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Figure 1.
Nitrogen containing heterocycles are well known for their bio-
logical activity.1 This has led to a great number of studies concern-
ing the development of new methodology towards these molecules
over the years.2 Thalictroidine (1), a piperidine alkaloid, was orig-
inally isolated in 1999 by Kennelly et al.3 from a North American
‘Blue Cohosh’ (Caulophyllum thalictroides). This alkaloid is used in
certain dietary preparations. Hygrine (2) is a pyrrolidine alkaloid
found in a variety of plants including coca leaves. Hygrine has been
the subject of several biological and pharmacological studies,4 as it
is the precursor of tropane skeleton.5 The synthesis of thalictroi-
dine (1) has been reported6 and a number of routes available to-
wards the synthesis of hygrine (2).7 These methods have some
disadvantages—either they involve multiple steps or result in low
yield. In this Letter, we wish to report a method of synthesising
(±)-thalictroidine (1) and (±)-hygrine (2) (Fig. 1) by a simple route
in high yield.

Bunce et al.8 developed a methodology for the preparation
of five-membered and six-membered nitrogen and sulphur hetero-
cycles through tandem SN2-Micheal reaction. Recently, Duen-
ren Hou et al. have applied the tandem SN2 substitution and
intramolecular aza-Micheal addition sequence to prepare ethyl
2-piperidineacetate as an intermediate towards the syntheses of
(�)-allosedridine and (�)-2-epi-ethylnorlobelol.9 Asymmetric syn-
thesis of natural (�)-sparteine has also been achieved by a similar
route10 and this tandem procedure is extensively used.11 This strat-
egy is now extended for the synthesis of natural products (±)-thal-
ll rights reserved.
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ictroidine (1) and (±)-hygrine (2) and the results are presented
here.

A retrosynthetic analysis of the alkaloids 1 and 2 (Scheme 1)
identifies the respective precursors for the synthesis of 1 and 2.
Accordingly, Wittig reaction between 5-bromo-1-pentanal (3)12

and 4-methoxyphenacylphosphonium bromide (4)13 in the pres-
ence of aqueous sodium hydroxide yielded 84% of 5 (Scheme
2).14 Tandem SN2 substitution and aza-Michael addition of 5 and
methylamine hydrochloride in the presence of potassium carbon-
ate gave quantitative yield of 6 even at room temperature.15

Initially, the demethylation of 6 was effected with 3 equiv of
BBr3 and the yield of 1 was only 50%. When four equivalents of
BBr3 were employed, it resulted in 60% of 1. Further increase in
the quantity of BBr3 failed to improve the yield. It must be men-
tioned that when the demethylation was conducted under neutral
condition, using lithium chloride (5 equiv) in refluxing DMF, only
5% of 1 was obtained. As acidic and neutral conditions did not
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Scheme 2. Reagents and conditions: (a) aq NaOH, dichloromethane, 84%; (b) CH3NH2�HCl, K2CO3, acetonitrile, rt, 7 h, 99%; (c) EtSNa, DMF, 90 �C, 3 h, 92%.

Table 1
Demethylation of 6 under different conditions

No. Reagent Temperature (�C) Reaction time (h) Yield (%) of 1

1 3 equiv BBr3, MDC rta 36 50
2 4 equiv BBr3, MDC rta 36 60
3 5 equiv BBr3, MDC rta 36 60
4 5 equiv LiCl, DMF 130 24 5
5 5 equiv EtSNa, DMF 90 3 92

a Addition of the reagent at �78 �C.
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result in satisfactory yield of 1, the demethylation was tried under
basic condition employing sodium ethanethiolate (5 equiv) in DMF
at 90 �C. Excellent yield (92%) was obtained under this condition16

and the product obtained did not require further tedious purifica-
tion (Scheme 2, Table 1).
A similar approach has led to the formation of (±)-hygrine (2)
from 4-bromo-1-butanal (7)17 and dimethyl (2-oxopropyl)phos-
phonate (8). The enone formed (9)18 undergoes tandem SN2 substi-
tution and intramoleculer aza-Micheal addition with methylamine
hydrochloride to give 2 (Scheme 3). The tandem process requires
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Scheme 3. Reagents and conditions: (a) NaH, �10 �C, 1 h, 83%; (b) CH3NH2�HCl, K2CO3, acetonitrile, 70 �C, 24 h, 85%.
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three days for completion, when the reaction was carried out at
room temperature. However, the reaction gets completed within
24 h at 70 �C,19 though the yields were almost same in both the
conditions.

Thus (±)-thalictroidine and (±)-hygrine have been synthesised
through a common strategy involving the tandem SN2 substitu-
tion—aza-Micheal addition as a key step with relatively good
yield and minimum number of steps compared to the reported
methods.
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