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ABSTRACT: The synthesis of new de r i va t i ves  of subs t i t u ted  p y r r o l i d i n e  n i t r o x i d e  free 

rad i ca l s  i s  reported. The molecules are hydrophobic and b i f unc t i ona l .  A p re l iminary  

study o f  t h e i r  o r i e n t a t i o n  i n  l i p i d  model membranes has been made by EPR. Molecules 

having chains of up t o  17 atoms and po lar  end groups take up a conformation i n  membranes 

which i s  t e n t a t i v e l y  assigned t o  a bent con f i gu ra t i on  w i t h  both func t iona l  groups on one 

s ide  o f  the membrane. These molecules a r e  synthet ic  precursors o f  spin- labeled cross- 

l i n k i n g  reagents f o r  membrane pro te ins .  

INTRODUCTION. The l i p i d  b i l aye r  por t ions  o f  b i o log i ca l  membranes a r e  essen t i a l l y  smectic 

l i q u i d  c r y s t a l s  and i t  i s ,  there fore ,  poss ib le  t o  p e r f e r e n t i a l l y  o r i e n t  rod-shaped o r  planar mole- 

cules w i t h i n  membranes 11.2.3). An app l i ca t i on  o f  t h i s  property o f  l i p i d  b i l aye rs  i s  tha t  hydro- 

phobic reagents may be d i rec ted  t o  selected s i t e s  on membrane pro te ins  ( 4 ) .  One example of t h i s  

approach i s  the use of l i p i d s  which a re  photoreact ive a t  po in t s  varying from the hydrophobic center 

of the b i l a y e r  t o  the l i p i d ,  water - in ter face reg ion ( 5 ) .  The l oca t i on  of the reac t i ve  group w i t h i n  

the b i l aye r  can be estimated w i t h  reasonable c e r t a i n t y  f o r  the photoreact ive reagents because they 

clorely resemble the parent  phosphol ip ids i n  structure and because the arrangement of molecules i n  

I i p i d  b i  layers i s  we1 I def ined from X-ray 16) and neutron d i f f r a c t i o n  studies ( 7 ) .  However, other 

usefu l  membrane reagents have s t ruc tures  which do not resemble l i p i d  molecules, and, there fore ,  i t  

i s  not poss ib le  t o  deduce the o r i e n t a t i o n  and l oca t i on  of the reagents w i t h i n  a membrane simply by 

analogy ro those proper t ies  o f  the host l i p i d s .  S p i n  l abe l i ng  11-31. f luorescence (8) and photo- 

induced dichraism ( 7 )  techniques have been used t o  determine the o r i e n t a t i o n  of chromophores i n  

membranes. I n  t h i s  repor t ,  w e  descr ibe the synthesis o f  a ser ies  o f  long-chain, b i f unc t i ona l ,  spim 

labe l  molecules and the informat ion obtained from t h e i r  resonance (EPR) spectra about 

the conformation and o r i e n t a t i o n  o f  the molecules i n  l i p i d  membranes. These molecules a r e  precur- 

sors  o f  b i f unc t i ona l  p ro te in -mod i f i ca t i on  reagents which a r e  cu r ren t l y  under study i n  t h i s  

labara tory .  

See l ig  and co-workers showed ( 3 )  thar sp in- labe led d i ca rboxy l i c  acids,  of general s t ruc tu re  1 ,  may 

e i t h e r  extend ac ross  a srnectic l i q u i d  c r ys ra l  or take up a bent conformation w i t h  bath carboxy l ic  



ac id  groups on a s i ng le  s ide  of the b i l a y e r  s t ruc ture .  The pre fer red conformation i s  determined by 

r e l a t i v e  lengths o f  the spin label  molecule and o f  the amphiphiles of which the b i l aye rs  a r e  

An important feature o f  the subs t i t u ted  oxazo l id ine  n i t r ox ides ,  I, f o r  ana lys is  of the EPR spectra 

o f  o r ien ted b i l aye rs  i s  t ha t  the L -p r i nc ipa l  ax is  of the n i t r o x i d e  group ir p a r a l l e l  t o  the enten- 

ded chain. Recently, Keana and co-workers introduced synthet ic  methods (10.11) fo r  prepar ing long 

chain n i t r ox ides  tha t  e f f e c t i v e l y  ro ta te  the n i t r o x i d e  coordinates by up t o  90' from the or ien ta-  

t i o n  o f  these coordinates i n  the onazal id ine n i  t roxides ( I ) .  (The convention f o r  the n i  t rox ide 

p r i n c i p a l  axes i s  tha t  5 i s  along the N - 0  bond and 5 i s  p a r a l l e l  t o  the &-orb i ta l . )  The new 

n i t r o x i d e  group i s  a I - oxy l  subst i tu ted p y r r o l i d i n e  w i t h  the general s t ruc tu re  11. Both a- and 

trans- isomers r e s u l t  from the syntheses and these isomers can be separated f o r  some R-groups. 

Because both R groups a r e  the same i n  the molecules we w i l l  discuss here, t h e e  compounds a r e  not 

c h i r a l  whereas the trans compounds a r e  

RESULTS AND OISCUSSiDN. The syntheses of the 2,2,5,5-tetra-substituted py r ro l i d i nes  11 

a r e  achieved by two cycles of ( a )  Grignard add i t i on  t o  a subst i tu ted n i t r o n e  and (b) a i r  ox ida t i on  

as shown on the fo l lowing page. I n  the course of i nves t i ga t i ng  cond i t ions  f o r  prepar ing the 

n i t r one  I l l a ,  we have a l s o  prepared the 3,3-dimethyl d e r i v a t i v e  I I l b ,  i n  somewhat higher y i e l d  

than l l l a  was prepared. The n i t r one r  111 and I Y  a r e  very hygroscopic and c a r e  must be taken t o  dry  

and d i s t i l l  them before the Grignard add i t ions .  The Grignard reagents from the o-chloro-kwtetra- 

hydropyranylalkanes farmed we l l  i n  re f l ux ing  tetrahydrofuran, but nor i n  d ie thy le the r .  Our synthe- 

ses d i f f e r  f r m  those o f  Lee and Keana (11) i n  tha t  two Grignard add i t ions  o f  tetrahydropyranyl  

ethers a re  employed. Our y i e l ds ,  however, we re  s i m i l a r  t o  t h e i r s  i n  which one a l k y l  Grignard and 

one tetrahydropyranyl  ether Grignard were used. 
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a )  above 

b) above 

We repo r t  the synthesis o f  a number o f  de r i va t i ves  of the general s t ruc tu re  11 w i t h  the R-groups 

shown below f o r  V - X  

R= - "= - 
OTHP 5.6 wa,b 

OH 5.6 V1a.b 

I 5.6 Vl1a.b 

CN 5,6 V1l la.b 

COOH 5,6 IXa,b 

CH 
3 7  X 

In the syntheses ca r r i ed  out  by Lee and Keana (11). reac t ion  sequences i n  which the fou r th  subs t i -  

t e n t  added t o  the p r y r r o l i d i n e  r i n g  was a long chain one gave p r i m a r i l y  t h e m  subs t i t u ted  

de r i va t i ve .  When methyl was the f i n a l  subst i tuent  added, t h e e  geometry predominated. Based on 

these results, i t  i s  reasonable to expect tha t  the d i - fe f rahydropyrany l  ether compounds Va and Vb 

a r e  mixtures o f  &and  trans i s m e r s  w i t h  trans predominant. The e a r l i e r  work (11) a l s o  showed 

tha t  some of the & a n d  trans der i va t i ves  could be separated by t l c .  I n  our syntheses, there were 

several products moving w i t h  s i m i l a r ,  but  not i d e n t i c a l ,  R 's f a r  a number o f  de r i va t i ves .  Since, f 

i n  each c a s e ,  the ma jo r  component was i so la ted,  the trans compounds may have been se lec t i ve i y  

p u r i f i e d  i n  the mult  i - s tep  syn the t i c  sequences. Indeed, 'HNHR o f  the chemical ly reduced (and thus 

diamagnetic) n i t r ox ides  VIb and V1l la.b tends t o  conf i rm t h i s .  

I The HNMR patterns (COCI ) f o r  VIb and V l l l b ,  a f t e r  chemical reduct ion o f  the n i t r ox ides  t o  the 
3 

hydrorylamines, were q u i t e  s i m i l a r  i n  the reg ion 61.0-1.9 except f o r  a peak a t  61.82 which was 

present i n  the spectrum o f  VIb ( less  than ZH) but apparent ly absent from tha t  o f  V l l I b  (a  very 

small peak i n  t h i s  region cannot be ru led ou t ) .  Lee and k a n a  found that  a l l  &ace ta te  der iva-  

t i v e s  of n i t r ox ides  (N-0-COCH ) gave peaks a t  61.6-1.75 which were not found f o r  the t r a n s a n a l o g s .  3 
However, r igorous proof  o f  the trans geometry f o r  V l I l b  requ i res  f u r the r  i s o l a t i o n  and cha rac te r i -  



zat ion  o f  same o f  the minor (presumably cis) components o f  V I I  or V I I I .  

In associated work, we have prepared b i f unc t i ona l  de r i va t i ves  o f  i - oxy loxa ro l i d i nes ,  1 0 2 ) .  We 

had two goals i n  prepar ing the p y r r o l i d i n e  der iva t ives ,  11. We wished t o  know i f  the conformation 

of the molecules i n  membranes was s i g n i f i c a n t l y  d i f f e r e n t  f o r  the subs t i t u ted  py r ro l i d i nes ,  com- 

pared t o  the oxazo i id ine  de r i va t i ves .  I n  add i t ion ,  we wished t o  prepare two sets o f  p r o t e i n  modi- 

f i c a t i o n  reagents i n  which the n i t r a x i d e  p r i n c i p a l  axes were a t  d i f f e r i n g  angles r e l a t i v e  t o  the 

molecular coordinates i n  order t o  f a c i l i t a t e  f u tu re  EPR studies o f  an i so t rop i c  r o t a t i o n  of membrane 

pro te ins .  The o r i en ta t i on ,  and thus the conformation, o f  n i t r o x i d e r  i n  membranes can be i n v e s t i -  

gated by prepar ing rnu l t i layer  membranes o r i en ted  an a f l a t  surface. We have made membranes o f  t h i s  

type from L-o -d i lauroy lphosphat idy lcho l ine  (DLL). When a dry  f i l m  o f  DLL i s  exposed t o  water vapor 

fo r  several hours, a l i m i t e d  amount o f  water (25% by weight) i s  taken up and l i p i d  b i l aye rs ,  sepa- 

ra ted by water layers,  a r e  formed. Gentle pressure o f  t h i s  hydrated mater ia l  between two glass 

p la tes  produces wel l -o r ien fed b i l aye r  stacks. We chose DLL f o r  our s tud ies  f o r  severa l  reasons.  

I t  does not conta in  unsaturated f a t t y  ac id  chains and i s  t h w  not subject  t o  a i r  ox idat ion ;  i t  has 

a phase t r a n s i t i o n  on ly  below room temperature so t ha t  f l u i d  b i l aye rs  can read i l y  be prepared; i t  

has r e l a t i v e l y  shor t  f a t t y  ac id  chains (12 carbon atoms) so t ha t  i t  might be poss ib le  f o r  the 

longest of the b i f unc t i ona l  reagents t o  take up an extended conformation, spanning the b i l a y e r .  

Figure I shows three poss ib le  o r i en ta t i ons  o f t h e  trans molecules I 1  i n  a membrane b i l a y e r .  Each 

o f  the molecular  o r i en ta t i ons  shown corresponds t o  a unique set  o f  EPR spectra fo r  or ien ted b i l a y e r  

samples. I t  i s  assumed that  each o r i e n t a t i o n  drawn i n  Figure 1 e x i s t s  i n  an ar ray  generated by 

r o t a t i o n  of the o r i e n t a t i o n  depicted about the b i l aye r  normal, N. Table l summarizes the number 

and pos i t i on  of gauche ro ta t i ons  i n  the f l e x i b l e  polymethylene chains t ha t  can prov ide some o f  the 

bent (Fig. l a )  and extended (Fig. Ib,c)  conformations o f  11. 

The experimental EPR spectra o f  molecules V, V I  and V I I I - X  i n  DLL membranes (both dispersions and 

or iented b i l aye rs )  have been obtained. Four c h a r a c t e r i s t i c  l i n e  shapes were observed. Some samp- 

les gave the superimposed spectra o f  two or  three of the c h a r a c t e r i s t i c  l i n e  shapes. The molecules 

V l I I  and X ,  w i t h  non-polar R groups, gave near ly  i so t rop i c  spectra i n  or ien ted b i l aye rs  a t  room 

temperature. Two other c h a r a c t e r i s t i c  l i n e  shape3 a r e  over lapping i n  the spectrum shown i n  Figure 

2a. Line shapes very s i m i l a r  t o  t h i s  were obtained for  molecules V and I X  w i t h  R groups -OH and 

-COOH. We a r e  able t o  s imulate the spectra i n  Fig. Za, w i t h  DPPH (o ,o ' -d ipheny l -B-p ic ry l  h y d r a q l )  

as a marker, by superimposing spectra w i t h  g  = 2.0035 (minor component) and 2.0074 (major component) 

and, fo r  the ma jo r  component, w i t h  L-molecular ax i s  t i l t e d  by 75"  from the normal t o  the membrane 

plane. The g-value 2.0074, together w i t h  the considerable motional averaging, does not a l low an 

unambiguous choice between p re fe ren t i a l  alignment o f  the molecular K or 1 a x i s  w i t h  the  membrane 

normal. However, a number o f  considerat ions,  inc lud ing the predominance o f  the trans geometrical 
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F i g .  2a 

F i g u r e  Za:  Exper imen ta l  and c a l c u l a t e d  s p e c t r a  f o r  VIb i n  o r i e n t e d  
b i l a y e r ;  magnet ic  f i e l d  p a r a l l e l  t o  b i l a y e r  normal ;  
parameters f o r  m a j o r  component: t i l t  angle = 75', T,,' = 21.6, 
T,' = 11.2 gauss, A g  = ,0026, l i n e  w i d t h s  ( l o w  t o  h i g h  f i e l d )  = 
3.5, 3.5. 5.0 gauss; minor  component: t i l t  a n g l e  = O n ,  TI,' = 
24.4, T I 1  = 9 .5  gauss, A g = ,0026, l i n e  w i d t h s  = 3.5, 3.0, 6.0 
p u s s .  R a t i o  o f  ma jo r /m inor  component i s  8/1. 

F i g u r e  2b:  Same as  exper imen ta l  spec t rum i n  F i g .  Za e x c e p t  t h a t  l a b e l  i s  
IXb;  no te  a d d i t i o n a l  component apparen t  p a r t i c u l a r l y  i n  
h i g h - f i e l d  r e g i o n .  



F i g .  

F g u r e  I :  Three p o s s i b l e  con fo rmat ions  of t h e  molecule I1  i n  a membrane b i l a y e r  

TABLE I .  

Conformat ions o f  I 1  D e r i v a t i v e s  for Var ious  Gauche Bond Arrangements!: 

(?,Based on CPK m o l e c u l a r  mode i r )  

Gauche N i t r o x i d e  A x i s  
#Gauche Bonds Bond Con fo rmat ion  P a r a l l e l  

L o c a t i o n  B i l a y e r  Normal (b )  

Trans isomer 

ex tended  Z minus 30- 

extended Z minus 210' 

extended Y 

bent  X 

ben t  X 

C i s  Isomer 

... 
0 w ide  bend Z 

29 2-3 ben t  %Z 

29 1-2 ben t  X 

29 1-2 extended Y 

29 3-4 extended Y 

a )  The cha ins  a r e  numbered so t h a t  C - l  i s  n e x t  t o  a ca rbon  atom on t h e  p y r r o l i d i n e  r ing. 

b) Only t h e  a l i g n m e n t  fo r  t h e  ar rangement  of t h e  extended c o n f o r m a t i o n  shown i n  F i g .  Ic i s  tabu-  
l a t e d .  The o r i e n t a t i o n  l b  i s  expected t o  g i v e  n e a r l y  i s o t r o p i c  s p e c t r a  i n  o r i e n t e d  b i l a y e r s .  
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isomer, t h e  l e n g t h  o f  t h e  mo lecu les  invo lved ,  t h e  h i g h  m o b i l i t y  o f  mo lecu les  c o n t r i b u t i n g  t h e  m a j o r  

s p e c t r a l  component ( T I I N  = 22 gauss) and analogy t o  t h e  more e a s i l y  d i s c e r n e d  con fo rmat ions  o f  the 

o x a m l i d i n e  n i t r o x i d e s .  I, ( 3 )  suggests t h a t  t h e  b e n t  con fo rmat ion  shown i n  F i g .  l a  i s  t h e  predomi-  

n a n t  one f o r  mo lecu les  V I  and I X  i n  membranes. The m i n o r  component o f  t h e  s p e c t r a  c o u l d  a r i s e  f rom 

t h e  extended trans isomer or from t h e  ben t  *one.  A f o u r t h  c h a r a c t e r i s t i c  l i n e  shape w a s o b t a i n e d  

as  t h e  ma jo r  component i n  t h e  spectrum o f  Vb and as  a minor  component i n  t h e  sepctrum o f  IXb 

( F i g u r e  2b). We o r e  n o t  a b l e  t o  unambiguously a s s i g n  t h i s  spectrum t o  a con fo rmat ion  a t  p r e s e n t .  

Harever ,  s i n c e  i t  i s  o n l y  found for t h e  longes t  mo lecu les  prepared,  a t e n t a t i v e  c o n c l u s i o n  i s  t h a t  

i t  corresponds t o  mo lecu les  i n  some frans-membrane con fo rmat ion .  

EXPERIMENTAL. Computer s i m u l a t i o n  o f  EPR l i n e  shapes were c a r r i e d  o u t  u s i n g  an 

approach d e s c r i b e d  e a r l i e r  (2 )  

2.5-Dimethyl-I-pyrroline-I-oxide ( I I l a ) .  The condensa t ion  o f  methy l  v i n y l  ke tone  and 

n i t r o e t h a n e  was c a r r i e d  o u t  as d e s c r i b e d  by Shec te r ,  e t  a l .  (13)  t o  g i v e  49.3% y i e l d  o f  5 - n i t r o -  

-2-hexanone a f t e r  d i s t i l l a t i o n  (b.p. 115-119D/10mm); IR (CCI4) 1720 (C=O). 

C y c l i z a t i o n  (14)  o f  5-n i t ro-2-hexanone w i t h  z i n c  dus t  and ammonium c h l o r i d e  gave 2 ,5 -d imethy l - I -  

- p y r r o l  i n e - I - o x i d e  i n  50% y i e l d  (b.p. 72 ' /0 .7m).  I R  (CCI,,) 1605 (C=N) ; NHR (CCI4/TUS) 6(ppm) 

+ - 
1.35 (3H, d, CH ) ,  1.92 (3H, s, C=C-CH ) ,  1.9-2.7 (4H, m, -CH2-1, 3 .9 ( IH ,  m ,  HCN(0 )C=C). 

3 3 

2.4,4,5-TetramethyFl-pyrroline-I-oxide ( I I I b ) .  Condensat ion o f  m e s l t y l  o x i d e  (4-methy l -  

-3-penten-2-one)  w i t h  n i t r o e t h a n e  gave 4,4-dimethyl -5-ni t ro-2-hexanone (b.p. 82°/1.0mm); IR (CCI4) 

1720 cm-' (C=O); NHR (CC14/THS) S(pprn) 1.0 (3H, 5 ,  C-CH ) ,  1.1 (3H, s ,  C-CH ) ,  1.45 (3H, d. 
3 3 

CH(N02)CH ) ,  2.08 (3H. s ,  (C=O)CH 1, 2.5 (ZH, CH2-C), 5.0 ( IH ,  q ,  Cc-CH3). 
3  - 3 

C y c l i z a t i o n  as above gave I l I b  i n  70% y i e l d  (b.p. 72°/1.0mm); I R  (CCl41 1605 cm-' (C=N); NHR 

(CC14/TMS) b ( ~ p r n )  1.07 (3H. s ,  CHJ), 1.18 (6H. CH ) ,  1.88 (3H, s ,  c-CCH3), 2.56 (ZH, s, C-CH2), 
3  

3.58 ( IH,  m, H C ~  ( 0 - ) c = c ) .  

r reparac ion  o f  te i rahydropy rany~  e the rs .  E ~ ~ ~ ~ ~ I ~ ~  quant i t ies o-ch~oro-ul-hydroxy- 

a l kanes  and d i h y d r o p y r a n ,  w i t h  a t r a c e  o f  h y d r o c h l o r i c  a c i d ,  were shaken and a l l o w e d  t o  s tand  for  

3-5 hours. The r e a c t i o n s  a r e  exo thermic .  A few p e l l e t s  o f  sodium h y d r o x i d e  were added t o  d e s t r o y  

t h e  a c i d  and t h e  s o l u t i o n  was p u r i f i e d  by d i s t i l l a t i o n .  The p e n t y l  d e r i v a t i v e  was o b t a i n e d  i n  58% 

y i e l d  (b.p. 78 ' / .55m)  and t h e  h e x y l  d e r i v a t i v e  i n  46% y i e l d  (b.p. 94'/0.5mm). 

2,5-0imethyl-2.5-di(6'-tetrahydropyrany1oxyhexy1)-I-pyrrolidine-I-oxy1 ( V b ) .  A s o l u t i o n  

o f  4.6 g (39.7 m o l e )  o f  n i t r o n e  1 I I a  i n  30 ml of t e t r a h y d r o f u r a n  was added a t  21" t o  a s t i r r e d  

100 rnl s o l u t i o n  o f  t h e  G r i g n a r d  reagen t  d e r i v e d  from t h e  t e t r a h y d r a p y r a n y l  e t h e r  o f  6 -ch lo rohexano l  

(13.14 g, 59.6 mrnole) and 1.45 g o f  magnesium t u r n i n g s  (59.6 mrnole). [ A d d i t i o n  o f  t h e  n i t r o n e  t o  a 

r e f l u x i n g  s o l u t i o n  of t h e  G r i g n a r d  reagen t  i n  t e t r a h y d r o f u r a n  gave lhier y i e l d s  of t h e  d e s i r e d  

p r o d u c t . 1  The m i x t u r e  was s t i r r e d  f o r  30 mi" a t  room temperature,  a f t e r  t h e  a d d i t i o n  was complete.  



S a t u r a t e d  arnrno~ium c h l o r i d e  s o l u t i o n  was added and t h e  o r g a n i c  l a y e r  was separated,  d r i e d  over 

sodium s u l f a t e  and evapora ted  t o  y i e l d  a y e l l o w  o i l  which was immediate ly  taken up i n  50 rnl o f  

methanol and 5  ml o f  c o n c e n t r a t e d  arrmonium hydrox ide .  Capper a c e t a t e  [ C U ( O A C ) ~ ' H ~ O ,  l g ]  was added 

t o  t h e  s o l u t i o n  and t h e  m i x t u r e  was s t i r r e d  i n  a i r  u n t i l  a deep b l u e  c o l o r  developed (-30 rnin). 

The m i x t u r e  was d i l u t e d  w i t h  wa te r  and e t h e r .  The e t h e r  l a y e r  was c o l l e c t e d ,  d r i e d  and evapora ted  

t o g i v e  a brawn o i l  f r o m w h i c h  a low b o i l i n g  f r a c t i o n w a s  removed by d i s t i l l a t i o n  (40'/lmm). The 

r e s i d u e  was  used d i r e c t l y  f o r  t h e  second Gr ignard  a d d i t i o n  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

The second a d d i t i o n  t o  t h e  t r i s u b s t i t u t e d  n i t r o n e  was per formed i n  t h e  same manner as above u s i n g  

a 20 ml s o l u t i o n  of t h e  c rude  n i t r o n e  i n  t e t r a h y d r o f u r a n  and t h e  G r i g n a r d  reagent  prepared f rom 

0.92 g  magnesium (38.0 m o l e )  and 8.58 g  (39.0 m o l e )  o f  t h e  t e t r a h y d r o p y r a n y l  e t h e r  o f  6 -ch lo ro -  

hexanoi .  A f t e r  work-up, t h e  p roduc t  was p u r i f i e d  by column chromatography on s i l i c a  g e l  ( e l u t i o n  

w i t h  1 %  methanol i n  ch lo ro fo rm)  f o l l o w e d  by p r e p a r a t i v e  t h i n  l a y e r  chromatography (ch lo ro fo rm,  

n F  0.1) t o  give I V ~  i n  20% y  i e ~ d  (based on the  o r i g i n a l  4.5 g o f  n i r r m e ) ;  I R  (nea t )  1135 cm/ 

(C-0-C). ( C a l c u l a t e d  for CZ8HS2N05. 482.73: C ,  69.66; H ,  10.85; N, 2.90. Found: C, 67.97; 

H, 10.72; N, 1.97. 

2 ,5 -O imethy I -2 ,5 -d i (6 ' - te t rahydropyrany Ionypenty i )pyr ro I id ine - l -oxy l  Va. The n i t r o x i d e  

s u b s t i t u t e d  w i t h  two t e t rahydropyrany loxypee ty l  cha ins  ( I V a )  was prepared by the p rocedure  

desc r ibed  above f o r  IVb.  ( C a l c u l a t e d  f o r  C26H48N05, 454.68: C ,  68.86; H, i0.64;N. 3.08. Found: 

C, 68.75; H, 10.70; N ,  3 . 0 0 ) .  

2.5-Dimethyl-2.5,-di (6 ' -hydroxyhexyl )  py r r o l  l d i n e - I - o x y i  (V Ib )  and t h e  co r respond ing  

d i f i C h y d r o x y p e n t y l l  ana log  (Via). The d i - t e t r a h y d r a p y r a n y l  e t h e r  Vb (200 mg, 0 .41  mrnoi) 

was c leaved  i n  50 rnl methanol c o n t a i n i n g  13.2 mg o f  p - t o l u e n e i u l f o n i c  a c i d  a f t e r  s t a n d i n g  f o r  4  h r  

a t  room t empera tu re .  The s o l u t i o n  was d i l u t e d  w i t h  wa te r  and e t h e r  and t h e  e t h e r  l a y e r  was washed 

w i t h  wa te r  and s a t u r a t e d  sodium c h l o r i d e ,  d r i e d  and evaporated.  The r e s i d u e  was d i s s o l v e d  i n  

c h l o r o f o r m  and p u r i f i e d  on a d r y  s i l i c a  g e l  column. The column was  e l u t e d  w i t h  ch lo ro fo rm,  

f o l l o w e d  by e t h e r .  The e t h e r  f r a c t i o n s  gave 91 rng (70.6%) o f  t h e  d i o l  ( t i c ,  5% methano l -ch lo ro fo rm 

Rf ,405) .  ( C a l c u l a t e d  fo r  Ci8Hj8N03. 314.49: C, 68.74; H, 11.53; N ,  4.45. Found: C, 68.59; 

H ,  11.62; N; 4 .42 ) .  

S i m i l a r l y ,  Va was conver ted  t o  Vla. ( C a l c u l a t e d  f o r  CI6Hj2NO3, 286.43: C ,  67.09; H, 11.26; N, 4.89 

Found: C, 64.97; H, 10.71; N ,  4.54). 

2,5-Dimethyl-2,5-di(6'-iodoheryl)pyrrolidine-l-oxyl V i l b ) .  Me thanesu i fony l  c h l o r i d e  

(114 mg, 0.1 rnmoie) w a s  added t o  a s t i r r e d  s o l u t i o n  o f  t h e  d i o l  V lb  (91 mg, 0.2 rnrnole) and 122 rng 

(1.2 m o l e )  of t r i e t h y l a m i n e  i n  10 rnl of d r y  d i ch lo romethane  a t  -20'C (Dry I c e  - C C I  b a t h ) .  A f t e r  4 

a d d i t i o n ,  t h e  m i x t u r e  was a l l o w e d  t o  warm t o  20'C and 80 ml o f  cyc lohexane was added. Sol i d s  were 

removed by f i l t r a t i o n  and t h e  f i l t r a t e  was evaporated.  The crude d i rnethanesui fonate was d i a r o l v e d  
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i n  10 m l  o f  methyl e t h y l  ketone conta in ing 540 mg o f  sodium Iodide. The so lu t i on  was heated under 

r e f l u x  fa r  30 mln, d i l u t e d  w i t h  cyclohexane and f i l t e r e d .  Evaporation gave the crude d i i o d i d e  

( t l c ,  chloroform, R f  .88, ,951. 

The prepara t ion  o f  V I Ia  was s i m i l a r  t o  tha t  o f  VI Ib.  

2.5-Oimethyl-2.5-di( 6'-cyanatohexyl)pyrrolidine-l-oxyl ( V I I I b ) .  The crude d i i o d i d e  

V l I b  was mixed w i t h  10 ml absolute ethanol  and 0.2 g  (4.0 mmolel sodium cyanide and the mix ture  

was heated under r e f l u x  for  20 hrs. The react ion  mix ture  was p a r t i t i o n e d  between water and ch loro-  

form and the chloroform layer was d r i ed  aver sodium su l f a te .  Preparat ive t l c  (chloroform) o f  the 

-I 
residue gave the d i n i  t r i  l e  (Rf .27) I R  (CCI,,) 2240 (CeN) cm . Calculated f o r  C20H36N30. 332.5: 

C, 72.24; H, 10.30; N ,  12.38. Found: C, 71.98; H, 10.22; N, 12.62). 

The corresponding d i (5 ' -cyanatopenty l )  de r i va t i ve ,  V I Ia ,  was prepared s i m i l a r l y .  (Calculated for  

C18Hj2N30. 304.46: C, 71.00; H, 9.93; N, 13.79. Found: C ,  70.93; H, 9.87; N, 13.69). 

2 ,5 -0 imethy l -2 ,5 -d i (6 ' - ca rboxyhexy l )pyr ro l id ine - l -oxy l  ( IXb) .  Hydrolysis of the d i n i t r i l e  

(72 mg, 0.22 rnmole) was achieved by heat ing a methanol (10 m l l  s o l u t i o n  w i t h  2  ml, 4N sodium 

hydroxide a t  r e f l u x  f o r  16 hrs .  The s o l u t i o n  was a c i d i f i e d  w i t h  cold,  IN hydroch lor ic  ac id  and the 

d i a c i d  was ex t rac ted i n t o  ethylacetate.  The organic layer was washed w i t h  water and saturated 

sodium ch lo r i de ,  d r i ed  over sodium su i f a te  and evaporated t o  g i ve  a ye l low o i l .  Preparat ive t h i n  

layer  chromatography (5% rnethanol/chloroform) gave pure d iac id .  (Calculated f o r  C20H38N05. 370.51: 

C .  64.83; H, 9.79; N, 3.78. Found: C, 64.63; H, 9.62; N, 3.58). 

The corresponding di(5 ' -carboxypentyl l  compound was prepared i n  a small amount and used f o r  

Oriented b i l aye rs  studies,  but was not analysed. 

2,5-Dimethyl-2.5-diocfylpyrrolidine-I-ox ( X I .  A s o l u t i o n  o f  2.5-dimethylpyrrol ine- 

I -ox ide ( 3  g )  i n  30 m l  of e ther  was added t o  a s t i r r e d  so lu t i on  o f  ocrylmagnesium bromide (pre- 

pared from 5.68 g  1-bromooctane and 0.716 g  magnesium i n  100 ml e ther )  a t  a r a t e  s u f f i c i e n t  t o  

main ta in  gen t l e  reFiux.  The s o l u t i o o  was  s t i r r e d  f o r  an add i t i ona l  30 m i n  a t  room temperature. 

Saturated ammonium ch lo r i de  was added and the ether layer which separated w a r  d r i ed  and evaporated 

t o  g i ve  a ye l low o i l  which was inmediately taken up i n  50 m l  of methanol and 5 ml o f  concentrated 

ammonium hydroxide and s t i r r e d  w i t h  1 g  o f  cup r i c  acetate u n t i l  a b lue c o l o r  developed. The solu- 

t i o n  was d i l u t e d  w i t h  50 ml water and ex t rac ted w i t h  e ther .  The e ther  ex t rac t  was d r i ed  and evap- 

Orated t o  g ive  a residue which was p u r i f i e d  on a s i l i c a  ge l  column (5% methanol i n  chloroform). A 

s l i g h t l y  impure ( t i c )  product was obtained i n  50% y i e l d  and used d i r e c t l y  f o r  the next step. 

The n i t y e  (2.6 g, 23.0 m o l e )  i n  10 ml e ther  was added a t  20DC t o  50 ml o f  the 

Grignard reagent prepared from 0.42 g  magnesium and 3 . 3  9 I-bromaoctane. A f te r  30 minutes o f  

s t i r r i n g ,  the mix ture  was worked up i n  the usual way and ox id ized w i t h  copper/air. Column 

chromatography on s i l i c a  ge l  (chloroform) gave X .  ( t l c  (CHCI3) R f  0.79) (Calculated for  C22H44N0. 



338.59: C ,  78.04; H ,  i 3 .10 ;  N, 4.13. Found: C ,  78.25; H ,  13.22; N, 4 .24)  
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