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ABSTRACT

A convergent synthesis of structurally novel butyrolactam 11 â-HSD1 inhibitors is described. The approach features an efficient Ireland −
Claisen reaction to construct a highly substituted aldehyde building block which is converted to a lactam via a tandem reductive amination/
cyclization sequence. The generality of the synthetic sequence is demonstrated during the preparation of two additional potent 11 â-HSD1
inhibitors.

11â-Hydroxysteroid dehydrogenase 1 (11â-HSD1) converts
the inactive glucocorticoid cortisone into the active hormone
cortisol. Cortisol mediates a wide variety of physiological
functions such as inflammatory and stress responses, growth
and development, and gluconeogenesis.1 A related enzyme,
11â-HSD2, catalyzes the reverse reaction which in tissues
such as kidney protects the mineralocorticoid receptor from
activation by cortisol. The current hypothesis is that tissue

excess production of cortisol by 11â-HSD1 can lead to
symptoms of metabolic syndrome, and selective inhibition
of 11â-HSD1 over 11â-HSD2 may have potential for
therapeutic intervention for diabetes.2

Our drug discovery program sought to identify potent and
selective 11â-HSD1 inhibitors that possess desirable phar-
macokinetic properties. This led us to a series of butyrolac-
tams exemplified by13 (Figure 1). Lactam1 is highly potent
against human 11â-HSD1 and over 7600-fold in selectivity
against 11â-HSD2. The biological evaluation and the struc-† This paper is dedicated to professor Barry M. Trost on the occasion of

his 65th birthday.
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ture-activity relationships (SAR) of these lactams will be
reported elsewhere.4 We now report the development of an
efficient and scalable route to these functionally dense and
structurally unique lactams.

Lactam1 features a highly substituted core with anR-gem-
dimethyl quaternary center and aâ-alkoxymethylene group.
When we began, there was not a general synthetic route to
this type of structure. We needed a route that would allow
us to vary both group 1 and group 2 for SAR studies, as
well as high convergency so that we could prepare these
compounds on a multigram scale for in vivo studies. The
design of our synthetic strategy is outlined in Scheme 1. We

planned to make the heteroaryl ether bond near the end of
the synthesis via a nucleophilic aromatic substitution reaction
between alcohol2 and a heteroaryl halide. The lactam core
2 was envisioned to be formed convergently through a

sequential reductive amination/ring cyclization sequence5

between amino ester36 and aldehyde4. The highly substi-
tuted aldehyde4 could be built from an Ireland-Claisen
rearrangement of ester5.7

The synthesis commenced with monosilylation8 of com-
mercially available diol6. Crude alcohol7 was esterified
with isobutyryl chloride to give ester5 in 90% yield after
purification (Scheme 2). We found the crucial Ireland-

Claisen rearrangement of5 nontrivial since the formation
of the silylenolether intermediate required the abstraction of
a hinderedR proton. Screening of common enolization
reaction conditions using strong bases such as LDA, LiH-
MDS, or NaHMDS in THF gave either no desired product
or <20% conversion along with decomposition products such
as alcohol7. Soft enolization methods such as addition of
TMSOTf to a CH2Cl2 solution of5, followed by the addition
of i-Pr2NEt, gave no observable silylenol either.9 Ultimately,
we achieved clean enolization with KHMDS in toluene. The
reaction was optimal when a solution of ester5 was added
to a cold (-78 °C) suspension of KHMDS.10 After the
addition of TMSCl, the silyl enol ether was allowed to warm
to room temperature followed by gentle heating (80°C) to
complete the rearrangement. After workup, acid8 was
isolated in 85-90% yield. This reaction has been scaled up
to 50 g scale with reproducible yields.11 Acid 8 was converted
into the corresponding methyl ester using TMS-diazomethane

(4) (a) Yeh, V. S. C.; Kurukulasuriya, R.; Fung, S.; Monzon, K.; Chiou,
W.; Wang, J.; Stolarik, D.; Imade, H.; Brune, M.; Jacobsen, P.; Link, J. T.
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Figure 1. Lactam 11â-HSD1 inhibitor.

Scheme 1. Retrosynthesis of1

Scheme 2. Synthesis of Acid8
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(Scheme 3). The olefin was cleaved with O3 to give a labile

aldehyde9.12 This reaction was at first problematic due to
irreproducible yields on scales larger than 0.5 g. One of the
side products isolated from the ozonolysis reaction mixture
was lactone11 (Figure 2). Ease of11 formation is probably

aided by the Thorp-Ingold effect13 from theR-gem-dimethyl
groups of aldehyde9. Upon optimization, we found that it
was crucial to buffer the reaction mixture with NaHCO3 and
closely monitor the end point of ozonolysis with a dye
indicator (Sudan III). Under optimized conditions, multigram
amounts of aldehyde9 were routinely obtained in>85%
yield.

With aldehyde in hand, the stage was set for the lactam
formation. Table 1 shows selected optimization results from
the tandem reductive amination/cyclization reaction. Low
yields were observed under standard reductive amination
conditions where amine3 and aldehyde9 were stirred in
the presence of a borohydride reagent (entries 1 and 2).
Lactone12 (Figure 2) was isolated as a major byproduct.
The optimal conditions involved the preformation of an
intermediate imine aided by molecular sieves followed by
reduction with NaHB(OAc)3. After filtration, concentration,
and heating the residue in toluene, lactam10 was obtained
in >85% yield. The silyl group was then removed by TBAF
giving alcohol2 which served as a key intermediate for the
SAR studies (Scheme 3).

The completion of the synthesis of inhibitor1 is depicted
in Scheme 4. The nucleophilic heteroaromatic substitution

reaction of alcohol2 and chloropyridine13 was carried out
by the addition of NaH to a solution of the two components
in THF/DMPU to give ether14 in 85% yield. Preformation
of alkoxide of2 led to dimerization of the starting material
and lower isolated yield of the product14. Methyl ester14
was then hydrolyzed by KOTMS, and the corresponding acid
was converted into the final product1 in good yield.

With a reliable route in hand, we were able to synthesize
a variety of lactams with differentN-substituents.4 Here we
demonstrate the synthesis of two lactams with unique
functionalized bridged bicycles such as the bicyclo[3.3.1]-
nonane amine15 and the bicyclo[2.2.2]octane amine16
shown in Figure 3.

The bicyclo[2.2.2]octane amine16 was synthesized fol-
lowing a literature procedure.14 Scheme 5 shows the conver-

(12) Aldehyde9 was usually prepared fresh before use.
(13) Beesley, R. M.; Ingold, C. K.; Thorpe, J. F.J. Org. Chem.1915,

107, 1080.

(14) a) Reynolds, R. C.; Johnson, C. A.; Piper, J. R.; Sirotnak, F. M.
Eur. J. Med. Chem.2001, 36, 237. (b) Nuding, G.; Vogtle, F.; Danielmeier,
K.; Stechhan, E.Synthesis1996, 71.

Scheme 3. Ozonolysis and Lactam Formation

Figure 2. Lactone byproducts.

Table 1. Optimization of Lactam Formation (Scheme 3)

entry conditionsa
% yield
of 10b

1 (i) 3, 9, NaCNBH3, AcOH, MeOH, rt, 12 h;
(ii) reflux, 6 h

20

2 (i) 3, 9, NaHB(OAc)3, THF, rt, 12 h;
(ii) reflux, 6 h

35

3 (i) 3, 9, 4 Å MS, THF, 5 h; then add NaBH4,
rt, 12 h; (ii) reflux, 6 h

60

4 (i) 3, 9, 4 Å MS, THF, 5 h; then add NaHB(OAc)3,
rt, 12 h; (ii) toluene, 90 °C, 2 h

>85

a 1.1 equiv of3 and 1 equiv of9 were used.b Isolated yields.

Scheme 4. Synthesis of Lactam1

Figure 3. Functionalized bridged bicycle amines.
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sion of bicyclo[3.3.1]nonane ketone1715 to amine 15.
Protection of ketone17, followed by NaOMe mediated
epimerization and deprotection, gave the exo-ester19 in good
overall yield. Ketone19was condensed with methoxyamine
to give an intermediate methoxyimine which was directly
subjected to Raney Ni catalyzed hydrogenation to give the
desired anti-amine15with high selectivity (>10:1) and yield.
The stereochemistry of15 was confirmed by NOE studies
of a lactam derivative (see below).

The bicyclo[3.3.1]nonane amine15 and aldehyde9 were
joined via the tandem reductive amination/lactam formation
procedure that we developed (Scheme 6). The process
worked reproducibly, giving a 90% yield of lactam20. NOE
signals were observed between proton 1 and proton 3 (lactam
20), as well as proton 4 and proton 5, hence confirming the
stereochemistry of the substituents on the bicyclo[3.3.1]-
nonane. Lactam20 was converted into the final product
following the reaction sequences shown in Scheme 4 giving
inhibitor 22 in very good overall yield. Similarly, the bicyclo-
[2.2.2]octane amine16 was also carried forward to give
lactam inhibitor23 in similar overall yield. Similar to lactam
1, both22 and23 are highly potent and selective inhibitors
of 11â-HSD1.4

In conclusion, we have developed an efficient and scalable
synthetic route to a series of highly substituted lactam 11â-
HSD1 inhibitors. The synthesis features an Ireland-Claisen
reaction to give an aldehyde with aR-gem-dimethyl qua-
ternary center and aâ-alkoxymethylene group. The aldehyde
was then converted to the lactam core through a tandem
reductive amination/cyclization reaction sequence. The cur-

rent synthesis provided the flexibility of varying both ends
of the lactam for SAR studies. These lactam inhibitors were
instrumental in our study of 11â-HSD1 as a therapeutic
target.
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Scheme 5. Synthesis of Bicyclo[3.3.1]nonane Amine15 Scheme 6. Syntheses of Lactam Inhibitors22 and23
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