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ABSTRACT

The reaction of [1.1.1]propellane with di-tert-butyl azodicarboxylate and phenylsilane in the presence of Mn(dpm)3 to give di-tert-butyl
1-(bicyclo[1.1.1]pentan-1-yl)hydrazine-1,2-dicarboxylate is described. Subsequent deprotection gives 1-bicyclo[1.1.1]pentylhydrazine followed
by reduction to give 1-bicyclo[1.1.1]pentylamine. The reported route marks a significant improvement over the previous syntheses of
1-bicyclo[1.1.1]pentylamine in terms of scalability, yield, safety, and cost.

Access to novel chemical space is becoming increas-
ingly important in drug discovery.1 One method to
accomplish this is by utilizing small compounds of
unique structure as building blocks, especially ones that
have good drug-like properties (i.e., low lipophilicity,
low clearance, and good solubility).2 Often these com-
pounds are associated with challenging or complex

syntheses.1,2 1-Bicyclo[1.1.1]pentylamine (1) is an exam-
ple of such a compound. The use of 1 has been limited
because it is not commercially available. The known
preparation of 1 has complications for scale-up with
both a lithiation step and a Schmidt reaction that gen-
erates hydrazoic acid (extremely toxic and explosive).3

Consequently, only a few examples showcase the suc-
cessful incorporation of 1 in drug candidates (Figure 1).4

Improvement upon the synthesis of 1 (originally pub-
lished by Wiberg3d over 40 years ago) has received atten-
tion from both academia and industry (Scheme 1).5 Toops
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and Barbachcyn showed that they could prepare 1
(characterized as the benzamide derivative) starting

from tetrahalide (2) and going through 1-(tri-n-butyl-

stannyl)bicyclo[1.1.1]pentane (3).5b However, besides

the toxicity issue of organostannanes, this method suf-

fered from low yield (14% from 2), required an excess of

[1.1.1]propellane (4), and used reversed phase chroma-

tography to purify the organostannane. Timberlake

looked at an alternate synthesis of 1 by first preparing

3-iodobicyclo[1.1.1]pentyl azide (5), but all reported

reduction conditions (LAH, Zn/HCl, nBu3SnH, Li/

NH3(l), etc.) failed to give compound 1.3a,5c

To support our ongoing drug discovery programs it
became necessary to find a new route to 1 that would be
amenable to scale-up. Since compound 5 is only a reduc-
tion step away from the desired product, we decided to
investigate further. Other iodobicyclo[1.1.1]pentanes have
been reduced using tert-butyl lithium.6 To avoid the

pyrophoric reagent we looked at palladium-mediated re-
duction of alkyl iodides.7

Azido iodide8 (5) was prepared from the diiodide (6) in a
two-step procedure from [1.1.1]propellane (4) (Scheme 2).9

In order to more quickly scope reduction conditions,
microscale parallel experimentation was carried out utiliz-
ing a 96-well plate (0.01 mmol of substrate, 0.045 M
concentration). The screen evaluated combinations of 41
different catalysts, two temperatures (25 and 65 �C), three
solvents (MeOH, EtOAc, AcOH), three additives (HCl,
AcOH, benzyl chloride), and without additive. In total,
240 reaction conditions were examined under hydrogen
pressure (4 bar) for 15 h. Each reaction was analyzed by
LC/MS and evaluated for product by mass ion count
(TIC). From this study 20% Pd(OH)2/C emerged as the
leading catalyst with HCl as the additive in methanol to
give 1. These conditions were scaled-up (Scheme 2). Un-
fortunately, even though screening conditions indicated a
higher yield (based on a standard with known concentra-
tionof 1 and comparingmass ion count),wewere only able
to isolate 16% of compound 1 after SFC purification. The
palladium-mediated reduction route would need further
optimization to become viable.
A reviewof the literature indicated that someof themore

efficient reactions of [1.1.1]propellane (4) involve free
radicals due to their facile addition across the central
bond.5a,10 The 1-bicyclo[1.1.1]pentyl radical is slow to ring
open, and rearrange to the 3-methylenecyclobut-1-yl radi-
cal, due to a relatively large activation barrier of “at least
26 kcalmol�1”.11Additionally, [1.1.1]propellane (4) inmany
instances has shown a similar reactivity profile to that of
olefins.5a,10b Waser and Carreira12 have elegantly demon-
strated the ability to addH�Nacross olefins throughwhat
is potentially a free-radical mechanism in either cobalt- or
manganese-catalyzed hydrohydrazination reactions. With
these considerations in mind we postulated that the

Figure 1. Select bioactive compounds containing 1-bicyclo-
[1.1.1]pentyl amine moiety.
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Scheme 2
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1-bicyclo[1.1.1]pentyl radical would form under similar
conditions and that it might be possible to trap it with an
azodicarboxylate. This would effectively carry out a
hydroamination13 reaction across the bridge bond while
ideally avoiding the formation of oligomers to give the
known [n]staffanes.5a,10b,10c

[1.1.1]Propellane (4) was prepared14 as a pentane/ether
solution (Scheme 3) in 78% yield (byNMR analysis of the
distillate). Utilizing the previously established hydrohy-
drazination procedure for polymerization sensitive olefins,
a cold (0 �C) iso-propanol solution of the catalyst tris-
(dipivaloylmethanato)manganese (Mn(dpm)3) was pre-
pared and a dichloromethane solution of phenylsilane
anddi-tert-butyl-azodicarboxylatewas added.15The crude
distillate solution containing [1.1.1]propellane (4) (1 equiv)
was then charged to the reaction mixture. LC/MS analysis
of the reaction after 4 h gave a base mass ion peak of m/z
99 [C5H10N2 þ Hþ] and fragment mass ions of m/z
143 [C6H10N2O2þHþ] andm/z 187 [C7H10N2O4þHþ].
A parent ion peak for compound 7was not observed, but the
mass ions of m/z 99, 143, and 187 could be expected from
fragmentation of the di-tert-butylcarbamate substituents
under the acidic LC/MS conditions. The reaction was
stopped after 5 h, and following workup and flash chro-
matography 7 was isolated as a white solid in 73% yield.
The 1HNMR spectrum16 (DMSO-d6, 80 �C) of the sample
displays the characteristic resonances of the 1-bicyclo-
[1.1.1]pentyl framework at δ 2.37 (s, 1H, CH) and 1.96
(s, 6H, CH2) and are in close agreement with the corre-
sponding chemical shifts observed in 1-bicyclo[1.1.1]pentyl

amine (1) (free base, CDCl3)
17 at δ 2.31 (s, 1H, CH) and

1.79 (s, 6H, CH2). Likewise, in the 13C NMR spectrum
(DMSO-d6, 80 �C) of the product, the resonances at δ
54.05 (CN,C1), 51.61 (CH2, C2), and 21.85 (CH,C3) were
assigned to the 1-bicyclo[1.1.1]pentyl ring system and are
comparable to the resonances observed in 1 (free base,
CDCl3) at δ 52.53 (C1), 53.17 (C2), and 21.51 (C3).17

As the reaction was difficult to monitor for the disap-
pearance of [1.1.1]propellane (4), subsequent experiments
increased the reaction time to 21 h, which led to an isolated
yield of 99% of 7.18 Treatment of 7 with 4 M HCl in
dioxane gave the hydrazine hydrochloride salt 8 as a solid
(Scheme 3). Reduction of the N�N bond under hydro-
genation conditions in the presence of PtO2

19 gave the
desired 1-bicyclo[1.1.1]pentylamine (1) in 80% yield (over
two steps) as an off-white solid, which was identical in all
respects to a sample of 1 prepared previously.3

In summary, the new route provides a dramatic im-
provement in scalability, yield, and safety compared to the
previous route. In addition, the route gives 1-bicyclo-
[1.1.1]pentylhydrazine (8) which can be exploited in drug
design by preparing novel substrates such as 1-bicyclo-
[1.1.1]pentyl pyrazoles and indoles. The new route has
been successfully scaled to 20 g, the overall yield (from 2)
improved from 10% to 62% with a 50-fold reduction in
costs. As work is ongoing, details of further process
developmentwill be forthcoming.20Work is alsounderway
to expand the scope of the manganese-catalyzed addition
reactions of [1.1.1]propellane (4) beyond azodicarboxy-
lates to molecular oxygen, tosyl azide, tosyl cyanide, tosyl
chloride, and related reagents.12a,21
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