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AN IMPROVED SYNTHESIS OF [15N] 1CDOXYL STEARIC ACID 
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SUMMARY 

An improved method f o r  t h e  synthes is  o f  p N 1  16-Doxy1 
s tearate,  a f a t t y - a c i d  s p i n  l abe l ,  i s  repor ted.  The method 
requ i res  o n l y  one mole o f  r15N] 2-anino-2-methyl propanol per 
mole o f  methyl keto s tea ra te  w i t h  an o v e r a l l  y i e l d  o f  about 
50%. 
y i e l d .  The q rea t  improvement i n  y i e l d  was achieved ma in l y  
throuqh t h e  reduc t i on  o f  r e a c t i o n  volume which increases t h e  
r e a c t i o n  r a t e  by  t h e  law o f  mass action. 

16-Doxy1 s t e a r i c  acid, 15N, sp in  l abe l ,  ESR 

I n  con t ras t ,  t h e  prev ious method produced o n l y  1-3% 

Key k r d s :  

INTRODUCTION 

The [14N1 Doxy1 f a t t y - a c i d  sp in  l a b e l s  (FASL) w i t h  t h e  n i t r o x i d e  qroup 

attached t o  va r ious  pos i t i ons  alonq t h e  acyl chain are w ide ly  used f o r  s t r u c t u r a l  

s tud ies  o f  b i o l o g i c a l  mmbranes by means o f  e l e c t r o n  sp in  resonance (ESR) 

spectroscopy ( 1 ) .  The use o f  r15N3 FASLs instead o f  [14N] FASLs prov ides an 

enhancanent o f  spec t ra l  s e n s i t i v i t y  and r e s o l u t i o n  because o f  t he  reduc t i on  o f  

nuc lear  mani fo lds and o f  l i n e  over lap.  

b e t t e r  probe than i t s  p N l  analogue f o r  f l u i d i t y  s tud ies  o f  b i o l o g i c a l  systems. 

I n  addi t ion,  t h e  simultaneous use o f  [15N] FASL and [14N] FASL has been shown t o  

improve q r e a t l y  t h e  s e n s i t i v i t y  o f  ESR methods i n  t h e  measurement o f  l i p i d - l i p i d  

c o l l i s i o n  frequencies i n  menbranes (2-5). 

experiments, however, i s  hanpered by  t h e  l ack  o f  t h e  a v a i l a b i l i t y  o f  p N 1  

FASLs . 

The [15N] FASL should the re fo re  be a 

The wider appl i c a t i o n  o f  these 

The synthes is  o f  p N 1  FASL was f i r s t  repor ted by Venkatarmu e t  a l .  ( 6 )  who 

adapted the  s m t h e t i c  rou te  f o r  r14N] FASL developed by  Keana e t  a l .  ( 7 )  t o  
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prepare the  [15N] analoque. 

which has become a major r e s t r a i n t  i n  t h e  c o s t - e f f e c t i v e  product ion o f  [15N] 

FASLs. I n  t h i s  comnunication, we r e p o r t  an improved method f o r  t h e  synthes is  o f  

(15N1 16-Doxy1 FASL which produces an o v e r a l l  y i e l d  o f  50% w i th  respect  t o  

2-anino-2-methyl propanol . 

The method has an o v e r a l l  y i e l d  o f  on ly  1-3% (8) 

RESULTS AND DISCUSSION 

The synthes is  of,[15N] 2-aqino-2-methyl propanol 

The syn the t i c  rou tes  f o r  b x y l  FASLs developed by Keana e t  a l .  ( 6 )  r e q u i r e  a 

subs tan t i a l  moun t  o f  [15N] 2-amino-2-methyl propanol. 

l a t t e r  was repo r ted  by Venkataranu e t  a l .  (7 ) .  

par ing [15N] 2-amino-2-methyl propanol f o l l o w i n g  t h e i r  approach encountered some 

d i f f i c u l t i e s .  

was hydrolyzed by  us inq SOC12 i n  absolute ethanol ,  

The synthes is  o f  t h e  

However, our attempt i n  pre-  

I n  t h e i r  syn the t i c  procedure, t h e  S c h i f f ' s  base - 3 (see Scheme I )  

The use o f  absolute ethanol 

15NHzPOOEt  *HC1 < EtoH + H70 PhCH=15N-;-CWEt 
S K l 2  I 

y 3  4 3 
CH3 

CH3 

THF 
LiA1 H4 ) 15NH2C-CH20H 

5 
CH3 

- 6 
CH3 

- 
Schane I 

as a so lvent  du r ing  t h e  h y d r o l y s i s  might have been a mistake because t h e  

h y d r o l y s i s  requ i res  water molecules. We found t h a t  i n c l u s i o n  o f  a small 

q u a n t i t y  o f  water f a c i l i t a t e s  t h e  complete hyd ro l ys i s .  The r e s t  of t h e  s y n t h e t i c  
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rou tes  f o r  4 throuqh 5 (see Schene I )  were then developed i n  our l abo ra to ry .  

A f t e r  t h e  h y d r o l y s i s  reac t i on ,  t h e  1 i be ra ted  benzaldehyde was ex t rac ted  w i t h  

pentane. By evaporat inq ethanol, 4 was obtained i n  a s o l i d  form. 

o f  - 4 w i t h  t r i e t h y l a m i n e  i n  e the r  generated - 5 which was reduced w i t h  LiAlH4, 

and then r e f l u x e d  i n  te t rahyd ro fu ran  (THF) t o  g i v e  r i s e  t o  - 6. 

major d i f f e r e n c e s  between our procedure and Venkataramu e t  a1 . I s  approach f o r  

t h e  syntheses o f  4 through 5. 
water s o l u b i l i t y  ( 9 ) .  

water was present i n  t h e i r  method, I n  addi t lon,  our procedure does n o t  r e q u l r e  

t h e  d i s t i l l a t i o n  o f  - 5 which i s  know t o  be h e a t - l a b i l e  a t  atmospheric pressure 

( 9 ) .  The syn the t i c  routes descr ibed here are h i q h l y  rep roduc ib le  and produce an 

o v e r a l l  y i e l d  o f  about 60% o f  2-anino-2-methyl propanol w i t h  respec t  t o  C15N] 

q l j c i n e .  

N e u t r a l i z a t i o n  

There are t w o  

The amino ac id es te r  5 I s  know t o  e x h i b i t  h i g h  

We prepared 5 i n  d r y  e the r  t o  minimize i t s  losses whereas 

The synthes is  o f  Doxyl f a t t y  ac id  sp in  l a b e l  

The syn the t i c  procedure f o r  Doxyl FASLs developed by  Keana e t  a l .  (7,8) 

invo lves t h e  r e f l u x i n g  o f  t he  keto e s t e r  of t he  f a t t y  ac id  i n  to luene w i t h  about 

t e n - f o l d  excess o f  2-mino-2-methyl propanol and a c a t a l y t i c  amount o f  p-toluene 

s u l f o n i c  ac id  f o r  8-10 days. The r e s u l t i n q  oxazo l i d ine  i s  then ox id i zed  t o  t h e  

correspondinq Doxyl FASL which i s  f u r t h e r  p u r i f i e d  b y  chromatography. Th is  

method produced about 1-3% o f  FASL based on t h e  moun t  o f  2-anino-2-methyl 

propanol used (8 ) .  Thus, an enormous p ropor t i on  o f  2-anino-2-methyl propanol 

wds wasted du r ing  t h e  synthesis. 

inexpensive, Keana's method has been used f o r  comnercial-scale product ion o f  

p N 1  FASLs. 

major l i m i t a t i o n  in t h e  r15N] FASL syn thes i s  using Keana's approach. Attempts 

were made i n  our l a b o r a t o r y  t o  improve t h e  o v e r a l l  y i e l d  o f  t h i s  s y n t h e t i c  

route.  It was found t h a t  by reducing t h e  r e a c t i o n  vo lune b y  a f a c t o r  o f  8, a 

2d- fo ld  increase i n  t h e  y i e l d  o f  FASL cou ld  be accomplished us ing a one-to-one 

molar r a t i o  o f  t h e  keto es te r  o f  t h e  f a t t y  ac id  and 2-anino-2-methyl propanol. 

Thus, reduc t i on  i n  r e a c t i o n  volune increases t h e  e f f i c i e n c y  o f  t h e  r e a c t i o n  

probably as a r e s u l t  o f  t h e  law o f  mass act ion.  I n  a t y p i c a l  experiment, t h e  

Since [14N] 2-anino-2-methyl propanol i s  

However, t h e  cos t  o f  [15N] 2-anino-2-methyl propanol has become a 
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r e a c t i o n  o f  2 m o l e s  o f  methyl 16-keto s tea ra te  and 2 m o l e s  o f  [15N] 2-anino- 

2-methyl propanol i n  3 m l  to luene f o r  6 days i n  t h e  presence o f  10 mg o f  

p-toluene s u l f o n i c  ac id  produces about 1 m o l e  o f  pure 16-Doxy1 FASL. The 

amount corresponds t o  a 50% y i e l d  based on the  amount o f  [15N3 2-anino-2-methyl 

propanol used. 

I n  conclusion, we have descr ibed an improved syn the t i c  r o u t e  f o r  [I%] 

16-Doxy1 FASL which increases the  y i e l d  b y  a f a c t o r  o f  20 when compared t o  t h e  

y i e l d  repor ted p rev ious l y .  Our method should be usefu l  f o r  t he  p repara t i on  o f  

o t h e r  p N 1  FASLs as we l l  as o the r  s h o r t  acyl chains con ta in ing  the  Lbxyl 

moiety .  

i n  the  f i e l d  o f  sp in- label  s t l d i e s  o f  b i o l o g i c a l  systems. 

The wider ava i l  abi l  i t y  o f  these [15N] probes should s t imul  ate research 

EXPERIMENTAL 

[15N] g l y c i n e  was purchased from MSD Isotopes ( S t .  Louis) and other  

chenica ls  used were obtained from A l d r i c h  Chemical (Milwaukee). For t h i n  l a y e r  

chromatoqraphy (TLC), t h e  samples were run on Kodak s i l i c a  ge l  sheets, developed 

b y  a m i x t u r e  o f  hexane:ether:acetic ac id  (70:30:2), and detected b y  us ing a 

s u l f u r i c  acid spray (50% s u l f u r i c  ac id) .  

1 i q h t .  

Marsh and Watts (10). 

Doxy1 d e r i v a t i v e s  were detected b y  UV 

16-Keto s t e a r i c  ac id  methyl es te r  was synthesized b y  the  procedure o f  

Hydro l ys i s  o f  S c h i f f ' s  base and i s o l a t i o n  o f  e t h y l  [15N] 2-anino-2-methyl 

pro p i  on a t e  

The s .w the t i c  routes fo r  1 throuqh 3 (see Scheme 1) were as described b y  

Venkataramu e t  a l .  ( 6 ) ;  19.5 g (88 m o l )  o f  e t h y l  Z-(benzyl idine-[15N] anino) 

propionate, 3, was obta ined s t a r t i n g  w i t h  7.5 g o f  [15N1 g l yc ine .  The S c h i f f ' s  

base 3 (88 mnol) was then d i sso l ved  i n  200 m l  o f  absolute ethanol con ta in ing  3 

ml o f  water. To t h e  s o l u t i o n  was added 16.5 9 (138 mnol) o f  S K I 2  a t  a r a t e  

such t h a t  t h e  temperature remained a t  -5  t o  0°C. 

temperature f o r  2-4 hours w i t h  q e n t l e  s t i r r i n g ,  t h e  s o l u t i o n  was r o t a r y  evaporated 

at 30'C t o  reduce t h e  volune t o  about 40 m l  which was then  ex t rac ted  w i th  3 x 50 

m l  o f  pentane. The pentane e x t r a c t  con ta in ing  benzaldehyde was discarded. The 

- 

- 

A f t e r  warming up t o  anbient 
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a l c o h o l i c  s o l u t i o n  was f u r t h e r  r o t a r y  evaporated and kept under vacuun ove rn igh t  

t o  produce a l i q h t  brown w l i d  of t h e  amino ac id e s t e r  hydrochlor ide - 4 (12.5 g, 

74 mnol). 

The so l  id  e t h y l  [15N] 2-anino-2-methyl propionate hJarochloride, 4, was 

d i sso l ved  i n  25 m l  o f  d r y  methanol con ta in inq  8.0 9 (80 mnol) o f  t r i e t h y l m i n e .  

The s o l u t i o n  was bas i c  as tes ted  w i t h  a mois t  l i tmus .  To the  s o l u t i o n  was added 

300 m l  o f  e ther ,  which was s t i r r e d  a t  O'C f o r  30 min. The p r e c i p i t a t e d  m i n e  

hydrochlor ide was f i l t e r e d  o f f .  

d r i e d  under vacuun t o  y i e l d  a 1 i g h t  b r o w  1 i q u i d  o f  ['5N] 2-anino-2-methyl 

propionate, 2 (9.7 g, 73 mnol). 

The f i l t r a t e  was then r o t a r y  evaporated and 

The reduc t i on  o f  t h e  amino e s t e r  5 was c a r r i e d  out  with t h e  use o f  L iA lHq 

(5.3 q, 140 mnol) i n  r e f l u x i n q  te t rahyd ro fu ran .  

t h e  crude product which was d i s t i l l e d  a t  50 Torr a t  75'C t o  produce 5.5 g o f  

viscous (15N3 2-anino-2-methyl propanol, 5. 
t h e  amount of p N 1  q lqc ine  used. 

The r e a c t i o n  y ie lded  6.0 g o f  

The o v e r a l l  y i e l d  was 62% based on 

Synthesis o f  c15N-j 16-Doxy1 s t e a r i c  ac id  

To 3 m l  o f  d r y  to luene was added methyl 16-keto s tea ra te  e s t e r  (0.624 g, 2 

mmol) , r15N1 2-mino-2-methyl propanol (0.18 g, 2 mnol) , and p-toluene sul f o n i c  

ac id  (10 mq). The r e a c t i o n  m i x t u r e  was r e f l u x e d  f o r  6 days i n  a 25-ml f l a s k  

using a Dean-Stark water separator con ta in ing  a few grams o f  anhydrous K2CO3 f o r  

6 days. 

suggesting t h a t  t h e  r e a c t i o n  reached c m p l e t i o n .  The r e s u l t i n g  ye l l ow  1 i q u i d  

was d i l u t e d  w i th  50 m l  o f  e ther ;  t he  s o l u t i o n  was then washed t w i c e  w i th  10 m l  

o f  saturated NaHC03 s o l u t i o n  and the  res idua l  mois ture was removed w i t h  MgSO4. 

M-chloroperox@enzoic ac id  (0.5 g) i n  25 m l  o f  e the r  was added dropwise t o  t h e  

a5ove s o l u t i o n  kept c o l d  i n  an i c e  bath.  

f o r  24 hours, t h e  deep ye l l ow  l i q u i d  formed was washed w i th  3 x 25 m l  o f  

saturated NaHCO3 s o l u t i o n ,  2 x 25 m l  saturated NaCl, and then d r i e d  w i t h  MqSO4. 

The s o l u t i o n  was r o t a r y  evaporated and d r i e d  under vacuun t o  y i e l d  a ye l low 

l i q u i d  o f  t h e  [15N) 16-Doxy1 s tea ra te  es te r .  

s i l i c a  q e l  (70-230 mesh, 40 q) and e l u t e d  with hexane:ether (70:30). 

The TLC r e s u l t  showed no t r a c e  o f  t he  f r e e  keto s tea ra te  es te r ,  

A f t e r  s t i r r i n g  a t  anbient temperature 

It was f u r t h e r  chromatographed on 

To t h e  
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e s t e r  d i sso l ved  i n  2 m l  o f  dioxane was added 5 m l  o f  a 4% NaOH s o l u t i o n ,  which 

was then kept a t  ambient temperature f o r  24 hours. 

adjusted t o  pH 2-3 w i t h  2 N HC1, t h e  f i n a l  product was ex t rac ted  w i t h  

chloroform, d r i e d  w i t h  MqSO4 and r o t a r y  evaporated t o  y i e l d  a ye l l ow  s o l i d  o f  

[1%J 16-floxyl s t e a r i c  ac id  ((3.390 g ,  1.0 mnol). The product  was pure as 

determined b y  both TLC and ESR measurements. It miqrated as a s i n q l e  spot on 

t h e  TLC p l a t e  t o  the  same p o s i t i o n  as t h a t  o f  t h e  [14N] analogue ( A l d r i c h  

Chemicals). I n  add i t i on ,  the ESR spec t ra  o f  t he  probe i n  syn the t i c  phosphol ip id  

mwbranes ( n o t  show)  are i d e n t i c a l  t o  those repo r ted  p r e v i o u s l y  (2,3).  

A f t e r  t h e  s o l u t i o n  pH was 
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