK, and H. M. KISSMAN, Ber. dtsch. 
chem. Gcs. 85, 949 (1952). 

2 C/. E. D. BEROMANN, Chem. Rev. 53, 309 (1953). 

Table I 

Influence of Salt Formation on the Ultraviolet Absorption of Some 
Pyridines (solvent ethanol if not stated otherwise). 

Pyridoxamine 
Pyridoxal 
Pyridine b . 
Nicotine b . 
2,6-Lutidine b 
3-Vinylpyridine b , . . 
Nicotyrine b . 

)~rna x ~max salt A~t 
free base 

308 (3.86) a 
300 (3.76) 
257 (3.43) e 
262 (3.46) 
267 (3.48) 6 
278 (3.44) 
288 (3.99) 

293 (3.95) - 15 
288 (3.93) - 12 
256 (3.73) - 1 
260 (3.68) - 2 
272 (3.68) + 5 
287 (3.53) + 9 
310 (4.04) + 22 

a Measured in g.1 N NaOH : A. MEISTER, E. A. PETERSON, and H. A. 
SOBER, J. Amer. Chem. Soc. 76, 169 (1954). b M. L. SWAXN, A. EIS- 
NER, C. F. WOOl)WARn, and B. A. BRICE, J. Amer. Chem. Soc. 71, 
1341 (1949), measured in 95% alcohol, e C[. H. V. DAENIKER, Heir. 
chim. Aeta 35, 1955 (1952). d Measured in isooctane: R. A. FRtEDEL 
and M. ORCmN, Ultraviolet Spectra oJ Aromatic Compounds (John 
Willey and Sons, Inc., New York, 1951), p. 106. - F. G. tERINGTON, 

Discussions of the Faraday Society 9, 26 (1950). 

c¢- a n d  7 - a m i n o p y r i d i n e s  are  no longer  f o r m u l a t e d  as 
~¢- or  7 - p y r i d o n e  imines  b u t  as cycl ic  (vinylogous)  
anaidines;  t h e  t rue  N - m e t h y l  p y r i d o n e  imines  w h i c h  are  
on ly  p r e s e n t  in a n h y d r o u s  ine r t  so lven t s ,  a b s o r b  a t  
m u c h  longer  wave  l e n g t h  t h a n  t h e i r  t a u t o m e r i c  a mi d i n e  
ca t ions ;  in th is  r e s p e c t  t h e  sa l t  f o r m a t i o n  has  a h y p s o -  
c h r o m i c  effect .  A s l igh t  h y p s o c h r o m i c  ef fec t  is also 
o b s e r v e d  w h e n  f o r mi n g  the  sa l t  of ~ -amino indo len ine ,  
t he  p rope r t i e s  of wh ich  (Table I I I )  are b e s t  e x p l a i n e d  b y  
fo rmula  I r a t h e r  t h a n  I I  ~ or I l l  2, or  of a cyclic amid ine  
where  t h e  a m i n o  g r o u p  fo rms  p a r t  of a second  r ing as 
in vas ic ine  (peganine ,  IV,  Tab le  I I I ) .  

/ /~ \ \  / ~ , ,  .......... 

H 
I II 

...... / - / ~ , / \ N  .......... 
i !! i 

H H OH 
III  IV 

(2) The  in f r a red  a b s o r p t i o n  of t h e  > C = N - -  g roup  
(6.10-6.15 in a r o m a t i c  SCHIF~ bases ,  6-24-6.28 in p y r i d -  
ines ~) on  sa l t  f o r m a t i o n  i n v a r i a b l y  m o v e s  to  s h o r t e r  
wave  l e n g t h  (5.98-6-08 in SCHIFF bases ,  6"07-6"13 in 
pyr id ines ) .  Th i s  h y p s o c h r o m i c  s h i f t  is e v e n  s t r o n g e r  in  
open  a n d  cyclic amid ines  (Table I I  and  III) and  clear ly  

I H. RINDERKNECHT, H. KOECHLIN, and C. NIEMANN, J. Org. 
Chem. 18, 971 (1953). 

2 R. PSCNORR and G. HoePE, Ber. dtsch, chem. Ges. 43, 2543 
(1910). 

a The assignment of the band 6-281, (1590 cm -1) to the group 
> C ~ N - - i n  pyridines (H. M. RANDALL, R. G. FOWLER, N. FUSOS, 
and J. R. DANGL, In]rated Detzrminatio~ o/ Organic Structures 
[D. Van Nostrand Co., New York, 1949], p. 32) or pyrimidines (C/. 
I. A. BROWNLIE, J. Chem. Soc. 1950 3062), or other heterocyeles is 
a simplification convenient for the purpose of comparison with the 
hydrochlorides. Normally no absolute assignments to > C = C <  or 
> C = N - -  in conjugated systems can be made with certainty (C]. 
E. R. BLOUT, M. FXELDS, and R. KARPLUS, J. Amer. Chem. Soe, 70, 
194 [1948]). 
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Table 11 

The Effect of Salt Formation on the UV and IR Absorption Spectra of Aminopyridines and -Pyrimidine. 

421  

Tautomers 

R R 

i \ ' f / ~ N H i ,  e a N / ' ~ N H  

H 

/ ' ~ ,  H 2 0  

i i {'i 
I I 

CH s CH a 

N H  z N H  

/k, 
\ "2" \ . /  

N N 
H 

N H  N H  2 
/ \  / \  OH ® 

II i® II 
"\ / ~, , /  

N N 

CH3 C H  3 

\ / /  
N 

H 

Corn pound 
(measured in N = Nujol, or 

C = Chloroform) 

¢~-aminopyridine (R = H) (C) 

~ - a m i n o p y r i d i n e  hydroch lo -  

r ide (N) 

i - m e t h y l - l .  2 -d ihydro-2-  
i m i n o p y r i d i n e  (C) 

1-methyl -  2-amino-pyr id i -  
n i u m  h y d r o x i d e  (in H20 ) . . 

y - a m i n o p y r i d i n e  (C) 

~ , -aminopyr id ine  hyd roch lo -  

ride 

1 ,4 -d ihydro -4 -amino- I -  
m e t h y l p y r i d i n e ( C )  . . . 

1 -me thy l -4 - amino -py r id i -  
n i u m  h y d r o x i d e  (in HeO ) . 

3 - a m i n o p y r i d i n e  (C) 

3 - a m i n o p y r i d i n e  m o n o h y d r o -  
chlor ide  (N) 

3 - a m i n o p y r i d i n e  d ihydro-  
chlor ide  (N) 

2 - a m i n o p y r i m i d i n e  (C) . . . 

2 - a m i n o p y r i m i d i n e  hydrochlo .  
r ide (N) 

I R-Absorption 

hnmonium 
Bands 

,C=N-- 
aro- 

ma t i c  

Basieity 
PKA 

6.17 s 6.38 m 
(6-18) (6.41) 6.86 b 

5.98 s 6-11sa i 

6.05 s 6-37se 12"2()b 

6.14 s 6.24s e 9.17 b 

6.04 s 6.48 se 12"5 b 

...... 6.29 s r 
6"16s (6-31) 6"6e 

(6"16) 6.15 s 
6-06 s 6-22 m 

1-~0;I-9:~:5.11 6"10 m 6"45 s 

__ 6.23st  3.54 h 
6.02 s 6.19 - 

. 6.02 s 6.19 s 

u V-Absorption 

A2 
2max cation 

® 
( > C = N H - - )  

~tma; base 
( > C = Y - - )  

295 c 

300 e 

353 (3.48) d 
in e t he r  

303 (3"65) d 
m a q u e o u s  diox.  

245 e 

264 e 

315 (3"46) d 
m a q u e o u s  diox.  

272 (4"45) d 

298 (3"59)ether <l 
304 (ethanol)  e 

316 e 

292 (3.50) 

303 (3-60) 

a The infrared data  are those of the homologous 4-methyl-~t-aminopyridme. The figures given below in parentheses are those of 
2-aminopyridine observed by S. J. ANGYAL and R. L. WERNER, J. Chem. Soc. 1952, 2911. b C/. S. J. ANGVAL and C. L. ANGYAL, J. 
Chem. Soc. 1952, 1461. e E. A. STECK and G. ~,V. EwltcG, J.  Amer. Chem. Soe. 70, 3397 (1948). d L. C. ANDERSON and N. V. SEEGEt*, 
J.  Amer. Chem. Soc. 71 340 (1949); 1-methyt-2-pyridonemethide absorbs at  considerably longer wave length: 422 (3-1S); 277 (3.25). 
e S. J. ANOVAL and R. L. VCERSER, J. Chem. Soe. 1952, 29t l .  t The figures in parantheses are those of S. J.  ANG'ZAL and R. L. WERNErL 
J. Chem. Soc. 1959, 2911. g D. J. BROWN and L. N. SHORT, J. Chem. Soe. 1953, 331; A2 decreases on methylat ion:  2-methylaminopyri- 
midine A~, + 8 - 9; 2 dimethylaminopyrimidine + 6 - 7 m~. The three analogous compounds in the 4-anfinopyrimidine show the 
following negative A2: 4-aminopyrimidine ~ 2 2 - 2 3 ;  4-methylaminopyrimidine - - -22-23;  4-dimethylaminopyrimidine '26. t~ A. 

ALBERT, R. GOLDACRE, and J. PmLt.les, J.  Chem. Soc. 1948, 22-t0. 

d i s t i n g u i s h e s  t h e  c a t i o n  o f  ~- a n d  7 - a m i n o p y r i d i n e  f r o m  
t h e  ( d o u b l e )  c a t i o n  o f  f l - a m i n o p y r i d i n e .  T h e  l o w e s t  
a b s o r p t i o n  s o  f a r  o b s e r v e d  o c c u r r e d  in  c e r t a i n  g u a n i -  
d i n i u m  c a t i o n s ,  e .g . ,  5-65 s a n d  5-648 in  c r e a t i n i n e  h y d r o -  
c h l o r i d e  ( m e a s u r e d  in  n u j o l ) ,  

® 
(3) T h e  i n f r a r e d  a b s o r p t i o n  o f  t h e  c a t i o n  > C = N H -  

a l w a y s  s h o w s  t h e  b r o a d  a m m o n i u m  b a n d  a t  4 . 0 - 4 - 3  /t  
a n d  o n e  o r  s e v e r a l  b a n d s  in  t h e  t r i p l e  b o n d  r e g i o n  
4 . 5 - 5 . 5 / ~ .  T h e s e  b a n d s ,  w h i c h  m a y  be  t e r m e d  i m m o n i u m  
b a n d s ,  a r e  c h a r a c t e r i s t i c  o f  t h e  s a l t s  o f  o p e n  a n d  cyc l i c  

i m i n e s  i n c l u d i n g  h e t e r o c y c l e s  s u c h  as  p y r i d i n e ,  q u i n o -  
l ine ,  i s o q u i n o l i n e ,  e t c .  T h e  n e i g h b o r h o o d  o f  a h e t e r o a t o m  
o f  s m a l l  b a s i c i t y ,  e .g . ,  o x y g e n ,  w e a k e n s  t h e  e x t i n c t i o n  
o f  t h e  i m m o n i u m  b a n d ,  e .g . ,  in  b e n z - l , 3 - o x a z i n e s ,  o r  
s u p p r e s s e s  i t  c o m p l e t e l y  a s  in a c e t i m i n o e t h e r  h y d r o -  
c h l o r i d e .  T h e  p r e s e n c e  o f  a s e c o n d  b a s i c  h e t e r o a t o m ,  
s u c h  a s  in  t h e  h y d r o c h l o r i d e s  o f  o p e n  o r  cyc l i c  a m i d i n e s ,  
l e a d s  t o  t h e  c o m p l e t e  d i s a p p e a r a n c e  o f  t h e s e  i m m o n i u m  
b a n d s .  T h i s  o b s e r v a t i o n  is  o f  d i a g n o s t i c  v a l u e ,  a s  c a n  be  
s e e n  f r o m  t h e  c o m p a r i s o n  o f  t h e  t h r e e  a m i n o p y r i d i n e s :  
o n l y  t h e  d i h y d r o c h l o r i d e  o f  f l - a m i n o p y r i d i n e  s h o w s  
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Table H I  
The Effect of Salt Formation on the  UV and IR  Absorption Spectra of ~-Aminoindolenine (I) and of Alkaloids of Part ly Unknown Structure 

Infrared Absorption 

CHCla Basicity 
Compound OH Aro- (C) (pK A and PK~A) 

or - C = N -  or matic  
NH Nujol 

(n) 

~-Amino indo len ine  (I) 

~¢-Aminoindolenine hydroch lo r ide  . . , 

Q u e b r a c h a m i n e  (c]. I I I )  

Q u e b r a c h a m i n e  hydroch lo r ide  

f l - H y d r o x y q u e b r a m i d i n e  (el. I) r 

f l - H y d r o x y q u e b r a m i d i n e h y d r o c h l o r i d e  

aor-C-Curarine-I (el. I) 

nor-C-Curarine-I  hydroch lo r ide  

Vasicine (peganine)  IV 

Vasicine h y d r o c h l o r i d e  

2"85 
2"95 6.13 s 6.24 s C 
3 '04 6'01 s 6"22 w N 

(2"98) 5"93s 6.13 s 6"24 s C 

2"88 . . . . . . . . .  C 

3,15 ...... 6.18 s N 

2"79 __e 6.20 w C 

3.15 ...... e 6.18 s N 

- -  6.05 s 6"25 s C 

2"93 6"04 s 6"23 s C 

- -  6"10 s 6"23 s C 

3"2 5"90 s 6"15 m N 

- - .8 .0  (R = H p  
[ ~ 1 0 . 0  (R = Me) a] 

6.76 (80% m e t h y l  
cellosolve) 

9"25 (75% E t O H )  

11-0 a (80% m e t h y l  
cellosolve) 

10-57 d 
(7-43) (in H~O) 

6"26 (EtOH)  b 
8"5 (H~O) b 

A~ 
~ma cation 

Ultraviolet  da ta  
(in neutral E tOH ( ) C = N H - - P h )  
or NIl0 ethanolic ~ma* base 

HE1) I" ( > C i N P h )  
IR UV 

[289 (3.50)3 
267 (4.05) + 1 

-0.08 ( -7 )  
290 (3.40) 
260 (3.96) 
252 (3.95) 

295 (3.85) 
286 (3.88) - - - -5  
290 (3-83) 

(methiodide)  

293 (3"52) 
235 (3-96) - :[: 0 
293 (3.39) 

(meth iod ide  or  
hydr iodide)  

302 (3.75) (in 
alcoholic K O H )  c --0.01 - -12  

290 (3.68) 
257 (3-87) 

304 (3.66) 
- -0 .20 - -19  

285 (3.51) 

a Private communicat ion from Dr. S. J. ANGYAL, el. S. J,  ANGYAL, Australian J. Seient. Res. [A] 5, 377 (1952). I am greatly indebted to 
Dr. ANGYAL for this  communicat ion and for a sthn~ala'ting discussion, t~ p. KARRER and H. SCHMID, Helv. claim. Acta 29, 1558 (1946). e H. 
ScnMIn, A. EBSdTnER, and P. KARRER, Helv. chim. Acta 33, 1487 (1950). d These pK  values are of limited value, since chemical changes 
(double bond tautomerism or hydrolysis) seem to occur during the titration, e Anotherindolenine of this type, 3-hydroperoxy-3-methyl- 
2-phenyl-(or 2-p-methoxyphenyt)-indolenine likewise lacks absorption in this region: B. WITKOP, J. B. PATRICK, and H. M. KISS~AN, 

Ber. dtsch, chem. Ges. 85, 949 (195~). f CL B. "WITKOP, Bull. Soc. Chim. France 1954, 423. 

i m m o n i u m  b a n d s  ( T a b l e  I I )  b u t  n o t  t h e  h y d r o c h l o r i d e s  
o f  ~-, fl-, 7 - a m i n o p y r i d i n e  o r  o f  ~ ¢ - a m i n o i n d o l e n i n e .  
A l k a l o i d a l  h y d r o c h l o r i d e s  c a n  b e  a s s a y e d  b y  t h i s  
m e t h o d  ( T a b l e  I V ) .  

T h e  h y d r o c h t o r i d e s  o f  t h e  a l k a l o i d s  l i s t e d  in  T a b l e  I I I  
d o  n o t  s h o w  i m m o n i u m  b a n d s .  I f  f l - h y d r o x y q u e b r a m i -  

8 

8 O  

60 

40 

2C 

CH~--- CHj~ 

CH CH;= 

NICOTINE 6.'t5 
(~,URE L,Qu,o) ~" 

3. 3 56 

d i n e  a n d  n o r - C - c u a r i n e - I  h y d r o c h l o r i d e s  be  a c c e p t e d  a s  
i n d o l e n i n e s ,  a s  a n u m b e r  o f  c h e m i c a l  a n d  s p e c t r o p h o t o -  
m e t r i c  i n d i c a t i o n s  s e e m  t o  s u g g e s t  1, t h e  a b s e n c e  o f  

1 Cf. B. WGKOP and J. B. PATRICK, J .  Amer. Chem. Soc. 75, 
4474 (1953); Angew. Chem. 6S, 467 (195a). 

I ] I l I I t I 
3 4 5 6 3 

--""~V- ----C ..... F----T ....... I 1 

I 7_?:.o 
i ~-4 Z5 NICOTINE [~ONOHYORO- 
+ AMMONIUM BANO CHLORIDE 

I__ i ,>"- ONO~C'~) 
H 1_ 1 ~ _ f _  j 1 

3 4 5 6 

XVawe Length in /~ 

CH @ CH 2 

" / o!'VI 

IMMON! U .7 
[ ' = . ~ ' ~  BAoNDS 6., 

V T 
410-4 z5 ® 

AMMONIUM B A N D > N -  

I I I I HI  1 I 
4 5 6 

Fig. l . - -The  effect of stepwise salt formation on the infrared spectrum of an alkaloid with a saturated and an unsaturated tertiary nitrogen 
function. 
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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  

B. WITKOP 

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 
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