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The synthesis of the &&-amine I was announced recently 

(1). We now report the stereospecific conversion of I into 

the pentacyclic ketone XII which can be readily converted 

into the alkaloids garryine (XIV) and veatchine (XV). 

The amine I, picrate m.p. 273-275',* was acetylated 

with acetic anhydride in pyridine and the product hydrolyzed 

with cont. hydrobromic acid to give the corresponding N- 

acetylphenol, m.p. 278-281°, infrared max. (Ccl,) 3400, 

3250, 1640 and 1580 cm". A catalytic reduction of the 

phenol with platinum in acetic acid at atm. pressure- 

* Compounds for which m.p.' s are given gave correct analytical 
results. The remaining compounds were purified by chromato- 
graphy and characterized spectroscopically. 

Platinum proved superior to ruthenium and nickel in this case. 
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yielded the oily alcohol II, infrared max. (Ccl,) 3400 and 

1640 cm-' , which without purification was oxidized with 

chromium trioxide in pyridine* Chromatography of the oxida- 

tion mixture on alumina yielded the crystalline ketone III, 

m.p. 137-190°, infrared max. (Ccl,) 1710 and 1650 cm-'. 

Treatment of III with sodium methoxide in ethyl formate 

gave the hydrolrymethyleneketone IV,* infrared max. (Ccl,) 

3250, l725, 1710, 1640 and 1580 cm", which was converted 

into the thiobutyl derivative V, infrared max. (Ccl,) 

1640 and 1540 cm-' , by a short reflux with butyl mercaptan 

and p-toluenesulfonic acid in benzene (2). Treatment of V 

with ally1 bromide and sodium hydride in 

furan gave the ally1 ketone VI, infrared 

boiling tetrahydro- 

max. (Ccl,) 1650, 

III: R = Ii, 

IV: R=C-* 
'OH 

V: RzC~ 
'S-butyl 

VI: R= CHH 
'S-butyl 

VII: R = He 

* The assignment of a cis B,C-ring juncture is based on 
the fact that compocIV isomerizes on prolonged treat- 
ment with sodium methoxide. It is assumed, but not proven, 
that no isomerization takes place during the formation 
of compound V. 
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1540 and 920 cm-' , which was converted into VII, infrared 

max. (Ccl,) 1710, 1650 and 920 cm-', on a prolonged treat- 

ment with a boiling aqueous alcoholic sodium hydroxide 

solution. A chromatographic study of compound VII indicated 

the presence of only one isomer. On the basis of reported 

alkylations in comparable systems (3,4) and the screening 

of the B-side by the axially attached nitrogen bridge, it 

can be anticipated with confidence that the intermediate 

enolate ion would alkylate stereospecifically to form a 

cis-decalone as indicated in formulae VI and VII. 

R1° 

% 

CH3 
N 

k 
CH3 

VIII IX: R, = H; R, = 0 

X: R, = tetrahydropyranyl; 

R2 =o 

XI: R, = Hi R, = H, 

The oxidation of ketone VII with sodium metaperiodate 

and osmium tetroxide in aqueous tetrahydrofuran (5) gave a 

good yield of the aldehyde VIII, infrared max. (Ccl,) 2720, 

1730, 1710 and 1650 cm-', which was cyclized to IX, infrared 

max. (Ccl,) 3620, 3400, 1740 and 1650 cm", on treatment with 

methanolic sulfuric acid. The method developed by Ireland 

in the diterpene series (6) was used in the conversion of 
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IX into XII. Treatment of IX with dihydro-Y-pyran and a 

trace of cont. AC1 in chloroform (7) gave the tetrahydro- 

pyranyl derivative X, infrared max. (Ccl,) 1745, 1640 and 

1030 cm-". This was reduced by a modified Wolff-Kischner 

method (8), the reduction product was subjected to an ex- 

tensive chromatographic purification and then hydrolyzed with 

hot aqueous methanolic hydrochloric acid to give the alcohol 

XI, infrared max. (Ccl,) 3640, 3450 and 1640 cm-'. Oxida- 

tion of XI with chromium trioxide in pyridine gave the 

ketone XII, infrared max. (Ccl,) 1745 and 1640 cm". 

CH 

XIV XV 

Veatchine (XV) was degraded by the method of Vorbrueggen 

and Djerassi (9) to the optically active ketone XII, m-p. 

163-164's. The "natural" ketone was found to be identical 



with the racemic synthetic ketone XII by thin-layer chromato- 

g~rarsny an& infrar& s-pectraacopy. ?+urt&~vznora, '2~ two 

ketones gave superimposable mass-spectra. The "natural" 

ketone was reduced with sodium borohydride to give two 

ce;dimeric a1coho1s whit! coulii 'De sepgrateb by alumina 

chromatography. One of the alcohols was found to be identical 

(infrared spectrum, t.1.c.) with the synthetic alcohol XI. 

The synthesis of ketone XII constitutes a total syn- 

thesis of the Garrya alkaloids, since the conversion of XII 

iiTtu tin? aiuL.re XIII h&3 aL-e?zi~Js been znWWuKLw~ by i&SaIuo~ 

(lo)* and the transformations of XIII into garryine (XIV) 

(11) and of garryine into veatchine (XV) (12) are also re- 

port&. Another methuct Pur the cunvei-siun UP XII into 

XXII, involving the oxidation of KU with lead tetraacetafe, 

fallaszd by a WNFtttg reaatian an& 8 r&uctFarr aith calctum 

in liquid ammonia, has been developed in our ti laboratory 

and will be reported in detail in a full publication. 

‘It Ref. (10) reports an elegant total synthesis of the Garrya 
alkaloids. An interesting total synthesis has also been 
reported by Nagata and his co-workers (13). 

pp Unpublished results by Dr. H. Immer. 



2442 L total synthesis of the garrya alkaloids No.36 

Acknowledgment. The support of this work by the National 

Research Council, Ottawa, is gratefully acknowledged. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

REFERENCES ---_-----L 

J. A. Findlay, W. A. Henry, T. C. Jain, 2. Valenta K. 
Wiesner and C. M. Wang, Tetrahedron Letters, 869 (1962). 

R. E. Ireland and J. A. Marshall, 2. &. Chem.. Sot. 8l, 
6336 (1959). 

-- - 

R#. B. Turner and P. E. Shaw, Tetrahedron Letters, No. 18, 
24 (1960). 

W,. S. Johnson, D. S. Allen, Jr., R. R. Hindersinn G. N. 
Sansen and R. Pappo, 2. &I. Chem. Sot. 84, 2181 (1962). -- - 
R. Pappo, D. S. Allen, Jr., R. U. Iemieux and W. S. 
Johnson -21, 478 (1956). 

- 
R. A. Bell and R. E. Ireland, Tetrahedron Letters, 269 
(1963). 

A. C. Ott M. F. Murray and R. L. Pederson, 2. &I. Chem. 
see 74 1239 (1952). --'-9 - 
D. J. Cram, M. R. V. Sahyun and G. R. %-LOX, J. &. Chem. 
Sac. 84, 1734 (1962). -- - 

2990 (1962 
H. Vorbrueygen and C. Djerassi, J. &. m. z. 84, 

S. blasamune, J. &I. Chem. Sot. 86, 290 (1964). -- 

K. Wiesner W. I. Taylor, S. K. Figdor, M. F. Bartlett, 
J. R. Arms&ong and J. A. Edwards 
(1953). 

,x.Ber.86,800 
- 

S. W. Belletier and K. Kawazu, Chem. and Ind., 1879 (1963). --- 
W. Nagata, M. Narisada 1. Wakabayashi and T. Sugasawa, 
9. &. Chem. Sot. E, 429 (1964). -- - 


