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Sinactine (VIa) and cavidine (VIb) were synthesized

by a route which included enamide photocyclization.

2) During the course of Investigation of enamide photocyclization, 

we found that the photocyclization occurred predominantly at the 

root of an ortho-methoxyl group3) and could apply to berbine synth- 

esis4! By taking advantage of the above results, we have now accom- 

plished facile total syntheses of two protoberberine alkaloids, 

6 (*I-sinactine" and hitherto unexploited (*)-cavidine . 

6,7-Dimethoxy-l-methyl-3,4-dihydroisoquinoline (la) was acylated 

with 2-methoxy-5,6-methylenedioxybenzoyl chlorideto afford the 

enamide (IIa), m.p. 207-208', in an 80 % yield. 1rradiation2'of the 

enamide (IIa) in methanol with a low pressure mercury lamp at room 

temperature was carried out, and two photoproducts (Ilia and IVa) 

were obtained in 41) % and 21 % yields respectively. The desired 

product (Ilia), m.p. 247-24g0(lit .5a'21i~-24i" ) ,  NMR ~$'(cDc~~) 7.2- 

6.72 (5H, four aromatic and one olefinic H), 6.28 (ZH, s, OCRn0) 

and 3.98, 3.93 (3Hx2, each s, O M ~ X ~ ) ,  had the structure as shown. 
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The second product (IVa), m.p. 280-281Â°(dec) IR >>max(Nujol) -3100 

-1 cm (br, OH), NMR ~(DMSO-d6) 9.58 (1H, br, OH), 7.08, 6.79 (ZH, 

each d,J=8.5Hz, C0-, C -  H), 3.88,3.83,3.78 (3Hx3, each s, O M ~ X ~ ) ,  

had the structure as shown which suggested that the cyclization 

occurred At the root of a methylenedioxy group followed by cleav- 

age and elimination. 

Lithium aluminum hydride reduction of the photoproduct (Ilia) 

afforded the intermediary enamine (Va), which, without further 

purification, was reduced with sodium borohydride to yield the 

tertiary amine (Via), m.p. l69-170"(llt?~)l69-170~) in a 54 % yield 

from Ilia, which was found to be identical with natural ( - ) -  

sinactine5) upon comparisons of their IR and NMR spectra. 

This facile synthesis of sinactine had a wide applicability as 

exemplified by the first total synthesis of cavidineC), which is 

an alkaloid of Corydalis plants. 6 

Starting from l-ethyl-6.7-dimethoxy-3.4-dihydroisoquinoline (Ib), 

cavldinec), a stereoisomer of thalictrifoline, was readily synth- 

esized by a route completely analogous to the above. 

Acylation of the l-alkyl-3,4-dihydroisoquinoline (Ib) with 

2-methoxy-5,6-methylenedloxybenzoyl chloride7) afforded the corres- 

ponding enamide (IIb), m.p. 165-167", in a 77 % yield, which was 

then irradiated to afford two photoproducts (IIIb and IVb) in 41 % 

and 29 % yields respectively. The structure of the former (IIIb) 

was clearly established from the following data; NMR <T(cDC~,) 6.21 

(ZH, s, OCH20), 3.93, 3.90 (3Hx2, each s, OMexZ) and 2.53 (3H, s, 

C13-Me). Thus, it is clear that the cyclization occurred at the 
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r o o t  of an ortho-methoxyl group, which was then  sub jec t ed  t o  e l imi-  

n a t i o n  t o  a f f o r d  t h e  above product  ( I I I b ) .  The second product had 

t h e  s t r u c t u r e  (IVb) a s  shown from i t s  s p e c t r a l  d a t a ;  I R  ~ J , , , ~ ( N u j o l )  

each d ,  J=8Hz, Clg - ,Cu -HI ,  3.83, 3.79, 3.75 (3Hx3, each s ,  OMeX3). 

Lithium aluminum hydr ide  r e d u c t i o n  of  t h e  photoproduct ( I I I b )  

a f fo rded  t h e  enamine ( V b )  which was f u r t h e r  reduced w i t h  sodium 

borohydrlde t o  t h e  corresponding t e r t i a r y  amine. (VIb) ,  m.p .194-  

0 6 b ) .  1 9 2 Â ¡ ~ ~ ) )  i n  a  37 % y i e l d  from I I I b .  The 1 9 5  ( l i t  .190-191 , 
s t r u c t u r e  of  t h e  t e r t i a r y  amine (V1b)-was e s t a b l i s h e d  from t h e  f o l -  

lowing d a t a ;  I R  ^ ^ ( C H C 1 3 )  2800-2750 cm-l (d is t inc t  Bphlmann bands) 

NMR S ( C D C ~ ~ )  3.73 ( lH,  b r  d ,  Wl/2=6Hz, C^-H) ,  0.93 (3H, d ,  J=7Hz, 

5 3  -Me) and Rf  va lue  c l o s e  t o  t h a t  of Base 1 1 .  T h i s  evidence 

proved the .  s t e reochemis t ry  of V I b  a s  having B/C t rans-fused juncture  



and two hydrogens at C 3  and C . in cis relationship. 13a 

Further, upon direct comparisons, this tertiary amine (VIb) was 

found to be identical with Base 11. Since Base I1 had been con- 

verted Into thallctrifol~ne~~), this synthesis formally completed 

the total synthesis of thalictrifoline. 
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