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Nucleophilic racemic amines have been synthesized utilizing a C C free-radical cascade reaction from
a bis-allyl amine starting material. Being potentially useful organocatalytic bases as is evident from their
screening in the Baylis–Hillman reaction, optically pure amines were also synthesized from optically pure
aldehydes (�) or (+)-4. Bis-allyl amides under similar radical reaction condition resulted in C7n cyclized
products.

� 2008 Elsevier Ltd. All rights reserved.
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Syntheses of useful organic molecules besides naturally occur-
ring ones have gained a lot of impetus not only for the investiga-
tion of biological properties but also because of their versatile
uses in materials1 and organocatalysis.2 Naturally occurring small
molecules such as proline,3 cinchona alkaloids4 and their deriva-
tives5 obtained through judicious manipulations in their functional
groups have proven to be excellent catalysts for organocatalytic
enantioselective reactions. Optically active DABCO {2,3-bis(benzyl-
oxymethyl)-1,4-diazabicyclo(2.2.2)octane},6 pyrrolizidine7 and
bicyclic azetidine8 derivatives are some of the very few synthetic
chiral catalysts for the asymmetric Baylis–Hillman9 reaction. Not-
ing the presence of the bridged nitrogen in all three cases, it was
evident that the nucleophilicity of the amine increases with the in-
creased pyramidalization.8

In view of the aforementioned literature reports, we wanted to
design a molecule bearing a tertiary nitrogen whose lone pair
would be more accessible due to increased pyramidalization by
locking the nitrogen at the bridge making it more nucleophilic
and a useful molecule for organocatalysis. Impressive examples
of complex asymmetric structures obtained through radical cas-
cade reactions have been reported in the last two decades.10 A
well-designed precursor often leads to high stereoselectivity, and
is a very desirable characteristic in synthetic organic chemistry
through radical cascade processes.11 We envisioned that the nor-
bornyl-based tetracyclic amines 1 and 2a could be expeditiously
obtained through radical cascade cyclization from bis-allyl amine
precursor 3. Herein we report a practical synthesis of racemic as
well as both the optical antipodes of highly nucleophilic tetracyclic
amines through a stereoselective 7-endo-trig followed by 5-exo-trig
radical cascade.
ll rights reserved.

: +91 512 2597436.
The aldehyde12 4 was condensed with allylamine and the
resulting imine was reduced with sodium borohydride in the same
pot. The mono allyl amine 5 was further allylated to give the bis-
allyl amine 3 in excellent yield (Scheme 1). Bis-allyl amine 3 was
then subjected to intramolecular radical cascade cyclization to
yield 2a and 2b13 or only 2a depending on the reaction conditions
employed (Table 1). Hydrodebromination of 2a in sodium-liquid
NH3 followed by reduction of the double bond under catalytic
hydrogenation conditions afforded 1 in 91% yield from 2a.

Initially, the radical cascade cyclization reaction was carried out
with a slow addition of 2.4 equiv of tributyltin hydride (TBTH)
through syringe pump to a dilute (0.004 M), refluxing solution of
substrate 3 in benzene over 10 h. The reaction was further refluxed
for another 2 h. Purification of the crude reaction mixture afforded
2a and 2b in 14% and 12% yields, respectively (Table 1, entry a). The
tribromo derivative 2b was transformed into 2a by bridgehead
hydrodebromination using 1.2 equiv of TBTH. The yield of 2a could
be improved to 52% by adding freshly distilled tributyltin hydride
(2.4 equiv) through syringe pump over a period of 5 h. Monitoring
the reaction (TLC) at this stage revealed the presence of a substan-
tial amount of 2b along with 2a and traces of unreacted starting
material. Addition of a further portion of 1.2 equiv TBTH and
refluxing the reaction mixture for another 2 h converted 2b into
2a. Amines are prone to decompose at higher temperature.
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Scheme 1.

Table 1
Radical cascade cyclization of 313

Entry Reaction condition TBTH (equiv) Time (h) Yield (%)

2a 2b

a Reflux 2.4 12 14 12
b Reflux 3.6 7 52 —
c Reflux 3.6 3 33 —
d hm 2.4 3 14 —
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BrBr
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BrBr

(2) diallylamine
(1) SOCl2

6112 F. A. Khan, S. K. Upadhyay / Tetrahedron Letters 49 (2008) 6111–6114
Attempts to circumvent the decomposition of amine by reducing
the time of addition of TBTH to 3 h afforded 2a in 33% yield (Table
1, entry c). The radical reaction, when carried out under photo-
chemical conditions using a 450 W UV lamp at the same dilution,
resulted in 14% of 2a (Table 1, entry d).

The radical cascade cyclization reaction was highly stereoselec-
tive leading to only one product in which the methyl group on the
cyclopentane ring has a b-stereochemistry. If the methyl group was
to be disposed on the a-face, it would face strong steric crowding
as shown in Figure 1. Unambiguous structural proof was obtained
by single crystal X-ray analysis of 2a.14

To check the effect of an amide moiety on the radical cycliza-
tion, bis-allyl amide 8 was prepared from the acid derivative 7.15

Employing the radical cyclization on amide 8 resulted in a mono-
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Figure 1. Stereoselective ring formation.
cyclized product 9 in 66% yield without any detectable amount
of the cascade cyclized product (Scheme 2). The pyramidal orienta-
tion of the substituents on nitrogen is essential for the cascade
cyclization to occur. While such a pyramidal orientation is feasible
for the bis-allyl amine 3, the same is not feasible for the bis-allyl
amide 8. This is because of the partial delocalization of the nitrogen
lone pair to the amide oxygen. Attempted radical cyclizations of
the mono-allyl amine 5 and mono-allyl amide 10 led to an intrac-
table reaction mixture. The ease of bridgehead cyclization in bis-al-
lyl derivatives 3 and 8 vis-a-vis the mono-allyl derivatives 5 and 10
could be because of the more probable availability of the double
bond to the bridgehead radical.

There are only a few reports of 7-endo selectivity during radical
cascade processes. The molecule is organized in such a way that it
follows a C7nC5x free radical cascade16 route to a constrained amine
2a, whose lone pair is well exposed, making it a good candidate for
organocatalytic reactions. The mechanism for the radical cascade
cyclization of 3 to 2b involves the formation of a bridgehead radi-
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cal by abstraction of a bridgehead bromine from 3. This is followed
by preferential cyclization with the double bond in a 7-endo-trig
fashion instead of the alternative 6-exo-trig mode, resulting in a
more stabilized secondary radical. This radical then undergoes
addition to the other double bond in a 5-exo-trig fashion to afford
the tetracyclic amines 2a or 2b (Scheme 3).

The racemic amine 2a thus obtained through the radical cas-
cade route was employed in a Baylis–Hillman reaction with p-
nitrobenzaldehyde and methyl acrylate under sonication condi-
tion17 to give the Baylis–Hillman adduct in excellent yield (81%).
A similar result was obtained by employing tetracyclic amine 1
as the catalyst. While the tetracyclic amines 2a and 1 were good
catalysts, 3 failed to catalyze the Baylis–Hillman reaction.

Pleased by the efficiency of the racemic amines 2a and 1 as cat-
alysts for the Baylis–Hillman reaction, we wanted to obtain them
in enantiomerically pure form. Attempts to resolve the amines 2a
and 1 by salt formation with various enantiomerically pure acids
met with failure as the diastereomeric mixture of the salts formed
could not be purified on repeated crystallization. Because of these
difficulties, we relied on the chiron approach to obtain the optically
active amines 2a and 1. The diastereomeric diols 11 and 12 ob-
tained from D-mannitol as described recently12 were employed
for this task (Scheme 4).
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After obtaining the optically pure amines in good yields, we em-
ployed them for the asymmetric Baylis–Hillman reaction. Using
20 mol % of the optically pure amine (�)-1 or (+)-1 along with p-
nitrobenzaldehyde and methyl acrylate in MeOH under sonication
conditions17 afforded the Baylis–Hillman adduct. While the time
required (22 h) for the formation of the adduct and the yields ob-
tained are comparable to the best conditions reported,18 the asym-
metric induction was very low (8%).

In summary, we have reported a practical and expedient syn-
thesis of racemic as well as optically pure antipodes of tetracyclic
amines involving a stereoselective C7nC5x free radical cascade pro-
tocol. Bis-allyl amide when subjected to radical cascade conditions
resulted in C7n mono cyclized product. The optically pure and
highly nucleophilic amines were synthesized and screened for
the asymmetric Baylis–Hillman reactions.
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