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S T U D I O R U M  P R O G R E S S U S  

S o m e  G e n e r a l i z a t i o n s  R e l a t i v e  t o  L i t h i u m  

A l u m i n i u m  H y d r i d e  R e a c t i o n s  

B y  NORMAN G. GAYLORD, Buffalo, N. y .1  

A t h o r o u g h  e x a m i n a t i o n  of  the  c h e m i c a l  l i t erature  
for the  p u r p o s e  of  r e v i e w i n g  the  reac t ions  of  l i t h i u m  
a l u m i n i u m  h y d r i d e  ( L A H )  i n d i c a t e s  t h a t  su f f i c i en t  d a t a  
are n o w  a v a i l a b l e  t o  p e r m i t  the  s t a t e m e n t  of  s evera l  
g e n e r a l i z a t i o n s  re la t ive  to  the  course  of  such  react ions .  
Such  g e n e r a l i z a t i o n s  permi t  the  poss ib le  pred ic t ion  of  
reac t ion  p r o d u c t s  on a s o u n d  fac tua l  bas i s  and  serve  an 
even  more i m p o r t a n t  f u n c t i o n  in g u i d i n g  the  e l u c i d a t i o n  
of the  s t ruc tures  of  c o m p l e x  molecu le s .  The  presen t  
e x p o s i t i o n  is c o n c e r n e d  w i t h  the  reac t ions  of  organic  
m o l e c u l e s  c o n t a i n i n g  a carbon  a t o m  s i n g l y  b o u n d  w i t h  
t w o  a t o m s  from the  group  n i trogen ,  o x y g e n  or sulfur,  and  
where  the  t w o  r e m a i n i n g  v a l a n c e s  of  c a r b o n  are no t  
d o u b l y  b o n d e d .  

I 
The - O - C - O  grouping 

I 

The  reduc t ion  b y  L A H  of p y r a n o s i d e s  (I) ~, p y r a n o s e  a n d  
furanose  d e r i v a t i v e s  c o n t a i n i n g  th e  part ia l  s t ruc tures  II  e 
or I I I  a, as welt  as d i s a c c h a r i d e s  c o n t a i n i n g  g l y c o s i d i c  
l inkages  4, resu l t s  in the  r e t e n t i o n  of  these  s t ruc tura l  
f eatures .  
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The  react ion  of  2, 3 - d i h y d r o p y r a n  wi th  s tero ida l  a l -  
c o h o l s  resul ts  in the  f o r m a t i o n  of  e thers  such  as IV.  
R e d u c t i o n  of  IV  wi th  L A H  resul t s  in convers ion  of  th e  

I 
k e t o n e  group  to  a carb ino l  whi le  the  - O C O -  group re- 

I 
m a i n s  i n t a c t  s. 
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I V  

The  use of  ace ta l s  and  ke ta l s  to  p r o t e c t  c a r b o n y l  
groups  dur ing  L A H  r e d u c t i o n s  has  b e c o m e  w i d e s p r e a d .  
These  ace ta l s  h a v e  i n c l u d e d  open  s tructures ,  as in 
aceta l  2, as we l l  as c y c l i c  s tructures ,  as in the  d i o x o l a n e s  3. 
The  la t ter  t y p e  of c o m p o u n d  has  been  used  for the  
b l o c k i n g  of carbonyt  groups  or g l y c o l s  in the  L A H  
r e d u c t i o n  of  sugars  4, s t ero ids  5 as we l l  as  o ther  a l i p h a t i c  
and a r o m a t i c  c o m p o u n d s t  C o m p o u n d s  c o n t a i n i n g  the  
m e t h y l e n e d i o x y  group  can  be  c o n s i d e r e d  as c y c l i c  
ace ta l s  of  f o r m a l d e h y d e  and  s i m i l a r l y  are no t  a t t a c k e d  
b y  L A H L  
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A m o n g  the  s tero ida l  sapogen ins ,  a 22, 2 6 - o x i d o - 2 2 - o l  
c o m p o u n d  (V) has  been s u b j e c t e d  to  L A H  reduct ion .  
The  in i t ia l  p r o d u c t  of  the  react ion  c o n t a i n i n g  the  i n t a c t  

- O C O -  group is a p p a r e n t l y  d e h y d r a t e d  read i ly  to  form 

t 
an i s o s p i r o s t a n e  ( V I ) t  
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Var ious  i so sp i ro s t anes  such  as VI  h a v e  been  sub-  
j ec t ed  to  L A H  r e d u c t i o n  a n d  in all cases  no reac t ion  

I 
wi th  the  - O C O -  l inkage has  occu r red : .  I f  t he  L A H  

r e d u c t i o n  of t h e  sp i ro s t ane  is ca r r i ed  ou t  in t he  p resence  
of a n h y d r o u s  h y d r o g e n  chlor ide  c l eavage  occurs  a t  
c a r b o n  22 a n d  opens  the  22, 26-oxido r ing  'a. 

The  fo rego ing  d a t a  p e r m i t s  t he  genera l i za t ion  to  be 
I 

m a d e  t h a t  u n d e r  the  usual  c o n d i t i o n s  the  - O - C - O -  

g roup ing  is n o t  a t t a c k e d  b y  L A H .  
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The  r eac t ions  of L A H  a n d  the  p s e u d o  es te rs  of 4- 
f o r m y l - 5 - p h e n a n t h r e n e c a r b o x y l i c  ac id :  wou ld  appear  
to  be an e x c e p t i o n  to  th is  genera l iza t ion .  The  a ldehyde-  
acid,  which  gives  no c a r b o n y l  de r iva t ives ,  has  been 
ass igned  the  lac tol  s t r u c t u r e  VI I .  T r e a t m e n t  w i th  dia- 
z o m e t h a n e  yie lds  t he  n o r m a l  a l d e h y d o - e s t e r  (VIII) ,  
which  fo rms  c a r b o n y l  de r iva t i ve s  while ac id -ca ta lyzed  
es te r i f i ca t ion  yie lds  t he  p s e u d o  es te r  (IX) w h i c h  does 
n o t  fo rm such  de r iva t ives .  H o w e v e r ,  on t r e a t m e n t  wi th  
L A H  b o t h  es te r  fo rms  yie ld  t he  s a m e  diol  in excel lent  
yield.  

In  th i s  case i t  is p r o b a b l e  t h a t  u n d e r  t he  inf luence  of 
L A H  the  pseudo  es te r  is c o n v e r t e d  to  t h e  n o r m a l  es ter  
before  r e d u c t i o n  occurs .  I n  t h i s  c o n n e c t i o n  i t  is of 
i n t e r e s t  t h a t  u n d e r  t he  inf luence  of  a l u m i n i u m  isopro- 
pox ide ,  wh ich  m i g h t  be e x p e c t e d  in th i s  r e s p e c t  to  behave  
in a m a n n e r  s imi la r  to  t h a t  of L A H ,  the  p seudo  es ter  is 
c o n v e r t e d  to  t he  l ac tone  of 4 - ( h y d r o x y m e t h y l ) - 5 - p h e n -  
a n t h r e n e c a r b o x y l i c  acid 2. I t  has  been  s h o w n  t h a t  in the 
case of s u b s t i t u t e d  2 -benzoy lbenzo ic  acids ,  wh ich  also 
fo rm pseudo  as well  as n o r m a l  esters ,  a ke to  ac id-hydro-  
x y l a c e t o n e  equ i l i b r i um ex is t s  a, 

The r e p o r t e d  L A H  reduc t i ons  of ozonides  in t roduce  
s t r u c t u r a l  f ea tu re s  wh ich  enab le  t hese  r eac t ions  to  fit 
w i t h i n  t he  scope of t he  genera l i za t ion .  Thus ,  the  reduc- 
t ion  of t he  ozonide  X is r e p o r t e d  to  yield a glycol,  the 
o x y d e  ar is ing f rom the  d e h y d r a t i o n  of the  glycol  and a 
t r ace  of t he  es te r -ac id  X D .  

\ \  / o X 

i /  ! /  \/\\o/+ \~ \0c0c~ ,  

~ /  \ C O O H  

XI 

The  in i t ia l  r eac t ion  m i g h t  i nvo lve  c leavage  of the 
p e r o x i d e  l inkage 5. The  i so la t ion  of X I  a m o n g  the  react ion 
p r o d u c t s  ind ica te s  t h a t  t he  r e s u l t a n t  o r t h o  e s t e r  struc- 
t u re  would  be c leaved  a t  t he  o x y g e n  br idge  occupying  
the  si te of t h e  or ig ina l  doub le  bond .  The  c leavage  of a 
c a r b o n - o x y g e n  b o n d  in o r tho  es te rs  to  fo rm aceta ls  has 
been  r e p o r t e d  ~. The  o rde r  of occur rence  of the  above 
c leavages  m a y  be reve r sed  w i t h o u t  i m p a i r i n g  the  rea- 
soning.  The  r e s u l t a n t  de r iva t i ve s  of X I  wou ld  react 
n o r m a l l y  wi th  L A H  to y ie ld  the  i n d i c a t e d  p roduc t s .  

T h e  L A H  r e d u c t i o n  of t h e  ozonide  X l I  fol lowed by 
h y d r o l y s i s  a n d  ch romic  acid o x i d a t i o n  is r e p o r t e d  to 
y ie ld  t h e  d i k e t o n e  X l I I ~ .  
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The  c leavage  of t he  pe rox ide  l inkage in X I I  would  resu l t  
in t he  f o r m a t i o n  of \ I V  w h i c h  would  be c l eaved  as 
shown .  

0 o OH OH 

/ c  0 _ %  :;_< 
XIV 

The r e s u l t a n t  ca rboxy l ic  acid  de r iva t i ve  would  be 
r educed  to  t he  ca rb ino l  a n d  ch romic  acid  ox ida t i on  
wou ld  y ie ld  t he  c a r b o n y l  func t ion .  

The  r e d u c t i o n  of 1 - a c e t o x y - l ,  2 - e p o x y c y c l o h e x a n e  to  
y ie ld  a m i x t u r e  of cis-  and  t r a n s - c y c l o h e x a n e d i o l - l , 2 1  
can  also be s h o w n  n o t  to  be c o n t r a r y  to  t he  genera l iza-  
t ion.  The  p resence  of t he  a c e t o x y  g roup  resu l t s  in t h e  
f o r m a t i o n  of an i n t e r m e d i a t e  ana logous  to  X I V  which  
can  u n d e r g o  a s imi lar  reac t ion .  

CH,COO~/O~ ~ ~  O-- 9 ° 

HO OH 

÷ )--< 
\ / 

T h e  - N - C - O -  G r o u p i n g  

In  t he  r educ t ive  c leavage  of u n s y m m e t r i c a l  epoxides ,  
as in t he  s tero ids ,  b y  L A H ,  a s e c o n d a r y  oxide  l inkage is 
c leaved  in p re fe rence  to  a t e r t i a r y  2. Similar ly ,  L A H  
reduc t i ons  of 1 - c y a n o - l , 2 - e p o x y c y c l o h e x a n e  a n d  1- 
m e t h y l - l , 2 - e p o x y e y c l o h e x a n e  y ie ld  t he  e x p e c t e d  te r t i -  
a ry  alcohols 'L In  con t r a s t ,  L A H  reduc t i on  of 1 -d imethy l -  

a m i n o - t ,  2 - e p o x y c y c l o h e x a n e  wh ich  con t a in s  an  - N C O -  
T 

l inkage y ie lds  t he  s e c o n d a r y  a lcohol  resu l t ing  f rom 
c leavage  of t h e  ox ide  r ing a t  t he  t e r t i a r y  c a r b o n  3. 

T r e a t m e n t  of oxazol id ines  (XV) w i t h  L A H  resul ts  in 
c leavage  a t  t he  C - O -  l inkage  y ie ld ing  ~-aminoa lcohols  4. IJ 
In  th is  case the  - N C O -  g r oup ing  is p a r t  of a he te rocyc l i c  I 
ring. 
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XV 

In  c o n t r a s t  to  t he  s t ab i l i t y  of the  - O C O -  g r o u p i n g  in I 
II 

sapogen ic  sp i ros tanes ,  t h e - N C O  group ing  in so lasodine  

(XVI)  is c leaved  a t  t he  C - O -  l inkage  wi th  L A H h  

/ \ , / \  o _, ' 

I / I 

H o / N / % /  
XVI 

Solasodine  h y d r o c h l o r i d e  b e h a v e s  in a s imi la r  m a n n e r .  
T o m a t i d i n e ,  t he  ag lycone  of  t o m a t i n e  e x t r a c t e d  f rom 

t o m a t o  leaves,  is r e d u c e d  by  L A H  to d i h y d r o t o m a t i d i n e ,  
t he  r eac t ion  be ing  c o n s i d e r e d  as the  o p e n i n g  of an  oxidic  
r ing  2. The i d e n t i t y  of t o m a t i d i n e  and  so lasodanol ,  t he  
s a t u r a t e d  ana log  of X V I ,  has  r ecen t ly  been  r e p o r t e d  a. 

The  c i n c h o n a  a lkaloid  q u i n a m i n e  was  a s s u m e d  to  
c o n t a i n  an  epox ide  g roup  and  on r e d u c t i o n  w i t h  L A H  
gave  c i n c h o n a mi n e .  GOUTAREL et al. 4 t he re fo re  pos tu -  
l a t ed  the  s t r u c t u r e  of q u i n a m i n e  as \ V I I  and  it was  
a s s u m e d  t h a t  r e d u c t i o n  of t he  e p o x i d e  g roup  gave  an  
alcohol  wh ich  spl i t  ou t  w a t e r  t o  give c i n c h o n a m i n e  
{XVII I ) .  

. , %  = c . ,  , % l / c . c .  = c - ,  
C C 
H H 

XVII  XVII I  

The  i n t e r m e d i a t e  d i h y d r o  d e r i v a t i v e  was  i so la ted  by  
CULVENOR et al. 6 a n d  s u b s e q u e n t l y  d e h y d r a t e d  to  cin- 
c h o n a m i n e  by  hea t .  The  i n t e r m e d i a t e  was  n o t  f u r t h e r  
e x a m i n e d  and  c o n s e q u e n t l y  t he  d i r ec t ion  of r ing open ing  
to  give the  t e r t i a r y  alcohol  was  no t  d e t e r m i n e d .  WITKOP s 

1 L. H. BRIGGS and R. H. LOCKER, J. Chem. Soc. 1950, 3020. 
2 y .  SATO, A. KATZ, and E. MOSETTm, J. Amer. Chem. Soc. 73, 

880 (1951); 74, 538 (1952).-T. D. FOnTAI~E, J. S. ARD, and R. M. 
MA, J. Amer. Chem. Soe. 73, 878 (1951). 

T. D. FONTAInE, referred to in L. H. BRIGGS, W. E. HARVEY, 
R. H. LOCKER, W. A. MC GILLIVRAY, and R. N. SEELYE, J. Chem. 
Soc. 1950, 3013. - R. KUHN and I. LOw, Chem. Ber. 85, 416 (1952). 

4 R. GOUTAREL, M. M. JANOT, V. PRELOG, and W. I. TAYLOR, 
Helv. chim. Aeta 33, 150 1950). 

5 C. C. J. CULW:NOR, L. J. GOLDSWORTHY, K. S. KIRBY, and 
R. ROBINSON, J. Chem. Soc. 1950, 1485. 

s B. WITKOP, J. Anaer. Chem. Soc. 72, 2311 (1950). 
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p r o p o s e d  a new s t r u c t u r e  for  q u i n a m i n e  X I X .  A l t h o u g h  
L A H  r e d u c t i o n  in  t h i s  case does  n o t  d i s t i n g u i s h  b e t w e e n  
t h e  t w o  p o s t u l a t e d  s t r u c t u r e s ,  t h e  i n t e r m e d i a t e  c l eavage  
p r o d u c t  h a v i n g  t h e  s a m e  s t r u c t u r e  in  b o t h  cases,  o p e n i n g  
of t h e  t e t r a h y d r o f u r a n  r ing  does  n o t  s eem i m p r o b a b l e  

t l  
due  to  t h e  p r e s e n c e  of t h e  - N C O -  g r o u p i n g .  

OH 

~ ]  C CH~ 

I N 
I-IC/I "CH~ 

CH~ 
H,C\ I/CHCH = CH~ 

C 
H 
X I X  

E p i q u i n a m i n e  w h i c h  is c o n s i d e r e d  as a d i a s t e r e o i s o m e r  
of q u i n a m i n e  due  to  e p i m e r i z a t i o n  a t  C a in  t h e  qu inuc l i -  
dene  nuc leus ,  is r e d u c e d  b y  L A H  to  a n  i s o m e r i d e  of  
c i n c h o n a m i n e  t e r m e d  e p i c i n c h o n a m i n e L  T h e  s a m e  s t ruc -  
t u r a l  c o n s i d e r a t i o n s  wou ld  a p p l y  in  t h i s  case.  

T h e  d i h y d r o  d e r i v a t i v e s  of  t h e  e r g o t  a lka lo ids ,  e rgo t -  
a m i n e ,  e rgos ine ,  e rgocr i s t ine ,  e r g o c r y p t i n e ,  a n d  ergo-  
co rn ine ,  h a v e  r e c e n t l y  b e e n  s u b j e c t e d  t o  L A H  r e d u c t i o n  
a n d  t h r e e  r e d u c t i o n  p r o d u c t s  h a v e  b e e n  i s o l a t e d  a n d  
t h e i r  c o n s t i t u t i o n  a n d  c o n f i g u r a t i o n  i d e n t i f i e d  b y  syn -  
t hes i s  2. T h e  r e a c t i o n  c a n  be  r e p r e s e n t e d  b y  t h e  fo l lowing  
e q u a t i o n  : 

R I \  / /  R 1 H~C CH~ 

o I 1 
II H [ / 0 \  H C \  / C H  2 
C - - N  ............... C / ~C ~ \ N /  
I [ " ° ~ l  t 

HC CH~ O ~ C -  N,~ H / C = O ,  xc 
/ \ 

H oC N- -  CH a ] 
\ / R~ 
HC --- CH 
/ \ 

R = ,  C CH 2 
M \  / 

HC C C 
I I ~ il 

HC C CH 

%/\/ 1 C N LAH 
H H 

tI~C 

CH HC 

R -- CH~ -- N--  CH HtC N 

H2C -N CH z 
\ /  

CH 
J 

R~ 

CH~ 
I 

CH~ 

+ 

1 C. C. J. CULVENOR, L. J. GOLDSV, rORTHV, K, S. KIRBY, and 
R. ROBINSON, J. Chem. Soc. 1950, 1485. 

2 A. STOLL, A. HOFMANN, arid T. PETRZILKA, Helv. chim. Acta. 
34, 1544 (1951). 

R I \ / R 1  

CH 
H I 

R-CH~-N-CH 

CH~OH 
+ 

H2C CH 2 
I I 

HC CH 2 
/ \ /  

H2C N 

HN CH 2 
\ /  

CH 
I 
R~ 

E x a m i n a t i o n  of t h e  p o s t u l a t e d  e r g o t  s t r u c t u r e  r evea l s  
t h e  p r e sence  of t h e  fo l lowing  e l e m e n t s :  

I i / o \  / 
- N - C  / / C  / 

I - o / I  
- N \  

T h e  r e d u c t i o n  p r o d u c t s ,  in  al l  cases,  r evea l  t h e  c l eavage  
of t he  C - O  l inkage .  T h e  g e n e r a l i z a t i o n  p o s t u l a t e d  here  
is f u r t h e r  e v i d e n c e  for  t h e  s t r u c t u r e  a d v a n c e d  for  t he  
e rgo t  a lka lo ids .  

T h e  L A H  r e d u c t i o n  of N - ( a - a l k o x y b e n z y l ) - a m i d e s  
( X X )  resu l t s  in  t h e  c l eavage  of t h e  C - O  l inkage  as well  
as r e d u c t i o n  of t he  a m i d e  g r o u p i n g  l, 

OC~H 5 
[ LAH C~HsCH~NCH~CHa 

C6HsCHNCOCH3 -- 1. l 
[ C~H5 
C6H5 
X X  

T h e  r e d u c t i o n  of 2 , 3 - d i p h e n y l - 2 - e t h o x y e t h y l e n i m i n e  
( X X I )  w i t h  L A H  yie lds  cis-diphenylethylenimine 2. 

OC~H s 
I 

C6HsCH CC8H5 LAH C6HsCH--CHC6H5 

\ N /  ~ \ N /  
H H 

X X I  

T h e  r e d u c t i o n  of N - m e t h y l - m - p y r r o l i d o n e  or 3-keto-  
o c t a h y d r o p y r r o c o l i n e  ( X X I I )  w i t h  o n e - q u a r t e r  mole  of 
L A H  p e r m i t s  t h e  i so l a t ion  of t h e  c a r b i n o l - a m i n e  in  the  
f o r m  of t h e  t a u t o m e r i c  a ldehydea .  

LAH ~ _ _ .  

~ H OH 

0 xs ( / ~  
LAH i 

X X l I  

/ , ~ / C H ~ C H z C H O  

lb NH 
\ /  

T h e  use  of excess  L A H  p r e v e n t s  t h e  s t o p p i n g  of tile 
r e d u c t i o n  of t h e  l a c t a m  a t  t h e  i n t e r m e d i a t e  s tage .  Here  
t he  f i r s t  s t age  of t h e  r e d u c t i o n  p roceeds  to  t h e  ca rb ino l -  

1 A. W. BURGSTAHLER, J. Amer. Chem. Soc. 73, 3021 (1951). 
2 M. J. HATCH and D. J. CRAM, J. Amer. Chem. Soc. 75, 38 (1953). 
3 F. GALINOVSKY arid R. W~:ISER, Exper. 6, 377 (1950). - J. A. 

KING, V. HOFMANN, and F. H. Mc MILLAN, J.Org. Chem. 16, 1100 
(1951). - F. GALINOVSKY, A. WAGNER, arid R. WEXSER, Mh. Chenl. 
82, 551 (1951). - F. GALI~OVSKY, O. VOGL, and R. WEISER, Mh. 
Chem. 83, 114 (1952). 
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I I 
amine containing the -NCO- grouping. Employment of 

I 
excess LAH results in the cleavage of the C-0 grouping. 

Reduction of 3-keto-4-methyl-2, Z-diphenylmorpho- 
line JXXIII) with 2 moles of LAW yields a mixture of 
4-methyl-2, 2-diphenylmorpholine, the expected pro- 
duct, and 3-hydroxy-4-methyl-2,2-diphenylmorpholine 
(XX1V)l. 

0 CH, OH CH, 
I !  ! 

XXIII XXIV 

The carbinol-amine (XXIV) is converted to the cyclic 
amine by the further action of LAHi. 

The recently reported2 reductive cleavage of the stable 
ozonide of 2-phenylskatole (XXV) serves to illustrate 
two of the structural features discussed here. 

XXV 

The cleavage of the peroxide linkage and the cleavage 
I I 
I I 

of both -NCO- linkages result in the formation of a 
I 

carboxylic acid derivative whose normal LAH reduction 
yields the indicated product. 

Reaction of gelsemine with bromine in a chloroform 
solution yields bromoallogelsemine hydrobromide (XXVI). 
Treatment of XXVI with LAH in dioxane gives a 
compound C,,H,BO,N, for which the constitution of 
desoxohydroxytetrahydrogelsemine (XXVII) has been 
advanced. On warming XXVI with acid one mole of 
water is taken up and a compound is formed which is 
formulated as bromohydroxydihydrogelsemine hydro- 
bromide (XXVIII). The reduction of XXVI to XXVII 
with LAH is postulated as proceeding through XXVIIIS. 

A4. L. MORRISON, R. F. LONG, and M. K~NIGSTEIN,  J. Chem. Soc. 
1951, 952. 

B. W Z T K ~ P  and J. B. PATRICK, J. Amer. Chem. Soc. 74, 3855 
(1952). 

R. GOUTAREL, M, hl. JANOT, V. PRELOG, R. P. A. SNEEDEN, 
nd W. I. TAYLOR, Helv. chinl. Acta 34, 1139 (1951). 

LAH 

/ 
HO 

XXVI 

XXVII 

XXVIII 

The anhydrous medium utilized in LAH reductions 
should preclude XXVIII as an intermediate in the 
reduction. A more likely explanation involves the reduc- 

I I 
tion of the -N=c-0- grouping to -NH-CEI-0-, fol- 
lowed by cleavage of the latter under the influence of LAH 
to yield XXVII. 

From this multitude of reported reductions, the gen- 
eralization can be made that under the usual conditions 

I I 
the -N-C-0- grouping is attacked by LAH to yield 

I 
products4resulting from cleavage of the C-0 linkage. 

I 
The --S-C-0- grouping 

I 
Analogous to the use of acetals for the protection of 

carbonyl groups during LAH reductions, is the use of 
hemithioketals (XXIX) for the same purpose1. Sirni- 
larly, 1,3-thioxolanes (XXX) are not cleaved by LAH2. 

XXIX XXX 

I I 
Thus, the -S-C-0- grouping as well as the -0-C-O- 

I 
grouping is not attacked by LAH. 

I 

I I 
The -N-C-S- Grouping 

Reduction of 1-nitroethyl p-tolylsulfide (XXXI) with 
LAH yields thiocresol among the reaction products3. 

J. R o ~ o ,  G. ROSGNKRANZ, and C. DJERASSI, J. Amer. Chem 
Soc. 73, 4961 (1951); Abstracts of Papers, XIIth International Con- 
gress of Pure and Applied Chemistry, New York, Septcnibcr 1051, 
p. 406. 

E. D. BERGIANN, D. LAVIE, and S. PINCHAS, J. Atner. Chem. 
Soc. 73, 5662 (1951). 

N. KHARASCH and J. I.. CAMERON, J. Amer. Chem. Soc. 75, 
1077 (1953). 
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~ x / S - ~ H - N O z  /~V SH 

C H a / / ' ~  CH / / ' ~ / /  

X X X I  
+ other products  

L A H  r e d u c t i o n  of t h e  c o r r e s p o n d i n g  su l fone  y ie lds  
p - to luenesu l f i n i c  ac id  in  good  yie ld .  

O ~ , ~ / S O a H  

f 
/ S - C H - N O ~  LAH t ! ]  ~x 

41 
f ~ O CHa ~ C H 3 / ~ "  

/ 

I I 
I n  t h e s e  cases,  sc iss ion of t he  C - S  b o n d  in a n  -N-C-S- 

I 
g r o u p i n g  h a s  o c c u r r e d  u n d e r  t h e  i n f l uence  of L A H .  

A l t h o u g h  i t  m i g h t  n o t  be p e r t i n e n t  in  t h i s  cons ide ra -  
t i o n  of s ing ly  b o n d e d  g roup ings ,  i t  is of i n t e r e s t  to  n o t e  
t h a t  t h i o c y a n a t e s ,  c o n t a i n i n g  t h e  g r o u p i n g  - S - C  ~--N, are  
r e d u c e d  b y  L A H  to  th io l s  i n d i c a t i n g ,  as above ,  c l e a v a g e  
of t h e  C - S  b o n d L  

Due  to  t h e  l ack  of a d d i t i o n a l  t y p e s  of c o m p o u n d s  con-  

It 
t a i n i n g  t h e  - N C S -  g r o u p i n g  a n d  t h e  poss ib le  e f fec t  of 

I 
t h e  n i t r o  g roup ,  a g e n e r a l i z a t i o n  c a n n o t  w i t h  j u s t i f i c a t i o n  
be  m a d e  in  t h i s  case  a l t h o u g h  t h e  r e p o r t e d  r e s u l t s  
a p p e a r  t o  fa l l  w i t h i n  t h e  scope  of t h i s  d i scuss ion .  

Mechanism 

P a d d o c k  ha s  s h o w n  t h a t  e t h e r  p lays  a n  e s sen t i a l  p a r t  
in  L A H  r e d u c t i o n s  2. The  a n a l o g y  w i t h  t h e  GRIGNARD 
r e a g e n t  h a s  b e e n  e x t e n d e d  to  show t h e  n e c e s s i t y  for  a 
d o n o r  s o l v e n t  a n d  e v i d e n c e  for  m o n o e t h e r a t e  f o r m a t i o n  
ha s  b e e n  o b t a i n e d .  On th i s  bas is ,  PADDOCK has  s u g g e s t e d  
t h a t  t h e r e  is a n  e q u i l i b r i u m  in  s o l u t i o n  

A1H l -  ~_ H - +  A1H a 

a n d  t h a t  t h e  e t h e r  c o o r d i n a t e s  w i t h  t h e  A1H 3 a n d  t h e  
a c t i v e  e n t i t y  in  L A H  r e a c t i o n s  is t h e  h y d r i d e  ion.  

I f  we u t i l ize  t h i s  s u g g e s t i o n  we see t h a t  t h e  c l eavages  
a n d  n o n - c l e a v a g e s  d i scussed  a b o v e  c a n  be  e x p l a i n e d  b y  
a n a l o g y  w i t h  GRIGNARD reac t ions .  Thus ,  in  t h e  case  of  

I ! 
t h e  - N - C - O -  g r o u p i n g  c o o r d i n a t i o n  of t h e  a v a i l a b l e  

I 
e l ec t ron  pa i r  o n  n i t r o g e n  c a n  occu r  w i t h  A1H, 

The  t e n d e n c y  for  t h e  e l e c t r o n  pa i r  on  o x y g e n  to  t ake  
p a r t  in  h y d r o g e n  b o n d i n g  resu l t s  in  t h e  f o r m a t i o n  of a 
q u a s i  r i ng  s u c h  as ha s  b e e n  p o s t u l a t e d  in  m a n y  GRI- 
GNARD reac t ions .  T h e  e l ec t ron  de f i c i en t  n i t r o g e n  wou ld  
t e n d  to  w i t h d r a w  e l ec t rons  f r o m  t h e  a d j a c e n t  c a r b o n  
g i v i n g  t h e  l a t t e r  a pos i t i ve  c h a r a c t e r .  T h e  h y d r i d e  ion 
p r e s e n t  in  t h e  so lu t ion ,  a c c o r d i n g  t o  1DADDOCK'S p o s t u -  
l a t ion ,  cou ld  d i sp lace  t h e  e t h e r e a l  o x y g e n  r e s u l t i n g  in  
c l e a v a g e  of t he  C - O  b o n d :  

\'o i 
H : A1 : I~I 

I n  t h e  case of t he  

ts t 
- N  - - C - H  

H : A I : H  . . . . .  .G~_ 
"" 

I 
- O - C - O -  g r o u p i n g  t h e r e  is no  

I 
r e a s o n  to  be l ieve  t h a t  t h e  e l ec t ron  pa i r  on  o x y g e n  s h o u l d  
d i sp lace  t h e  e l ec t ron  pa i r  on  o x y g e n  in  t h e  w e a k l y  acidic  
a l u m i n i u m  h y d r i d e  m o n o e t h e r a t e .  T h e  fac t  t h a t  c l eavage  
of t h e  s p i r o s t a n e s  c an  be  i n d u c e d  b y  c a r r y i n g  o u t  t he  
L A H  r e d u c t i o n  in  t h e  p r e s e n c e  of h y d r o g e n  ch lor ide  1 

I 
s u p p o r t s  t h i s  v iew.  I n  t h e  case  of t h e  - S - C - O -  g r o u p i n g  

I 
t h e  s a m e  c o n s i d e r a t i o n s  ho ld .  

Zusammen/assung 

U n t e r  den  g e w 6 h n l i c h e n  R e a k t i o n s b e d i n g u n g e n  blei-  

I t 
b e n  - O - C - O -  u n d  - S - C - O - G r u p p e n  d u r c h  LiA1H t un -  

I t 
v e r ~ n d e r t ,  wAhrend  - N - C - O -  u n d  mSgl iche rwe i se  a u c h  

I 
I L 

- N - C - S - G r u p p e n  a n  de r  C - O -  bzw.  C - S - B i n d u n g  ge- 

s p a l t e n  werden .  Diese  V e r a l l g e m e i n e r u n g e n ,  die s ich auf  
a l i p h a t i s c h e  u n d  a r o m a t i s c h e  V e r b i n d u n g e n ,  Z u c k e r  u n d  
S te ro ide ,  a n w e n d e n  lassen,  w e r d e n  zur  B e s t ~ t i g u n g  ktirz-  
l ich  au fges t e l l t e r  S te ro id -  u n d  A l k a l o i d f o r m e l n  h e r a n -  
gezogen.  Es  wi rd  e in  R e a k t i o n s m e c h a n i s m u s  vorgesch la -  
gen.  

1 H. M. DOUKAS and T. D. FONTAINE, J. Amer. Chem. Soc. 73, 
5917 (1951). 

/ t . .  l i n t . .  
- N - C - O -  + (C2Hs)zO--~ AIH 3 - N - - C - O -  + (C2H5)20 
"" l ' "  l ® l ' "  

~. H : A I : H  

ii 

1 M. MOUSSERON and M. CANET, Bull. Soc. chim. France [5] 18, 
792 (1951). - J. STRATING and H. J. BACKER, Rec. Tray. chim. 69, 
638 (1950); 69, 909 (1950). - J. STRAT1NO, U. S. Patent 2,549,991 
(April 24, 1951); German Patent 820,435 (November 12, 1951). 

2 N. L. PADDOCK, Nature 167, 1070 (1951). 

Corrigendum 

P. L o u i s ,  Recherches sur la ]rae/ion Y des pro/dines de 
muscles de Lapin, E x p e r .  70, 258 (1954). 

D a n s  la  f igure  1, f r a c t i o n  ¥ ap rbs  20640 s d '61ectro-  
phorbse  k 4,12 V / c m ,  /~ 0,10, p H  7,6, la  p a r t i e  sup6r ieure  
du  cl ich6 r e p r 6 s e n t e  la  f ron t i~ re  d e s c e n d a n t e  e t  la  pa r t i e  
in f6 r ieure  la f ron t i~ re  a s c e n d a n t e .  


