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ABSTRACT

An efficient synthesis of NP25302 is presented that relies on 5-endo-dig N-cyclization to establish the bicyclic core and Curtius rearrangement to
install the N-acyl vinylogous urea functionality.

Bohemamine (1, Figure 1)was the first reportedmember
of a small class of alkaloids defined by a 3-N-acylamino-
tetrahydropyrrolizine core.1 Subsequent members, all of
bacterial origin, include jenamidines A�C 2�4,2 NP25302
5,3 bohemamines B 6 and C 7, and a chlorinated bohema-
mine 8.4 Jenamidine A inhibits the growth of chronic
myeloid leukemia K-562 cells (GI50 = 1.9 μg mL�1),2

and both bohemamine and NP25302 inhibit the adhesion
of human promyelocytic leukemia HL-60 cells to Chinese
hamster ovary cells expressing intercellular adhesion mo-
lecule ICAM-1 (CD54) (IC50 = 24.3 and 27.2 μg mL�1,
respectively).3

With only one exception,5 the vinylogous urea func-
tionality in these natural products6 and their non-natural

analogues7 has been established synthetically by either

N- or C-cyclization onto a tethered nitrile. We present

a fundamentally different approach, based on Curtius

rearrangement (Scheme 1), for which current literature

precedent is confined to pyridone8 and pyridazine9

Figure 1. Known alkaloids of the bohemamine type.
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substrates. In addition, we describe the first applica-

tion of a 5-endo-dig N-cyclization10�12 to the synthesis

of a pyrrolizidine-type ring system.13

Initially, the viability of the key 5-endo-dig and Cur-
tius steps was tested in a readily accessible system
leading to (þ)-nor-NP25302 9. N-Protection of (S)-
2-methylproline 1414 and an efficient reduction/oxidation
sequence furnished aldehyde 15 (Scheme 2). Building on
model studies,15 in which various functionalized alkynyl
organometallics were added to N-Boc-prolinal, the addi-
tion of lithiated methyl propiolate16 provided ketone 16
after oxidation with Dess�Martin periodinane (DMP).
The sequence from (S)-methylproline to ketone 16 was
extremely efficient (71% over five steps), with no purifica-
tion of intermediates required.
The first key step to be addressed, the 5-endo-dig

N-cyclization (f 17), was unsuccessful using the Hg(II)-
mediated conditions described in the closest precedent
for such a process.12,17 However, mild N-deprotection
with p-toluenesulfonic acid,18 followed by addition of
solid NaHCO3, provided acceptable yields (up to 59%)
of the bicyclic product 17. Alternatively, use of TMSOTf
at low temperature to effect the Boc-deprotection19 gave

a slightly improved yield, and for convenience, this method
is preferred.
Carboxylic acid 18 was isolated following alkaline hy-

drolysis (LiOH, aq CH3CN) of ester 17, but standard
protocols20 for conversion of carboxylic acids into acyl
azides failedwith this compound. The intermediate lithium
carboxylate was also found to be rather unreactive toward
activation (e.g., with ethyl chloroformate), but the potas-
sium carboxylate was sufficiently nucleophilic in DMF to
react with diphenylphosphoryl azide21 and, following op-
timization, acyl azide 10 was obtained reproducibly in
excellent overall yield from ester 17.

It was our intention to trap the isocyanate derived from
acyl azide 10 by addition of an isobutenyl organometallic to
provide nor-NP25302 directly. In practice, thermolysis of the
azide led to rapid polymerization, presumably of the inter-
mediate isocyanate, and compatible isobutenyl nucleophiles
for trapping in situ were not found. Instead, rearrangement
was effected in thepresenceof avariety of alcohols toprovide
carbamates 19�22 (Scheme 3). Each of these was acylated
with 2,2-dimethylacryloyl chloride (28) but the so-formed
N-acyl carbamates 23�26 could not be deprotected (f 9)
without complication. In most attempts amine 27 was
formed. In one case (26), deprotection was accompanied
by migration of the dimethylacryloyl group to the C(2)
position; in other cases, the dimethylacryloyl fragment
was removed preferentially. Eventually, the Curtius re-
arrangement was performed in the presence of water to
provide amine 27 which was then acylated using the
conditions described in Snider’s synthesis of NP25302 to
afford (þ)-nor-NP25302 9.
This model study had established an efficient nine-step

synthesis of nor-NP25302 from proline derivative 14, and it
was expected that the extramethyl group atC(5) inNP25302
would not complicate the route. (()-trans-2,5-Dimethylpro-
line derivative 29 (Scheme 4) was prepared in two high-
yielding steps from ethyl 2-nitropropionate in a modification

Scheme 1. Key Stages in the Synthesis of NP25302 5 and nor-
NP25302 9 [R0 = Alkyl]

Scheme 2. Synthesis of Curtius Rearrangement Precursor 10
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of the literature procedure,6b and aldehyde 30 was obtained
straightforwardly in four further steps. In contrast to the
simpler aldehyde 15, the dimethyl variant 30 was unreactive
toward lithiated methyl propiolate at (the low) temperatures
at which the organometallic remained stable. Related alkynyl
organometallics were explored, including those derived from
tert-butyl propiolate and propiolic acid itself; although the
additions were successful, the derived ketones could not be
induced to cyclize in acceptable yields. Ultimately, the use of
lithiated isopropyl propiolate solved the problem. This
lithium acetylide derivative has not been reported, but it
proved reliable and sufficiently stable to effect efficient addi-
tion to hindered aldehyde 30. Subsequent 5-endo-dig cycliza-
tionof thederivedketone 31proceededwithout complication
under the preferred conditions for cyclization of model
substrate 16.22 The three final steps to complete the synthesis
were achieved under identical conditions and in comparable
yields to the model study.
The NMR data for our synthetic NP25302 differed

sufficiently from those published (see Supporting Infor-
mation for details) to cast doubts on either the stereo-
chemistry or the connectivity in the final product. How-
ever, the trans-relationship of the C(5) and C(7a) methyls
was derived from amine 29 whose structure had been
confirmed by X-ray analysis of 29 3HCl;23 in addition,
HMBC data for synthetic 5 showed an absence of H(5)�
C(3) and R-H(7)�C(1) correlations, indicating approxi-
mately 90� relationships, consistent with the expected
stereochemistry. It became clear that the appearance of

the NMR spectra for NP25302 was affected by the quality
of the solvent and the concentration of the sample.24 For
example, when the 1H NMR spectrum was run in CDCl3
that had been filtered through basic alumina, the two
olefinic protons appeared as a single resonance [cf. lit.3

δH 5.75 (1 H, s) and 6.01 (1 H, s)], but addition of TFA
in 10 mol % aliquots led to splitting and shifting of the
olefinic resonances until the values approached those
reported. At the same time, colorless needles separated
out of the NMR solvent that proved suitable for single
crystal X-ray analysis. The structure (Figure 2);the
TFA salt of NP25302;confirmed the success of the
synthesis.

This total synthesis of (()-NP25302 is longer than
Snider’s published route6b primarily due to the sequence
of functional group interconversions required to access a
suitably reactive acceptor 30 for alkynyl organometallic
reagents. Nevertheless, the key 5-endo-dig cyclization and
Curtius rearrangement steps successfully delivered the
defining structural features of the natural product in an
efficient overall synthesis (28% from 29, average 88%yield
per step).

Scheme 4. Synthesis of (()-NP25302Scheme 3. Curtius Rearrangement Trials andCompletion of the
Synthesis of (þ)-nor-NP25302

Figure 2. X-ray molecular structure of 5 3TFA [CF3CO2
� ion

omitted for clarity].

(22) During the course of this investigtion, we found that the
TMSOTf conditions for 5-endo-dig cyclization were at least as efficient
with less activated analogues of alkynyl ketone 31 bearing H, CH2OH,
or CH2OTBS in place of CO2i-Pr. Fuller details of the scope of this
cyclization will be described in due course.

(23) CCDC 834708 and 834707 contain crystallographic data for this
paper (for compounds 29 3HCl and 5 3TFA, respectively). These can be
obtained free of charge from the Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.

(24) We are very grateful to Professor Barry Snider, Brandeis Uni-
versity, for informative correspondence concerning the NMR spectra of
natural and synthetic NP25302.
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