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The s y n t h e s i s  and  p r o p e r t i e s  of s o m e  p h y s i o l o g i c a l l y  a c t i v e  a m i n e s ,  a m i n o  a l c o h o l s ,  and t h e i r  d e -  
r i v a t i v e s ,  w e r e  s t u d i e d  in a n u m b e r  of p a p e r s  [1]. U s u a l l y  one of  the  a n t i p o d e s  has  a g r e a t e r  p h y s i o l o g i c a l  
a c t i o n ,  fo r  which  r e a s o n  i t  is e x p e d i e n t  to c l e a v e  the  r a c e m i c  m o d i f i c a t i o n s  into the  a n t i p o d e s .  In o r d e r  
to  ob ta in  the  o p t i c a l l y  a c t i v e  a m i n o  a l c o h o l s  we e m p l o y e d  a s y m m e t r i c  s y n t h e s i s  v ia  the  r e d u c t i o n  of the 
pheny l  a -  and  f i - d i a l k y l a m i n o  ke tones  of  g e n e r a l  f o r m u l a  

C6Hs--C--(CH~) --Ni/R 
H ~ \R 
O 

n = 1,2; N(R,.) = --N(CH~)~; --N(C2Hh)2; - - N ~ O ;  - - N ~ /  

by  t r e a t m e n t  wi th  the  o p t i c a l l y  a c t i v e  s t e r i c a l l y  h i n d e r e d  o r g a n o m a g n e s i u m  compounds :  ( + ) - 2 - m e t h y l b u t y l -  
m a g n e s i u m  b r o m i d e  and ( - ) - i s o b o r n y l m a g n e s i u m  c h l o r i d e .  

T A B L E  1. A s y m m e t r i c  Reduc t ion  of Pheny l  a -  and  f l - D i a l k y l a m i n o  
Ke tones  to A m i n o  A l c o h o l s  of G e n e r a l  F o r m u l a  C~HhCH(OH ) - (CH2) n -  R 
u n d e r  the  In f luence  of O p t i c a l l y A c t i v e  O r g a n o m a g n e s  ium Compounds  
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*The concentrations of the amino alcohols were calculated accordin to their 
yields (based on the UV spectra), and the total amount of unreacted amino ketone 
and obtained amino alcohol in the samples was 1-5%. 
tReduction of the amino ketone hydrochloride. 
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Fig. 1. Optical densi ty  at 253 nm as a 
function of the concentrat ion for  the amino 
ketones in 5% HC1 solution: 1) ~ - d i m e t h y l -  
aminoacetophenone;  2) c~-piper idylaceto-  
phenone; 3) o~-(4 ' -morphol ino)acetophe-  
none; 4) f l -dimethylaminopropiophenone;  
5) f i -diethylaminopropiophenone;  6) f i - (4 ' -  
morphol ino)propiophenone.  

The a s y m m e t r i c  act ivi ty  of these reagents  was d i s -  
covered  when 4 ' - n i t r o -2 - ace t amido -3 -hyd roxyp rop iop h en o n e  
[2] and N-methy lephedrone  [3] were  reduced. Consequently,  
it could be expected that these reagents  will a lso  prove  to be 
effect ive in the reduction of the above- indica ted  amino ke-  
tones.  It was in teres t ing to a s c e r t a i n  the effect of the s t r u c -  
ture  of the amino ketone on the degree  of a s y m m e t r i c  reduc-  
tion. 

The Gr ignard  react ion [4, 5] was run in solutions of 
e i ther  absolute  e ther  or  xylene as descr ibed  in [6, 71. The 
opt imum rat io of the Gr ignard  reagent  and amino ketone was 
se lec ted  on the bas is  of the data given in [7, 8], and was 
1 : 1 for  (+) -2-methy lbu ty lmagnes ium bromide  and 2.5 : 1 for  
( - ) - i sobo rny lmagnes ium chloride.  All of the ~ -  and fi-amino 
ketones were  reac ted  as the f ree  bases;  reduction of the 
amino ketone hydrochlor ides ,  for  example ,  the hydrochlo-  
ride of f l -dimethylaminopropiophenone (Table 1) did not give 
s a t i s f ac to ry  resu l t s .  

The amino alcohols  were  not isolated f rom the r e a c -  
tion products .  The degree  of reduction was es t imated  

spec t rophotomet r ica l ly :  c~-amino alcohols (kma x 245-250 nm, log e 2.1-2.15); fi-amino alcohols (kma x 
253-260 am,  log e 2.1-2.3).  The amino ketones have absorpt ion  max ima  in the s ame  ranges  of the wave-  
lengths,  l o g e  3.8-4.1 (Fig. 1).* Based on the e lementa l  ana lys i s  data, and a lso  those of IR spec t roscopy  
and TLC, addition products  a r e  not fo rmed  under the given conditions of the Grignard  react ion.  

As can be seen f rom Table  1, the total yield of amino alcohols  when the phenyl a -  and fi-amino ke-  
tones a r e  reduced with (+) -2-methy lbu ty lmagnes ium bromide  and ( - ) - i sobo rny lmagnes ium chloride is low 
(3-38%). Catalyt ic  a s y m m e t r i c  hydrogenat ion may apparen t ly  p rove  to be a m o r e  rat ional  method for  the 
synthes is  of the invest igated amino alcohols ,  since catalyt ic  hydrogenat ion is at t imes  more  effective than 
reduction with a s y m m e t r i c  Gr ignard  reagents  [9]. Thus,  when the hydrogenat ion is run on Pd the yields of 
the cor responding  fi-amino alcohols a r e  35-80%. It should be mentioned that when amino ketones a r e  r e -  
acted with RMgX, the s a m e  as in the case  of catalyt ic  reduction,  up to 20-50% of neutral  substances  is 
fo rmed ,  which r e p r e s e n t  mainly desaminat ion  products  of the s ta r t ing  compounds [10]. Gr ignard  reagents  
evidently cause substant ia l  desaminat ion  of amino ketones,  independent of the length of the i r  hydrocarbon 
chain [1]. The desaminat ion  is somewhat  l ess  when t r e a t m e n t  is with i soborny lmagnes ium chloride.  

The a s y m m e t r i c  reduction products  were  studied both p o l a r i m e t r i c a l l y  and spec t ropo la r ime t r i ca l l y .  
The obse rved  optical  rotat ion at  589 nm, equal to - 0 . 0 2  t o -  0.09 ~ increased  by 10-40 t imes  when m e a -  
sured  in the range 350-303 nm. As a resu l t ,  it was shown s p e c t r o p o l a r i m e t r i c a l l y  that the optical ly ac t ive  
phenyl c~- and f~-amino alcohols  a r e  f o r m e d  in the a s y m m e t r i c  reduction of amino ketones by t r ea tmen t  with 
RMgX. 

In o r d e r  to de t e rmine  the absolute  configuration of the obtained amino alcohols  we compared  the opti-  
cal rotation d i spers ion  (ORD) curves  [11] (Fig. 2) with the ORD curves  of an ( - ) -amino  alcohol of analogous 
s t ruc tu re  with a known configuration.  It is known that ( - ) -ep inephr ine  (A), and a lso  ( - ) -ephedr ine  have an 
R- ( - ) -conf igura t ion  [12]. Epinephrine and phenylephrine (B) have one center  of chiral i ty  and a r e  analogs of 
the amino alcohols  studied by us. F r o m  a compar i son  of the ORD curves  it follows that the ( - ) - a -  and 
f l -aminocarbinols  (C) obtained by us have the R-configurat ion 

R R 

NHCHs NHCHa ~N / 
I [ ] 

H-- I--0H H--i--0H H--i--0H 
I l l 

0,o  0 0 
l 
OH 
(A) (~) (C) 

* The accu racy  is at l ea s t  :~0.5%. 
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Fig. 2. Optical rotat ion d i spers ion  
(ORD) curves  of reduction products  
of amino ketones by t r e a t m e n t  with 
2-methylbuty lmagn es ium b romide  
(1-7) and isobornylmagnesium chlo- 
r ide (1'-7'): 1) ~-dimethylamino- 
acetophenone; 2) a-piperidylaeeto- 
phenone; 3) ~-(4'-morpholino)aeeto- 
phenone; 4) fl-dimethylaminopropio- 
phenone; 5)hydrochloride of 4); 6) 
fi-(4'-morpholino)propiophenone; 7) 
fi-d i ethylam inop ropiophenone; 8) 
ORD curve of r from 
[12]; 9) ORD curve of (-)-epinephrine 
f r o m  [12]. 

Fo r  ( - ) - l - pheny l -2 -d ime thy l aminoe thano l  (I) and ( - ) - l - p h e n y l - 3 - d i m e t h y l a m i n o p r o p a n o l  (IV) it proved 
poss ib le  to calculate  the optical  yield in the a s y m m e t r i c  reduction with o rganomagnes ium compounds.  Suf- 
f iciently re l iab le  resu l t s  a r e  obtained by compar ing  the [c~]X of the invest igated compounds and of the opt i -  
cal ly  pure  i s o m e r s ,  which were  obtained by us by the cleavage of the r a c e m i c  bases  [10]; for  (I), [a]~ "5 
+ 42.1~ for  (IV), [a]~.5 + 78.8 o. The optical  yield when a -d ime thy laminoace tophenone  is reduced with 
(+) -2 -methy lbu ty lmagnes ium b romide  (p = 68 :~ 7%) is c lose to the optical  yield that is obtained when reduc-  
tion is with ( - ) - i s obo rny l m agnes i um  chloride (72 ~ 8%). However ,  for  f i -dimethylaminopropiophenone it 
p roved  that ( - ) - i s obo rny l m agnes i um  chloride was much m o r e  effect ive (p = 65 ~ 15%) than when reduction 
was with (+) -2 -methy lbu ty lmagnes ium bromide  (11% when the f r ee  base  of the amino ketone was reduced,  
and 4% when the hydrochlor ide  was reduced).  Apparent ly ,  the c lose  p rox imi ty  of the ni trogen a tom to the 
carbonyl  group faci l i ta tes  the a s y m m e t r i c  reduction. The s t e r i c  fac tors  p rove  to be impor tant  fo r /~-d i -  
methylaminopropiophenone:  in the given reac t ion  the s t e r i ca l ly  l a rge  isobornyl radica l  p romote s  an inc rease  
in the degree  of a s y m m e t r i c  convers ion  by 55% when compared  with the action of (+) -2 -methy lbu ty lmag-  
nes ium bromide .  Salt format ion  by the d imethylamino group of ~-dimethylaminopropiophenone impedes the 
p r o c e s s  of a s y m m e t r i c  reduction and the optical  yield d e c r e a s e s  by 2.5 t imes  compared  with the reduction 
of the f ree  base .  

As a resul t ,  the reduction of the phenyl a -  and f l-dialkylamino ketones by optical ly act ive  Grignard 
reagents  p roceeds  a s y m m e t r i c a l l y ,  in which connection the optical  yield reaches  70% in some  eases ,  which 
can be of p rac t i ca l  in teres t .  

E X P E R I M E N T A L  M E T H O D  

a -Dimethy laminoaee tophenone  [13], bp 94~ (3.5 mm); hydrochlor ide ,  mp 172-174 ~ c~-(4'-Mor-pho- 
l ino)acetophenone [14]; hydrochlor ide ,  mp 201 ~ a -P ipe r i dy l ace tophenone  [14], bp 153-155 ~ (4 ram). 
/~-Dimethylaminopropiophenone [15]; hydrochlor ide ,  mp 148-149 ~ fi, Diethylaminopropiophenone [15]; 
hydrochlor ide ,  mp 108-110 ~ which was obtained as desc r ibed  in [15]. fi-(4~-Morpholino)propiophenone; 
hydroch lor ide ,  mp ] 80-180.5 ~ which was obtained as desc r ibed  in [14, 15]. (+)-2-Methylbutyl b romide  [4], 
which was obta inedby the reac t ion  of ( - ) - 2 - m e t h y l - l - b u t a n o l  with PBr  5. The opt ical ly  act ive ( - ) -2 -me thy l -1  - 
butanol (optical pur i ty  94.5%) was isola ted by f ract ional  dis t i l la t ion f rom fe rmenta t ion  i soamyl  alcohol.  The 
(+)-2-methylbutyl  b romide  was obtained with [a]~" ~ + 2.2, (a~-  5 + 5.11 ; l 2; d 2~ 1.16), and an optical  pur i ty  of 50%. 
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( - ) - I soborny l  chlor ide was obtained f rom ( - ) - camphene  via camphene hydrochlor ide ,  mp 124-124.5 ~ by the 
i somer iza t ion  of the l a t t e r  in ethyl b romide  for  6 days [5]. The convers ion  was followed by GLC (0.7% of 
poly(ethylene glycol adipate) deposi ted on k iese lguhr ,  100-140 ~ flow ra te  of c a r r i e r  gas 40-60 m l / m i n ,  
retent ion t ime  of isobornyl  chloride 9.4-9.5 min). Af ter  two rec rys t a l l i za t ions  ( f i r s t  f rom n-amy1 alcohol, 
and then f rom methanol) ,  mp 152~ [c~]~'5-15~ ( c ~ ' 5 - 0 . 3 ~  C 1; 1 2; absolute  ethanol), and optical  pur i ty  
44%. 

A s y m m e t r i c  Reduction of Amino Ketones with (+)-2-Methylbuty lmagnes ium Bromide.  To the obtained 
Gr ignard  reagent  (0.024 M of Mg and 0.023 M of (+)-2-methylbutyl  b romide  in absolute  ether) at  15 ~ was 
added slowly in drops  the f r ee  base  of the amino ketone in absolute  e ther .  Af te r  2 h the complex was de-  
composed with 1 : 1 HC1 solution. The acid aqueous l aye r  was washed 10 t imes  with e ther ,  made alkal ine 
with K2CO 3 to pH 8.5-9, and the bas ic  products  were  ex t rac ted  with e ther .  The ex t rac t  was dr ied over  
MgSO 4 and the f i l t ra te  was sa tu ra ted  with dry  HC1 gas.  The hydrochlor ides  were  r ec rys t a l l i z ed  f rom abso -  
lute alcohol by the addition of e ther  (5 : 1). The reduction resu l t s  a r e  given in Table  1. The amino alcohols  
were  not isolated f rom the mix tu res ,  which contained the unreac ted  amino ketones.  The absence  of t e r t -  
aminocarb ino l s  was qual i ta t ively shown by the TLC method. In the IR spec t r a  a r e  a lso  absent  changes in 
the 2870-2940 cm -1 region,  and the peaks  of OH- a t  1150 cm - i ,  which a r e  identical to the corresponding 
peaks  in the spec t rum of the r a c e m i c  amino alcohols.  The yield of the amino alcohols was de te rmined  
spec t ropho tome t r  ically. 

A s y m m e t r i c  Reduction of Amino Ketones with ( - ) - I sobo rny lmagnes ium Chloride.  To the Grignard  
reagent  (11.8 mM of Mg and 11.8 mM of isobornyl  chloride in 118 ml of xylene) at  15 ~ was added 4.9 mM of 
the amino ketone in xylene.  Af te r  2.5 h the react ion  complex was worked up in the same  manner  as when 
reduction was with (+) -2 -methy lbu ty lmagnes ium bromide .  The neutral  react ion products  were  ext rac ted  
with benzene.  Using the TLC method, in the s y s t e m  1 : 5 e thano l -d i e thy l  e ther ,  it was shown that addition 
products  a r e  absent  in the a s y m m e t r i c  reduction.  The I R - s p e c t r o s c o p y  m e a s u r e m e n t s  conf i rm the absence  
of t e r t i a r y  p h e n y l - a -  and f i-amino alcohols .  

C O N C L U S I O N S  

1. When c~-dimethylaminoacetophenone and ~-dimethylaminopropiophenone a r e  reduced by optical ly 
ac t ive  o rganomagnes ium compounds the a s y m m e t r i c  reduction p roceeds  with an optical  yield of 65-70%. 

2. The absolute  configuration for  the obtained amino alcohols  was p roposed  on the bas i s  of the optical  
rota t ion d i spe r s  ion data.  

L I T E R A T U R E  C I T E D  

1. Meth0den der  Organischen Chemic  (Houben-Weyl ) ,  Bd. XI, 2, Stuttgart.  
2. A . A .  Balandin, L. D. T0mina,  E. I. Klabunovskii ,  Yu. I. Pe t rov ,  M. T. Nechaeva,  and 

E. M. Cherkasova ,  Dokl. Akad. Nauk SSSR, 178, 101 (1969). 
3. L . D .  Tomina,  E. I. Klabunovskii ,  Yu. I. Pe t rov ,  A. D. Yurasova ,  and E. M. Cherkasova ,  

Izv. Akad. Nauk SSSR, Ser. Khim.,  1937 (1971). 
4. R . L .  Burwell and G. G. Gordon, J. Am. Chem. Soc., 70, 3129 (1948). 
5. H. Meerwein and K. V. E m s t e r ,  Chem. Ber . ,  55, 2526 (1922). 
6. H . R .  Riv ie re ,  Ann. Chim. (Par i s ) ,  5, 1273 (1960). 
7. G. Vavon and A. Antonini, Compt.  Re'rid,, 230, 1870 (1950). 
8. H . S .  Mosher  and E. L a - C o m b e ,  J. Am. Chem. Soc., 72, 499 (1950). 
9. E . M .  Cherkasova ,  Disse r ta t ion  [in Russian],  Moscow (1962). 

10. L . D .  Tomina,  E. I. Klabunovskii ,  Yu. I. Pe t rov ,  L. A. Kretova,  N. I. Kholdyakov, T. A. Anto-  
nova, and E. M. Cherkasova ,  Izv. Akad. Nauk SSSR, Ser.  Khim.,  2181 (1971). 

11. K. D j e r a s s i ,  Optical Rotation Dispers ion  [Russian t rans la t ion] ,  IL (1962), p. 304. 
12. G . G .  Lyle,  J. Org. Chem.,  25, 1779 (1960). 
13. L. Le te inger  and R. Collat,  J. Am. Chem. Soc., 74, 622 (1952). 
14. A . S .  Angeloni and M. Trawontini ,  Ann. Chim. (Rome), 54, No. 8/9,  745 (1964). 
15. F . F .  Blicke,  Organic  React ions [Russian t rans la t ion] ,  Vol. 1, IL (1948), p. 399. 

2440 


