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IFMN[ I1;h*ll IF~ktl ( AI ) ( z~Z ~ IFh,,I IF~71 
IF~*II IFh~71 7 -  obs. k 7 ]eale. ca! . . . .  ]e. 

with the needle axis (b) along the C-axis of a G.E. single 
crystal orienter. Integrated intensi ty measurements were 
made using CuKe radiation and a scintillation counter as 
detector, with 0/20 scans of 2 ° in 20 and background 
counts at each scan limit. 

111 140 141 105 +0 .56  +0 ,50  119 92 
137 104 

222 170 169 155 + 0.16 + 0,13 139 130 
166 154 

333 82 81 87 --0.13 --0.13 74 79 
80 85 

444 28 36 41 --0.28 --0.20 37 41 
35 40 

211 101 97 102 --0.09 --0.18 69 75 
97 100 

422 183 163 165 --0.03 --0,06 138 142 
159 161 

633 102 114 112 +0 .07  0.00 91 91 
113 111 

112 28 31 22 +0 .71  +0 .68  23 16 
32 22 

224 40 45 39 +0 .28  +0 .45  49 39 
45 39 

Note that the columns of this Table contain: (1) structure amplitudes 
observed by MILLS and NYBURGI4; (2), (3} structure amplitudes, 
based on presently measured intensity data and scaled by coui- 
parison with the data in column (1). The crystal symmetry class 
(222) relates the data in column (2) to the form { hkl} and the data 

in column (3) to the form { h~l-}; (4) the intensity difference (ZI I/I), 
given by 2 (Ihkl + l~k~ -- I~kl-- I~-z)/(l~kt + I ~  + l~kt + thki) where 
Ihkl etc. are observed integrated intensities of X-ray reflections. The 

maximum e.s.d, in (zJI]I I from counting statistics is 0.02. The 
maximum error in an individual intensity measurement due to 
X-ray absorption is estimated to be 5%, from a consideration of the 
variation in intensity of 0k0 reflections with rotation about the 
diffractometer q~-axis; (5) the calculated intensity difference 

(6), (7) calculated structure.amplitudes, based on MILLS and N'z- 
BURG'S atomic parameters. Values for atomic scattering factors, 
including the CuKct dispersion correction for iodine ( z ] ] ' = -  1.2, 
A[" = 7.01 were taken from 'International Tables for X-ray Cry- 
stallography', Vol. 3 (Kynoch Press, 1962). 

Zusammen[assung. Die absolute Konfiguration yon 
(-)-Aspidospermin-N(b)-jodmethylat wurde r6ntgenogra- 
phisch unter Anwendung der anomalen Streuung be- 
st immt. Dadurch ist die absolute Konfiguration yon 
(-)-Aspidospermin festgelegt. 

]3. M. CRAVEN and D. E. ZACHARIAS 

The Crystallography Laboratory, The University o/ 
Pittsburgh, Pittsburgh (Pennsylvania 15213, USA), 
27 May 1968. 
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S y n t h e t i c  P e p t i d e s  R e l a t e d  to  C a e r u l e i n  1. N o t e  1 

A number  of caerulein-like peptides has been synthe- 
sized in our laboratories. This first report describes the 
activity of the compounds listed in Table I, which shows 
the amino acid composition and sequence of these pep- 
tides, as well as their molecular weight and electrophoretic 
mobilities. 

Synthesis. Compounds 3, 4, 7, 14 were synthesized by 
t h e  s t e p w i s e  p r o c e d u r e  s t a r t i n g  f r o m  t h e  k n o w n  t e t r a -  
peptide Trp-Met-Asp-Phe-NH~ 2 and adding the activated 
ester or the azide of the appropriate ter-butyloxycarbonyl 
amino acid, followed by t reatment  with AcOH/HC1. 

The synthesis of compounds 5, 8, 10, 13, 15 was 
achieved by treating with pyridine/SO v the correspond- 

ing peptide having the amino group protected as trifluoro- 
acetyl derivative. After sulphation, the protecting group 
(or groups) was eliminated by alkaline treatment.  

Trifluoroacetyltyrosine azide was obtained according 
to the scheme: Tfa-Tyr -~ Tfa-Tyr-NHNH-Boc ->- Tfa- 
Tyr -NHNHI ->- Tfa-Tyr-Nv and was condensed with 

1 A. ANASTASI, V. ERSPAMER and R. ENDEAN, Experientia 23, 699 
(1967). 

* J. M. DAVEY, A. H. LAIRD and J. S. MORLEY, J. chem. Soc. 555 
(1966). 
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Table I 
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S 
I 

No. tool. wt. Ex# Leu Es, s Ty r  

S 
t 

1 Pyr-Gln-Asp-Tyr-Thr-Gly-Trp-Met-Asp-Phe-N H~ 1352 
(caerulein) 

2 Pyr-Gln-Asp-Tyr-Thr-Gly-Trp-Met -Asp-Phe-NH~ 1272 

3 Thr-Gly-Trp-Met-Asp-Phe-NH 2 755 

4 Tyr-Thr-Gly-Trp-Met-Asp-Phe-N H 2 930 

S 

5 Tyr-Thr-Gly.Trp-Met-Asp-Phe-NH 2 1010 

P 
I 

6 Tyr-Thr-Gly-Trp-Met -Asp-Phe-NH~ 998 

7 Tyr  .......... Gly-Trp-Met-Asp-Phe-NHz 817 

S 
I 

8 Tyr  ....... Gly-Trp-Met-Asp-Phe-NH~ 897 

P 

9 Tyr  ........ Gly-Trp-Met-Asp-Phe-NH 2 897 

S 
1 

10 Tyr-Thr Trp-Met-Asp-Phe-NH~ 941 

S 
r 

11 Tyr  Trp-Met-Asp- Phe-NHz 840 

P 
t 

12 Tyr  Trp-Met-Asp-Phe-NHz 840 

S 
I 

13 Tyr-Gly -Gty:rrp-Met-Asp-Phe-NH z 954 

14 Mct-Gly-Trp-Met-Asp-Phe-NH 2 785 

S 
I 

15 Tyr-Met-Gly-Trp-Met-Asp-Phe-NH 2 1028 

P 
I 

16 Tyr-Met-Gly-Trp-Met-Asp-Phe-NH 2 1028 

S 
I 

17 Boc-Tyr-Thr-Gly-Trp-Met-Asp-Phe-NHz 1098 

S 
I 

18 Boc-Tyr-Met-Gly-Trp-Met-Asp-Phe-NH, 1152 

19 Gastrin I (human) 2098 

0,47 

0,42 

0.43 

0.45 

0.17 

0.24 

0.21 

0.31 

0.19 

0.23 

0.30 

0.19 

0.16 

0.24 

0.54 

0.49 

S P 
J [ 

Boc = ter-butyloxycarbonyl. Tyr = Tyrosine-O-sulphate. Tyr = Tyrosine-O-phosphate. 

T r p - M e t - A s p - P h e - N H 2  (No.  I1) ,  G l y - T r p - M e t - A s p - P h e -  
N H ,  (No.  8) a n d  M e t - G l y - T r p - M e t - A s p - P h e - N H ~  (No.  15).  

C o m p o u n d s  5 a n d  10 w e r e  m o s t  e a s i l y  o b t a i n e d  b y  
c o n d e n s i n g  t h e  a p p r o p r i a t e  t e t r a -  a n d  p e n t a p e p t i d e s  w i t h  

Ac 

T f a - T y r - T h r - N 8  w h i c h  w a s  s y n t h e s i z e d  in  g o o d  y i e l d s  
a c c o r d i n g  t o  t h e  s c h e m e  : 

Ac 
AcOH/HC1 I 

Boc-Thr ~ Boc-Thr-NHNH-Z . . . . . . . . . . . . .  I~ +H~-Thr-NHNH-Z • 

Ae Ac 
Tfa 'Tyr 'N3 I I 

C1- I~ T f a - T y r - T h r - N H N H - Z - - 9  Tfa-Tyr-Thr-NHNH 2 

Ac 
I 

Tfa-Tyr-Thr-N 8 

C o m p o u n d  13 w a s  o b t a i n e d  b y  c o n d e n s a t i o n  o f  T r p -  
M e t - A s p - P h e - N H ~  w i t h  T f a - T y r - G l y - G l y - N  3 w h i c h  w a s  
p r e p a r e d  a c c o r d i n g  t o  t h e  s c h e m e :  

Z-Gly-GIy - - ~  Z-Gly-GIy-NHNH-Boc - - ~  GIy-GIy-NHNH-Boc 

Tfa-Tyr-Nn 
• Tfa-Tyr-Gly-GIy-NHNH-Boc ~ Tfa-Tyr-Gly-Gly- 

NHNH 2 - - ~  Tfa-Tyr-Gly-Gly-N3. 

] 3 o c - T y r - O N p  w a s  t r e a t e d  w i t h  p y r i d i n e / S O  3 a n d  w i t h  
SO~H H~OaP 

p y r i d i n e / P O C 1 3  to  g i v e  B o c - T y r - O N p  a n d  B o c - T y r  
r e s p e c t i v e l y .  T h e  l a t t e r  w a s  c o n d e n s e d  w i t h  T r p -  
M e t - A s p - P h e - N H 2 ,  G l y - T r p - M e t - A s p - P h e - N H 2 ,  T h r - G l y -  
T r p - M e t - A s p - P h e - N H  2 a n d  M e t - G l y - T r p - M e t - A s p - P h e -  
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Table II. Relative biological activity 
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Polypeptide Dog blood 
No. pressure 

Denervated 
gastric pouch 
of the dog 

Perfused rat  
stomach 

Dog Guinea-pig Dog 
pancreas gall jejunum 

bladder 

1 (caerulein) 100 I00 100 100 100 t00 
2 -~ 1 2-5 8-10 4-4.5 <: 1 <: 1 
3 < 1 1-2 0.2-0.4 3.5-4 < 0.05 - 
4 < 1 < 1 < 1 1,2-2.5 < 0.05 < 1 
5 30-40 20-40 30 60-80 30-50 - 
6 <: 1-2 5.5-7 0.5-1 5-10 < 1 1.5 
7 <7 0,5 0.5-1 0.5 1.5-3 < 0.i - 
8 0.5-1 8-20 2-5 10-30 < 0,5 <: 1 
9 0,5-2 2 1 5-7 <: 1 < I 

10 - 2-3 2-3 3-5 10-15 7 - 8  

11 < 1 - 2-3 1-2 < 1 *< 1 
12 < 1 2-3 1-1.5 2.5-3 < 1 - 
13 2-3 3-4 3-4 10-15 4-10 8-9 
14 1 2 1 L5-2 <~ 1 - 
15 70-140 10-20 60-100 65-70 80-150 - 
16 2-2.5 - 1.5-2.5 3-5 < 1 - 
17 40 50-60 35-45 30-40 50-60 - 
18 65-70 50-75 60-80 55-75 50-75 

Gastria-I (human) < 1 25-35 2-10 1.5-2.5 0.01-0.03 < 1 

Choleeystoldnin 3.5-5 - 10 6-7 7-9 6-9 
panereozymin 

Not investigated. 

N H  2 to  give, a f t e r  t r e a t m e n t  w i t h  t r i f luoroace t i c  acid (to 
wh ich  t h e  t y ro s ine  O - p h o s p h a t e  b o n d  is s table)  t h e  free 
pep t i de s  12, 9, 6 a n d  16. C o m p o u n d s  17 a n d  18 were  

SOaH 
I 

o b t a i n e d  in  good yields  b y  c o n d e n s a t i o n  of B o e - T y r - O N p  
w i t h  t h e  a p p r o p r i a t e  free pep t ide .  

Pharmacological activity. T h e  ac t iv i t i e s  of t h e  d i f f e ren t  
s y n t h e t i c  caeru le in- l ike  p e p t i d e s  were  a s sayed  in  para l le l  
on  t h e  fol lowing t e s t  ob j ec t s :  dog  b lood  p ressu re  (hypo-  
tens ion) ,  d e n e r v a t e d  gas t r i c  p o u c h  of t h e  dog  ( s t i m u l a t i o n  
of ac id  secret ion) ,  pe r fu sed  r a t  s t o m a c h  p r e p a r a t i o n  
( s t i m u l a t i o n  of ac id  secret ion) ,  dog  p a n c r e a s  ( s t i m u l a t i o n  
of secret ion) ,  gu inea -p ig  gall  b l a d d e r  (con t rac t ion) ,  in  s i tu  
dog  j e j u n a l  loop ( s t i m u l a t i o n  of m o v e m e n t s  a n d  tone) .  
The  a c t i v i t y  of a g iven  we igh t  of p u r e  n a t u r a l  cae ru le in  
was  a lways  cons idered  equa l  to  100, a n d  t h e  a c t i v i t y  of 
t h e  s a m e  w e i g h t  of t he  o t h e r  p o l y p e p t i d e s  was expressed  
as %.  Resu l t s  of pa ra l l e l  a ssays  are  s h o w n  in T a b l e  I I .  

F o r  c o m p a r i s o n  pu rposes  s y n t h e t i c  h u m a n  gas t r i n - I  a n d  
pu re  n a t u r a l  c h o l e e y s t o k i n i n - p a n e r e o z y m i n  were also in-  
c luded  in T a b l e  I I .  I n  t he  case of t he  las t  p e p t i d e  a 
sample ,  possess ing  3000 U of ac t iv i ty{mg,  k i n d l y  suppl ied  
b y  Prof .  E .  JORI, Es of S tockho lm,  was  used. 

F r o m  t h e  t a b u l a t e d  d a t a  a few p r e l i m i n a r y  conc lus ions  
m a y  b e  d r a w n  o n  t h e  r e l a t i o n s h i p  b e t w e e n  c h e m i c a l  
s t r u c t u r e  a n d  b io logica l  a c t i v i t y :  

(1) T h e  p re sence  in t h e  cae ru le in  molecule  of a s u l p h a t e d  
t y r o s y l  res idue  is of decis ive  i m p o r t a n c e  Ior  t h e  biological  
a c t i v i t y  of  t h e  po lypep t ide .  I n  fac t ,  d e s u l p h a t i o n  of t h e  
t y r o s y l  res idue  i n v a r i a b l y  causes  a consp icuous  decrease  
in t he  biological  ac t iv i ty .  T h i s  m a y  be  c lear ly  o b s e r v e d  in 
t he  p e p t i d e  couples,  No. 1-2  a n d  No. 4-5 .  

(2) S u b s t i t u t i o n  of t h e  su lphur i c  ac id  w i t h  a p h o s p h o r i c  
acid res idue  yie lds  a less a c t i v e  c o m p o u n d :  c o m p a r e  
Nos. 6 a n d  16 w i t h  Nos.  5 a n d  15. 

(3) Omission'~of t h e  t h r e o n y l  res idue  as in  No. 8, wh ich  
is i n c i d e n t a l l y  t h e  C - t e r m i n a l  h e x a p e p t i d e  of g a s t r i n - I I ,  

gives a p e p t i d e  wh ich  sti l l  r e t a i n s  a cons ide rab le  a c t i v i t y  
on  t h e  gas t r ic  a n d  p a n c r e a t i c  secre t ions  of t h e  dog, b u t  
w h i c h  is dep r ived  of a n y  s ign i f i can t  a c t i o n  on  v a s c u l a r  
a n d  e x t r a v a s c u l a r  s m o o t h  muscle .  

(4) S u b s t i t u t i o n  of t h e  t h r e o n y l  res idue  in t h e  C- 
t e r m i n a l  h e p t a p e p t i d e  of cae ru le in  (No. 5) p roduces  dif-  
f e r en t  a n d  u n p r e d i c t a b l e  resul ts ,  d e p e n d i n g  on  t h e  en te r -  
ing a m i n o  acid res idue.  Glyc ine  (No. 13) is a n  u n f a v o u r -  
ab le  s u b s t i t u e n t ,  w h e r e a s  m e t h i o n i n e  (No. 15) causes  o n l y  
m i n o r  b u t  i n t e r e s t i n g  ch an g es  in  t h e  a c t i v i t y  s p e c t r u m .  

(5) No s ign i f i can t  c h a n g e  in a c t i v i t y  is n o t e d  w h e n  t i le  
N - t e r m i n a l  res idue  is p r o t e c t e d  b y  t h e  ter-butyloxycar- 
b o n y l  g roup  (Boc) (No. 17 a n d  18) or  n o t  (No. 5 a n d  15). 

A g lance  a t  T a b l e  I I  seems  to  j u s t i fy  t h e  hope  t h a t  i t  
will be  possible,  w i t h  o p p o r t u n e  ch an g es  in t h e  cae ru le in  
molecule ,  to  d issoc ia te  t h e  ac t ion  on  s m o o t h  musc le  f rom 
t h a t  on  sec re to ry  cells, a n d  p e r h a p s  the  ac t ion  on  gas t r i c  
sec re t ion  f rom t h a t  on  p a n c r e a t i c  secre t ion .  Th i s  is t h e  
a i m  of our  ef for ts  3. 

Riassunto. Vengono  desc r i t t e  le p r o p r i e t ~  di u n a  serie 
di  p ep t i d i  s in te t i c i  aff ini  a l la  ce ru le ina  e si d i s e u t o n o  bre-  
v e m e n t e  i r a p p o r t i  f r a  a t t i v i t ~  e s t r u t t u r a .  
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