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Silicon-mediated lsoquinoline Alkaloid Synthesis: a Novel Route to 
(&)-Xylopinine and (L-)-Laudanosine 
Seiichi Takano," Hirotoshi Numata, and Kunio Ogasawara 
Pharmaceutical Institute, Tohoku University, Aoba yama, Sendai 980, Japan 

A novel synthesis of the isoquinoline alkaloids, ( *) -xylopinine and ( *) -laudanosine, has been developed 
via intra- and inter-molecular nucleophilic addition, respectively, of an organosilicon compound to a carbon- 
nitrogen double bond. 

Although recent developments in organosilicon chemistry 
have produced many synthetically useful reactions,l few 
syntheses which include nucleophilic addition of an organo- 
silicon compound to a carbon-nitrogen double bond have 
been reported so far.2 We now describe a novel synthesis of the 
isoquinoline alkaloids, ( f)-xylopinine (8) and ( &)-laudano- 
sine (ll), which constitutes a new example of nucleophilic 
addition of an organosilicon compound to a carbon-nitrogen 
double bond. 

3,4-Dimethoxybenzyltrimethylsilane (l),? prepared quanti- 
tatively from 3,4-dimethoxybenzyl chloride and trimethyl- 
silyl chloride by Grignard r ea~ t ion ,~  was brominated (Br2, 
1 mol. equiv.) in CHzClz in the presence of aqueous sodium 
hydrogencarbonate (two phase) at 0 "C to give the 6-bromo- 
derivative (2) in 87% yield. Treatment of (2) with n-butyl- 

7 Satisfactory spectral (i.r., lH-n.m.r., m.s.) and analytical data 
have been obtained for all new compounds. 
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lithium (1 mol. equiv., THF) at -78 "C (THF = tetrahydro- 
furan), followed by N,N'-dimethylformamide (DMF) at the 
same temperature, furnished the benzaldehyde (3) in 93 "/, 
yield. The benzaldehyde (3), on treatment with 2-(3,4-dimeth- 
oxyphenyl)ethylamine, followed by reduction with sodium 
borohydride, afforded the secondary amine (4) in 91 % over- 
all yield. The amine (4) was then converted into the forma- 
mide (5) in quantitative yield by treatment with acetic formic 
an hydrideS4 

On Bischler-Napieralski reaction (P0Cl3, benzene, reflux), 
(5) gave the 3,4-dihydroisoquinolinium salt (6) quantitatively 
with the silyl group intact. The trimethylsilyl group was 
unexpectedly inert to fluoride anion and showed almost no 

change when (6) was subjected to 1,4-elimination reaction 
conditions (tetrabutylammonium fluoride5 or caesium fluorides 
in an aprotic solvent such as CH,Cl,, THF, or MeCN). How- 
ever, it underwent intramolecular cyclisation to give a 70% 
yield of (*)-xylopinine (8),$§ presumably via the betaine 
intermediate (7), upon treatment with an excess of caesium 
fluoride (5 mol. equiv.)f in goo,, ethanol at reflux temperature 
(12 h). No cyclisation occurred in an aprotic solvent such as 
CH2C1,, THF, or acetonitrile. 

An intermolecular version of this silicon-mediated addition 
also took place and gave a 1-benzylisoquinoline, though in 
poor yield, under more forcing conditions. Thus, treatment of 
(1) with 3,4-dihydro-7,8-dimethoxy-l -methylisoquinolinium 
iodide (10) in DMF at reflux temperature in the presence of 
caesium fluoride gave (&)-laudanosine (11)l in 4% yield. No 
addition occurred when EtOH replaced DMF as solvent. 

We thank Professors Keiichiro Fukumoto and Masataka 
Jhara, Pharmaceutical Institute, Tohoku University, for a 
donation of (&)-xylopinine. 

Received, 20th April 1982; Corn. 438 

References 
I T. H. Chan and I .  Fleming, Synthesis, 1979, 761 ; P. Magnus, 

Aldrichirnica Acta, 1980, 13, 43; E. W. Colvin, 'Silicon in 
Organic Synthesis,' Butterworth, London, 198 1 .  

2 Two groups have reported amidoalkylation reactions with 
allyltrimethylsilane: viz. D. J .  Hart and Y.-N. Tsai, Tetrahedron 
Lett., 1981, 22, 1567 and G. A. Kraus and K. Neuenschwader, 
J .  Chern. SOC., Chem. Commun., 1982, 134. Aminoalkylation 
with a vinyltrimethylsilane intermediate has also been reported : 
L. E. Overman and K. L. Bell, J .  Am. Chem. SOC., 1981, 103, 
1851. 

3 D. J. Coughlin and R. G. Salomon, J .  Org. Chem., 1979, 44, 
3784. 

4 L. I.  Krimen, Org. Synth., 1970, 50, 1. 
5 Y. Ito, M. Nakatsuka, and T. Saegusa, J .  Am. Chem. Soc., 

6 Y .  Ito, M. Nakatsuka, and T. Saegusa, J .  Am. Chem. SOC., 
1980, 102, 863. 

1981, 103, 476. 

Identical in all respects (t.l.c., i.r., 'H-n.m.r., m.s.) with the 
authentic material. 

9 A compound with a non-natural substitution pattern, 11,12- 
methylenedioxy-2,3-dimethoxy-7,8,13,14-tetrahydroprotoberber- 
ine, could be prepared similarly in comparable yield as a single 
product from the corresponding precursor. This eliminates an 
intermolecular cycloaddition mechanism between a 3,4-dihydro- 
isoquinoline and an a-xylylene both formed via a fluoride-promoted 
1,4-elimination: cf. T. Kametani, T. Takahashi, T. Honda, 
K. Ogasawara, and K. Fukumoto, J .  Org. Chem., 1974, 39, 447. 

Potassium fluoride also initiated the intramolecular cyclisation 
and gave comparable yields, though a longer reaction time was 
required. 
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