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problem should induce qualified experimental studies 
to elucidate the cocarcinogenic mechanism at the 
molecular level. 

Zusammenfassung. Die 13bersicht befasst sich mit 
der Entdeckungsgeschichte der entztindlich, toxisch 
und kokarzinogen hochwirksamen Phorbolester aus 
Croton tiglium L., wobei insbesondere die Anreiche- 
rungs- und Isolierungsversuche sowie die Beitr~ige zur 
Chemie der Wirkstoffe beriicksichtigt werden. Nach 
ersten Untersuchungen durch PELLETIER und CA- 
VENTOU im Jahre 1818 erbrachten vor allem die 
Arbeiten der Arbeitskreise um BOEHM sowie FLA- 
SCHENTRXGER in den zwanziger Jahren dieses Jahr- 

hunderts entscheidende Fortschritte in der chemischen 
Charakterisierung der Giftstoffe, die als Fetts~tureester 
des Phorbols, C~0H~sO6, erkannt wurden. Nach der 
Entdeckung der kokarzinogenen Aktivit~t hielt das 
CrotonS1 Einzug in die experimentelle Krebsforschung 
und gab Anlass zu intensiviertem Bemiihen um die 
Isolierung der Wirkstoffe, die durch Anwendung von 
Gegenstromverteilungen schliesslich 1962 erstmals frei 
yon inaktiven Begleitstoffen dargestellt werden konn- 
ten. Inzwischen ist die Chemie der Phorbolester weit- 
gehend gekl~rt und ein Strukturvorschlag fiir das 
Phorbol erarbeitet worden. Die Biochemie dieser Sub- 
stanzen im Hinblick auf ihre Tumorpromotion bei der 
Karzinogenese ist jedoch bislang v611ig ungekl~irt. 
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Two Types of Carbonate Substitution in the Apatite Structure 

The  a p a t i t e  s t r u c t u r e  (e.g. Cal0(PO~)6(OH)2 ) al lows 
va r i ed  s u b s t i t u t i o n s  to  t ake  place (e.g. Sr  6+ or B a  6+ for  
Ca~+; (SiO4) 4- for  (PO4)6-; C1- or F -  for ( O H ) )  w i t h o u t  
a s ign i f ican t  a l t e r a t i o n  in i ts  bas ic  s t ruc tu re .  These  sub-  
s t i t u t i o n s  in  t he  s t r u c t u r e  are m a n i f e s t e d  b y  changes  in 
t he  l a t t i ce  p a r a m e t e r s  (a- a n d  c-axes) of t he  a p a t i t e  
d e p e n d i n g  on  t h e  size of t he  s u b s t i t u t i n g  ca t ion  or  anion.  
The  i n c o r p o r a t i o n  of c a r b o n a t e  in to  t he  a p a t i t e  s t ruc tu re ,  
however ,  has  b e e n  t he  sub jec t  of s t u d y  a n d  specu la t ions  
for more  t h a n  3 decades.  On t he  basis  of chemica l  analysis ,  
COg-for-OH s u b s t i t u t i o n  was p roposed  b y  •ITEL 1. Car- 
b o n a t e - c o n t a i n i n g  m i ne r a l  a p a t i t e s  d e m o n s t r a t e  a con- 
t r a c t i o n  of t h e  u n i t  cell ~-4 b u t  biological  a p a t i t e  (e.g. 
h u m a n  enamel)  d e m o n s t r a t e  a n  e x p a n d e d  a-axis,  9.44 A. 
Since all  n a t u r a l l y  occur r ing  apa t i t e s  h a v e  o t h e r  con-  
s t i t u e n t s  bes ides  those  of Ca, COg a n d  PO4, i t  is necessa ry  
to  s t u d y  s y n t h e t i c  sys tems  in which  t he  i n c o r p o r a t i o n  of 
on ly  t h e  c a r b o n a t e  could be  d i rec t ly  cor re la ted  w i t h  t he  
phys i ca l  p rope r t i e s  of t he  apa t i t e .  2 t ypes  of c a r b o n a t e -  
c o n t a i n i n g  s y n t h e t i c  a p a t i t e s  h a v e  b e e n  r e p o r t e d  in 
l i t e r a t u r e  : (a) p r e p a r e d  a t  h igh  t e m p e r a t u r e s ,  900-1000 ~ 
w i t h  exclus ion of w a t e r  5,6; and  (b) p r e p a r e d  f rom aqueous  
sy s t ems  b y  d i r ec t  p r ec ip i t a t i on  7,s a n d  b y  conve r s ion  of 
mone t i t e ,  CaHPO4, in  c a r b o n a t e  so lu t ions  a t  100 ~ 8. The  
resu l t s  f rom X - r a y  d i f f rac t ion  and  I R - a b s o r p t i o n  s tud ies  
are br ie f ly  r e p o r t e d  in th i s  paper .  A more  ex tens ive  r e p o r t  
will be  p u b l i s h e d  elsewhere.  

X-ray di[[mclion analysis. Figure  1 shows d i f f rac t ion  
p a t t e r n s  of t he  2 types  of c a r b o n a t e - c o n t a i n i n g  s y n t h e t i c  
a p a t i t e s :  (A) a n d  (B) are  a p a t i t e s  p r e p a r e d  a t  1000~ 
before  a n d  a f t e r  pass ing  d r y  CO S over  t h e m ;  (C) a n d  (D) 
are  p a t t e r n s  of a p a t i t e s  p r e c i p i t a t e d  f rom p h o s p h a t e  
so lu t ions  a t  100~ w i t h o u t  a n d  w i t h  a d d e d  ca rbona t e ,  
respect ive ly .  The  expans ion  of t h e  a -axis  in  t he  fo rmer  

case is d e t e r m i n e d  f rom the  sh i f t ing  of t h e  (300) ref lec t ion  
to  lower angles  (20), a n d  t h e  s l ight  c o n t r a c t i o n  of t he  
c-axis f rom t h e  sh i f t ing  of t h e  (002) ref lec t ion  to  h ighe r  
angles.  I n  t he  p r e c i p i t a t e d  apa t i t e s ,  c a r b o n a t e  incorpora -  
t i on  shi f t s  the  (300) ref lec t ion  to  h ighe r  angles,  i n d i c a t i n g  
a c o n t r a c t i o n  of t he  a-axis ,  a n d  t h e  (002) ref lec t ion  to  
lower  angles,  i n d i c a t i n g  a s l igh t  e x p a n s i o n  of t h e  c-axis. 
Since t he  p l a n a r  CO 6 group  is l a rger  t h a n  t h e  (OH) group,  
a n  e x p a n s i o n  of t he  u n i t  cell would  be  expec t ed  to 
a c c o m p a n y  a CO6-for-OH s u b s t i t u t i o n  in  t h e  a p a t i t e  
(Table  I). On t h e  o the r  h a n d ,  t h e  p l a n a r  c a r b o n a t e  is 
smal le r  t h a n  t h e  t e t r a h e d r a l  P O  4 group,  a n d  a c o n t r a c t i o n  
of t h e  uni t -ce l l  would  be  expec t ed  to  a c c o m p a n y  a CO 6- 
fo r -PO t s u b s t i t u t i o n  {Table II). I t  is also of i n t e r e s t  to  
no te  t h a t  t he  a -axes  of t h e  p r e c i p i t a t e d  ca rbona t e - f r ee  
a p a t i t e s  as p rec ip i t a t ed ,  are  s l igh t ly  longer  (i.e. b y  
0.014-0.022 }t) t h a n  those  of a p a t i t e s  wh ich  h a v e  been  
h e a t e d  a t  h i g h  t e m p e r a t u r e  or t hose  of t h e  m i n e r a l  OH-  
a p a t i t e  f rom Ho l ly  Springs,  Ga. (i.e. 9.42 z ]k). Th i s  s l igh t  
e x p a n s i o n  of t h e  a-axis  obse rved  in  t h e  p r e c i p i t a t e d  
a p a t i t e s  could  be  due  to  t h e  p resence  of some H P O  4- or 
e n t r a p p e d  w a t e r  4. 
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Fig. 1. X-ray diffraction patterns of the 2 types of carbonate-contain- 
ing synthetic apatites. (A) OH-apatite treated at high temperature 
(a = 9.422 A; c = 6.88 A; weight-% CO S = 0.0). (B) Prepared by 
passing dry CO2 over (A) at 1000~ (a = 9.57 A; c = 6.851 A; 
weight-% CO~ = 5.83). (C) OH-apatite precipitated at 100~ 
(a = 9.43~ A;r = 6.881 A; weight % CO S = 0.5). (D) Carbonate-con- 
taining OH-apatite precipitated (at 100~ (a = 9.40,; c = 6.89~ -~; 
weight-% CO a = 5.80). Samples (A) and (B) were prepared and given 
to us by Dr. J.  C. ELLIOTT, University of London. 
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Fig. 2. IR-absorption spectra of earbonate-containing apatites. 
(A) Biological apatite (human enamel). (Carbonate content 2.7 weight- 
% CO3. ) (B) Carbonate-apatite prepared at 1000~ (Carbonate 
content 5.83 weight-% CO3). (C) Carbonate-OH-apatite precipitated 
at 100 ~ (Carbonate-content 3.5 weight-% CO~). 

IR-absorp t ion  analysis .  T h e  d i f f e r e n c e  b e t w e e n  t h e  
2 t y p e s  of  s y n t h e t i c  c a r b o n a t e - c o n t a i n i n g  a p a t i t e s  is  a l so  
r e f l e c t e d  in  t h e i r  I R - a b s o r p t i o n  s p e c t r a  ( F i g u r e s  2B  a n d  
2C). T a b l e  I I I  l i s t s  t h e  c o r r e s p o n d i n g  f r e q u e n c i e s  o f  t h e  
v i b r a t i o n  b a n d s  o f  t h e  CO 3, P O  4 a n d  O H  g r o u p s  in  t h e  
2 t y p e s  o f  c a r b o n a t e  a p a t i t e s .  T h e  s i g n i f i c a n t  d i f f e r e n c e  
is  o b s e r v e d  in  t h e  V 2 v i b r a t i o n  o f  CO3: i t  is  o b s e r v e d  a t  
877 c m  -1 in  h i g h  t e m p e r a t u r e  a p a t i t e  ( F i g u r e  2B) a n d  a s  
a d o u b l e t  a t  871 a n d  878 c m  -1 in  p r e c i p i t a t e d  a p a t i t e  
( F i g u r e  2C). T h e  COsVa v i b r a t i o n  is d e g e n e r a t e  in  b o t h  
s p e c t r a  b u t  a r e  s h i f t e d  to  h i g h e r  f r e q u e n c i e s  in  t h e  h i g h  
t e m p e r a t u r e  a p a t i t e s .  T h e  a d d i t i o n a l  b a n d  a t  1125 c m  -1 
in  t h e  s p e c t r u m  of  h i g h  t e m p e r a t u r e  a p a t i t e  is u n a s s i g n e d .  

Table I. Lattice parameters of apatites treated at high temperatures 
with CO S (900-1000 ~ : CO3-for-OH substi tution 

Type of apatite Weight- Lattice parameters 
% CO~ a-axi s (A) c-axis (A) 

Calcium 0.0 9,42 6.88s, * 
Calcium 3.49 9.518 6.851 o 
Calcium 1.77 9,457 6.878 ~ 
Calcium 2.31 9.469 6.8745 
Calcium 3.67 9.492 6.867 ~ 
Calcium 4.39 9.544 6.8595 

Barium 0.0 10.15 7.69 ~ 
Barium 3.0 10.20 7.65 ~ 

Strontium 0.0 9.76 7.28 lo 
Strontium 3.58 9.88 7.241~ 

Table II. Lattice parameters of carbonate-containing precipitated 
apatites (100 ~ : COa-for-PO 4 substi tution 

Type of apatite Weight- Lattice parameters 
% CO 3 a-axis (A) c-axis (A) 

Calcium 0,50 9.436 6.8798 
Calcium 2.50 9.42 e 6.8878 
Calcium 4,28 9.417 6.889 s 
Calcium 8,96 9.387 6.8958 
Calcium 15.10 9.358 6.906 s 
Calcium 20,53 9.311 6.921 s 
Calcium 22.22 9.304 6.932 s 

Calcium: 0.51 9.477 6.92~ s 
s trontium (9:1) 15,84 9.386 6.953 s 

Calcium: 0.40 9.489 6.89s s 
barium (9 : 1) 10.51 9.427 6.913 s 

16.73 9.38 o 6.92s s 
Strontium 0.20 9.768 7.274 s 
Strontium 27.50 a 9.703 7.259 s 

Lead 0.21 9.76 s 7.197 b 
Lead 8.20 9.721 7.203 s 

Calcium, 0.30 9.455 6.898 s 
lead (9:1) 14.68 9.347 6.919 s 

a Contains also SrCO 3. b This work. 

9 S. MOHSENI-KOUTSEFEHANI, Ph.D. Thesis, Universit~ de Paris 
(1961). 

10 A. N. AKHAVAN-NIAKI, Annls China. 6, 51 (1961). 
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Biological apatites. The e x p a n d e d  a-axis  of t he  h u m a n  
enamel  apa t i t e  has been  expla ined as be ing due to  t he  
par t ia l  subs t i t u t i on  of CO3-for-OH in the  apa t i t e  s t ruc-  
ture  5. However ,  i t  has  been  d e m o n s t r a t e d  f rom these  
s tudies  t h a t  all apa t i t e s  p rec ip i ta ted  f rom aqueous  sys t ems  
d e m o n s t r a t e  longer a-axes t h a n  those  hea t ed  to  h igh  
t e m p e r a t u r e s  or those  of the  na tu ra l  minera l  apat i tes .  
Fu r the rmore ,  since the  CO3-for-OH subs t i t u t ion  is ac- 
compl ished  only  wi th  the  exclusion of water ,  it  is diff icult  

Table III. Frequency assignments of the absorption bands of OH, 
CO3, PO 4 in the spectra of carbonate-containing synthetic and 
biological apatites 

Vibrating Modes Synthetic A a Synthetic B b H. Enamel 
group 

OH 

POt 

- 3580 cm 1 3575 cm -1 
- 1624 1630 

V 1 950 957 955 

V 3 1045 1090 1080 
1025 1040 1035 

Va 602 602 602 
572 562 562 

comb. 455 470 472 

to  conceive of such subs t i t u t ion  in biological apat i tes .  
The I R - a b s o r p t i o n  spec t ra  of biological apat i tes  are 
s imilar  to those  of p rec ip i t a t ed  apa t i t e s  in which  CO3-for- 
PO 4 subs t i t u t ion  t akes  place (Figure 2). The Vz CO 3 
doub le t  a t  871 and  878 cm -~ in t he  spec t ra  of biological 
apa t i t e s  have  been  i n t e rp re t ed  to  indicate  la t t ice  carbon-  
ate  ( subs t i tu t ing  for OH groups) and  adsorbed  ca rbona te  5. 
This  double t  is also observed  in t he  spec t ra  of carbonate-  
con ta in ing  p rec ip i t a t ed  apa t i t e s  n .  The similari t ies of the  
character is t ics  of t he  ca rbona te  bands  in t he  spect ra  of 
p rec ip i t a t ed  and  biological apa t i t e s  suggest  t h a t  the  
ca rbona tes  in these  apa t i t e s  exper ience  the  same environ- 
m e n t  11--14. 

Zusammen/assung. U m  die Ar t  des K a rb o n a t e i n b aues  
in die A p a t i t s t r u k t u r  zu kl~iren, w u r d e n  zwei Typen  yon  
syn the t i s chen  K a r b o n a t a p a t i t e n  un te r such t :  solche, die 
sich in w/issrigen Medien bi ldeten,  und  andere,  die bei 
hohen  T e m p e r a t u r e n  und  un te r  Ausschluss  yon  Wasser  
en t s t anden .  

R. Z. LEGEROS, O. 1~. TRAUTZ, 
E. KLEIN and  J. P.  LEGEROS 

New York University, College o/ Dentistry, New York 
(N. Y. 10010) and The Cooper Union, New York 
(N.Y.,  USA), 72 August 1968. 

CO s V 2 877 870 870 
877 878 

V 3 1460 1410 1410 
1525 1450 1460 

1550 1540 1545 

a Prepared at high temperatures (1000 ~ CO.~-for-OH substitution. 
b Precipitated at 100 ~ COa-for-PO 4 substitution. 

n R. Z. LEGEROS, J. P. LEGEROS, O. R. TRAUTZ and E. KLEIN, 
Proe. Soc. appl. Spec. 7, in press (1968). 

12 R. Z. LEGEROS, O. R. TRAUTZ, J. P. LEGERoS and E. KLEIN, 
Bull. soc. Chim. Ft., No. special 1712 (1968). 
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S y n t h e s i s  o f  P h y l l o c a e r u l e i n  

We repor t  the  synthes is  of a nonapep t ide  of the  for- 
mula  Pyr -Glu-Tyr  (SOaH)-Thr-Gly-Trp-Met-Asp-Phe-NH2 
according to  the  following scheme. The p roduc t  was found 
to  be ident ical  wi th  na tu ra l  phyl locaerule in l -3 .  

Condensa t ion  of Boc-Thr  ~ wi th  Z - N H - N H  2 via the  
mixed  anhydr ide  in T H F  afforded the  p r o t e c t e d  hydra -  
zide I (97% yield) which was di rec t ly  t r e a t ed  wi th  AcC1 
in AcOH/HC1 6N to give +H2-Thr(Ac) -NH-NH-Z.  C1- (II) 
(68% yield;  m.p.  125-126~ [~]~2 + 10 ~ ' c = 1, DMF;  
El. ~ ~ 0.94 Glu. Anal. Calcd. for C14H1,N3Os.HCI: C 48.6; 
H 5 . 8 ,  N 1 2 . 1 ;  Cl10.2.  F o u n d  C48.2 ;  H 6 . 2 ;  N 1 2 . 3 ;  
C1 9.8). 

Boc-Tyr  5 was  condensed,  via  t he  mixed  anhydr ide ,  
wi th  I I  in T H F / D M F  in the  presence of 1 equ iva len t  of 
MM to give ]3oe-Tyr-Thr(Ac)-NH-NH-Z (III) (61% yield ; 
m.p.  133-134~ [e]2D1 -- 1.6 ~ c = 1, DMF.  Anal. Calcd. for 
C2sH3eNdOo: C 58.7; H 6.3; N 9.8. F o u n d  C 58.5; H 6.3; 
N 9.6). 

T r e a t m e n t  of I I I  wi th  HC1/AcOH 1 . 3 N  afforded 
+H2-Tyr -Thr (Ac) -NH-NH-Z .C1- ( IV)  (100% yie ld;  m.p.  
150_160o; [e]~l + 29 o, c = 1, AcOH 95%. Anal. Calcd. for 
C23HesNdOv. HCI: C54 .3 ;  H 5.8; N 11.0. F o u n d  C54.3 ;  
H 5.9; N 10.7) which  was condensed,  via t he  mixed  
anhydr ide ,  w i th  Boc-Glu(OBzl) 6 in T H F / D M F  in the  

presence  of I equ iva len t  of MM to give Boc-Glu(OBzl)- 
T y r - T h r ( A c ) - N H - N H - Z  (V) (85% yield;  m.p.  183-184~ 
[e]~ - -3 .6  ~ c = 1, DMF.  Anal. Calcd. for C40H4oNsO12: 
C60.7 ;  H 6 . 2 ;  N8 .8 .  F o u n d  C60.5 ;  H 6 . 1 ;  N 8.8). 

In  the  same way, t r e a t m e n t  of V wi th  HCI/AcOH 1.3 N 
gave +H2-Glu(OBzl ) -Tyr-Thr(Ac)-NH-NH-Z.C1-  (VI) 
(86% yield;  m.p.  182~ [~]~ + 2 8  ~ c = 1, AcOH 95%;  
El. ~ -- 0.56 Glu. Anal. Calcd. for C35HilNsO10. HC1 : C 57.7 ; 
H 5.8; N 9.6. F o u n d  C 57.6; H 6.0; N 9.3) which  on con- 
densa t ion  wi th  Z -Pyr  7, via t he  mixed  anhydr ide ,  in 
T H F / D M F  in the  presence  of 1 equiva len t  of MM, 
afforded the  p ro t ec t ed  t e t r a p e p t i d e  Z-Pyr-Glu(OBzl)-  
T y r - T h r ( A c ) - N H - N H - Z  (VII) (70% yield;  m.p .  222-224~ 

i A. ANASTASI and V. ERSPAMER, 3rd Symposiuln of the European 
Pancreatic Club, Prague 2-4 July 1968. 

2 A. ANASTASI, Experientia 25, 8 (1969). 
a All the amino acids have the L-configuration. The following 

abbreviation are used throughout this paper4: Z, benzyloxycar- 
bonyt; Boe, t-butyloxyearbonyl; OBzl, benzyl ester; Ae, acetyl; 
n-Bu, n-butyl; gt, Ethyl; MM, N-methyhnorfoline; THF, tetra- 
hydrofuran; DMF, dilnethylformamide; DMS0, dimethylsul- 
foxide; Cys(SOaH), cysteic acid. 


