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one hydroxy l  a t t ached  to each  isoquinoline nucleus, and 
the  or ienta t ion  of these groups was de te rmined  as 
follows: wi th  diazoethane,  espinine yielded the  O- 
t r ie thy l  de r iva t ive  (Ic), which when reduced wi th  
sod ium/ammonia  afforded (+) N-methyl-6-O-ethyl iso-  
eoclaurine (IIIa)  Eoxalate: nap 210-211 ~ (Kofler), 
~ ] D + 1 0 3  ~ (MeOH)~, and ( - )  N-methy l -0 ,  O-diethyl-  
coclaurine (IIIb),  amorphous,  [e]D--64 ~ (CHCls). The 
NMR-spec t ra  of (IIIa)  and (IIIb)  are in good agreement  
wi th  those published by  TOMITA et al. 4 for these sub- 
stances. 

F r o m  these results, the  s t ructure  and s tereochemis t ry  
(Ia) for espinine are established. 

Espinidine  (Id) appeared to be an 0-methy lesp in ine  
f rom its molecular  formula  and NMR-spec t rum:  it  
showed 3 methoxy l s  at  z 6.43 and 6.21 (6 protons), as 
well as 2 me thy l imino  groups at  T 7.56 and 7.45. Wi th  
d iazomethane  it  gave an O-d imethyl  der ivat ive ,  [0~]D + 21 ~ 
(CHCla), whose NMR-spec t rum was ident ical  wi th  t h a t  of 
O- t r imethylespinine  (Ib). The mass spec t rum of espinidine 
showed a weak  molecular  ion a t  m/e  610 (0.3%);  the  rest  
of the  spec t rum was pract ica l ly  ident ical  wi th  t h a t  of 
espinine, so t h a t  the  ex t ra  m e t h o x y l  mus t  be located a t  
the  4" position, as in (Id). The  s t ructure  was confirmed by  
conversion of espinidine by means  of d iazoethane into its 
O, O-diethyl  de r iva t ive  (Ie) [m.s. M+ 666; m/e  220 (100%) 
(II, R=Et ,  R '=Me and vice versa)], which was reduced 
wi th  sod ium/ammonia .  The  products  were identif ied as 
(+) N-methyl -6-0-e thyl - i sococlaur ine  (IIIa)  [oxalate, 
mp 211-213 ~ (Kofler), ~ D ~ - 1 0 8  ~ (MeOH)? and (--) N- 
methyl-7-O-ethyl-4"-O-methylcoclaur ine  (IIIc), E~ID- 38 ~ 
(CHCla); the  N M R  da ta  were again in good accord wi th  
those publ ished by  TONITA et al. for these bases ~. Thus  
espinidine has the  s t ructure  and s tereochemis t ry  repre- 
sented by  (Id). 

The s t ructure  and configurat ions of espinine and 
espinidine suggest  t h a t  "they are formed biogenet ical ly  
f rom 1 coclaurine and 1 isococlaurine uni t  by  phenol  
oxidat ion,  and tha t  t h e y  in tu rn  m a y  be fur ther  oxidized 
to lauberine and O-methyl isothal icber ine  which occur 
in the  same plant .  We are a t  present  s tudying  these 
possibilities, and work  is also unde r  w a y  on the  isolation 
of the  3 remaining phenolic alkaloids f rom this p lan t  5, 6. 

Zusammen/assung. Die Isol ierung von zwei neuen 
dauric inar t igen Alkaloiden, Espin in  and Espinidin,  aus 
Berberis laurina, und deren St rukturaufkl i i rung durch 
Spektroskopie  und Degrada t ion  werden beschrieben. 
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Lentinacin: a N e w  H y p o c h o l e s t e r o l e m i c  Substance  

For  the  purpose to isolate biological ly act ive  substance,  
we have  long been inves t iga t ing  a number  of mushrooms.  
Dur ing  these studies, we have  succeeded in isolat ing a new 
hypocholes terolemic  substance (designated as lentinacin) 
f rom all edible mushroom,  'Sh i i t ake '  (Lentinus edodes), as 
pure crystals  and conf i rmed i t s  chemical  s t ruc ture  as 
2(R) ,3(R)-dihydroxy-4-(9-adenyl) -butyr ic  acid (I) by  
spect rometry ,  degrada t ion  s tudy  and fur ther  to ta l  syn- 
thesis. KANEDA and TOKUDA x also report, ed the  hypo-  
cholesterolemic effect of Lentinus edodes, the  ac t ive  
substance,  however ,  has not  been identified.  

The  caps of dried mushroom,  Lentinus edodes (1 kg) 
were homogenized  and ex t rac ted  wi th  10 1 of 80% 
ethanol.  The ex t rac t  was appl ied to a column of Amber l i t e  
IR-120 (form H+) and the  adsorbed substances were 
eluted wi th  4% NH~OH. The eluate was evapora ted  to 
dryness and the  residue was dissolved in water .  This  
solut ion was passed th rough  a co lumn of Amber l i t e  IR-45 
(form C1-) and e la ted wi th  N acetic acid. Separa t ion  of 
lent inacin f rom the  concent ra ted  eluate  was achieved wi th  
a Hi t ach i  p repara t ive  amino  acid analyzer,  model  K L A -  
I I I ,  specially equipped wi th  an UV-absorp t ion  detector .  
The  co lumn of the  analyzer,  3.6 x 150 cm, conta ined the  
buffered analyt ica l  resin, Amber l i t e  CG-1202. The 
analyzer  was opera ted  a t  50 ~ using a buffer  f low rate  of 
480 ml/h.  The  eff luent  vo lume  be tween  6300 and 7280 ml, 

in Lentinus edodes 

having  UV-absorpt ion  at  260 nm, was collected. This 
solution was desal ted by  cat ion-exchange resin and 
concentra ted.  

Lent inac in  crystal l ized f rom hot  water  as colourless 
needles (483 mg), mp  2612263 ~ (dec.); Anal . :  C, 42.72; 
H, 4.58; N, 27.50 and corresponded to the  molecular  
formula  C~HI~O~N 5 (mol. wt.  = 253 by  mass spectro- 
mer ry  of me thy l  ester). The compound  exhibi ts  a charac-  
terist ic UV-absorp t ion  spec t rum of 9-subst i tuted adenine 

H~O 261.5 nm, e = ,()~NHC1 = . . m a x  259.5 rim, e = 14,179; *%m~, = 
NNaOH 14,306). 14,508; ~ma* = 262 nm, e = 

Sodium salt  is readi ly  obta ined  by  t rea t ing  lent inacin 
wi th  NaHCOa. Recrys ta l l iza t idn  f rom 70% ethanol  
yielded colourless leaflets,  mp  266-268 ~ (dec.); [~]~)0 = 
+ 45.5 ~ (C = 1 in H=O). E l e m e n t a r y  analysis gave  values  
consistent  wi th  the  hemihydra te .  The  I R - s p e c t r u m  of 
sodium salt  is shown in Figure  1. The  NMR-spec t rum had 
the  fol lowing signals:  (100 MHz in D=O) singlets at  
6 (ppm) 8.04 and 8.03 (2 non-coupled protons), and 
mul t ip le ts  at  4.40-4.10-(4 protons).  

T. KANEDA and S. TOKUDA, J. Nutrition 90, 371 (1966). 
2 S. MOORE, D. H. SPACKMAN and W. H. STEIN, Analyt. Chem. 30, 

1185 (1958). 
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Fig. 1. IR-spectrum of lentinacin Na salt (in KBr). 

Effect of Ientinacin on serum total cholesterol levels in rats ~ 

Supplement b Serum total cholesterol levele 

Day 0 Day 7 Decrease a 
rag/100 ml mg/100 ml % 

None 83 • 3.2 78 2L- 3.1 6 -4- 2.6 
0.005% Lentinacin 
natural 83 ~ 4.4 63 4- 4.4 25 ~= 1.8 
synthetic 83 4- 6.2 62 =L 5.3 25 4- 5.3 
0.01% Lentinacin 
natural 83 ~ 3.7 60 4- 2.1 28 4- 2.7 
synthetic 83 4- 5.2 60 4- 5.0 28 4- 2.3 
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Fig. 2. Synthetic pathway of lentinacin. 
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Cleavage of l e n t i n a c i n  w i t h  6 N  HC1 ( l l 0~  72 h) 
resu l ted  in t h e  l i be ra t ion  of glycine a n d  a new a m i n o  
acid, 4-amino-2,  3 - d i h y d r o x y b u t y r i c  acid (II). T he  a m i n o  
acid (II) was o b t a i n e d  as colourless pi l lars  f rom water ,  
m p  215-217 ~ (dec.); Ee]~ ~ + 3 6 . 9  ~ (C = 0.25 in H~O, 
ca lcu la ted  f rom t h e  O R D  curve).  Anal .  (C~HgOIN): C, 
35.25; H, 6.68; N, 10.10. T he  s t r u c t u r e  of I I  was  con- 
f i rmed  b y  t he  syn thes i s  t h r o u g h  4-amino-4-deoxy-2,  3-0- 
i sopropyl idene-D-ery thron ic  acidK 

The  diol l inkage  in l e n t i n a c i n  was also e luc ida ted  b y  
pe r ioda te  ox ida t ion .  

The  d e g r a d a t i o n  s tud ies  and  spec t rome t r i c  d a t a  
i nd i ca t e  I for  t h e  s t r u c t u r e  of l en t inac in .  

To ta l  syn thes i s  of l e n t i n a c i n  was car r ied  ou t  b y  t he  
p rocedure  i l lu s t r a t ed  in F igure  2. T he  phys i cochemica l  
p roper t i e s  of s y n t h e t i c  l e n t i n a c i n  coincided w i t h  those  of 

Male rats of the Sprague-Dawley strain weighing 140-160 g. 
b Lentinacin was supplemented as sodium salt to a commercial stock 
diet purchased from Japan CLEA Company. o Mean values of 
5 rats ! S.E. Total cholesterol was determined by the modified 

( Serum total cholesterol on Day ; )  
method of ZAK 4. a 1 Serum total cholesterol on Day x 100. 

n a t u r a l  l en t inac in .  As p r e s e n t e d  in t he  Table ,  s y n t h e t i c  
l e n t i n a c i n  showed  comple t e ly  t h e  same  m a r k e d  hypo-  
choles te ro lemic  effect  as n a t u r a l  l e n t i n a c i n  in Sprague-  
Dawley  rats .  I t s  acu te  a n d  chronic  toxic i t ies  in  exper i -  
m e n t a l  an ima l s  were e x t r e m e l y  low. 

I t  is v e r y  i n t e r e s t i ng  t h a t  t h i s  newly  found  and  
syn thes ized  aden ine  der iva t ive ,  wh ich  was or ig ina l ly  
i sola ted f rom edible  m u s h r o o m ,  shows h igh  hypocholes -  
te ro lemic  ac t iv i ty .  W e  are now inves t i ga t i ng  t he  bio-  
s y n t h e t i c  p a t h w a y  of l e n t i n a c i n  as well  as t h e  m e c h a n i s m  
of i ts  hypocho les t e ro lemic  ac t ion .  

Zusammen/assung. Aus d e m  Speisepilz <~ Shiitake~> 
(Lentinus edodes) wurde  ein neues  A d e n i n d e r i v a t  isol ier t  
u n d  L e n t i n a c i n  genann t .  Seine chemische  S t r u k t u r  
wurde  m i t  2(IR), 3 (R) -Dihydroxy-4 - (9 -adeny l ) -bu t t e r s~ure  
d u r c h  die vo l l s t~ndige  Syn these  ident i i i z ie r t .  L e n t i n a c i n  
s enk t  den  Choles ter inspiegel  bei  R a t t e n .  
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A N e w  Peptide Coupl ing Agent  - Phosphoni tr i l i c  Chloride 

Var ious  organic  ch lo rophosph i t e s  are  employed  as 
coupl ing  agen t s  in pep t ide  chemis t ryK However ,  t he  
r e l a t ed  inorganic  cyclic phosphon i t r i l i c  chlor ide  (PNC) 
has  no t  been  e v a l u a t e d  in t h i s  aspect ,  a l t h o u g h  t h e  
c h e m i s t r y  oI t h e  c o m p o u n d  ha s  been  s tud ied  for some 

years  ~. The  commerc i a l  p r o d u c t  con ta ins  m o s t l y  t r i m e r  
w i t h  some t e t r a m e r  a n d  a t r ace  of h igher  ol igomers,  ye t  
m a y  be  f r a c t i o n a t e d  to  p roduce  a pu re  r e a g e n t  3. 

I n  a t yp i ca l  expe r imen t ,  t h e  t r i e t h y l a m m o n i u m  sa l t  of 
N - b e n z y l o x y c a r b o n y l - L - p h e n y l a l a n i n e  (1 mmole)  was  


