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R e l a t i o n s h i p  B e t w e e n  T e r a t o g e n y  and S t r u c t u r e  

I t  h a s  b e e n  r epo r t ed  t h a t  t h e  t e r a t o g e n y  of t h a l i d o m i d e  
is h i g h l y  specific a n d  t h a t  sma l l  s t r u c t u r a l  c h a n g e s  d e s t r o y  
t he  t e r a t o g e n i c  ac t ion  of  t h e  r e l a t ed  c o m p o u n d s ,  ana logs  
as well  as me tabo l i t e s .  P r ev ious  i nves t i ga t i ons  of 14 
r e l a t ed  c o m p o u n d s  revea led  no  r e l a t i onsh ip  b e t w e e n  se- 
d a t i v e  ac t ion  a n d  t e r a t ogeny ,  t h a t  b o t h  moie t ies  of t he  
molecule ,  g l u t a m i c  acid a n d  p h t h a l i c  acid,  are  necessa ry  
for t e r a t o g e n y  x,~, a n d  t h a t  open ing  of one or  b o t h  imide  
r ings  b y  hyd ro lys i s  leads  to  n o n - t e r a t o g e n i c  m e t a b o l i t e s  ~-a. 
B a s e d  on  these  f indings ,  we s yn t he s i zed  t h e  fol lowing 3 
new analogs ,  a n d  were  su rp r i sed  to  f ind  1 of t h e m  (WU-385)  
to  b e  s ign i f i can t ly  ac t ive .  

(1) W'U-362 = N - m e t h o x y t h a l i d o m i d e .  E a r l i e r  inves t i -  
ga t ions  h a d  s h o w n  t h a t  N - m e t h y l t h a t i d o m i d e  (WU-313,  
2 - p h t h a l i m i d o - N - m e t h y l - D L - g l u t a r i m i d e )  is t e r a togen ic  ~, 
poss ib ly  due  to  a d e m e t h y l a t i o n  in v ivo .  I f  t he  h y d r o g e n  
of g l u t a r i m i d e  is rep laced  b y  m e t h o x y ,  t he  poss ible  de- 
m e t h y l a t i o n  would  lead to  N - h y d r o x y t h a l i d o m i d e  (WU-  
347), a c o m p o u n d  w i t h o u t  t e r a t o g e n y  in r a b b i t s  (WuEsT 
a n d  FRATTA, u n p u b l i s h e d  resul ts) .  

F o r  t h e  s y n t h e s i s  of N - m e t h o x y t h a l i d o m i d e ,  p h t h a l o y l -  
DL-glutamic a n h y d r i d e  was  r e a c t e d  w i t h  m e t h o x a m i n e  and  
t h e  r e su l t i ng  m e t h o x a m i d e  was  t r e a t e d  w i t h  ace t ic  a n h y -  
d r ide  to  close t h e  r i ng :  - W U - 3 6 2 - N - m e t h o x y t h a l i d o m i d e  = 
2 - p h t h a l i m i d o - D L - N - m e t h o x y g l u t a r i m i d e ,  w h i t e  c rys ta l s ,  
m.p .  245 °. 
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(2) W U - 3 8 0  = 2 -ph tha l imido-DL-g lu ta r i c  d iamide ,  a n  
open  c h a i n  w i t h o u t  c a r b o x y l  groups.  All k n o w n  m e t a b o -  
l i tes ot  t h a l i d o m i d e  a re  fo rmed  b y  hydro lys i s  a n d  therefore ,  
w i t h  t h e  excep t ion  of ~ - a m i n o g l u t a r i m i d e ,  c o n t a i n  car-  
b o x y l  g roups  ~a. K~BERLE 4 bel ieves  t h a t  t h e  l a ck  of 
t e r a t o g e n y  is due  to  t h e  p resence  of  ion izab le  c a r b o x y l  
g roups  a n d  t h e  c o n s e q u e n t  i n a b i l i t y  of these  m e t a b o l i t e s  
to  p e n e t r a t e  t h e  p l acen ta .  However ,  if we open  t he  g lu ta r i -  
m ide  r ing  w i t h  a m m o n i a  or  m e t h a n o l ,  t h a l i d o m i d e  ana logs  
w i t h  s u b s t i t u t e d  c a r b o x y l  g roups  are  ob ta ined .  

P h t h a l o y l  g l u t a m i c  acid was c o n v e r t e d  w i t h  phos-  
p h o r o u s  p e n t a c h l o r i d e  to  i t s  d ich lor ide  (m.p.  76-77 °) 
w h i c h  on  t r e a t m e n t  w i t h  a m m o n i a  in e t h e r  y ie lded W U -  
380 = 2 -ph tha l imido- l )L-g lu ta r i c  d iamide ,  wh i t e  crys ta ls ,  
m.p.  217-218 °. 
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(3) W U - 3 8 5  = m e t h y l e s t e r  of  N-=-ph tha loy l -Dc- i so -  
g l u t a m i n e  = m e t h y l - 4 - p h t h a l i m i d o - D L - g l u t a r a m a t e .  
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7 - M e t h y l p h t h a l o y l - D L - g l u t a m a t e  (m.p.  119 °) was  chlor i-  
n a t e d  w i t h  p h o s p h o r o u s  p e n t a c h l o r i d e  a n d  t h e  acy l  
ch lor ide  t r e a t e d  w i t h  a m m o n i a ;  t h e  r e s u l t i n g  e s t e r - amide  
m e l t e d  a t  141 ° a f t e r  r ec rys t a t t i za t ion  a n d  is i somer ic  to  t h e  
e s t e r - amide  of SHEEHAN a n d  BOLHOFER wi th  t h e  m.p .  of 
143-144 °s. T h e  m i x t u r e  m.p .  showed  a depress ion  of 
a b o u t  20 ° . 

I t  is t he  pu rpose  o f  t h i s  c o m m u n i c a t i o n  to  r e p o r t  t h e  
resu l t s  of t e s t i n g  these  3 c o m p o u n d s ,  WU-362 ,  W U - 3 8 0  
a n d  W U - 3 8 5  on  p r e g n a n t  New Z e a l a n d  W h i t e  r abb i t s .  

in  the  T h a l i d o m i d e  Fie ld  

F o r t y  l i t t e r s  were  o b t a i n e d  f rom 20 s t r a i n  I I I  females.  
E a c h  doe  p r o d u c e d  b o t h  a t r e a t e d  a n d  a con t ro l  l i t t e r  a n d  
was  b r e d  to  t h e  s ame  male  for  b o t h  l i t ters .  The  c o m p o u n d s  
were a d m i n i s t e r e d  ora l ly  in  ge la t in  capsu les  a t  t he  r a t e  of 
150 m g / k g  b o d y  we igh t  on  days  6-11 of ges ta t ion .  W e  
cons idered  t he  d a y  of m a t i n g  as d a y  zero. Capsules  were  
g iven  b y  a ba i l ing  gun  so t h a t  swal lowing was i m m e d i a t e  
w i t h  negl ig ible  t r a u m a L  Ma t ings  for con t ro l  a n d  t r e a t e d  
l i t t e r s  were  m a d e  to  a v o i d  b ias  due  to  season  or  pa r i t y .  
P r e g n a n c y  was d e t e r m i n e d  b y  p a l p a t i o n  10 10-14 d a y s  a f t e r  
coi tus .  I f  p a r t u r i t i o n  fai led to  occur  b y  d a y  32, i t  was  in-  
d u c e d  b y  oxy toc in .  B o t h  t h e  h o r m o n a l  i n d u c t i o n  of pa r -  
t u r i t i o n  a n d  t he  e x a m i n a t i o n  of n e w - b o r n s  for  m a l f o r m a -  
t i o n s  were  in  t h e  m a n n e r  of SAWIN et  a12. Con t ro l  a n d  
t r e a t e d  l i t t e r s  d id  n o t  d i f fe r  in  l i t t e r  size a t  t h e  0.05 level 
of s igni f icance  (Table) .  

N e i t h e r  W U - 3 6 2  no r  W U - 3 8 0  h a v e  a n y  s ign i f i can t  effect  
on  m a l f o r m a t i o n  of t he  r a b b i t  fetus.  However ,  a s ign i f i can t  
increase  in m a l f o r m a t i o n  ( P  < 0.01) is seen in t h e  T a b l e  
w h e n  WU-385 ,  a n  es ter  of ph tha loy l -DL- i sog lu tamine ,  was  
a d m i n i s t e r e d .  The  a b n o r m a l i t i e s  o b s e r v e d  were  p r i m a r i l y  
of sof t  t i ssues  (megacolon,  a b s e n t  k idneys ,  aor t i c  s t enos i s  
a n d  d i v e r t i c u l u m  of colon),  b u t  some  fused v e r t e b r a e  were  
no ted .  W e  obse rved  the se  sof t  t i s sue  a b n o r m a l i t i e s  in  
t h a l i d o m i d e - t r e a t e d  r a b b i t s  9 w i t h  a s imi la r  f r e q u e n c y  a n d  
feel c e r t a i n  t he r e fo re  t h a t  t h e y  a re  t r u l y  p a r t  of t he  
t h a l i d o m i d e  s y n d r o m e .  T h e y  do  no t  reflect ,  however ,  t he  
usua l  or  m a j o r  ske le ta l  effects.  Therefore ,  t he  t e r a t o g e n y  
of W U - 3 8 5  is c e r t a in ly  less e x t e n s i v e  t h a n  t h a t  oI t ha l ido -  
mide.  

Since t he  r ing  closure of W U - 3 8 5  to  t h a l i d o m i d e  can  be  
enforced  b y  s t r o n g  alkal i  in absence  of w a t e r  (equi rnolar  

The effects of oral administration of thalidomide analogs on mat- 
formation of rabbit fetuses 

Treat- Litters Classifiable fetuses (No.) Unclassified 
ment Total Weighted Resorbed 

Abnormal a (%) Fetuses (No.) 

WU-362 7 40 i (2.5) N.S. P > 0.05 2 N.S. P > 0.05 
Control 7 44 1 {2.3) 3 

WU-380 8 40 2 (5.0) N.S. P > 0.05 2 N.S. P > 0.05 
Control 8 44 1 (2.3) 0 

WU-385 5 24 10 (41.7) P < 0.01 2 N.S. P > 0.05 
Control 5 38 1 (2.6) 3 

Pregnant rabbits were given compounds on days 6-11 of gestation, 
150 mg/kg day. a Those animals having minor malformation o f  
skull, sternum, or tail were classified as normal since this is con- 
sidered to be normal strain variationL 
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a m o u n t s  of sod ium m e t h y l a t e  in  d i m e t h y l f o r m a m i d e ,  
y ie ld  81%),  we c a n n o t  exc lude  i t s  t r a n s f o r m a t i o n  in to  
t h a l i d o m i d e  in v ivo  (e.g. in  t h e  a lka l ine  mil ieu of t h e  
in tes t ine) .  I f  t h i s  r ing  c losure  of inges ted  W U - 3 8 5  t a k e s  
place,  i t  wou ld  be  expec t ed  to  occur  on ly  to  a smal l  e x t e n t  
because  ske le ta l  m a l f o r m a t i o n s ,  f r e q u e n t l y  obse rved  w i t h  
t ha l i domide ,  were found  on ly  to  a v e r y  s l igh t  degree.  I t  
will  be  i n t e r e s t i ng  to  see if t h e  i n t e r n a l  m a l f o r m a t i o n s  
obse rved  ear l ier  b y  us w i t h  h i g h  doses of t h a l i d o m i d e  9 will 
also occur  w i t h  doses sma l l  e n o u g h  no t  to  p r oduce  ske le ta l  
ef fec ts  l l ' l '~ .  

Zusammen]assung. T h a l i d o m i d  v e r u r s a c h t  a n  t r~icht igen 
N e u s e e l a n d - K a n i n c h e n  n a c h  oraler '  V e r a b r e i c h u n g  s t a r k e  
Mis sb i ldungen  des Wur fes .  Ger inge  s t r uk t u r e l l e  Abwei -  
c h u n g e n  k 6 n n e n  die T e r a t ogen i e  ze r s t6 ren :  Zwei  solche 
V e r b i n d u n g e n ,  N - M e t h o x y - t h a l i d o m i d  u n d  2 - P h t h a l i -  
m i d o - g l u t a r a m i d ,  s ind  n i c h t  t e r a togen ,  w ~ h r e n d  ein E s t e r -  

amid ,  ein T h a l i d o m i d a n a l o g  m i t  o f t ene r  Ke t t e ,  h a u p t s ~ c h -  
l ich Mis sb i ldungen  der  i n n e r e n  Organe  erzeugt .  

H.  M. WUEST, lZ. R. F o x  
a n d  D. D. CRARY 

Sloan-Kettering Inst i tute/or Cancer Research, New York 
City (N .Y .  70021) and The Jackson Laboratory, 
Bar Harbor (Maine, USA),  13 June 7968. 

zz The principles of laboratory animal care as promulgated by the 
Council of the American Physiological Society are observed in this 
Laboratory. 

12 This research was supported in part by Public Health Service 
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Child Health and Human Development and No. FR-00251 from 
the Division of Research Facilities and Resources to The Jackson 
Laboratory, Bar Harbor, Maine; and Public Health Service Grant 
No. CA-08748 to The Sloan-Kettering Institute for Cancer 
Research. 

Zur B i o s y n t h e s e  des Canthar id ins .  I 

I m  t 2 a h m e n  unse re r  U n t e r s u c h u n g e n  f iber  die Bio-  
chemie  v o n  I n s e k t e n i n h a l t s s t o f f e n  h a b e n  wir  die Abkll i -  
r u n g  der  B i o s y n t h e s e  des C a n t h a r i d i n s  in  Angr i f f  
g e n o m m e n .  C a n t h a r i d i n  is ,  ein I n h a l t s s t o f f  des Kitfers  
Lytta vesicatoria (L.) (Coleopt.  Meloidae) ,  de r  s o g e n a n n t e n  
s p a n i s c h e n  Fliege, welche  f r i iher  in  H u m a n -  u n d  Veter inAr-  
med i z in  als B l a s e n z u g s m i t t e l  hAufig g e b r a u c h t  wurde  u n d  
h e u t e  noch  ge legen t l i ch  bei f~lschl icher  V e r w e n d u n g  als 
A p h r o d i s i a c u m  zu V e r g i f t u n g e n  Anlass  gibt .  Der  W i r k -  
s toff  wurde  im J a h r e  1810 v o n  ROBIOUET z in kr is ta l l i s ier -  
t e m  Z u s t a n d e  e rha l t en .  Die S t r u k t u r a u f k l ~ r u n g  h a t  m a n  
GADAMER 2 ZU v e r d a n k e n .  T o t a l s y n t h e s e n  p u b l i z i e r t e n  die 
A r b e i t s g r u p p e n  yon  ZIEGLER u n d  SCHENCK s sowie yon  
STORK 4. 
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I n  J~ the rna rkose  in j iz ie r te  m a n  6 T ie ren  (4 ~ u n d  26)  
i n s g e s a m t  1 mc  e iner  N a t r i u m -  z4C- 1 - a c e t a t -  L 6 s u n g  
(1,5 m g  in 0,1 ml  W a s s e r  [c = 0 ,18M])  u n d  8 T ie ren  
(5 ~ u n d  3c~) 0,58 mc  e iner  Na t r i um-SR-14C-2 -meva lona t -  
L 6 s u n g  (25 m g  in  0,12 m l  W a s s e r  [ c -  1,1M]). N a c h  
10-24 h w u r d e n  die Tiere  n a c h  Z u g a b e  y o n  10 m g  i n a k t i v e m  
C a n t h a r i d i n  p ro  Tier  m i t  S a n d  zerr ieben,  in  1 N wiisseriger 
Salzsi iure 1 h gekoch t  u n d  d a n n  das  Ganze  kon t i nu i e r l i ch  
m i t  Benzo l  e x t r a h i e r t .  Aus  d e m  E x t r a k t  e rh ie l t  m a n  n a c h  
C h r o m a t o g r a p h i e ,  m e h r e r e n  U m k r i s t a l l i s a t i o n e n ,  Hoch-  
v a k u u m s u b l i m a t i o n e n  u n d  B e h a n d l u n g  m i t  2 N  N a t r o n -  
l auge  als we i te re r  R e i n i g u n g s o p e r a t i o n  schl iessl ich Can-  
t h a r i d i n  yon  k o n s t a n t e r  Ak t iv i t i i t .  Es  zeigte sich, dass  
weib l iche  Tiere  n i c h t  i m s t a n d e  waren ,  r a d i o a k t i v e s  Can-  
t h a r i d i n  in  m e s s b a r e r  Menge  zu syn the t i s i e r en ,  obwoh l  
Ver suche  a n  a n d e r e n  L y t t a w e i b c h e n  e rgaben ,  dass  diese 
p r a k t i s c h  ebensov ie l  C a n t h a r i d i n  e n t h i e l t e n  wie die Mi inn-  
chen,  n~tmlich 0, 5 - 1 % .  Die I n k o r p o r i e r u n g s r a t e  bei  M~tnn- 
chen  b e t r u g  in b e i d e n  V e r s u c h e n  je  ca. 0 ,2%.  

I m  r a d i o a k t i v e n  C a n t h a r i d i n  w u r d e n  die C-Atome  
10 + 11 d u t c h  S c h m i d t - A b b a u  ~ e rha l t en .  D u t c h  K u h n -  
t Z o t h - O x y d a t i o n  (Gel. 1,4 CH3[C]) k o n n t e n  die C-Atome  
2 + 8 + 3 + 9 in  F o r m  yon  E s s i g s i u r e  isol ier t  werden ,  
welche  als p - B r o m p h e n a c y l e s t e r  ausgez~h l t  wurde .  E i n  
Tell  de r  Essigs~Lure w u r d e  d u r c h  Py ro ly se  des L i t h i u m -  
Salzes zu L i t h i u m c a r b o n a t  (C-Atome 2 + 3) u n d  A c e t o n  

Die au f  de r  H a n d  l iegende  H y p o t h e s e  de r  C a n t h a r i d i n -  
B i o s y n t h e s e  b e s t e h t  in  e iner  S c h w a n z - S c h w a n z - V e r k n t i p -  
f ung  von  2 I s o p r e n e i n h e i t e n .  Gegen  d iesen  A u f b a u w e g  is t  
a l l e rd ings  e inzuwenden ,  dass  eine solche V e r k n i i p f u n g  
zwar  bei de r  B i l d u n g  v o n  Squa l en  aus  2 F a r n e s y l p y r o -  
phospha t -Moleke ln ,  nie j e d o c h  auf  de r  S tufe  y o n  2 ein-  
ze lnen  I s o p r e n e i n h e i t e n  g e f u n d e n  w u r d e  5, obwoh l  die 
s t r u k t u r e l l e  Var iab i l i t i i t  de r  I s o p r e n a b k 6 m m l i n g e  Ausserst  
gross is,. 

L. vesicatoria k o m m t  in de r  Schweiz  sehr  se l t en  vor .  I n  
den  Mi t t e lmee r lAndern  t r i t t  das  Tier  im F r i i h s o m m e r  je- 
wells w~Lhrend ca. 2 W o c h e n  a n  b e s t i m m t e n ,  le ider  n u r  
uns i che r  v o r a u s z u s a g e n d e n  Ste l len  of t  m a s s e n h a f t  auf.  Es  
ge lang  indessen,  im  Ju l i  1966 im S i m p l o n g e b i e t  14 Kiifer  
zu s a m m e l n %  
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e Wir danken Herrn Dr. V. ALLENSPACH, Wfidenswil, sehr ffir die 
Angabe dieses Fundortes. 
Der Schmidt-Abbau musste mit konz. SchwefelsAure und Natrium- 
azid bei 130 °C im Hochvakuum durchgeftihrt werden; mit Poly- 
phosphors~iure trat bis 150 °C keine Rcaktion ein. 


