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s t e r e o c h e m i s t r y  is t h e  s a m e  as in seco loganin ,  a n d  hence  
the  n e w  a lka lo id  can  be  f o r m u l a t e d  as  5 -oxos t r i c to s id ine  
(1). 
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Zusammenfassung. Ft i r  ein neues  g lukos id i sches  I n d o l -  
a lka lo id  a u s  Adina rubescem wird  a n h a n d  i n s t r u m e n t a l -  

a n a l y e i s c h e r  U n t e r s u c h u n g e n  die S t r u k t u r  y o n  5- 
O x o s t r i c t o s i d i n  v o r g e s c h l a g e n .  

R. T. BROWN and A. A. CHARALAMBIDES 

Department of Chemistry, University o/Manchester, 
Manchester M73 9PL (England), 2~ January 7975. 

Synthesis  of Litorin 

A n o n a p e p t i d e  of t h e  f o r m u l a  H - P y r - G l n - T r p - A l a - V a l -  
G l y - H i s - P h e - M e t - N H 2 ~ ,  c o r r e s p o n d i n g  to  t h e  p r o p o s e d  
s equence  of l i to r in  ~, w a s  s y n t h e s i z e d  b y  c o n v e n t i o n a l  
m e t h o d s .  R e l e v a n t  i n f o r m a t i o n  p e r t a i n i n g  to  i t s  s y n t h e s i s  
is s u m m a r i z e d  in t h e  F i g u r e  a n d  in t h e  Table .  

T h e  free n o n a p e p t i d e ,  a f t e r  t h e  r e m o v a l  of t h e  d in i t ro -  
p h e n y l  g r o u p  w i t h  a la rge  excess  of 2 - m e r c a p t o e t h a n o l  a in 
so lu t i on  of I - I M P T - D M F - H ~ O  (4: 1:1) m a i n t a i n e d  a t  p H  8 
w i t h  Na~CO3, w a s  f ina l ly  s ecu red  as  h y d r o c h l o r i d e  b y  
t r e a t m e n t  w i t h  H C 1 - A c O H  a n d  d e s a l t i n g  t h r o u g h  a 
c o l u m n  of a m b e r l i t e  X A D - 2  ( e l u e n t : H 2 0  a n d  t h e n  

M e O H - H 2 0  50%).  I t  w a s  f o u n d  to  be  h o m o g e n e o u s  a n d  
s h o w e d  t h e  s a m e  e l e c t r opho r e t i c  a n d  c h r o m a t o g r a p h i c  

1 The amino acids used, with the exception of glycine, have the 
L-configuration. Symbols and abbrevations are in accordance with 
the recomandations of the IUPAC-IUB Commission on Bioche- 
mical Nomenclature, J. Biol. Chem. 2d7, 977 (1971). Pyr = pyro- 
glutamie acid. 

2 A. ANASTASI, V. ERSPAMER and R. ENDEAN, Experientia 31,510 
(1975). 

3 F. CttlLLEMI and R. B. MERRIFIELD, Biochemistry 8, 4344 (1969). 

Data on litorin and the intermediates obtained during the synthesis* 

Number Compound Formula Method, Reactionb Yield Crystalliza- Melting a Optical~ E~.e f Eh. sg 
solvent (%) tion solvent* point rotation (Glu) (Glu) 

I Boc-Phe-Met-NH2 C~sHIgN30~S M.A. THF 70 MeOH-EtOAe 193-195 ~ -- -- -- 

I I  H-Phe-Met-NHs C14H21N302S.HC1 HC1 AcOH 98 MeOH-:Et20 210-212 ~ +14 ~ 0.85 -- 

I I I  Boc-His(DNP)-Phe- C3~H38N8OgS DCCI + THF-DMF 65 MeOH-EtaO 135-140~ -- 8 ~ -- -- 
-Met-NH2 HOSu 

IV H-His(DNP)-Phe-Met- C26H30NsOTS.HC1 HCI AcOH 90 MeOH-:Et20 155-160~ +30 ~ 0.98 -- 
-NHe-HCt 

V Boc-Gln-Trp-Ala- C31H45N7010 NaOH MeOH-H20 84 MeOH-Et20 156-157 ~ --47 ~ -- 0.32 
-Val-Gly-0H 

VI H-Gln-Trp-Ala-Val C26H37NTOs'C2F3HO t TFA -- 90 MeOH-Ets 170-172 ~ +29 ~ 0.51 -- 
-Gly-OH.TFA 

VII Z-Pyr-GIn-Trp-Ala- CagHasNsO12 ONP DMF 8 0  AeOH-Et~O 230-232~ --52 ~ -- 0.24 
-Val-Gly-OH 

VIII  H- Pyr-Gln-Trp-Ala- CalH4~NsO10 H 2 DMF 95 DMF-Et~O 239-240~ --43 ~ -- 0.25 
-Val-Gly-OH 

IX H-Pyr-Gln-Trp-Ala- Cs~HToNI~OI~S DCCI + DMF-HMPT 66 DMF-MeOH 180-182~ --25 ~ -- --  
VaI-Gly-His(DNP)- HOSu 
-Phe-Met-NH 2 

X H-Pyr-Gln-Trp-Ala- ChlH69N14OllS-HC1 M.E. HMPT-DMF- 60 MeOH- 237~ --22 ~ 0.40 -- 
-Val-Gly-His-Phe-Met- pH 8 H20(4:1:1) EtOAe 
-NH2.HC1 (litorin 
hydroehloride) 

Amino acid ratios in acid hydrolysate~ of compound X (litorin hydrochloride): Glul.,a , Gly~.00 , Alal.00 ' Val0.9~ ' Metl.00 ' Phe0.95 ' His0.99. *All 
compounds (except II, IV and VI, which were not analyzed) gave correct combustion values for C, H and N. ~M.A., mixed anhydride with 
N-methylmorfoline and ethyl chloroformate (activation time: 2 min at --15~ DCCI + HOSu, activated ester prepared in situ from N,N'- 
dicyclohexylearbodi-imide and N-hydroxysuecinimide (2 h at 0 ~ and 2 h at 24~ HC1, dry HC1 (~-d,3 N); NaOH, 1 N sodium hydroxide; 
TFA, trifluoroacetic acid at 0~ ONP, p-nitrophenyl ester; H2, hydrogenation in the presence of 10% palladium-charcoal; M.E., 2-mereapto- 
ethanol; pl~ 8, maintained at pH 8 with solid N%CO 3. b THF, tetrahydrofuran; AcOH, glacial acetic acid; DMF, N, N'-dimethylformami de; 
MeOH, methanol; H20 , water; HMPT, hexamethyl phosphoric triamide, cEtOAc, ethyl acetate; Et20 , diethyl ether, ad, with decomposi- 
tion. ,Optical rotations were measured at 24 ~ c = 1. The solvents used are MeOH for II, I II ,  IV, V and VI; AcOH for VII, VIII  and IX; 
95% AcOH for X. fElectrophoretic mobility in HCOOH/CH3COOH/H20 (615:500:3885) with glutamic acid as standard. ~Electrophoretic 
mobility in CH3COOH/pyridine/H20 (50:450:4500) with glutamic acid as standard, hTrp is decomposed during acid hydrolysis (105 ~ for 
16 h). 
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X 
N H 2 Synthesis of Litorin. 

mobil i t ies ,  t he  same deg r ada t i ve  p a t t e r n  a n d  t he  same 
biological  p roper t i e s  4 of n a t u r a l  l i to r in  s-s. 

We are indebted to Dr. A ANASTs and to Prof. V. ERSPAMER for 
these assays. 

5 C. W. ANDERSON and A. C. McGREGOR, J. Am. chem. Soc. 79, 6180 
(1957). 

6 L. BERNARDI, G. nOSlSIO, ]~. DE CASTIGLIOlqE, O. GOFEREDO a n d  
F. CHILLEMI, Gazz. chim. ital. 94, 853 (1964). 

? L. 3ERNARDI, R. DE CASTIGLIONE, O. GOFFREDO a n d  F. ANGELUC- 
cI, Experientia 27, 873 (1971). 

8 H. GIBIAN and E. I~LIEGER, Justus Liebig's Annln. Chem. 640, 145 
(1961). 

Riassunto. Viene  r ipor~a ta  la s in tes i  del].a p i rog lu tami l -  
g lu tamini I - t r ip tof i l -a lan i l -va l i l -g l ic i l - i s t id i l - fen i la lan i l -me-  
t i on inamide ,  u n  pep t ide  iden t ico  per  p rop r i e t$  fisiche, 
ch imiche  e biologiche al la  l i tor ina .  

~'. ANGELUCCI a n d  R. DE CASTIGLIONE 

Laboratori Ricerche Farmitalia, Casella postale 3075, 
1-20746 Milano (Italy), 21 January 7975. 

H~S a s  S u l f u r  S o u r c e  i n  L e m n a  m i n o r  L . :  I I .  D i r e c t  I n c o r p o r a t i o n  i n t o  C y s t e i n e  a n d  I n h i b i t i o n  

o f  Su l f~ t t e  A s s i m i l a t i o n "  

Sulfa te  is t he  n o r m a l  sulfur  source of p l a n t s  1, b u t  t h e y  
are able  to  use o the r  c o m p o u n d s  to  p rov ide  a t  leas t  p a r t  
of t h e i r  sulfur  r e q u i r e m e n t s  2 4 For  L e m n a c e a e  H2S is 
of special  in te res t ,  because  t h e y  of ten  grow on ponds  
where  sulfide can  be de t ec t ed  5. I n  these  h a b i t a t s ,  where  
H2S is ava i l ab le  to  t he  p l a n t s  t o g e t h e r  w i t h  SO42-, a n  
in t e re s t ing  ques t ion  is how  m u c h  t he  u p t a k e  and  the  
a s s imi la t ion  of t he  oxidized c o m p o u n d  is i nh ib i t ed  b y  the  
r educed  one. 

I n  a p rev ious  r epo r t  we showed t h a t  H~S inh ib i t s  t he  
u p t a k e  of su l fa te  s. Here  we shal l  p r e s en t  ev idence  for a 
d i rec t  i nco rpo ra t i on  of H~S in to  cysteine.  A s i m u l t a n e o u s  
i n h i b i t i o n  of t h e  su l fa te  a s s imi l a t i on  appea r s  to  be  v e r y  
p robab le .  

Tab le  I shows t he  resu l t  of a n  i so tope -compe t i t i on  
e x p e r i m e n t :  Lemna minor L. ( s t r a i n - n u m b e r  6580 of the  
col lect ion of LANDOLT7 were c u l t i v a t e d  w i t h  r ad ioac t ive  
~5SO42- ill t h e  n u t r i e n t  so lu t ion  and  a t m o s p h e r i c  air  
con t a in ing  0 or 6 p p m  H~S. Af te r  10 a n d  15 days  of cu l t iva-  
t ion,  t he  specific ac t iv i t i es  of sul fa te  in  t he  n u t r i e n t  solu- 
t ion  al ld in  t he  p l a n t  m a t e r i a l  a n d  of cys te ine  were 
de t e rmined .  Cyste ine  was t aken ,  because,  f rom the  

q u a n t i t a t i v e  s t a n d p o i n t ,  t h e  mos t  i m p o r t a n t  p a t h w a y  in 
t he  a s s imi la t ion  of su l fa te  is v i a  cys te ine  1. 

The  specific a c t i v i t y  of sul fa te  and  cys te ine  in t h e  
o rgan i sms  c u l t i v a t e d  w i t h  a i r  is iden t ica l  to  t he  specific 
a c t i v i t y  of sul fa te  ill t h e  n u t r i e n t  solut ion.  

I n  p l a n t s  c u l t i v a t e d  w i t h  a i r  c o n t a i n i n g  H2S, t he  
specific a c t i v i t y  of su l fa te  in  t h e  p l a n t  m a t e r i a l  is on ly  
1.25% t h a t  of t he  su l fa te  of t h e  n u t r i e n t  so lu t ion ;  H~S 
p rov ides  t he  rest .  The  specific a c t i v i t y  of cys te ine  is 
50 t i m e s  lower t h a n  t h a t  of su l fa te  p r e sen t  in  t he  p l a n t  
mate r ia l ,  sugges t ing  t h a t  6 p p m  H2S a l m o s t  comple t e ly  
b locks  t he  a s s imi la t ion  of sulfate�9 This  effect  could be  
based  on  t he  i nh ib i t i on  of the  enzymes  of sul fa te  ass imila-  

1 j .  F.  THOMPSON, A. Rev. Plant Physiol. /8, 59 (1967). 
2 R. J. ELLIS, Planta 88, 34 (1969). 

M. D. THOMAS, R. H.  HENDRICKS, T. R.  COLLIER a n d  G. R. HILL, 
Plant Physiol. 18, 345 {1943). 

4 K .  H. ERISMAI'~N and CHR. ]3RUNOLD, Her. sehweiz, bot. Ges. 83, 
213 (1973). 
K. W. KUCHAR, Arch. Hydrobiol. 49, 329 (1954). 

* CHR. BRUNOLD and K. H. ERISMANN, Experientia 30, 465 (1970). 
T E. LANDOLT, Bet. schweiz, hot. Ges. 67, 271 (1957). 


