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Stimulation and inhibition. The rate  of decarboxyla t ion  
of f luoro-Dopa was increased by P L P  (Table II). I t  was 
decreased by  e -methy l -Dopa  (Table III). 

Discussion. Our observat ions  show tha t  f luoro-Dopa is 
decarboxyla ted  to  f luoro-dopamine by  dopa decarbox-  
ylase, an enzyme known to have  a broad specificity 4. As 

'Fable II .  S t imu la t i on  of f l uo ro -Dopa  d e c a r b o x y l a t i o n  b y  p y r i d o x a l -  
5 ' - p h o s p h a t e  (PLP)  

P L P  F luo ro -dopa in ine  fo rmed  
(#mol) (nmol) 

migh t  be expected the  ra te  of this react ion was increased 
by  the  addi t ion of PLP,  the  coenzyme for dopa decarbox-  
ylase 5 and inhibi ted by a-methyl -Dopa,  a known com- 
pe t i t ive  inhibi tor  % 

The  Km value  for f luoro-Dopa was s l ight ly lower than,  
bu t  of the  same order as t h a t  obta ined wi th  Dopa. Our 
es t imate  of the  K ~  for the  la t te r  compound  was similar  
to t ha t  repor ted  by  HARTMAN et  a id  and YUWILER et al. s. 
I t  is concluded tha t  ElSF] f luoro-Dopa is an analogue of 
Dopa  which could be used to inves t igate  the  in t racerebra l  
metabol i sm of Dopa and dopamine.  Such inves t igat ions  
could make use of per ipheral  decarboxylase  inhibi tors  to 
enhance the  penet ra t ion  of the  gamma-emi t t i ng  analogue 
into the brain. 
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I n c u b a t i o n  condi t ions :  0.1 ml  hss of h o g  k i d n e y  cor tex  (equiva len t  
to 2.69 m g  prote in) ;  i p ron iaz id  phospha t e ,  10 a tool/l;  f l uo ro -Dopa  
(as the  L-isomer), 1.28 X 10 .4 mol/1; in a vo lmne  of 1.0 ml/10 ra in  a t  
37 ~ . 

Tab le  [ I I .  Inh ib i t ion  of d e c a r b o x y l a t i o n  b y  c~-nlethyl-Dopa 

Summary. [lSF~-5-fluoro-Dopa is a substrate  for dopa 
decarboxylase  of kidney and brain. I ts  potent ia l  use in 
bra in  studies is proposed. 

G. FIRNAU, E. S. GARNETT, T. L. SOURKES 9 
and K. MISSALA 9 

McMaster University Medical Centre, 
Hamilton 16 (Ontario, Canada), and 
Faculty o/Medicine, McGill University, 
Montreal (Oudbec, Canada), 13 June 1975. 

E n z y m e  p r e p a r a t i o n  a - M e - D o p a  
f rom r a b b i t  b ra in  

Fluorodopamine (/~mol) 
formed (g wet wt. of 
brain) l h i 

c rude  - -  3.72 

c rude  + 0.12 

hss 2.30 

hss +- 0.32 

I n c u b a t i o n  condi t ions :  E n z y m e  p repa ra t i o t t  ( cor responding  to 
0.5 g of b r a i n  tissue, wet  weight) ,  2.0 inl;  P L P ,  5 • 10 -a tool/l;  
n ia lamide ,  2.14 • 10 ~ tool/l;  f luoro- I )opa  (as L-isomer), 1.41 • 10 4 
tool/l;  L-~-methyl - I )opa ,  2.38 X 10 4 inol/1 (final concen t ra t ions ) ,  in a 
vo lume  of 3.12 Inl.; 1 h a t  37~ The a m o u n t s  of f l u o r o d o p a m i n e  
t a b u l a t e d  have  been co r rec ted  for  non -enzymic  d e c a r b o x y l a t i o n .  

4 W. LOVENBRRG, H.  ~37EISSBACH a n d  S. UDENFRIEND, J .  biol. 
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Synthesis  of Hist idine2-Angiotensin II Analogues 1 

Histidine2-angiotensin II ,  an analogue of IleS-angio - 
tensin II ,  was found essential ly inact ive as a pressor 
agent,  but  i t  displayed minor  oxytocic  act ivi ty2.  For  the  
purpose of comparison,  i t  seemed worthwhi le  to de termine  
the  effects of a pro tec ted  imidazole nucleus and the  fl- 
aspar ty l  bond of the  aforement ioned analogue, since 
Aspl-/%ValS-angiotensin I I  shows an increased and pro- 
longed ac t iv i ty  a. Towards  this end, synthet ic  steps were 
conducted  in par t  by  stepwise addi t ion via  the  carbo- 
di imide method  or by f ragment  condensat ion via  the  
azide route  in order to avoid the danger  of racemizat ion 4. 
Thus,  Z -Va l -Tyr - I l e -NHNH 2 (I), prepared from the  
corresponding me thy l  ester 5, was coupled via  the azide 
me thod  with  H-(im-Bzl) His -Pro-Phe-OCH a dihydro-  
bromide  6, desalted, prior its use, by  column chromato-  
graphy on D O ' W E X  2-X8 using MeOH as an eluent.  The  
result ing hexapept ide,  Z-Val-Tyr-I le- ( im-Bzl)His-Pro-  
Phe-OCH 3 (II) gave comparable  or higher values than  
those reported 7. Compound I I was subjected to selective 
ca ta ly t ic  hydrogena t ion  s over  pa l lad ium black for 1 h 

affording H-Val -Tyr - I le - ( im-Bzl )His -Pro-Phe-OCH 3 (III) ,  
which was then  condensed wi th  Z-( im-Bzl)His-OH via  the  
carbodi imide method  to give Z-( im-Bzl)His-Val-Tyr-  
I le - ( im-Bzl )His -Pro-Phe-OCH 3 (IV). Saponif icat ion of 
IV afforded the  corresponding acid, Z-(im-Bzl)His-Val-  
Tyr - I l e - ( im-Bzl )His -Pro-Phe-OH (V), which by select ive 
ca ta ly t ic  hydrogenat ion,  as described before, p roduced  
the  subs t i tu ted  heptapept ide ,  H-( im-Bzl )His-Val -Tyr-  
I le - ( im-Bzl )His-Pro-Phe-OH (VI). The  la t ter  was ester- 

1 The  a inino ac ids  are of L-conf igura t ion .  
2 A. METALLIDIS a n d  D. TFIEODOROPOULOS, Chim.  Chron ika ,  New 

series 1, 154 {1972). 
3 B. RINIKER arid R. SCH~VYZER, Helv.  c h i m .  A c t a  47, 2357 {1964). 
a The  phys ica l  d a t a  of i n t e r m e d i a t e  pep t ides  a n d  f inal  p r o d u c t s  are 

l is ted in the  Table .  
5 H.  SCHWARZ a n d  F. M. BUMPUS, J .  Anl.  cheIn. Soc. 81,890 (1959). 
fi D. THEODOROPOULOS a n d  J .  GAZOPOULOS, J .  chem.  Soc. 7960, 3861. 
7 R. H.  MAZUR, Can.  J .  Chenl.  40, 1098 (1962}. 
s D. TnEODOROPOULOS, J .  org.  Chem.  21, 1550 (1956}. - D. THEO- 

DOROPOULOS a n d  G. F/JLSCH, Ae ta  chem.  scand.  72, 195.5 (1958). 
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Synthetic histidine~-angiotensin II analogues add related intermediate peptide fragments 

EXPERIENTIA 31/11 

Compound Yield (%) Mp. (~ Is] ~ values 

I b 83 245-247 
II ~ 55 213-214 
III ~ 91 208 210 
IV* 65 168-170 
V ~ 85 150 151 
VI 90 151-154 
VII 85 140-145 
VIII 86 135-140 
IX 90 156-160 
X 97 152-157 
XI 87 157-159 
XII 95 159-162 

--14.1 ~ (c 2.0, DMF) 
--67.5 ~ (c 1.0, MeOH) 
--51.0 ~ (c 1.0, MeOH) 
--29.4 ~ (e 1.0, AeOH) 
--48.5 ~ (c 1.0, MeOH) 
--44.1 ~ (c 1.0, MeOH) 
--31.7 ~ (e 0.5, MeOH) 

--48.3 ~ (c 0.5, MeOH) ; --29.7 ~ (c 0.25, DMF) 
--47.1 ~ (e 0.5, MeOH); --31.1 ~ (c 0.25, DMF) 
--49.1 ~ (e 0.5, MeOH) ; --33.2 ~ (e 0.25, DMF) 
--42.3 ~ (e 0.5, lV[eOH) ; --28.8 ~ (e 0.25, DMF) 

�9 Unless otherwise stated; b[~ ] ~ ;  ~ia] ~ ;  arepo rted7 mp 192-194; [a] ~ --66.0 ~ (c 1.0, MeOH); ~[a] ~ ;  f[a] ~)0. 

ified w i t h  benzy l  alcohol/p-toluenesulfonate/benzene to  
give H( im-Bz l )Hi s -Va l -Tyr - I l e - ( im-Bz l )Hi s -P ro -Phe -OBz l  
as t h e  t r i -p - to luenesu l fona te  (VII) .  The  p r o d u c t  V I I  was  
desa l ted  on a D O W E X  2-X8 c o l u m n  and  t h e  resu l t ing  
h e p t a p e p t i d e  ester,  H- ( im-Bzl )His -Val -Tyr - I l e - ( im-Bzl )  
His -Pro-Phe-Ol3z l  (VIII )  was coupled  w i th  Z-(fl- 
benzy l ) -L-aspa r t a t e  9 via  t he  ca rbod i imide  m e t h o d  in 
D M F  solut ion.  The  ob t a ined  oc t apep t ide  der iva t ive ,  
Z- (fl-OBzl) -Asp- (im-Bzl) His -Val -Tyr - I  le- (im-Bzl) His -Pro-  
Phe -OBz l  ( IX) afforded,  b y  select ive ca t a ly t i c  hydro -  
gena t ion ,  the  desired produc t ,  H-Asp-e - ( im-Bzl )His -Va l -  
T y r - I l e - ( i m - B z l ) H i s - P r o - P h e - O H  (X), wh ich  was isola ted 
in pure  fo rm b y  gel f i l t r a t i o n  on  S e p h a d e x  LH-20,  us ing  
MeOH as t he  e luent .  

Final ly ,  t he  s u b s t i t u t e d  Aspl-f l-His2-IleS-angiotensin I I  
ana logue  was syn thes ized  b y  c o n d e n s a t i o n  of t he  h e p t a -  
pep t ide  benzy l  es ter  V I I I  w i t h  Z- (a -benzy l ) -L-aspar ta te  
v ia  t he  ca rbod i imide  me thod .  The  resu l t ing  oc t apep t ide  
der iva t ive ,  Z- (e-OBzl)-Asp-( im-Bzl)  His -Val -Tyr - I le -  (im- 
Bz l )H i s -P ro -Phe -OBz l  (XI),  a f te r  r em ova l  of t he  N- 
car  b o b e n z o x y  a n d  O-benzyl  groups  b y  select ive ca ta ly t i c  
hyd rogena t i on ,  gave  t he  ana logue  H-Asp-f l - ( im-Bzl)His-  
Val -Tyr - I le -  (im-Bzl) H i s - P r o - P h e - O H  (XII ) .  

9 p. H. BRYANT, R. H. MOORE, P. J. PIMLOTT and G. T. YOUNG, J. 
chem, Soe. 7959, 3868. 

10 g .  ZERVAS a n d  D. THEODOROPOULOS, J .  AID. chem.  Soe. 78, 1359 
(1956). 

I n  t he  course of th i s  work,  e -benzy l -L-aspa r t a t e  was  
syn thes ized  b y  a new route ,  us ing  N- t r i t y l -L -a spa r t a t e  
d i -benzy l  es te r  (XI I I ) ,  Imp 103--104~ [~]~5 + 12.8 ~ 
(c 2,0, CH2C12) ] as t he  s t a r t i n g  mate r ia l .  Due to  t he  s ter ic  
h i n d r a n c e  of t he  t r i t y l  g roup  lo, t he  a lka l ine  hydro lys i s  of 
t he  es ter  X I I I  proceeds  w i t h  r e m o v a l  of t h e  f l -benzyl  
g roup  select ively.  Thus ,  t h e  o b t a i n e d  c rude  p r o d u c t  of 
N- t r i t y l - e -benzy l -L -a spa r t a t e  (86% yield) was  f u r t h e r  
d e t r i t y l a t e d  w i t h  acet ic  acid 1~ to give e-benzyl-L- 
a s p a r t a t e  9 in 85% yield. Imp 173-174~ [~]~ --15.7 ~ (c 
5.0, HC1)]. The  l a t t e r  upon  c a r b o b e n z o x y l a t i o n  gave  Z-a- 
benzy l -L -a spa r t a t e  9 Imp 84-85~ [~]~ --15.1 ~ (c 5.0, 
acetone)]  in 72% yield.  

The  biological  ac t iv i t i es  of the  new s y n t h e t i c  ana logues  
X and  X I I  will be  r epo r t ed  in a f o r t h - coming  c o m m u n i c a -  
t ion.  All new compounds ,  r epo r t ed  here,  gave  s a t i s f ac to ry  
e l e m e n t a l  analysis .  

Summary. The  syn thes i s  of h i s t id ine~-angio tens in  I I  
analogues ,  n a m e l y  H-Asp-e - ( im-Bz l )His -Va l -Tyr - I l e - ( im-  
B z l ) H i s - P r o - P h e - O H  a n d  H-Asp-f i - ( im-Bzl )His -Val -Tyr-  
I l e - ( im-Bz l )Hi s -P ro -Phe -OH,  are described.  Also a new 
rou te  lead ing  to t he  syn thes i s  of e -benzy l -L-aspar ta te ,  
us ing  N- t r i t y l -L -a spa r t a t e  d i -benzyl  es ter  as t h e  s t a r t i n g  
mater ia l ,  is repor ted .  
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D i s t r i b u t i o n  of G l y c e r o p h o s p h o r y l c h o l i n e  D i e s t e r a s e  in Rat  Bra in  

The  e n z y m e  g lyce rophosphory lcho l ine  d ies terase  (L-3- 
g lyce ry lphosphory lcho l ine  g lyce rophosphohydro l a se  EC 
3.1.4.2., GPC diesterase)  has  been  shown to  occur  in 
l iver  1, k i d n e y  2 a n d  b ra in  3 of m a m m a l s .  I t s  ac t ion  releases 
chol ine f rom g lycerophosphory lchol ine ,  wh ich  in t u r n  is 
re leased b y  t he  b r e a k d o w n  of phospha t idy lcho l ine .  I t s  
ac t ion  in t he  b r a i n  could m a k e  a s u b s t a n t i a l  c o n t r i b u t i o n  
to  t he  pool  of free chol ine  which  ha s  been  t h o u g h t  to  be 
the  m a j o r  source of choline for ACh synthes is .  Po ten t i a l ly ,  
therefore ,  GPC dies terase  could inf luence  t he  syn thes i s  of 

�9 ACh, b u t  if t h a t  were the  case i t  would  be  expec ted  t h a t  
i ts  reg ional  d i s t r i b u t i o n  in t he  b r a i n  would be closely 
associa ted  w i t h  t h a t  of ACh and  chol ine ace ty l t r ans fe rase  

(EC 2.3.1.6). B o t h  regional  a n d  subce l lu la r  d i s t r i bu t ions  o f  
the  e n z y m e  and  t h e i r  r e l a t ion  to  chol ine ace ty l t r ans fe rase  
are e x a m i n e d  in t h e  p r e sen t  paper .  

Materials and methods. L-3-g lycerophosphory lchol ine  
(1-214C-choline, GPC),  as t h e  c a d m i u m  chlor ide  complex  
was o b t a i n e d  f rom ICN rad iochemiea l s  and  was d i lu ted  
to a su i t ab le  specific a c t i v i t y  (approx.  400 d p m / n m o l )  

1 R. M. C. DAWSON, Biochem, J. 62, 689 (1956). 
2 j .  j .  BALDWIN and W. E. CORNATZRR, Biochim. biophys. Acta 

164, 195 (1962). 
3 G. R. WEBSTER, E. A. MARPLES and R. H. S. THOMPSON, Biochem. 

J. 65, 374 (1957). 


