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Abstract- A preliminary study on the exploitation of a general 

synthetic route to the ergoline group of alkaloids on the despyrrole 

analogs was successfully extended to the first total synthesis of 

racemic lysergene and agroclavine via the route involving reductive 

photocyclization of the furylenamide (10) followed by ring opening 
Y 

of the resulting dihydrofuran ring (11). 
Y 

Although we have reported a total synthesis of (?)-lysergic acid1 via the route 

involving reductive photocyclization of enamide, some important ergot alkaloids 

having a common ergoline skeleton, for example, lysergene, agroclavine, and 

lysergol, have yet been eluded from attack by total synthesis except Some par- 

tial and formal ~ynthesis~-~. Our programme of synthesizing ergot alkaloids by 

the utilization of reductive photocyclization of enamide has now enabled us to 

attack these alkaloids. We now report upon establishment of a simple and gen- 

eral synthetic route by using their despyrrole analogs, the first total synth- 

esis of (+I-lysergene and (?I-agroclavine. 

Establishment of A General Synthetic Route ( Preliminary Study I 

By using the despyrrole analogs of these ergoline alkaloids, benzo[flguinoline 

derivatives, which lack only a pyrrole ring from the parent alkaloids, the estab- 

lishment of a general synthetic route has been investigated. The starting photo- 

cyclized product ( 2 )  was prepared from the enamide (1) as reported previously 5 
.-., w 

with a slight modification of the irradiation condition as follows. The photo- 

cyclized lactam was best prepared in 84 % yield by the irradiation Of a 0.006 M 

solution of the enamide (1) in benzene-methanol (1 : 1, v/v) in the presence of - 



0.048 M sodium borohydride to afford t'he w - l a c t a m  (2) in 76 % and the G- 
-2 

lactam (2) .in 8 % yields respectively. Ozonolysis of the lactam ( 2 )  at a temp- 
W 

erature below -30°C in methanol followed by reduction with lithium aluminum hyd- 

ride afforded the 1,3-diol (4) in 64 % yield, which was then mesylated with 
Y 

methanesulfonyl chloride in pyridine at room temperature to give the dimesylate 

(2) in a quantitative yield. Treatment of the dimesylate (5) with potassium 
," 

t-butoxide in DMSO brought about smooth double elimination of two mesylate 

groups to afford the strongly fluorescent diene derivative (2 in 50 % yield, 

which showed m r ,  6 6.84 (lH, br s, 1 )  5.04 and 4.94 (each lH, br s ,  =CH ) , 
2.97 (lH, br d, J=ll Hz, 4a-H), and 2.49 (3H, s, NMe), assignable to the 

despyrrole analog of lysergene. Furthermore, reduction of the diene (6) under - 
Birch condition gave, upon l,4-reduction, a mixture of the unsaturated amines 

( 1  and (8) in 30 % and 45 % yields respectively, of which the B/C-trans * 
compound (7) was identical with the despyrrole analog of agroclavine which 

r" 

6 we had reported previously . The latter compound (8) exhibited nmr, 6 5.48 
-7, 

(lH, br s ,  1 ,  3.66 (1H. hr, W1/2=ll Hz, lob-H), 2.52 (38, s, NMe), and 1.64 

(3H, br s, 2-Me), thus established its B/C-& structure. 

Total Synthesis of Lysergene and Agroclavine 

According to the synthetic route explored on the despyrrole analogs of the 

ergoline alkaloids, the first total synthesis of (f;)-lysergene and (+I-agrocla- 

vine was accomplished as follows. The starting enamide (10) was prepared in 
Y 

1 90 % yield by the usual method from the known tricyclic ketone (9) which carr- 
.%, 

ies a p-methoxybenzenesulfonyl group (MBS) on nitrogen. Irradiation of the 

enamide (10) was carried out in the presence of sodium horohydride in a solution 
Y 

of benzene and methanol (10 : 1, v/v) at 4-5-C by using a high pressure mercury 

lamp with an uranyl glass filter '. The photocyclized products were obtained as 

a mixture of two stereoisomeric lactams (11) with respect to the C/D-ring - 
juncture in a 80 % combined yield. Ozonolysis of this mixture (11) in - 
dichloromethane at -60DC followed by reduction with lithium aluminum hydride 

afforded a mixture of two 1.3-diols (12) and (13) which were then readily sepa- 
'L- 'Y 

rated. The desired C/D-trans-1,3-diol 112) was obtained by crystallization 
.,, 

from dichloromethane in 26 % yield, while the C/D-e-1.3-diol (13) was isolat- 
'V 

ed by column chromatography of the above mother liquor in 13 % yield. The 
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t r a n s - d i o l  ( 1 2 1  showed nmr (cDClj-CD30D), 53.98 ( l H ,  dd ,  J= 11, 5  Hz, 9-HI, - 
2.31 (3H. s ,  NMe), 2.02 ( 1 H .  b r  t ,  J= 11 Hz, 5 - H ) ,  and 1 . 2 1  ( l H ,  b r  q, J= 1 2  Hz, 

4ax-HI, and t h e  &-diol (13) had nmr, i 3 . 7 1  ( l H ,  dd,  J= 9  and 5  Hz, 9-HI, 2.41 

(3H. s ,  NMe), and 1.44 ( 1 H .  q ,  J= 111.5 Hz, 4ax-H). These two 1 .3 -d io l s  (12) and 
?/ 

(13) a f f o r d e d  t h e  same d i e n e  (14) w i t h  t h e  y i e l d s  o f  44 % from (12) and 41 % 
+ 'Y IV 

from (51, upon t r ea tmen t  wi th  methanesulfonyl c h l o r i d e  i n  p y r i d i n e  a t  room 

temperature  followed by potassium t -bu tox ide  i n  DMSO. Reductive c l eavage  of t h e  

p r o t e c t i v e  group from t h e  d i e n e  (14)  was achieved w i t h  l i t h i u m  aluminum hydr ide  - 
i n  dimethoxyethane t o  g i v e  t h e  N-norindoline (15) i n  47 % y i e l d ,  which was con- -, 
v e r t e d  i n t o  (+ ) - lyse rgene  (161 i n  50 % y i e l d  upon dehydrogenation wi th  phenyl- 

Y 

s e l e n i n i c  anhydr idee  . A l t e r n a t i v e l y ,  Birch  reduct ion o f  t h e  d i e n e  (2) brought  

about  r e d u c t i v e  c leavage of  t h e  p r o t e c t i v e  group and r e d u c t i o n  o f  t h e  d iene  

s t r u c t u r e  t o  a f f o r d  t h e  C/D-trans-amine (12) and t h e  cis-amine (18) i n  50 % and 

25 % y i e l d s  r e s p e c t i v e l y .  The trans-amine (17) showed nmr, 8 6 . 0 2  ( l H ,  b r  s ,  - 
9-H), 2.45 (3H, S ,  NMe), 1.74 (3H, b r  s ,  CMe), wh i l e  t h e  c s - c o n g e n e r  (121 

e x h i b i t e d  nmr, S 5.39 ( l H ,  b r  s, 9-H), 2.60 (3H, s,  NMe), and 1.64 (3H, b r  s ,  

CMel. The C/D-trans-amine (171 was then dehydrogenated by p h e n y l s e l e n i n i c  - 
anhydride t o  g i v e  (+)-agroclavine  (19) i n  56 % y i e l d .  These compounds (16) and 

(19) were i d e n t i c a l  w i t h  n a t u r a l  a l k a l o i d s  lysergene and a g r o c l a v i n e  upon d i r e c t  - 
comparisons wi th  r e s p e c t i v e  a u t h e n t i c  specimen. 

ACKNOWLEDGEMENT 

We thank P r o f e s s o r  S. Yamatodani o f  Kobe Women's Un ive r s i ty  f o r  samples of natu- 

r a l  l y se rgene  and ag roc lav ine .  We a l s o  a r e  g r a t e f u l  t o  S i r  Derek H. R. Barton 

f o r  h i s  a d v i c e  and encouragement. 



wNMe - MBSN 

(14) R=MBS (16) 
(15) R=H Lysergene 

(18) (17) (19) 

Agroclavine 



REFERENCES 

Unless o the rwise  mentioned, nmr s p e c t r a  were measured i n  C D C l  wi th  TMS a s  
3 

i n t e r n a l  s t a n d a r d  on a Varian XL-20 a t  200 MHz. 

1 T .  Kiguchi, C.  Hashimoto, T.  Nai to ,  and I. Ninomiya. Heterocycles ,  

1982, 12, 2279. 

2 S. Yamatodani and M. Abe, J. Agric.  Chem. Sac. Japan,  1960, 2, 424. 

3  E. S c h r e i e r ,  Helv. Chim. Acta, 1958, LO, 1984. 

4 (a1 E. Eich,  Arch. Pharm., 1983, 3 3  303. 

(b)  E. E ich ,  Pharmazie, 1975, , 516. 

5 T. Kiguchi,  C.  Hashimoto, T. Nai to ,  and I. Ninomiya, Heterocycles ,  

1982, 2, 1873. 

6  T .  Kiguchi,  C. Hashimoto. T .  Nai to ,  and I .  Ninomiya, Heterocycles ,  

1982, 12, 217. 

7  I r r a d i a t i o n  wi th  a Pyrex f i l t e r  a f fo rded  unstable  photocycl ized product* 

which l o s t  a  p r o t e c t i v e  group. 

B. Umezawa, 0. Hoshino, and S. Sawaki, Chem. Pharm. B u l l . ,  1969, 12, 
1115 and 1120. 

8 D. H .  R .  Bar ton,  X. Lus inch i ,  and P. M i l l i e t ,  Tet rahedron L e t t . ,  

1982, 23 ,  4949. 

Received, 1 2 t h  September, 1983 


