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ABSTRACT

The first syntheses of 5,6-difunctionalized-2-azabicyclo[2.1.1]hexanes containing syn-hydroxy and syn-fluoro substituents have been effected
in a stereocontrolled manner. The key reactions are regioselective additions to the aziridinium ions formed from 6-exo-iodo(bromo)-5-endo-
X-2-azabicyclo[2.2.0]hexanes (X ) F, OH) upon silver or mercury salt enhancement of iodide nucleofugacity.

The 2-azabicyclo[2.1.1]hexane ring system1 has now been
generated by photochemical, ring closure, and rearrangement
routes,1 but there is a paucity of methods for introducing
useful hydroxyl or halide functionality into the methano-
bridges of1. A three-step rearrangement route introduces
5-anti-bromo-6-anti-hydroxy groups as in2, but this bro-
monium ion pathway does not allow for direct introduction
of 5(6)-syn substituents.2

The nine-step cyclobutane ring closure route of Huet et
al. has enabled a 5-syn-phenylselenyl group to be introduced
as in 3,1d but this group lacks the synthetic utility of a
hydroxyl group or the biological utility of a fluoride. As part

of our efforts to prepare fluoro- and hydroxy-substituted
methanoprolines3,4 and to generate methanopyrrolidine syn-
thons for library generation,5 we desired an efficient stereo-
controlled method for introducing these functional groups
into the methano bridges of azabicycle1 in stereochemically
defined syn and anti orientations.

In our initial attempts to prepare functionalized 2-azabicyclo-
[2.1.1]hexanes, we showed that addition of BrOH to alkene
4 affords in 80% yield a 9:7 mixture of bromohydrin7a,
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derived from bromonium ion5a, and 5-anti-bromo-6-anti-
hydroxy 8 from the rearranged aziridinium ion6a.2a-b,6By
contrast IOH affords only the unrearranged iodohydrin7b
in nearly quantitative yield.6 Similarly, addition of iodine/
mercuric fluoride to alkene4 afforded in 68% yield unre-
arranged iodofluoride7c.6

Although we were at first disappointed that conditions
could not be found to induce the iodonium ion5b to
rearrange, it was noted that, unlike aziridinium ion6a, the
functional groups in unrearranged7 are ideally situated to
afford 5-syn substituents in azabicycle10. The X group at
C6 is antiperiplanar to the ring nitrogen, and the Y group at
C5 is syn to the nitrogen-containing bridge. The experimental
problem then is this: can the halides at C6 of 7a-c be
induced to ionize by ak∆ process or with subsequent nitrogen
participation in preference to either an alternativek∆ process
involving 5-endo-hydroxyl group participation7 or to akNu

process in which there is external nucleophilic attack at C6?8

And if, given this second chance after failing to intercept
iodonium ion 5b, the nitrogen does participate to form
aziridinium ions9, will these ions be attacked by nucleophiles

at C1 in preference to C6?8 If all of these conditions can be
met, then a route to 5(6)-syn-fluoro- and 5-syn-hydroxy-2-
azabicyclo[2.1.1]hexanes10 will have been achieved.

Herein we describe how the classical use of silver or
mercury salts to enhance the nucleofugacity of the bromide
and iodide ions results in successful solutions to the posed
problem.9 A variety of previously unavailable 5,6-difunc-
tional-2-azabicyclo[2.1.1]hexanes can now be made that have
syn-fluoro orsyn-hydroxy groups in one methano bridge of
10andanti-fluoro, anti-hydroxy,anti-acetoxy, oranti-chloro
substituents in the other.

Syntheses of the precursors 5-endo-hydroxy-6-exo-bromo-,
5-endo-hydroxy-6-exo-iodo-, and 5-endo-fluoro-6-exo-iodo-
2-azabicyclo[2.2.0]hexanes7a-c from pyridine have been
described.6 The substrates7a-c were heated in nitromethane
or acetic acid in the presence of a silver or mercury salt for
at least 24 h to give the results shown in Table 1.9 Our initial
efforts to react bromohydrin7a with AgF in nitromethane
were sluggish at 60°C, and only at 85°C was a low yield
of fluoro alcohol10aobtained (entry 1). The related iodide
7b was more reactive and gave better yields of10a with
either AgF (entry 2) or HgF2 (entry 3) at 60°C. Structure
10awas characterized by the large coupling for syn proton
H5 atδ 4.55 (d,J ) 59 Hz). The absence of W-plan coupling
of this proton with anti proton H6 defines the syn orientation
of the hydroxyl group. The 2-azabicyclo[2.1.1]hexane struc-
ture was confirmed by the characteristic W-plan coupling
of bridgehead protons H1 and H4 (J ) 6.8 Hz) and the pair
of nonequivalent geminal H3 protons that appeared as two
doublets (J) 9 Hz), not further coupled to H4.2a,b

Other nucleophiles can be introduced into the anti position
beside fluoride. Silver acetate in acetic acid reacts with
halohydrin7b to afford hydroxy acetate10b (entry 4), and
mercuric chloride in nitromethane affords chlorohydrin10c
(entry 5). The pair of doublets for the H3 protons and the
W-plan coupling of H1 and H4 confirmed the azabicyclic
ring structure. The trans relationship of the functional groups
was again characterized by the absence of long-range W-plan
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coupling between H5 and H6. Attempted reactions with
mercuric bromide and mercuric iodide in nitromethane were
unsuccessful, apparently because of insolubility of these
halide salts.

The iodo fluoride7cserves as a precursor for several novel
syn-fluorides. Reaction with silver fluoride (entry 6) or
mercuric fluoride (entry 7) affords the difluoride10d.9 The
trans stereochemistry was assigned from the appearance of
H5 (dd,J ) 58.1 Hz, 22.8 Hz); the smaller W-plan coupling
of this proton is with thesyn-fluoro group on C6. Reaction
of 7c with mercuric fluoride that had been exposed to the
air afforded fluoro alcohol10eand not difluoride10d, which
is indicative of a large amount of moisture in the hygroscopic
salt (entry 8). The related fluoro acetate10f was more
rationally prepared by reaction of7c with mercuric acetate
in acetic acid (entry 9). The H6 protons adjacent to oxygen
in 10e(d, J ) 23 Hz) and10f (d, J ) 21.5 Hz) again enabled
assignment of trans sterochemistry to the two 5,6-substitu-
ents. Mercuric chloride reacted with7c to form trans-fluoro
chloride 10g with H6 (d, J ) 21.3 Hz) defining the
stereochemistry (entry 10).

A stereoselective route has been achieved to prepare
2-azabicyclo[2.1.1]hexanes10 having syn-fluoro or syn-
hydroxyl groups in one methano bridge and a fluoro, chloro,
hydroxy, or acetoxy substituent in the remaining methano
bridge. These new methanopyrrolidines are now available
for preparation of new fluoro- and hydroxymethanoprolines.4
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Table 1. Metal-Enhanced Rearrangements of Azabicycles7a-c

no. reactant X Y reagent and tempa product Y Z yield (%)

1 7a Br OH AgF/MeNO2/85 °Cb 10a OH F 20
2 7b I OH AgF/MeNO2/60 °C 10a OH F 58
3 7b I OH HgF2/MeNO2/60 °C 10a OH F 65
4 7b I OH AgOAc/AcOH/60 °Cc 10b OH OAc 60
5 7b I OH HgCl2/MeNO2/60 °C 10c OH Cl 74
6 7c I F AgF/MeNO2/60 °C 10d F F 67
7 7c I F HgF2/MeNO2/60 °Cd 10d F F 54
8 7c I F HgF2/MeNO2/60 °Ce 10e F OH 60
9 7c I F Hg(OAc)2/HOAc/60 °C 10f F OAc 73

10 7c I F HgCl2/MeNO2/60 °C 10g F Cl 63

a t ) 24 h. b At 60 °C, 7a was recovered unchanged (92%).c t ) 36 h. d New bottle of HgF2 was used.e Previously opened bottle of moisture-sensitive
HgF2 was used.
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