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Abstract: A number of novel l-aryl and 1-pyridyl-2-azabicyc-
l0[2.1.1]hexane derivatives were prepared by an intramolecular
[2+2] photocycloaddition in the presence of acetophenone as the
sensitizer. Substitution of the azabicyclo[2.1.1]hexane ring was ac-
complished by appropriate choice of the heteroaryl ketoneand allyl-
amine starting materials. Severa aryl 9a-e, g and pyridyl analogs
9h-1 were prepared by this method. The structures of 9a and 9i were
verified by X-ray crystallography. Several of the photoproducts 9
were converted into the corresponding N-Me and N-H 2,4-metha-
nonicotine analogs 4 by reduction or hydrolysis of the N-carboeth-
OXy group.
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A common strategy often utilized to find more potent,
more selective and less toxic biologically active mole-
cules relies on the synthesis of ring constrained analogs.
These conformationally restricted analogs, where the key
pharmacophoric elements are held rigidly with respect to
each other, often provide information about important
ligand-receptor interactions. The natural products nico-
tine (1) and epibatidine (2) display potent biological activ-
ity in mammals and invertebrate pests by modulation of
the nicotinic acetylcholine receptor (NAChR).! However,
1 and 2 are highly toxic and lack receptor selectivity. For
these reasons, it was of interest to investigate anovel class
of rigid nicotine anal ogs based on the 2-azabicyclohexane
ring system. A key method for construction of bicy-
clo[2.1.1]hexanes utilizes an intramolecular photochemi-
cal [2+2] cycloaddition.?® Thework of Hammond and Liu
demonstrated that photocycloaddition of 1,5-hexadienes
in the presence of asensitizer leadsto exclusive formation
of bicyclo[2.1.1]hexanes.* This methodology was expl oit-
ed by Clardy®2® and Pirrung®™ for the synthesis of 2,4-
methanoproline (3) and Liu in the synthesis of 1-phenyl-
bicyclo[2.1.1]hexane* It was recognized that an exten-
sion of the Clardy/Pirrung/Liu methodology would not
only provide a concise entry into 1-heteroaryl-2-azabicy-
clohexanes 4 but also alow for the exploration of substi-
tuted azabicyclic analogs by the appropriate choice of the
starting materials.%’

The target azabicyclohexanes 4 were prepared in a few
steps starting from a substituted acetophenone or a het-
eroaryl ketone 5. The ketones 5 were prepared by addition
of aGrignard reagent to the Weinreb amide 6. The imines
7 were prepared by combination of a ketone 5 with 1.5
equivalents of allylamine in cyclohexane in the presence

of 3 A molecular sieve$Iln some cases a co-solvent suc
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Conditions: (a) HN(OMe)Me-HCI, Et;N, CH,CI,; (b) MeMgCl, THF;
(c) irPrMgCl, THF; (d) allylamine, c-hexane, 3 A sieves; (e) diethyl

pyrocarbonate, toluene, 110 °C; (f) AcCl, toluene N,N- dlethylanlllne
0-25° C; (g) benzene, 2% acetophenone hv; (h) acetone, hv.

Scheme 1

as benzene or ether was added to enhance the solubility of
the ketone. The iminescould be purified by distillation
under reduced pressure, however, the crude imines were
sufficiently pure for further use. The E/Z configuration of
imines 7 ranged from 97:3-95:5 (R =H) to 93:7-78:22
(R = Me), with purities of > 95% as determined by NMR
spectroscopy. Yields afranged from 77-97%.

A number of methods are known for conversion of imines
7 into ene-amides or ene-carbamadxy/ treatment with
acyl chlorides, chloroformates or anhydrides, usually in
the presence of a bas@he carbamate moiety appeared
attractive since it could be cleaved to give a secondary
amine or it could be reduced with LiAlkb provide arN-
methylated product. A survey of carbamoylating reagents
rthOZCCI, (tBOC),0, (EtO,C),0), solvents (1,2-dichloro-
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ethane, toluene, cyclohexane) and conditions (0 °C - rTablel Photochemical [2+2] Cycloaddition of 8
flux, presence of base) revealed that the preferred react
conditions consisted of heating a toluene solution of imir
7 with a slight excess of diethyl pyrocarbonate under ri o4
flux for 24-48 hours until judged complete (TLC/NMR).
Yields ranged from 90-100%. Several of the ene-carb

product Ar R R’ R" time() Yield (%)

H H OEt 48 52> 11

o

? 99

mates8 were found to be somewhat unstable to silicag op OEt 72 50
chromatography. The crude ene-carbam®a$ were

sufficiently pure (90-95%, NMR) to be used directly ir

the photolysis step. In contrast, ene-anBidewas pre-

pared in 94% vyield by reaction of a toluene solution ¢ 9¢ Me H OEt 168 55°

imine 7 with acetyl chloride in the presence ofNN,
diethylaniliné® and purified by silica gel chromatography

without incident. 9d H H OEt 39 53°
All of the photocycloaddition reactions were carried oL Q

on preparative scale (0.010-0.038mol). Typically, solt

tions of the ene-carbamat®sn benzene were subjected

to photolysis with a 450W Hanovia lamp in the presenc 9e Ph
of acetophenone as the photosensifizd@he initial in-
vestigation was conducted 8a resulting in a 52% yield

of the cycloaddition produda (Table 1)} The'H and o
13C NMR data for9a was consistent for the 2-azabicyc-
lo[2.1.1]hexane ring system. The structur®afvas also
verified by X-ray crystallography. Several other aryl ane %8
logs9b-ewere prepared under similar conditions in isolat

ed, purified yields of 50-66%. However, hindered ene
carbamatesf was resistant to photocycloaddition unde %h
these conditions returning only unreacted starting mate

al. One example of a photocycloaddition with an ene
amide was performed. Ene-ami8g was subjected to 9%
photolysis under the described conditions only to provic N

a significant amount of polymeric material. In contrast

photolysis in acetone provid€d in 63% yield. 9j = Me H OEt 180 21°

The synthesis of the 1-pyridyl-2-azabicyclohexar®es }\1
proved to be somewhat more difficult. In general, the p

ridyl ene-carbamategh-l usually required some purifica- 9k = H H OE 72 32f
tion. Chromatography o8h, 8k, and 8 on silica gel N/

provided the ene-carbamates in 21-80% yield but also |

to recovery of a significant amount of the correspondin 91 = H H OEt 106 47
ketoneb. The pyridyl analog8h, 9k and9l were prepared
from purified ene-carbamates in 32-68% yield. Howeve
6-chloropyridyl analog8i and9j, containing substitution aunoptirmized: chromatographically homogenous material. Shased on

on the azabicyclohexane moiety, were prepared frofide starting ene-carbamate. “based on purified starting ene-amide;
crude ene-carbamat&sFor these compounds the reacreaction was conducted in acetone. %based on purified enecarbamate.

tion products were also accompanied by significaritesed on crude-starting ene-carbamate. ‘purified ene-carbamate con-
amounts of polymeric material that had to be periodicalkined 3-acetylpyridine.

removed from the outside of the immersion well during
the course of the reaction. These factors partially account
for the lower yields 08i and9j (Table 1).
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The 2,4-methanonicotine analogmb,e,f were prepared . i R
by reduction of the 2-azabicyclohexan@sb,ef with aorb
LiAIH , in THF 2 Alternatively, the carbamate moiety of _ N\COZEt - _{ e
9a,e could be cleaved with aqueous base in methanol N\ N
Y Y

give the secondary aminds,d (Scheme 2). In general,
the 2,4-methanonicotingswere obtained and character- x

ized as oils after purification by chromatography. The 9 4
could also be converted into stable, crystalline borar, Sonditions: (@) LIAH/THF; (b) NaOH/ag. MeOH.

complexes by treatment with borane in THF at 0*C.  scheme?
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Analysis of the crystal structure datafrom compounds 9a,
9i and 4c (borane complex), aswell as measurement of in-
ter-nitrogen distance in molecular models of 4b, suggest
that the azabicyclohexanes 4 fulfill the classical pharma-
cophore models for nicotinic agonists.'67

Table2 2,4-Methanonicotine analogs 4

product X Y R R R" Yield(%)
4a Cl CH H H Me 77
4b Cl N H H Me 50
4c Cl CH H H H 62
4d Me N H H H 78

4e Cl N H Me Me 72

4f Cl N Me H Me 69

In summary, a concise synthesis of 1-aryl and 1-pyridyl-
2-azabicyclo[2.1.1]hexanes using a photosensitized [2+2]
cycloaddition was demonstrated on preparative scale. The
substitution on the azabicyclic ring was varied by proper
choice of the ketone and allylamine starting materials.
The carbamates 9 were converted into novel 2,4-metha
nonicotine analogs 4.
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