
1492 Specialia J~XPgRIENTIA 32/12 

The procedure  general ly  employed  to affect  such func- 
t ional izat ions  a-l~ suffer f rom the  d rawback  t h a t  t h e y  
employ  s t rong bases to genera te  anions prior  to reac t ion  
wi th  electrophiles.  The presence of esters, ketones,  al- 
dehydes ,  etc., in the  same molecules would  resul t  in pre-  
ferent ia l  a t t ack  a t  the  carbon a toms  ~ to these  more  
electrophil ic carbonyI  groups. BAN et al. u, z2 have  devel-  
oped  an a l te rna t ive  procedure  involving the  use of 
MEERWEIN reagen t  ~a-15 to genera te  the  enaminoe the r  of 
the  amide  which  can then  be a lkylated.  This reagent ,  
however ,  a lkylates  alcohols, phenols,  carboxyl ic  acids, 
amines  in, i4. More recently,  observa t ion  of in termolecular  
condensa t ion  react ions  of Vilsmeier complexes  by  a t t a ck  
of the  enamine  on the  immon ium in te rmedia tes  have  been  
made,  bu t  a t t e m p t s  to use these  as syn the t ica l ly  useful 
react ions  for funct ional iza t ion  of amides  have  me t  w i th  
ve ry  l imited success~6. 

We now repor t  subs t i tu t ion  react ions in h igh  yield at  
ca rbon  a toms  ~ to  amide  and imide carbonyI  groups. The 
m e t h o d  employed  involves the  prior  fo rmat ion  of the  
Vilsmeier in t e rmed ia te  of the  amide  (or imide) wi th  
phosphorus  pen tach lor ide  in an aprot ic  solvent .  This  
compIex is t h e n  allowed to  react  wi th  a sui table electro- 
phile for a few hours  to afford the  desired funct ional ized 
amide  on aqueous work-up.  

Thus  N-ace ty l  p iper idine (5) was t rea ted  wi th  phos-  
phorus  pen tach lor ide  in w a r m  benzene  for 10 rain to  
afford the  cor responding  chloroenamine  (6). To th is  was 
then  added  an equiva len t  amoun t  of b romine  in d ioxane 
and  the  mix tu re  was s t i r red a t  30 ~ for 4 h. On aqueous  
work-up,  the  p roduc t  (7) was isolated as a whi te  crysta l -  
line mater ia l  in 80% yield, m.p.  38-40~ 

Similarly, when  the  Vilsmeier in t e rmed ia te  (6) was 
allowed to react  wi th  an equiva len t  a m o u n t  of benzal-  
dehyde  or p -n i t robenza ldehyde  for 4 h in ref luxing 
benzene,  (8) and  (9) were ob ta ined  in 80 and 90% yield 
respect ively.  

T r e a t m e n t  of the  Vilsmeier complex  (6) wi th  d ie thyl -  
oxa la te  in ref luxing benzene for 11/2 h afforded the  cor- 
r e spond ing  ace ty la ted  acid (10) in 45% yield on aqueous 
work-up.  

W h e n  alkylat ion was a t t e m p t e d  wi th  epichlorohydr in ,  
the  Vilsmeier  complex  (6) afforded only the  in termole-  
cular acyla t ion p roduc t  (11) in 60% yields. 

In  order  to  examine  the  possibi l i ty  of simiIar ac t iva t ion  
of imide carbonyls ,  the  imide (12) was t r ea t ed  wi th  ex- 
cess phosphorus  pen tach lor ide  in benzene for 4 h when  
comple te  convers ion to a new- fas te r  moving  subs tance  
was de tec ted  by  TLC. Aqueous  work-up,  ex t r ac t ion  wi th  
e thy l  ace ta te  and concen t ra t ion  afforded colourless 
crystals,  m.p.  169-71 ~ The I R - s p e c t r u m  showed peaks  
a t  1710 cm -1 (S) and 1790 cm -1 (W). The U V - s p e c t r u m  
afforded m a x i m a  at  224, 274 and  291 n m  in expec ta t ion  
wi th  the  no rma l  indolic chromophore .  The mass  spec t rum 
afforded a p r o m i n e n t  molecular  ion at  276 wi th  the  iso- 
tope  peak  of chlorine a t  278. Other  major  peaks appeared  
at  115, 116, 130, 114, 164, 177, 241 and 258 nm. S t ruc tu re  
(14) was therefore  assigned to the  product .  

In  view of these  reactions,  it  appears  t h a t  this  procedure  
for ac t iva t ing  amides and imides m a y  be s ignif icant ly  
superior  to t he  me t h o d s  previous ly  described,  b o t h  in its 
scope as well as selective applicabi l i ty .  Ex tens ion  of th is  
me t h o d  to  o ther  react ions  involving bo th  a t t ack  of various 
nucleophiles  a t  the  ac t iva ted  ca rbonyl  groups and a t t ack  
of o ther  electrophiles  a t  ~-carbon a toms  is cur ren t ly  being 
invest igated.  
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Summary. Al though  the  absolute  concen t ra t ions  of me ta l  complexes  in blood p lasma are control led by  pro te in  binding,  
the  percen tage  d is t r ibu t ion  of t rans i t ion  meta l  ions amongs t  low molecular  weight  Iigands is not.  Thus, co mp u t e r  
s imula t ions  which omi t  pro te in  equil ibria can never the less  afford reliable in format ion  abou t  such meta ls  in the  biofiuid. 

Al though  the  vas t  ma jo r i t y  of t rans i t ion  meta l  ions in 
blood p lasma are p ro te in  bound,  low molecular  weight  
complexes  p lay  an essential  physiological  role 2-4. In  
par t icular ,  t h e y  m a y  al ter  the  bioavai labi l i ty  of the  
meta i  by  med ia t ing  in its exchange be tween  macro-  
molecules 6, 6 and also by  faci l i ta t ing m e m b r a n e  pene t ra -  
t ion ~ 10. Moreover,  the free aquo-ions of meta ls  such as 
Fe(I I I )  and p robab ly  Cu(II) exis t  in p lasma a t  such low 
concen t ra t ions  t h a t  it  is ex t r emely  unlikely t h a t  they,  

r a the r  t h a n  their  low molecular  weight  complexes,  
pa r t i c ipa te  in bioinorganic react ions.  The na tu re  and 
relat ive concen t ra t ions  of these  complexes  are t hus  of 
considerable  interest .  

Current  analyt ica l  me t h o d s  are incapable  of measur ing  
individual  concen t ra t ions  of low molecular  weigh t  com- 
plexes in plasma.  This is due to the  m u l t i c o m p o n e n t  
na tu re  of the  sys tem as well as to the i r  ex t r eme ly  low 
concent ra t ions .  Fur the r ,  the  complexing  react ions  are 
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l ab i le  a n d  c lose  to  e q u i l i b r i u m  so t h e y  a r e  s u s c e p t i b l e  t o  
d i s t u r b a n c e s  b y  c h e m i c a l  p r o b e s .  F o r  t h e s e  r e a s o n s ,  c o m -  
p u t e r  p r o g r a m s  a re  u s e d  t o  c a l c u l a t e  t h e  d e s i r e d  d i s t r i b u -  
t i o n  f r o m  a k n o w l e d g e  of  t h e  t o t a l  c o n c e n t r a t i o n  of  t h e  
c o m p o n e n t s ,  t h e  p H  of  t h e  s o l u t i o n  a n d  t h e  a p p r o p r i a t e  
e q u i l i b r i u m  c o n s t a n t s .  T h i s  k i n d  of  s i m u l a t i o n  w a s  
p i o n e e r e d  b y  SILL~N w h o  d e m o n s t r a t e d  h o w  v a l u a b l e  i t  
c o u l d  be  in  h i s  s t u d y  of s e a w a t e r  ~ .  PERRIN i n t r o d u c e d  t h e  
c o n c e p t  to  b l o o d  p l a s m a  ~2, ~a. S u b s e q u e n t l y ,  o t h e r  m o d e l s  
of  p l a s m a  w h i c h  a t t e m p t e d  t o  a c c o m m o d a t e  t h e  m o s t  
i m p o r t a n t  m e t a l  p r o t e i n  i n t e r a c t i o n s  a lso  a p p e a r e d  ~-~6. 

O p p o n e n t s  of  s u c h  c o m p u t e r  s i m u l a t i o n s  a r g u e  t h a t  
c u r r e n t  m o d e l s  a re  t oo  s i m p l i s t i c  to  r e p r e s e n t  t h e  b io-  
log ica l  s y s t e m  s a t i s f a c t o r i l y .  "Whils t  e f f o r t s  t o  a p p r o x i m -  

Table 1. The percentage distribution of the metal ions Cu(II), 
Fe(III), Mn(II) and Zn(II) amongst  predominant low molecular 
weight Iigands in human blood plasma as found by computer 
sinndation 

Complex Percentage of the total 
metal in the low molecular 
weight fraction 

Cu histidinate cyt inate-  21 
Cu histidinate cystinate H 17 
Cu histidinate 2 11 
Cu histidinate threoninate 8 
Cn histidinate valinate 5 
Cu histidinate lysinate H + 5 
Cu histidinate alanate 4 
Cu histidinate serinate 4 
Cu histidinate phenylalanate 3 
Cu histidinate glycinate 3 
Fe citrate OH-  99 
Mn carbonate H + 22 
Mn citrate- 10 
Mn carbonate 2 
Zn citrate cysteinate a- 43 
Zn cysteinate~ 19 
Zn cysteinate histidiuate- 12 

Table 2. Concentration limits applied to the model of the metal ion 
distribution in plasma 

'Aquated'  Estimated Free cone. 
metal ion free conc. limits 

Estimated 
total low 
molecular 
weight metal 
complex cou- 
centration 

Ca 2+ 1.13 InM (experimentally 300 ~ M  
measured value 
from the literature) 

C u  2+ 10 18M 10 IgM-10 12M 10-12M-10 9 M  
Fe3+ 1 0 - 2 a M  1 0 - 2 4 M  10--18M _ 
P b  ~+ 10 14M 10 I6M-10 l~ 
Mg 2+ 520 # M  510/*M 550/zM 120/*M 
Mn ~+ 10 I~M 10 15M-10 8M 
Zn ~+ IO-"M 10-~2M lO-8M 10 7M 10-6M 

Rough estimates of the free inetal ion concentrations were obtained 
from such metal protein binding constants as had been reported in 
the literature. The values employed by the model were varied sub- 
stantially around these estimates, subject to constraints imposed 
by solubility and total low molecular weight complex concentrations 
(these were also estimated from reports in the literature). 

a t e  t h e  p r o t e i n  b i n d i n g  r e l a t i o n s h i p s  a r e  a s t e p  in  t h e  
r i g h t  d i r e c t i o n ,  t h e i r  e f f e c t i v e n e s s  r e m a i n s  c o n t r o v e r s i a l .  
E v e n  p r o t a g o n i s t s  of  c o m p u t e r  a p p r o a c h e s  h a v e  t o  
c o n c e d e  t h a t  a t  b e s t  i t  is p o s s i b l e  t o  i n c l u d e  o n l y  a v e r y  
l i m i t e d  s e l e c t i o n  f r o m  al l  of  t h e  m e t a l  p r o t e i n  e q u i l i b r i a  
w h i c h  o u g h t  to  be  c o n s i d e r e d .  T h u s ,  i t  is a w i d e l y  ac-  
c e p t e d  c o n c l u s i o n  t h a t  t h e  d e t a i l s  of  t h e  m e t a l  i on  d is -  
t r i b u t i o n  a m o n g s t  low m o l e c u l a r  w e i g h t  l i g a n d s  r e m a i n  
u n c e r t a i n .  

T h e  p u r p o s e  of  t h i s  c o m m u n i c a t i o n  is to  r e p o r t  t h a t  
in  t h e  low m o l e c u l a r  w e i g h t  f r a c t i o n  of p l a s m a  t h e  p e r -  
c e n t a g e  of  a t r a n s i t i o n  m e t a l  a t t a c h e d  to  spec i f ic  l i g a n d s  
c a n  be  c a l c u l a t e d  b y  c o m p u t e r  s i m u l a t i o n  w i t h o u t  a 
k n o w l e d g e  of m e t a l  p r o t e i n  b i n d i n g  c o n s t a n t s .  T h i s  pe r -  
c e n t a g e  is a l m o s t  t o t a l l y  i n d e p e n d e n t  of  t h e  e x t e n t  to  
w h i c h  p r o t e i n s  b i n d  t h e  t r a n s i t i o n  m e t a l  in  q u e s t i o n .  O n  
t h e  o t h e r  h a n d ,  t h e  a b s o l u t e  c o n c e n t r a t i o n s  of t h e  f ree  
m e t a l  i ons  a n d  t h e r e f o r e  of  alI t h e i r  c o m p l e x  spec i e s  a re  
c o n t r o l l e d  b y  p r o t e i n  b i n d i n g  equ i l i b r i a .  

T h e s e  c o n c l u s i o n s  a r i s e  as  fo l lows .  C o n s i d e r  t h e  f o r m a -  
t i o n  of  low m o l e c u l a r  w e i g h t  c o m p l e x e s  b y  t r a n s i t i o n  
m e t a l s  in  p l a s m a .  O w i n g  t o  v e r y  low f ree  m e t a l  i on  c o n -  
c e n t r a t i o n s ,  t h e  a m o u n t  o f  c o m p l e x  p r o d u c e d  is a l w a y s  
neg l ig ib l e  in  c o m p a r i s o n  w i t h  t h e  a m o u n t  of  l i g a n d  
p r e s e n t .  C o m p l e x i n g  r e a c t i o n s  t h u s  h a v e  no  s i g n i f i c a n t  
e f f ec t  o n  t h e  m a s s  b a l a n c e  r e l a t i o n s h i p s  for  e a c h  l i g a n d .  
C o n s e q u e n t l y ,  t h e  f ree  l i g a n d  c o n c e n t r a t i o n s  a r e  a lso  n o t  
s i g n i f i c a n t l y  a f f e c t e d ,  i .e .  t h e y  a r e  ' c o n c e n t r a t i o n  b u f -  
f e r ed ' .  U n d e r  t h e s e  c i r c u m s t a n c e s ,  t h e  c o n c e n t r a t i o n  of  
e a c h  c o m p l e x  spec i e s  is so l e ly  d e p e n d e n t  o n  t h e  c o n c e n -  
t r a t i o n  of  t h e  f ree  m e t a l  ion.  T h e  one  is d i r e c t l y  p r o p o r -  
t i o n a l  to  t h e  o the r .  As  t h i s  is t r u e  for  al l  m o n o n u c l e a r  
spec ies ,  t h e  t o t a l  c o n c e n t r a t i o n  of  e a c h  m e t a l  in t h e  low 
m o l e c u l a r  w e i g h t  f r a c t i o n  is a lso  d i r e c t l y  p r o p o r t i o n a l  
to  t h e  f ree  m e t a l  ion  c o n c e n t r a t i o n .  T h u s ,  t h e  p e r c e n t a g e  
of  m e t a l  a p p e a r i n g  in  a g i v e n  spec i e s  is c o n s t a n t ,  r e g a r d -  
less  of  t h e  e x a c t  f ree  m e t a l  ion  c o n c e n t r a t i o n  t h a t  e x i s t s  
in  e q u i l i b r i u m  w i t h  p r o t e i n s .  
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The  mos t  i m p o r t a n t  low molecu la r  we igh t  complexes  
fo rmed  b y  Cu(II) ,  Fe ( I I I ) ,  Mn( I I )  and  Zn( I I )  in p lasma,  
as found  b y  c o m p u t e r  s i m u l a t i o n  are l is ted in Tab le  1. 
The  c o m p u t e r  mode l  t h a t  ca lcu la ted  these  pe rcen tages  
inc luded  a lmos t  5000 species t h a t  could be  p roduced  in 
the  presence  of seven  m e t a l  ions  and  40 l igands  a t  
-- log [H+] = 7.4. A l t h o u g h  t he  de ta i l s  of th i s  work  are to  

be pub l i shed  elsewhere ( m a n u s c r i p t  in p r e p a r a t i o n  17), t he  
p r e sen t  purpose  is served  b y  n o t i n g  t h a t  the  pe rcen t age  
d i s t r i b u t i o n  recorded  is i n d e p e n d e n t  of the  free m e t a l  ion 
concen t r a t i ons  chosen  for the  model .  This  is va l id  to  a 
precis ion of one pe r c en t  w h e n  c o m p u t e d  for concen t r a -  
t ions  w i t h i n  t he  r anges  shown  in Table  2. 

The  s imi la r i ty  be t w een  t he  m e t a l  ion d i s t r i bu t i ons  
pub l i shed  here  a n d  those  r epo r t ed  p rev ious ly  13-15 de- 
serves  some c o m m e n t .  A l t h o u g h  t he  a g r e e m e n t  is cer- 
t a i n l y  no t  perfect ,  i t  is su rp r i s ing ly  good in v iew of t he  
d ispar i t ies  t h a t  ex is t  w i t h  r ega rd  to t he  n u m b e r  of k inds  
of m e t a l  ion and  t he  n u m b e r  of complexes  t he  models  
con ta in .  This  is also a consequence  of t he  fac t  t h a t  t he  
pe rcen tages  d e p e n d  so s t rong ly  on t he  t o t a l  c o n c e n t r a t i o n  
a n d  on  t he  p r o t o n a t i o n  c o n s t a n t s  of t he  l igands  in t he  
sys tem.  The  f o r m a t i o n  of complexes  b y  one t r a n s i t i o n  
m e t a l  ha s  essent ia l ly  no  inf luence  on  t he  pe rcen tage  
d i s t r i bu t i ons  of o the r  m e t a l  ions. Thus,  i t  is possible to  
o b t a i n  a re l iable  d i s t r i b u t i o n  for one t r a n s i t i o n  m e t a l  
w i t h o u t  inc lud ing  all t he  o the r s  in the  model .  

Of course,  models  are on ly  as good as t he  p a r a m e t e r s  
u p o n  wh ich  t h e y  depend .  As m a n y  of t he  f o r m a t i o n  con-  
s tan t s ,  especial ly  for  t he  t e r n a r y  complexes ,  r e m a i n  to  be 
de t e rmined ,  th i s  t y p e  of i nves t i ga t i on  is sub jec t  to  con-  
t i nuous  i m p r o v e m e n t .  However ,  i t  is t r ue  t h a t  w i t h  on ly  
a few except ions ,  t he  f o r m a t i o n  c o n s t a n t s  of t he  species 
a p p e a r i n g  in Tab le  1 h a v e  been  measured .  Moreover ,  t he  
v i t a l ly  i m p o r t a n t  l igand pKas h a v e  all been  de t e rmined ,  
m o s t l y  u n d e r  physio logica l  cond i t ions  of t e m p e r a t u r e  
and  ionic s t r eng th .  Hence,  whi l s t  t he  ac tua l  pe rcen t ages  
recorded  m a y  be changed  in t he  fu tu re  and  whi l s t  i t  is 
possible t h a t  o t h e r  complexes  m a y  t u r n  ou t  to be signifi- 
cant ,  in our  opinion,  t he  b r o a d  p ic tu re  will r emain .  In  
par t i cu la r ,  th i s  appl ies  to  t he  ra t io  b e t w e e n  t he  concen-  
t r a t i o n s  of complexes  whose  f o r m a t i o n  c o n s t a n t s  h a v e  
been  a d e q u a t e l y  es tab l i shed .  Of even  g rea t e r  impor t ance ,  
the  idea  t h a t  i n f o r m a t i o n  a b o u t  t r a n s i t i o n  m e t a l  ion 
complexes  in  p l a s m a  can  be o b t a i n e d  f rom s imu la t i ons  
wh ich  o m i t  p ro t e in  equi l ibr ia  p rov ides  e n c o u r a g e m e n t  
b o t h  to  measure  t he  f o r m a t i o n  c o n s t a n t s  st i l l  o u t s t a n d i n g  
and  to  e x p a n d  ex i s t ing  models  of b lood  and  o the r  bio-  
fluids. 

17 p. M. MAY, P.W. LINDER and D. R. WILLIAMS, J. C. S. Dalton, 
paper no. 6/1631. 
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Summary. A c o m b i n a t i o n  of d i f fe ren t ia l  c en t r i f uga t i on  and  isopycnic  sucrose dens i t y  g r ad i en t  c en t r i f uga t i on  of ex-  
t r a c t s  f rom sp inach  leaves  (Spinacia oleracea L.) shows t h a t  a b o u t  20% of t h e  O-Acety lser ine  su l fhydry lase  are as- 
socia ted w i t h  chloroplas ts .  No apprec iab le  a m o u n t s  of O-Acety lser ine  su l fhydry lase  b a n d  w i t h  m i t o c h o n d r i a l  a n d  
pe rox i somal  m a r k e r  enzymes .  

F r o m  the  q u a n t i t a t i v e  s t a n d p o i n t ,  t h e  m o s t  i m p o r t a n t  
func t ion  of su l fa te  r educ t i on  is to  p roduce  cyste ine .  There  
is ev idence  f rom d i f fe ren t  o rgan i sms  t h a t  L-cysteine is 
p roduced  b y  su l fhyd r y l a t i on  of O-acetyl-L-serine (OAS) 
w i t h  sulfide:  O acetyl-L-ser ine + sulfide -+ L-cysteine + 
ace ta te .  The  reac t ion  is ca t a lyzed  b y  O-acetylser ine  sulf- 
hydry lase ,  abbr .  OAS-S  (O-acetyl-L-serine ace t a t e  lyase 
[adding  h y d r o g e n s u l f i d @  EC. 4.2.99.8). The  e n z y m e  has  
been  r epo r t ed  in b a c t e r i a  2, fungi3, 4 and  severa l  h igher  
p l a n t s  * 7. 

Resu l t s  of d i f fe ren t  a u t h o r s  v-" ind ica te  tha~ in h ighe r  
p l a n t s  t he  e n z y m e  is localized in t he  cy top lasm.  This  is in 

c o n t r a s t  to  r epor t s  t h a t  i sola ted ch lo rop las t s  can  fo rm 
cys te ine  10-12,1< I t  seemed desirable ,  therefore ,  to  c lar i fy  
w h e t h e r  t he  e n z y m e  m i g h t  be associa ted,  a t  leas t  in  
par t s ,  w i t h  organel les  such  as chloroplas ts ,  m i t o c h o n d r i a  
and  peroxisomes.  

The  e x t r a c t i o n  a n d  i so la t ion  of organel les  f rom sp inac h  
leaves  (Spinacia oleracea L., var .  Nobel)  was  ach ieved  ac- 
cord ing  to ROCHA and  TING 13 b y  m e a n s  of a sucrose  
based  e x t r a c t i o n  m e d i u m  a n d  a c o m b i n a t i o n  of differen-  
t ia l  c en t r i f uga t i on  a n d  isopycnic  sucrose dens i t y  g r a d i e n t  
cen t r i fuga t ion .  The  m e t h o d  consis ts  of 3 d i f fe ren t ia l  
c en t r i f uga t i on  s teps :  250 g for 90 sec (250 g c rude  ex- 

Table 1. Percent organelle cross contamination of spinach leaf organelles in a 40 75% (w/v) linear sucrose density gradient 

Organelle fraction Isopycnic density 
(g/cm 3) 

Contaminating organelle 

Peroxisomes Mitochondria In tact  chloroplasts Broken chloroplasts 
% % % % 

Peroxisomes 1.255-1.26 1.5 < 1 
Mitochondria ] .20 3 1.5 
Intact chloroplasts 1.226 2.5 5 - 
Broken chloroplasts 1.178 2 19.5 < 1 
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