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by reticuloendothelial cells, or by an asialofragment, 
or by a major hormonal increase, remains uncertain. 

The role of hormones (growth hormone "2, ACTH 93, 
cortiso194 alone or associated with insulin "a) is well 
documented in vivo and in vitro, but again the role 
of substances eliciting an increased hormonal response 
remains uncertain. There is another impressive nmn- 
ber of factors, the most significant and similar deriving 
from leukocytes (leukocytic endogenous mediator, 
LEM 96-98; endogenous pyrogen, EP 99,100; supernatant 
fraction of DARCu 101) that also, most likely indirectly, 
are, strongly influencing the synthesis of 'acute phase' 
glycoproteins. 

Thus the regulation of synthesis of glycoproteins 
can be envisaged at present as regulated in at least 
two ways: a protein-specific regulatory function 
could be accomplished by the same protein fragment 
that, if desialylated, could reach its target more 

promptly and influence the basal synthesis, while a 
second aspecific mechanism may variably influence 
the synthesis in emergency conditions. 
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Roquefortine and Isofumigaclavine A, Metabolites from Penicillium roqueforti 

P. M. SCOTT 1, MARIE-ANNICK MERRIEN and  JUDITH POLONSKu 

fnstitut de Chimie des Substances Naturelles, C.N.R.S. ,  F-97790 Gi/-sur-Yvette (France), I September 1975. 

Summary. The s t ruc tures  of two  metabol i tes  f rom Penicillium roqueforti, des igna ted  roquefor t ine  and isofumiga- 
clavine A, have  been  de t e rmined  by  chemicaI  and spectroscopic  studies.  

E x t r a c t i o n  of mycel ium f rom 2-week-old cul tures of 
Penicillium roque/orli (strain CS1) on yeas t  ex t rac t -  
sucrose m ed ium ~ has yielded 2 crystal l ine n i t rogen-  
conta in ing  metabol i tes .  The major  metabol i t e  (20-30 mg/l) 
is des igna ted  roquefor t ine  and  assigned s t ruc tu re  I on 
chemical  and  spectroscopic  evidence.  The minor  sub- 
s tance  is a s tereoisomer  of fumigaclavine A (II)a. 

Isolat ion of the  compounds  f rom ch lo roform-methano l  
(9:1, v/v) ex t rac t s  of lyophil ized myce l ium was accom- 
pl ished by  par t i t ion  f rom e thyl  ace ta te  in to  0.5 N hydro-  
chloric acid followed b y  addi t ion  of a m m o n i u m  hydrox ide  
and  re -ex t rac t ion  wi th  chloroform. The metaboliLes were 
separa ted  on a co lumn of Florisii b y  elut ion wi th  chloro- 
fo rm-me thano l  (97 : 3, v/v).  

The more  polar  product ,  roquefor t ine ,  crystal l ized 
f rom me thano l -wa te r  as colourless needles,  m.p .  195-200 ~ 
(dec.), Eel ~ - 703 ~ (c 1.0, CHCla). The molecular formula  
was C22H~aNsO24 (found: C, 65.33; H, 6.29, N, 16.87. 
Calc. for C22H2aNsO2"CI-taOH: C, 65.54; H, 6.46, N, 
16.62%). UV- and  IR-spec t r a t  proper t ies  were )L . . . .  (95% 
E tOH)  209 (log e 4.47), 240 (log e 4.21), and 328 (log 
e 4.43) rim; Vmaz (CI-tC13) 3430, 3380, 3190, 1685, 1665, 
and 1608 cm -1. The ~aC N M R - s p e c t r u m  (off-resonance 
decoupled) ~ (Table) showed the  presence of 2 CHs, 1 CH 2, 

2 CH, 1 CH2=, 8 CH=, 2 spa and 4 sp 2 fully subs t i t u t ed  C, 
and  2 C=O groups and  accounted  for 20 protons .  Only 
2 of t he  remain ing  3 p ro tons  were observed  as D~O ex- 
changeable  N H  pro tons  in the  1H NMR-spec t rum.  

Cata lyt ic  reduc t ion  ( H J P t / a c e t i c  acid) of roquefor t ine  
yielded 19,20-dihydroroquefor t ine ,  Ca2H~NsO~ ~, m . p .  
185-187 ~ [c~J~ ~ -- 740 ~ (c 0.15, CHCla) , whose  mass  
s p ec t ru m showed a s t rong  peak  a t  m/e 320 (M-71). The 
suggested isoprene uni t  in roquefor t ine  (M-69 f r ag men t  
ion) was shown to be an inver ted  ~, y -d imethyla l ly l  group 
by  compar i son  of the  re levan t  por t ions  of t he  1H NMR-  
spec t ra  of roquefor t ine  ([) and  19, 20-d ihydroroquefor t ine  
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laC and ~H hint-absorptions of roquefortine and 19,20-dihydroroquefortine �9 
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Position b Group Roquefortine 

laC nmr e 1H nmr a 

19, 20-Dihydroroquefor tine 
1H nmr a 

21 CH a 22.4q 1.06s 
22 CH a 22.9q 1.17s 
19,20 CHaCH = - - 
11 CH 2 36.8t 2.58m~ 
11a CH 58.8d f 4.12dd 
5a CH 78.3d 5.70s 

18 C 40.% - 
10b C 61.5s - 
20 CH 2-  114.7t 5.04dd, 5.28s 
19 C H -  143.4d 6.07m 
12 CH= 109.2gd 6.40s 
7 CH= 110.9"d ] 
9 CH= 119.1d [ 

10 CH= 125.2d i 6.58-7.30 
8 CH= 129.1d | 

/ 17 CH= 134.3d 
15 CH= 136.5d e 7.73s* 
3 C= 122.3s - 

13 C= 125;8s - 

10a C= 128.7s - 
6a C -  150.1s - 
4 C=O 159.4s - 
1 C=O 167.0s - 
6 N H  - 5.10s 
2 N H  - 10.22s 

0.98s 

0:73-1.67 
2.58m 
4.00m 
5.74s 

6.39s 

6.5-7.3 

7.73s 

5.00br ~ 
9.78 ~ 

~CDCI a solution, d in ppm from TIV[S internal standard, bNumbering scheme for structure I. ~ MHz. a60 N~Hz. "Singlet in lla,15-di- 
deuteroroquefortine. * Signal absent in dideuteroroquefortine, gAssignments may be reversed, h Disappears on D~O exchange. 

a n d  b y  ~aC N M R - s i g n a l s  o f  r o q u e f o r t i n e  a t  143.4 (d), 
114.7 (t), 40.9 (s), 22.9 (q), a n d  22.4 (q) p p m  (Table) .  
P l a c e m e n t  of  t h i s  g r o u p  on  t h e  r e m a i n i n g  fu l ly  s u b s t i t u t e d  
q u a t e r n a r y  c a r b o n  (6 61.5 p p m )  a l lows  t h e  f o r m u l a t i o n  
of  a n  i ndo l i ne  u n i t  w h o s e  laC c h e m i c a l  sh i f t s  (Table)  
c o m p a r e  c lose ly  w i t h  t h o s e  for  t h e  c o r r r e s p o n d i n g  car -  
b o n s  of  h o d g k i n s i n e  5 a n d  16-ep iv indol in ineS .  

a~ z 
19 '2_~ le21CH 3 r} 

t ~ z C H 3 / .  I T  
9 Oa ~ N H  is 

"Yw"r~/'o '~"F"~cH~/ II 
" H II - \ ] 4  [I  

0 N~,~ 
I H 

R 0 ~  ~ - - C H  3 

C 
Tr , R = C0CH 3 
-rn', R = H 

F u r t h e r  s u p p o r t  for  t h e  i ndo l i ne  m o i e t y  in r o q u e f o r t i n e  
is p r o v i d e d  b y  a s ing le t  in  t h e  1H N M R - s p e c t r u m  a t  
d 5.70 a s s i g n e d  to  t h e  m e t h i n e  h y d r o g e n  a t  p o s i t i o n  5a  
a n d  (a t  240 M H z  2) a p a t t e r n  s im i l a r  t o  t h a t  in  c h a e t o c i n  
d i a c e t a t e  7 for  t h e  4 a d j a c e n t  a r o m a t i c  p r o t o n s  (pos i t ions  
7-1o). 

R e d u c t i o n  of  r o q u e f o r t i n e  w i t h  Zn in ace t i c  ac id  a t  
700 a f f o r d e d  2 a m o r p h o u s  3 , 1 2 - d i h y d r o  d e r i v a t i v e s  
C~2H=sNsO~ ~ w i t h  i ndo l i ne  U V - s p e e t r a  a n d  l a ck i ng  t h e  
one  p r o t o n  s i ng l e t  a t  6.40 p p m  in t h e  1H N M R - s p e c t r a .  
B o t h  y i e l d e d  h i s t i d i n e  ( i den t i f i ed  b y  TLC,  p a p e r  e l ec t ro -  
phores i s ,  a n d  a u t o m a t i c  a m i n o  ac id  a n a l y s i s  2) o n  h y d r o -  
lys is  w i t h  5 N HC1 a t  105 ~ b u t  r o q u e f o r t i n e  i t se l f  d i d  n o t  
a n d  h e n c e  m u s t  c o n t a i n  a d e h y d r o h i s t i d i n e  un i t .  laC N M R  
sh i f t s  for  C-3, C-12, C-13, C-15 a n d  C-17 of  r o q u e f o r t i n  e 
(Table)  c o r r e s p o n d  c lose ly  w i t h  t h o s e  of  t h e  d e h y d r o -  
h i s t i d i n e  m o i e t y  of  oxa l ine  s, 9. 

H e a t i n g  r o q u e f o r t i n e  w i t h  C H a O D  a n d  D 2 0  y i e l d e d  
l l a ,  1 5 - d i d e u t e r o r o q u e f o r t i n e  (M + = 391), w h i c h  l a cked  
laC N M R  s igna l s  a t  58.8 a n d  136.5 p p m  a n d  1H N M R  
p e a k s  a t  4.12 a n d  7.73 p p m  p r e s e n t  in t h e  s p e c t r a  o f  
r o q u e f o r t i n e  (Table) .  T h e  l l a  m e t h i n e  p r o t o n  in  r o q u e -  
f o r t i ne  a t  d 4.12 p p m  f o r m s  p a r t  o f  a C H ~ .  C H .  CO 
g roup ing ,  s ince  t h e  C H  2 m u l t i p l e t  a t  d 2.58 p p m  s impl i f i e s  
t o  a b r o a d  s ing le t  in  t h e  1H N M R - s p e c t r u m  of  d i d e u t e r o -  
r o q u e f o r t i n e .  

S t r o n g  e v i d e n c e  in  s u p p o r t  of  s t r u c t u r e  I for  r o q u e -  
f o r t i n e  w a s  p r o v i d e d  b y  i t s  h i g h  r e s o l u t i o n  m a s s  s p e c t r u m  
( c h a r a c t e r i z e d  b y  t h e  m o l e c u l a r  ion  a n d  f r a g m e n t  ions  4 
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of composit ion CI~HlaN~O2, C14H16N, CsHsNaO2, C~0H~N~, 
C~HsN and C~H~Ns) and comparison wi th  the  mass 
spectra of l l a ,  15-dideutero-, 19,20-dihydro-,  and 3, 12- 
dihydroroquefort ines .  I n  the  dideutero-compound,  the 
first  and th i rd  f r agment  ions are increased by  two mass 
units, the  four th  and s ixth by  one mass unit,  while the  
second and f if th remain  ur~changed. 

S t ruc ture  I proposed for roquefor t ine  contains  the  same 
ring sys tem as the  dethio  der iva t ives  of sporidesmins ~~ 
vert ici l l ins u, and chaetocin 1~, bu t  arises by  coupling of 
t r yp tophan  and dehydrohist idine.  Oxaline s is the  only 
o ther  fungal  metabol i te  known to conta in  a dehydro-  
his t idine unit ,  which has a c i s  double bond. The  stereo- 
chemis t ry  of the  3,12 double bond in roquefor t ine  re- 
mains to be established. Also the  conf igurat ion of the 
11 a pro ton  re la t ive  to the  5 a pro ton  or the  side chain 
a t  posit ion 10b could not  be determined f rom coupling 
constants  observed at  240 MHz for the  11, 11 a CH~ �9 CH 
grouping ( J n . n ~  = 5 Hz, J ~ , , ~  = J ~ , ~  = 12.5 Hz). 

The minor  metabol i te  isofumigaclavine A, C~sH~N~O ~ 
(found: C, 72.32; H, 7.41; N, 9.40. Calc. for C~sH2~N~O2: 
C, 72.45; H, 7.43; N, 9.39%), had  m.p .  190-193 ~ (from 
benzene), [~]~ -- 54.1 ~ (c 0.67, CHCla), l ~ x  (95% EtOH)  
226 (log e 4.42), 277 (sh, log e 3.77), 283 (log e 3.81), and 
293 (log e 3.75) nm, vmax (CHCla) 3495, 1743, 1605 cm -~, 
and pr incipal  mass spech-al peaks a t  m/e 298, 239, and 
154. The  ~H NMR-spec t rum (CDCI~) confirmed the  pre- 
sence of an aceta te  group (d 2.22 ppm), and a mul t ip le t  
a t  5.18 p p m  indicated tha t  i t  was secondary;  CH~CH 
(0.97d, J = 7 Hz) and N-CHa (2.46s) groups were also 
present.  Alkaline hydrolysis  yielded isofumigaclavine B, 
C~H~0N~O ~, m.p .  278-282 ~ (dec.), whose mass spec t rum 
was v i r tua l ly  ident ical  wi th  t h a t  of the  clavine alkaloid 
umigaclavine  B 2, a. In  addi t ion to fumigaclavine B, low 

yields of isofumigaclavine B were also obta ined dur ing 
hydrobora t ion  of agroclavine ~ under  certain conditions. 
Thus the  two compounds  are stereoisomers (III). The 

s tereochemis t ry  of fumigaclavine  B has been established 
by  Bach  et  al. ~. 

The  metabol i tes  of Penicillium roque]orti were readily 
de tec ted  by  TLC on silica gel layers (Schleicher & Schiill 
F 1500/LS 254) developed wi th  c h l o r o f o r m - m e t h a n o l -  
c. a m m o n i u m  hydroxide  (85: 15: 1; v /v /v) .  De tec t ion  was 
by  spraying wi th  50% H2SO 4 and hea t ing  a t  abou t  100 ~ 
for 10 min ;  roquefor t ine  formed a blue spot  and iso- 
fumigaclavine  A a mauve  spot  a t  respect ive Rf  values of 
approx ima te ly  0.46 and 0.62. 

Roquefor t ine  possesses neurotoxic  propert ies  14. W h a t  
appears  to be roquefor t ine  has been recent ly  isolated as 
roquefor t ine  C f rom Penicillium roque/orti by  OI~MOMO 
et  al. ~5, who did no t  propose a s tructure.  Isofumiga-  
clavines A and B m a y  be the  same as their  roquefort ines  
A and B, a l though different  s t ruc tura l  formulae were 
suggested 15. 
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15-20 mg/kg. Doses of 50-100 mg/kg caused prostration and an 
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Transfer oECantharidin (1) During Copulation1 from the Adult !Male to the Female Lytta vesicatoria 
(' Spanish f l ~ s ~  ~ 
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Summary. Adul t  males of the  'spanish fly'  Lytta vesicatoria (Meloidae, Coleoptera) are able to biosynthesize canthar id in  
(1) ' in copula '  af ter  inject ion of E,E-11'-(~H,l~C)-farnesol and 2-14C-methylfarnesoate. Dur ing  mat ing,  the  canthar i -  
din biosynthesized in the  males is t ransferred to the  females, who are unable to biosynthesize can thar id in  f rom any  
terpenoid  precursors. Af ter  in ject ion of (SH,14C)-cantharidin into mMes dur ing copulation,  more than  10 ~o is t ransferred 
into the  female sex organs. Males injected with  2 - ( a H , l ~ C ) - ~ e  24-30 h prior to copulat ion t ransferred 93-98% 
of the biosynthesized can thar id in  to the  females dur ing mat ing.  After  mat ing,  the  males cont inue to produce can~hari-  
din. I t  seems t h a t  in the  male the  biosynthesis  of can thar id in  is s t imula ted  dur ing copulat ion.  

Insects  of the  fami ly  Meloidae conta in  the  physiolo- 
gicMly i m p o r t a n t  substance can thar id in  (1). We have  
inves t iga ted  Lytta vesicatoria f rom Sicily and found t h a t  
the  adul t  males Lytta conta in  an average  of 1.8yo can- 
thar id in  (calculated f rom d ry  weight),  whereas  the  fe- 
males f rom the  same popula t ion  (1975) conta in  only 1.0% 
(see also 5-8). 

Ear l ie r  invest igat ions  have  shown that ,  when I~C- 
acetate,  -mevalona te  or -Iarnesol is in jected into aduI t  
male  Lytta vesicatoria, i t  is, as a rule, incorporated into 
can thar id in  by  an a m o u n t  of 1% s-~0. Female  insects 
which are only  14 days  old and are of the  same popula t ion  
did not,  however ,  incorporate  the  above precursors a t  

a]lS, n, 1~. In  view of these findings, the  quest ion was 
earlier raised as to where the  can thar id in  found in female 
Lytta actual ly  came from lK Some of i t  is p robab ly  of 
la rval  origin la, bu t  the  fur ther  possibilities exist  t h a t  
freshly ha tched  female Lytta are still able to produce 
canthar idin ,  or t h a t  can thar id in  is t ransferred f rom the  
male  to female insects dur ing copulat ion.  The  sex organs 
of male Meloids are par t icu lar ly  r ich in canthar id in  5,1~ 
According to CARREL 14, the  canthar id in  conten t  of freshly 
ha tched  male  Epicauta amaicha (Meloidae), cu l tured  in 
the  laboratory ,  appears  to rise s teeply dur ing the  first  
7 days, whereas  in the  female insects the  level  remains  
more or less unchanged.  Compared  to the  level  before 


