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The synthesis of diterpene alkaloids with a bridge in ring B (for in-
stance, songorine or wvarious alkaloids of the delphinine type) requires the
development of new methods, which are entirely different from the rather
steroid~like approaches to the simpler diterpene bases (veatchine and atisine).

We wish to describe now a stereospecific synthesis of compound I. This
compound has two of the usual oxygen substituents of the more complex di-
terpene alxaloids. It will be clear from the course of the synthesis, that
the introduction of methoxyls into the benzene ring and methyl group will
require only a suitable choice of starting materials and will thus not in-
crease the complexity of the synthetic procedure. Consequently, we hope that
the presently described method will prove useful in approaches to several al-
kaloids.

Our starting material was the ester II, the synthesis of which we have
deseribed recently (1). Iithium aluminum hydride reduction of II gave the
corresponding primary alcohol III (Clelzo; m.p. 60°C.) in a 93% y:i.eld.:t

Compound III was oxidized by the DMS5O-carbodiimide method (2). The
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¥ All crystalline compounds gave checking elemental analyses. Only the
analytical data of compound I are given in full. Infrared and N,M.R,
spectra (in CHC1l, and CDCl,) were recorded for all compounds, but are
discussed only where specially relevant.

1209



1210 No.10

aldehyde IV was purified by chromatography on gilica gel and obtained as an
0il homogeneous in T.L.C. in a yield of 77%. [C,,H, 0j I.R.: 1720 cm™'
(aldehyde carbonyl); N.M,R.: singlet (1H) %= 0.11 p.p.m. (aldehyde hydrogen). ]
The aldehyde IV was treated with four moles of a Grignard reagent pre-
pared from 3-benzyloxy-n-butyl bromide (3) in a refluxing ether solution for
15 hours. The product V was obtained in a yield of 96%. This material was
immediately oxidized with the Jones' reagent to the corresponding ketone VI.
Compound VI was an oil, purified by chromatography on silica gel and appar-
ently homogeneous in T.L.C. It was obtained in a yield of 80%. [023H2402;
I.R.: 1700 em™' (ketone); N.M.R.: multiplet (11H) % = 2.71 - 3.32 p.p.m.
(aromatic and vinylic H), quadruplet (2H) % = 5.50 p.p.m. (CH, of benzyl
group), doublet (3H) ¥= 8.79 p.p.m. (C-CH,).]
The ketone VI was treated with an excess of benzenesulphonyl azide as
described before (1). The product VII was isolated by chromatography on
silica gel as an o0il, apparently homogeneous in T.L.C., in a yield of 64%,
1

(C, H,,0,N5; I.R.: 1705 cm™

29Hzn (xetone); N.M.R.: multiplet (14H) 7 = 1.94 -

2.83 p.p.m. (aromatic H), quadruplet (2H) 7 = 5.57 p.p.m. (CH, of benzyl
group), doublet (3H)7 = 8.89 p.p.m. (C-CH,).]

The rearrangement of the aziridine VII to the product VIII was performed
as described before (1) by heating with an excess of glacial acetic acid to
100°C. for 45 minutes. The product VIII crystallized on removal of the sol~
vent and it was recrystallized from chloroform. The yield of pure material
was 49%. [C, H ,ONS, m.p. 187°C.; I.R.: 1700, 1745 cm™! (ketone and
acetate); N.M.R.: multiplet (14H) ¥ = 2.01 ~ 3.03 p.p.m. (aromatic H),
doublet (3H) ? = 8.77 p.p.m. (C--CH3 in side-chain), singlet (3H) = 7.87 p.p.n.
(acetate methyl).]

Compound VIII was refluxed with ethylene glycol and p~toluenesulphonic
acid in benzene. The result was the ketalization of the keto group and a
loss of the acetyl group by alcoholysis. The product IX was obtained in a

90% yield and purified by chromatography on alumina and crystallization from
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ether. [031H3505NS' m.p. 138°C.; N.M.R.: multiplet (14H) 2 = 2.66 - 2,76
p.p.m. (aromatic H), singlet (4H) ¢ = 5.89 p.p.m. (dioxolane H).]

Compound IX was reduced with lithium and liquid ammonia in the presence
of ethanol. Work-up gave a 70% yield of compound X which was purified by

crystallization from ether. [C, _H, 6 _O,N, m.p. 154°C.; N.M.R.: multiplet

1872574
(4H) 7 = 2.86 p.p.m. (aromatic H), singlet (4H) ? = 5.85 p.p.m. (dioxolane H),
doublet (3H) ¥ = 8.8 p.p.m. (C-CHa).J

The amino alcohol X was acetylated with acetic anhydride and pyridine to
the corresponding N,O-triacetate XI which was purified by crystallization
from ether-pet. ether. The yield was 85%. £ 024H3107N, m.p. 150°C.; I.R,:
1740, 1680 cm~' (esters and amide); N.M.R.: singlet (9H) 2 = 7.91 p.p.m.

(3 acetyl methyls), doublet (SH) 7 = 8.18 p.p.m. (C=CH,). ]

Compound XI was hydrolysed with 1% methanolic potassium hydroxide to the
N-acetyl diol XII.

Compound XII was purified by crystallization from ether~chloroform and
was obtained in a yield of 83%, [C,oHsn0N, mup. 18900.; I.R.: 1670 cm™'
(amide); N.M.R.: singlet (3H) ¥ = 7.96 p.p.m. (acetyl methyl), doublet
(3H) * = 8.84 p.p.m. (C-CH,).]

Compound XII was oxidized with chromium trioxide in pyridine. The product
XIIT was purified by chromatography on neutral alumina and erystallization
from ether and was obtained in a yield of 60%. (C, H, O.N, m.p. 201°C.;

M.W. (mass spec.) = 357§ I.R. (KBr): 1740, 1710, 1685 cm™' (ketones and
amide); N.M.R.: singlet (3H) ¥ = 7.83 p.p.m. (acetyl methyl), singlet (3H)
? = 7.99 (methyl ketone).]

Compound XIII was refluxed with one mole of potassium hydroxide in

methanol for 3 hours. The product XIV was obtained in a yield of 92%. It was

crystallized from ether. [C 0,N, m.p. 200°C.; M.W. (mass spec.) = 339;

1

20H21

I.R. (KBr): 1724, 1672, 1650 cm~ (ketone, amide, double bond); N.M.R.:
singlet (3H) ? = 7.84 p.p.m. (acetyl methyl), singlet (3H) 2 = §.04 p.p.m.

(vinylogous methyl ketone); U.V.t Npax. = 253 mp {log € = 3.82).!
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Compound XIV was subjected to the hydrocyanation reaction (4) in di-
methyl formamide and ammonium chloride for 16 hours. The reaction mixture
obtained from 800 mg. of XIV was separated ‘by preparative T.L.C. on silica gel
into 123 mg. of starting material, 98 mg. of the minor product XVa and 594 mg.
of the major product XVb. Since both XVa and XVb are convertible to I
they must be epimeric on the carbon marked with the asterisk. XVa:
C,,H,,0,8,, m.p. 244°C.; M.W. (mass spec.) = 366; I.R.: 2225, 1750, 1695 cm™ '
(nitrile, ketone, amide); N.M.R.: singlet (3H) ¢ = 8.14 p.p.m. {acetyl
methyl), singlet (3H) 7 = 8.36 p.p.m. (C=CH_ ).] XVb: (02]H2204N2, m.p.
239°C.§ M.W. (mass spec.) = 366; I.R.: 2225, 1750, 1690 cm™' (nitrile,
ketone, amide); N.M.R.: singlet (3H) # = 7.98 p.p.m. (acetyl methyl), singlet
(3H) 2 = 8.30 p.p.m. (C=CH;).] The entire mass spectra of compounds XVa
and XVb were identical.

The separate conversion of XVa and XVb into I gave identical results.
Consequently, we describe here an experiment in which the unresolved mixture
of the two compounds was utilized, thus avoiding the preparative T.L.C. in
the course of the synthesis.

The mixture of XVa and b (450 mg.), potassium hydroxide (380 mg.) and
potassium cyanide (380 mg.) in 80 mi. of 10% water-methanol were refluxed for
three days. The two main products of the reaction were compounds XVI
(200 mg.) and I (120 mg.). They were separated by careful chromatography on
alumina. Compound XVI: [ C, H, ON,, m.p. 213°C.; M.W. (mass spec.) = 3843
I.R.: 3400, 1700, 1685 cm~' (OH-NH, lactam, amide)}; N,M.R.: multiplet (4H)

¥= 2,69 - 2.88 p.p.m. (aromatic H), singlet (3H) ? = 7.96 p.p.m. (N~
acetyl), singlet (3H) ? = 8,69 p.p.m. (C—CHa). ] Compound I (recrystallized
from ether), m.p. 228°C.: [ C  H, ,0,Nj Found: €, 70.31; H, 5.91; N, 4.28%.

Calc.: C, 70.14j H, 5.89; N, 4.30%; M.W. (mass spec.) = 325; I.R.: 3200,
1

1726, 1680 em”  (NH, ketone, lactam); N.M.R.: multiplet (4H) Z = 2.80 p.p.m.
(aromatic H), doublet (1H) %= 4.05 p.p.m. (NH), narrow multiplet (4H) ? =

6.25 p.p.m. (dioxolane H), singlet (3H) ¥ = 8,72 p.p.m. (C-CHS).] The
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lactamol XVI was heated with potassium hydroxide (1.7 g.) in 10% water-
methanol for 5 days. The result was a 60% conversion into compound I and
recovery of 40% of starting material.

We wish to thank the Sterling Winthrop Company, Rensselaer, New York,
and the National Research Council, Ottawa, for financial support of these

studies.
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