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An efficient total synthesis of (±)-SPF32629B is described. The key features of the synthesis include reg-
ioselective bromination followed by carboxylation at C-3 and protecting-group-free regioselective acyl-
ation of hydroxyl group present at C7. Structure was determined by X-ray analysis.
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Figure 1. Structure of SPF32629A and B.
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SPF32629A and B (1 and 2, respectively, Fig. 1) make up a family
of biologically interesting pyridone derivatives isolated from the
cultured broth of penicillium sp. by Shimatani and Hosoya in
2004.1 These compounds differ in structure only at C-3 and 2 is
the carboxylated derivative of 1. The preliminary biological evalu-
ation revealed that both 1 and 2 demonstrated significant inhibi-
tory activities against human chymase (IC50 = 0.25 and 0.42 lg/
mL, respectively) and human elastase (IC50 = 4.9 and 4.5 lg/mL,
respectively) and therefore expected to be useful for the treatment
of inflammation-related various diseases and procoagulant.1,2 Hu-
man chymase inhibitors are considered to be useful therapeutic
agents in disorders such as congestive heart failure, allergy, vascu-
lar proliferation and chronic inflammation following fibrosis.3 In
this regard several chymase inhibitors have been reported in the
literature.4

Thus, on account of their diverse structural features and their
potential medicinal utility as human chymase inhibitors, 1 and 2
present themselves as important synthetic targets to explore their
therapeutical potential. A systematic exploration of the properties,
mechanism of action and biochemical significance of 1 and 2 re-
quires efficient and versatile syntheses of these molecules. Besides,
synthetic approaches to these molecules will also offer avenues to
the discovery of more analogues with high selectivity and potent
bioactivity than 1 and 2. In this context, we have previously dis-
closed the first total synthesis of racemic 15 and to the best of
our knowledge so far no studies on the synthesis of 2 have been re-
ported. Herein, we describe a concise and an efficient approach, de-
signed to afford the first total synthesis of racemic 2.

The retro-synthetic analysis of compound 2 is shown in Scheme
1. We envisioned the construction of 2 starting from 3 via regiose-
lective bromination followed by insertion of carboxylic acid at C-3,
coupled with tandem reduction and regioselective O-acylation at
ll rights reserved.
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C7. While in turn 3 could be easily assembled starting from com-
mercially available pyridine by following previously described
protocols.5,6

As illustrated in Scheme 2, the total synthesis of (±)-SPF32629B
commenced with known compound 3, which can be efficiently
prepared in five steps starting from cheaply available pyridine.5,6
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Scheme 1. Retrosynthetic analysis of SPF32629B.
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Scheme 2. Reagents and conditions: (a) POCl3, reflux,12 h, 89%; (b) AcOH, H2O, sealed tube, 180–190 �C, 12 h, 90%; (c) NBS, THF, DCM, �10 �C to 0 �C, 2 h, 97%; (d) Ac2O,
DMAP, rt, 5 h, 98%; (e) bis(benzonitrile)palladium(II) chloride, dppf, TEA, MeOH, CO, 300 psi, 120 �C, 3 h, 70%; (f) LiOH�H2O, THF, H2O, 50 �C, 36 h, quantitative (crude); (g)
NaBH4, THF, MeOH, 0 �C, 1 h, quantitative (crude); (h) isovaleric acid, EDC�HCl, DCM, THF, DMF, DMAP, rt, 12 h, 80% (over all yield for three steps).
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Reaction of 3 with phosphorous oxychloride under reflux for
12 h yielded 4 in good yield. Compound 5 could be conveniently
prepared by effecting debenzylation and dechlorination in a single
step. Thus, when a solution of 4 in aqueous acetic acid was heated
at 180–190 �C in a sealed tube for 12 h afforded 5 in high yield.
Then, we examined direct conversion of 5 to 9 by insertion of car-
boxylic acid group regioselectively at C-3 under lithiation followed
by carboxylation conditions (BuLi or LDA, then CO2), however all
attempts resulted in complex mixtures and failed to give the de-
sired conversion. We therefore opted to install carboxylic acid
group in a stepwise fashion through sequential bromination and
palladium-catalyzed Heck carbonylation. Gratifyingly, when com-
pound 5 was reacted with N-bromosuccinimide under optimized
conditions afforded a highly regioselective bromination at C-3 to
give 6 in excellent yield. The regioselective bromination at C-3
was confirmed by 1H NMR, HMBC and COSY analysis. At this point,
many attempts to introduce carboxyl group at C-3 in bromo-ana-
logue 6 failed and hence, we thought to introduce protecting
groups for amide and hydroxyl groups that would facilitate car-
bonylation. Accordingly, we examined various protecting groups
including BOC, CBz, benzyl, TBDMS and acetyl protection. Although
we could achieve Boc and CBz protection separately on 6, the
resulting protected compounds did not undergo subsequent car-
bonylation under various experimental conditions (Scheme 3).

On the other hand, all attempts to protect 6 with benzyl and
TBDMS groups failed. Finally, to our delight, we found that the best
results, in terms of protection and carbonylation were achieved
through acetylation of 6. Thus, acetylation of 6 rendered 7 in excel-
lent yield and subsequently, after extensive experimentation,
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Scheme 3. Reagents and conditions: (a) Boc anhydride, DCM, TEA, 0 �C to rt, 6 h,
90% or CBzCl, TEA, DCM, 0 �C to rt, 3 h; (b) bis(benzonitrile)palladium(II) chloride,
dppf TEA, MeOH, CO, 300 psi, 120 �C, 12 h or BuLi, THF, �78 �C, 1 h, then CO2.
palladium-catalyzed esterification at C-3 of 7 was accomplished
using bis(benzonitrile)palladium(II) chloride and dppf as palla-
dium source in presence of TEA in methanol under 300 psi CO pres-
sure to afford 8. This procedure allowed a remarkably facile
incorporation of methyl ester moiety at C-3 in conjunction with
regeneration of free hydroxyl group at C-4. Further hydrolysis of
8 with lithium hydroxide monohydrate furnished the requisite
acid derivative 9 in good yield.

Having efficiently synthesized the appropriately substituted
pyridone core 9, we turned our attention toward construction of fi-
nal target molecule. Based on the poor selectivity of benzylation or
TBDMS protection of OH and CONH groups of 5 and poor stability
of acetyl group in 7; we hypothesized that 2 could be regioselec-
tively assembled in a one-pot procedure by a tandem reduction
and acylation protocol in presence of free OH, COOH and CONH
groups. Accordingly, reduction of 9 under standard sodium boro-
hydride mediated reduction conditions furnished the requisite
crude alcohol 10 in quantitative yield, which upon extractive isola-
tion was acylated without further purification. Gratifyingly, as ex-
pected the resulting crude alcohol 10 underwent coupling with
isovaleric acid in a regioselective manner to produce SPF32629B
in good yield with high purity. The spectral data including IR,
Figure 2. ORTEP diagram of 2 showing the crystal structure.
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MASS, 1H NMR, 13C NMR and LC–MS of our synthetic compound 2
were in consistent with the reported data.1,2,7 The assigned struc-
ture was also firmly established by single-crystal X-ray analysis
as shown in Figure 2.8 With this, the total synthesis of 2 was com-
pleted in an overall yield of 43% and this constitutes the first re-
ported total synthesis of (±)-SPF32629B.

In conclusion, we have described a highly efficient synthesis of
SPF32629B, featuring sequential regioselective carboxylation at C-
3 followed by late-stage in situ C7-keto reduction and regioselec-
tive O-acylation. Studies on the enantioselective synthesis includ-
ing biological activities of SPF32629B and their analogues are
currently in progress and will be reported in due course.
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