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inhibit  the transfer reaction of peptides to puromycin in 
competition with the peptidyl acceptor, puromycin;  this, 
however, is not the case 22. Finally, functional antagonism 
between amino acyl-tRNAs and CM should logically result 
in inhibition of all peptide bond syntheses in which amino 
acyl-tRNA is a reactant  rather than in the preferential 
inhibition of the elongation reaction that  CM does pro- 
duce 18, 23. 

Concerning the central problem, viz. the mechanism of 
CM's inhibition of protein biosynthesis in susceptible cells, 
DAS et al. 24 have reported that  CM also inhibits the 
elongation reaction in Escherichia coil; the authors have 
also focused upon the structurM relationship between CM 
and the C-terminal peptide grouping of nascent protein 
chains as a potential structural basis of CM's action. 
Moderately high (1.6 × 10-4M) concentrations of CM 
cause the accumulation of acid-soluble peptides in proto- 
plasts of BaciUus megaterium, while CM at 1.25 X 10-aM 
completely inhibits incorporation of amino acids ~5; these 
observations are remindful of the differential effects of 
CM on initiation and elongation of peptides in vitro Is. 

Zusammenfassung. Zusammenh~nge zwischen Struktur  
und ~Virkung bei Chloramphenicol fiihren zu der Hypo- 

these, dass das Antibiotikum die Peptidsynthetase der 
Ribosome dadurch hemmt, dass es den Peptidylpartner 
der Reaktion antagonisiert. Im Einklang damit  steht, 
dass Chtoramphenicol sich spezifisch an I~ibosome binder 
und selektiv die Elongationsphase der Proteinsynthese 
hemmt. 
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STUDIORUM PROGRESSUS 

Biogenetic-Like Syntheses  of Benzylstyrenes  and 

I t  is generally considered that  fiavanoid and isoflava- 
noid biosynthesis involves initial C-cinnamoylation of a 
phenolic C e uni t  (or its polyketide equivalent), the thai- 
cone thus formed being cyclized, epoxidized 1 or reduced 2 
to furnish the progenitors of the different types of natural  
flavanoids and isoflavanoids. The biosynthetic origin of 
neoflavanoids, viz. dalbergiones a,4 I and related quinol 
derivatives, e.g. tatifolin ~ II ,  and 4-aryl-coumarins, e.g. 
dalbergin ~ III ,  is obscure, although it has been suggested 
tha t  these also might be derived from the chalcone inter- 
mediates by a double i, 2-shift of the B aryl ring ~ or a 
single 1,3-shift of the A aryl ring s. 
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OLLIS and his associates recently reported ~ that  benzyl- 
styrenes IV co-occur with neoflavanoids V and they pro- 
posed that,  in contrast to flavanoid biosynthesis, the 
formation of IV and V may involve SN 2 type alkylations 
of polyphenols by cinnamyl pyrophosphate: 
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As laboratory equivalents of these reactions they synthe- 
sized 10 both benzylstyrenes and neoflavanoids by Claisen 
rearrangement of resorcinol and pyrogallol c innamyl 
ethers in boiling dimethylaniline, e.g. VI -> VII  + VIII .  
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KUIvIARI, MUKERJEE and SESHADR111, however, have 
questioned the validity of this analogy, since, in at tempt-  
ing to synthesize latifolin dimethyl ether by the Claisen 
rearrangement, they found that  an ortho-methoxycin- 
namyl  group does not  apparently migrate. They proposed 
an alternative biogenetic scheme in which neoflavanoids 
and benzylstyrenes are formed by 2 different processes, 
the former by initial O-cinnamoylation of a phenol, re- 
arrangement of the ester to a 4-aryl coumarin, and reduc- 
tion of this to a dalbergione. In  accord with OLLm they 
considered benzylstyrenes are formed by C-cinnamylation 
of a phenolic uni t  and in support of this hypothesis they 
showed that  1, 2, 4-trimethoxybenzene condensed with 
ortho-methoxycinnamyl chloride in ether solution in the 
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presence of a Lewis acid (fused zinc chloride) to yield a 
benzylstyrene and dimethyllatifolin. 

The rearrangement and condensation reactions de- 
scribed above provide formal mechanistic support for 
biogenetic C-cinnamylation. However, these reactions 
utilize extreme conditions (high temperatures, anhydrous 
media, strong acids) and it  seemed appropriate, therefore, 
to determine whether C-alkylation of polyphenols occurs 
with cinnamyl alcohol itself in aqueous solutions under 
only mildly acidic conditions x*. Like cinnamyl pyre- 
phosphate, protonated cinnamyl alcohol would be ex- 
pected to give rise readily to a stabilized carbonium ion 
or incipient carbonium ion in SN1 or SN2 reactions. As a 
result it has now been found that  cinnamyl alcohol reacts 
easily with a variety of phenols in aqueous acetic acid 
solutions to yield benzylstyrenes and ortho-l-phenyl-  
altyl-phenols, the former in major  amounts. 

Thus, warmed with excess of pyrogallol in aqueous 
acetic acid solution for 2-4 h, cinnamyl alcohol gave the 
crystalline benzylstyrene IXa, m.p. 106-107% in 40% 
yields. (Found: C, 74.5; H, 5.75. Calc. for C,5H1403: 
C, 74.4; H, 5.83). The structure of this product was 
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established from tile NMR-spectrum (100 Mc in CC14) of 
its crystalline triacetate (m.p. 111-112°), which showed 
the presence of 3 acetyl groups (singlet a t  d Z.18), 2 ben- 
zylic protons H x (doublet at 6 3.40), a vinylie proton HB 
(sextet at  ~ 6.09), a vinylic proton H A (doublet at  6 6.40) 
and 7 aromatic protons at  ~ 7.0-7.3, apparent coupling 
constants Jan -- 16.0 e/s, JBx = 6.0 c/s. After crystalliza- 
tion of the bulk of IXa,  the aqueous sodium borate 
soluble fraction of the reaction residue was a viscous oil 
containing residual I X a  and a second major component 
which, because of very similar solubilities and chromato- 
graphic behavior, has not  yet  been separated. The NMR- 
spectrum of the mixture and of its acetate, however, 
shows that  this second component is almost certainly the 
neoflavanoid Xa. The acetate of the mixture has a series 
of well-defined signals in the region 6 4.7-5.3 in which IXa  
triacetate does not absorb. On the basis of published ~° 
first order analyses of similar compounds these signals 
have been assigned to the aliphatic protons of Xa tri- 
acetate as follows: HA (sextet at  ~ 4.82), H c (sextet at  

4.90), H B (sextet at  ~ 5.21), apparent coupling constants 
JAX = 6.2 c/s, JAB = 1.6 C/S, JAc = 1.6c/s, Jcx  = 17.0 c/s, 
JBc = 1.6 c/s, JBx = 10.0 c/s. The vinylic proton H x  
appears as an octet at 6 6.20 (100 Mc in CDC13). Resorcinol 
and cinnamyl alcohol condense similarly in aqueous acetic 
acid to yield the crystalline benzylstyrene IXb,  m.p. 91 °, 
and an oily mixture of I X b  and, on the basis of the NMR- 
spectrum, the neoflavanoid Xb. 

The ease with which these and other phenols react with 
cinnamyl alcohol in aqueous solutions provides a plausible 
chemical basis for enzyme-mediated C-alkylation as pro- 
posed by Onus.  The laboratory condensations probably 
involve direct C-alkylation by SN1 and/or SN2 mecha- 

nisms, but  i t  is noteworthy tha t  cinnamyl ethers are 
cleaved even under these mild conditions and C-alkylation 
then ensues. Intermolecular transfer of the cinnamyl group 
from O- to C- was demonstrated by warming 3-cinnamyl- 
oxy-veratrole XI  with pyrogallol or resorcinol in aqueous 
acetic acid. Mixtures of C-alkylated pyrogallols and resor- 
cinols, similar to those obtained by the direct reaction of 
cinnamyl alcohol with pyrogallol or resorcinol, resulted. 
From these mixtures the crystalline benzylstyrenes I X a  
and I X b  were isolated. 
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Reduction and subsequent oxidation of natural  dalber- 
giones yields optically act ive dihydrodalbergiones 3 of 
types X I I a  and b. The racemic modifications of X I I a  
and b are easily synthesized by simple condensation re- 
actions. Thus, 1-(4-methoxyphenyl)-propan-l-ol X I I I  
condenses readily with methoxyquinol  in aqueous acetic 
acid. and, on allowing the solution to stand exposed to air, 
a yellow quinone, ClTHlsO 4, m.p. 138-139 °, crystallizes 
in yields of about  50%. On reductive acetylat ion i t  gives 
a quinol diacetate, C,1H2,O6, m.p. 92-93 °. The UV- 

iEtOH 76, ~ 350 nm (ema,: 17100, spectrum of the quinone, --ms, - - - ,  
1106), and its NMR-speetrum, which shows the presence 
of the/~CH-CHz-CH 3 group, the A iB 2 system of 4 aromatic 
protons, and 2 quinonoidal protons (singlet at  6 5.82 and 
doublet, J = 1.0 c/s, at  ~ 6.52), closely agrees with those 
reported a for optically active XIIa .  The quinone, there- 
fore, is a lower melting,, racemic modification of dihydro- 
S-4,4'-dimethoxydalbergione (m.p. 159-162°). Racemic 
X I I a  is also formed by reaction of anethole XIV, a 
natural  propenylbenzene, with methoxyquinol  in aqueous 
acetic acid. The yield of X l I a  in this case is low probably 
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due  to  c o m p e t i t i v e  s e l f - condensa t ion  of X I V  a n d  to  i t s  
l im i t ed  p r o t o n a t i o n  u n d e r  t h e  mi ld ly  acidic  c o n d i t i o n s :  
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O x i d a t i o n  of t h e  al lyl ie  m e t h y l e n e  g roup  cou ld  lead  to  t h e  
f l av-3-ene  X V I I ,  w h i c h  m a y  b e  ox id ized  d i r ec t ly  to  t h e  
f t a v y l i u m  sa l t  X V I I I  or  d i s p r o p o r t i o n a t e  to  a m i x t u r e  of  
X V I  a n d  X V I I L  I n  t h i s  c o n n e c t i o n  i t  is  n o t e w o r t h y  t h a t  
CLARK-LEwis ~5 r ecen t l y  sugges ted  t h a t  f lav-3-enes  m a y  
be  t h e  i m m e d i a t e  p recursors  in  p l a n t s  of f l a v y l i u m  sal ts  
a n d  f l av an s  16. 
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T h e  c o n d e n s a t i o n  r eac t i ons  desc r ibed  in  t h i s  c o m m u n i -  
c a t i o n  d e m o n s t r a t e  t h a t  a t  l eas t  in  t e r m s  of chemica l  
r e a c t i v i t y  c i n n a m y l a t i o n  of  p o l y p h e n o l s  is a m u c h  m o r e  
facile process  t h a n  t h e i r  c i n n a m o y l a t i o n .  F u r t h e r m o r e ,  
b e n z y l s t y r e n e s  w i t h  h y d r o x y l  or  m e t h o x y l  s u b s t i t u e n t s  in  
t h e  p a r a  pos i t ions  of both a ry l  r ings  shou ld  be  f o r m e d  e v e n  
more  r ead i ly  a n d  be  h i g h l y  suscep t ib le  to  mod i f i ca t i on  b y  
cyc l i za t ion  a n d  o x i d a t i o n  reac t ions .  I3enzyls tyrenes ,  
r a t h e r  t h a n  chalcones ,  cou ld  be  t i le  precursors ,  t h e r e f o r e  
of a t  l e a s t  some  n a t u r a l  f l avano ids ,  e.g. in  Xanthorrhea 
species 4' ,  5 , 7 - t r i h y d r o x y f l a v a n  X V I  co-occurs  z3 w i t h  a 
r ed  p i g m e n t  w h i c h  a p p e a r s  to  be  a f l a v y l i u m - f l a v a n  con-  
d e n s a t i o n  p r o d u c t  of t h e  d r a c o r u b i n - t y p e Z t  T h e  f l a v a n  
a n d  t he  f l a v y l i u m  sa l t  cou ld  be  de r ived  f rom t h e  benzy l -  
s t y r ene  XV.  Th i s  shou ld  p r o t o n a t e  r ead i ly  a n d  cyclize to  
X V I .  
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Zusammen[assung. I m  Z u s a m m e n h a n g  m i t  d e m  Pro-  
b l e m  d e r  B i o s y n t h e s e  de r  F l a v o n e ,  I so f l avone  u n d  Neo-  
f l avone  w u r d e n  die e n t s p r e c h e n d e n  Benzy l s ty ro l e  u n d  
Neof l avone  syn the t i s i e r t .  
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P R O  E X P E R I M E N T I S  

M6thode de marquage des Crustac6s D6capodes 

L 'ex i s t ence  d ' u n  c o m p o r t e m e n t  d i s t inc t ,  si on  c o m p a r e  
les a n i m a u x  isol6s a u x  a n i m a u x  group6s,  a 6t6 raise e n  
6v idence  en  pa r t i cu t i e r  chez  les In sec t e s  z e t  les Crus tac~s  ~ 
oh  les exemples  d ' e f fe t  de  groupe,  n o m b r e u x  d a n s  le 
p r e m i e r  cas, s o n t  r a res  darts  le second.  

Des  ~ tudes  r~centes  ~ c o n c e r n a n t  ce probl~me,  o n t  
m o n t r ~  que  les p h 6 n o m ~ n e s  d ' a d a p t a t i o n  e h r o m a t i q u e  du  
N a t a n t i a  Crangon crangon (Linn~) soumis  ~ u n  effet  de  
groupe,  son t  e x a c t e m e n t  inverses  selon que  l ' a n i m a l  es t  
seul on  qu ' i l  se t r o u v e  en  pr6sence  de cong6n~res.  L a  
n~cessit~ de  c o m p a r e r  les r~ac t ions  individuel les ,  ~ c o u r t  

e t  long te rmes ,  de c h a q u e  Creve t t e  m a i n t e n u e  au  sein du  
groupe,  avec  les r6ac t ions  p r6sen t6es  p a r  la  mSme  Creve t t e  
isol6e, nous  a c o n d u i t  ~ m e t t r e  au  po in t ,  p o u r  nos  61evages 
e x p 6 r i m e n t a n x ,  u n  proc6d6 de  m a r q u a g e  s imple  e t  du -  
rab le .  

Les  s ignes color6s p r a t i q u 6 s  su r  la  c a r a p a c e  ne  son t  pas  
s o u h a i t a b l e s  ca r  ils r e s t e n t  su r  l ' exuv i e  lors  de  la  mue.  L a  
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