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ORGANIC PREPARATIONS AND PROCEDURES INT. 10( 11, 17-20 (1978) 

A NEGl ROUTE TO THE SYNTHESIS OF NITRnXIDE CARPOXYLIC ACIDS 

* 
Gerald M .  Rosen and Elmer J .  Rauckman 

Department of Pharmacology 
Duke University Medical Center 

Durham, North Carol i na 2771 0 

The  nitroxyl carboxylic acid I was needed a s  an intermediate in  the  
4 preparation of spin labeled e s t e ra se  inh ib i to r s .  

previously reported t h a t  t he  ethyl e s t e r  of I could be prepared u s i n g  a 

modified Wittig reac t ion  employing the  y l i d e  derived from triethylphosphono- 

ace t a t e  t o  reac t  w i t h  t he  corresponding ketone, followed by reduction o f  

t he  r e su l t i ng  o l e f in .  

n i t rox ide  using lead dioxide,  t he  desired n i t roxide  was obtained. We 

found t h a t  the y ie ld  o f  the  o l e f i n  (IV) from t h i s  modified b l i t t i g  was 

unacceptahly low. However, reac t ion  of 1 i t h i o  t -bu ty l  t r ime thy l s i ly l ace t a t e  

(11) with ~-oxo-2,2,6,F-tetramethylpiperidinoxyl (111) proved t o  he a 

highly s a t i s f a c t o r y  route  t o  the  desired product (IV).  

Kosman and P i e t t e  

Upon reoxidation of t h e  hydroxylamine t o  the 
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ROSEN AND MUCKMAN 

The primarv advantaoe of t he  l i t h i o  L-butyl t r ime thy l s i ly l ace t a t e  

procedure over the  modified Glittiq reac t ion  i s  t h a t  t h e  vield of the  

desired Droduct i s  high ( >  90%) which has been reported t o  represent a 

decrease in undesirable side-reactions as well a s  a g rea t e r  e f f ic iency  

of reaction . 
of the  l i thium e s t e r  enolate which i s  demonstrated by i t s  rapid reaction 

6 This appears t o  be a d i r e c t  r e s u l t  of t he  g rea t e r  r e a c t i v i t y  

with ketones a t  -78-C. 

temperatures (20-80 C )  t o  complete the reac t ion .  

phosphorus containing products r e s u l t s  i n  a simplified work-up  procedure. 

On the  other h a n d ,  phosphonates requi re  higher 

F ina l ly ,  the lack of 
0 

EXPERIMENTAL 

- t-Butyl t r imethyls i ly1ace ta te . -  A hexane so lu t ion  of n-butyl l i thium (12.5 

ml, 25 mmoles) was added t o  a nitrogen f lushed ,  i c e  cold f l a s k  containing 

40 m l  d ry ,  f resh ly  d i s t i l l e d  tetrahydrofuran. 

3n m o l e s )  was added t o  t h i s  solution w i t h  s t i r r i n q  over a 5 min. period, 

keeDinq the  temperature below 5 C .  The f l a sk  was then t ransfer red  t o  a 

Diisoprooylamine (4.2 ml , 

0 

dry ice-acetone b a t h  (-78-C) and 1-buty lace ta te  (2.9q, 25 mmoles dissolved 

in 20 ml of dry tetrahydrofuran) was added slowly. 

d i t iona l  s t i r r i n g  a t  t h i s  temperature, chlorotrimethylsilane (3.17 ml, 25 

mmoles) was added. The mixture was then allowed t o  warm t o  20 C a t  which 

point,  i t  was made ac id i c  with 10% hydrochloric acid and ex t rac ted  three 

times with pentane-ether mixture ( 1 : l ) .  The combined ex t r ac t s  were dried 

over magnesium s u l f a t e  and f r ac t iona l ly  d i s t i l l e d  under vacuum giving 4 g 

(85%) of t-butyl t r ime thy l s i ly l ace t a t e ,  bp .  64-67q13mnY l i t .  bp. 65-67713mm 

After 20 m i n .  of ad- 

0 

6 

t-Butyl-2,2,6,6-tetramethyl piperidi  noxyl ideneacetate (IV) . - A so lu t ion  of 

diisopropylamine (4.21111, 30 mmoles) i n  40 ml dry ,  f resh ly  d i s t i l l e d  t e t r a -  

hydrofuran was slowlv added t o  a solution of !-butyllithium (12.5 m l ,  25 
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A NEW ROUTE TO THE S Y N T H E S I S  OF N I T R O X I D E  CARBOXYLIC A C I D S  

mmoles) i n  hexane con ta ined  i n  a n i t r o g e n  f l u s h e d  m a g n e t i c a l l y  s t i r r e d  

f l a s k  which was coo led  w i t h  i c e  such t h a t  t h e  temperature o f  t h e  r e a c t i o n  

m i x t u r e  remained below 5 C .  The f l a s k  was then  t r a n s f e r r e d  t o  a d r y  i c e -  
0 

0 

acetone b a t h  (-78 C) and t - b u t y l t r i m e t h y l s i l y l  a c e t a t e  (4.79, 25 m o l e s )  

d i s s o l v e d  i n  20 m l  o f  t e t r a h y d r o f u r a n  was added over  a 30 min. p e r i o d .  

A f t e r  t h e  a d d i t i o n ,  t h e  m i x t u r e  was s t i r r e d  f o r  20 min. and 4-oxo-2,2,6,6- 

tetramethylpiperidinoxyl (111, 4.259, 25 mmoles) i n  20 m l  o f  t e t r a h y d r o -  

f u r a n  was added. The m i x t u r e  was a l l owed  t o  s t i r  f o r  an a d d i t i o n a l  10  

min. a t  -78 C and t h e n  warmed t o  20 C .  A t  t h i s  p o i n t ,  wa te r  was added 

and t h e  DH ad ius ted  t o  3-4 w i t h  5% VC1. The a c i d i f i e d  m i x t u r e  was ex- 

t r a c t e d  t h r e e  t imes w i t h  pentane-ether  (1 :1 ) , t h e  combined e x t r a c t s  were 

d r i e d  over  maqnesium s u l f a t e  and evaporated t o  dryness. 

r e d  s o l i d  was p u r i f i e d  by column chromatoqraphy (a lumina grade I e l u t e d  

w i t h  e t h e r )  t o  g i v e  6.06g (90.5%) p roduc t ,  mp. 74-75 C (hexane). 

- Anal. Calcd f o r  Cl5HZ6NO3 C ,  67.13; H, 9.76; N, 5.22. 

H, 9.61; N, 4.93. 

0 0 

The r e s u l t i n q  

0 

Found: C, 66.91; 

4-Carboxymethyl-2,2,6,6-tetramethylpiperidinoxyl ( I )  .- Reduct ion o f  4 g 

o f  I V  w i t h  hydrogen ( 50 p s i ,  P a r r  shaker)  u s i n g  Pd/C as a c a t a l y s t  i n  

abso lu te  methanol f o r  24 hrs .  was under taken.  The c a t a l y s t  was f i l t e r e d  

and t h e  s o l v e n t  evaporated t o  dryness g i v i n g  a c o l o r l e s s  o i l .  

absence o f  t h e  o l e f i n  s t r e t c h i n g  i n  t h e  i r  spectrum showed t h a t  t h e  exo 

double bond was reduced. The amine was r e - o x i d i z e d  t o  t h e  n i t r o x i d e  by 

d i s s o l v i n q  t h e  o i l  i n  4n m l  methanol and addinq 3.5 m l  a c e t o n i t r i l e ,  1.8 g 

sodium hydroqen carbonate, 0.25 a sodium t u n a s t a t e  and 10 m l  3n% hydroqen 

pe rox ide .  T h i s  m i x t u r e  was a l l owed  t o  s tand a t  room temperature f o r  4 

days. A t  t h i s  p o i n t ,  t h e  m i x t u r e  was d i l u t e d  w i t h  200 m l  o f  s a t u r a t e d  

sodium c h l o r i d e  and t h e  pH was ad jus ted  t o  3-4 w i t h  5% HC1.  A f t e r  t h e  

The 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
9
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



ROSEN AND RAUCKMAN 

solution was exhaustively extracted with ether, the ethereal extract was 

dried over magnesium sulfate and evaporated to dryness. 

was hydrolyzed giving 3 g. (93%) of 4-carboxymethyl-2,2,6,6-tetramethyl- 

piperidinoxyl (I) as a viscous red oil. 

- Anal. Calcd for Cl,H20N03: 

H, 9.58; N, 6.62. 

The remaining oil 

C, 61.65; H, 9.41; N, 6.54. Found: C, 61.53; 
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