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Letters
Selective photochemical cleavage of an a-ketoamide in a highly
functionalised macrolide ascomycin
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Abstract—A novel photochemical amide cleavage reaction of (6S)-methoxyascomycin opening a pathway for the selective cleavage
of the pipecolic acid, is described. The scope of this reaction with several analogues carrying suitable protecting groups is examined.
� 2004 Elsevier Ltd. All rights reserved.
The immunomodulatory macrolactam ascomycin (1,
Fig. 1) is a fermentation product from Streptomyces
hygroscopicus var. ascomyceticus, originally isolated due
to its antifungal activities.1 Pimecrolimus 2, (the 33-
epichloro derivative of 1, Elidel,� SDZ ASM 981) has
shown high therapeutic efficacy in patients with
inflammatory skin diseases and pimecrolimus cream 1%
is on the market for the topical treatment of atopic
dermatitis.2 Ascomycin is a highly functionalised mole-
cule containing several free hydroxy groups, an aldol
functionality, and a reactive tricarbonyl unit attached to
pipecolic acid. As demonstrated by studies with the
structurally closely related fermentation product FK506
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(tacrolimus), the pipecolic acid moiety of the macro-
lactam is involved in the binding to its receptor macro-
philin.3 It would, therefore, be of interest to examine the
impact of modifications in this region of the molecule on
its biological activities. However, because of the lack of
functionalities in this part of the molecule, selective
modifications, in particular on the amino acid unit,
require complex synthetic strategies.4 We have earlier
described the phototransformation of 1 into (6S)-
methoxy-9-hydroxy ascomycin 3 (MeOH, kP 366 nm,
0–5 �C, 8 h, 75%) and its subsequent selective Cu(II)-
catalysed oxidation leading to (6S)-methoxyascomycin
4.5a;b Using these reactions we were able to synthesise
several analogues of 1 with modified amino acid units.5c

Recently we have found that photolysis of 4 featuring
C(6)–OMe under the same reaction conditions follows a
different pathway leading to selective cleavage of the
amide bond. This reaction opens a potential strategy for
the selective removal of the pipecolic acid and replace-
ment by other amino acids.

The phototransformation of 1 into 3 involves abstrac-
tion of the equatorial C(6)–H by the excited C(9)@O
leading to a diradical, and its reorganisation to the
zwitterion Z1 (Fig. 2), which is trapped by attack of
MeOH on C(6).5;6 (6S)-Methoxyascomycin 4 still pos-
sesses an hydrogen atom on C(6) in the equatorial
position, and can, in principle, undergo a similar pho-
toreaction, which would initially lead to the intermedi-
ate Z4. Attack of MeOH on C(6) of Z4, as observed
with Z1, appeared to be unfavourable now because of
the resulting steric congestion due to the additional
OMe group. We were therefore interested to know the
fate of this intermediate, and to this end we looked at
the photochemistry of 4.
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Figure 2. Partial structures of 1 and 4 and the intermediates Z1 and Z4

in the photolysis.
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Irradiation of 4 in MeOH, as described above, for 4.5 h,
followed by separation on preparative HPLC, afforded
unreacted 4 (7%) and the amide cleavage product 5 as a
mixture of C(9)- and C(10)-isomers in 58% yield
(Scheme 1).7 Through repeated HPLC a pure sample of
5 (27%) consisting of one single isomer could be
obtained. Characteristic of 5 are the 1H NMR
(500MHz, CDCl3) signals at d 4.20 (s, 1H, H–C(9)),
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Scheme 1. Photochemical amide cleavage reactions of ascomycin derivatives
3.81 (s, 3H, CO2Me), 3.65 (s, 3H, MeO–C(6)), and the
13C NMR (125MHz, CDCl3) signals at d 174.2
(C(8)@O), 172.2 (C(1)@O), 164.7 (C(6)@N), 73.3 (C(9)),
52.7 (MeO–C(8)), 52.4 (MeO–C(6)). The NMR spectra
of the isomeric mixture 5 showed similar sets of signals
for all the isomeric components, thus indicating the
same basic structure resulting through amide cleavage
for all the isomers. The formation of 5 could be
explained on the basis of the postulated intermediate Z4
(Fig. 2). It appears that attack of MeOH on C(6), or the
intramolecular nucleophilic attack by C(9)–O on C(6),
are indeed, not the favoured pathways for Z4. Instead, it
undergoes attack by MeOH on the electrophilic amide
carbonyl, leading to the amide cleavage product 5.
Alternatively, the zwitterion Z4 could undergo cleavage
leading to a hydroxy ketene, which is then trapped by
MeOH.6

The phototransformation of 4 into 5 features the
cleavage of the strongest (amide) bond, with retention of
the tricarbonyl backbone, in the unprotected multi-
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functional molecule ascomycin under simple reaction
conditions and hence is very attractive. To date there are
no methods available for selective cleavage of the amide
bond in ascomycin even after introducing suitable pro-
tecting groups, especially because of the sensitive tri-
carbonyl moiety. Previously modifications in the amino
acid region have involved cleavage of the C(1)–C(9) unit
followed by reconstruction of the tricarbonyl and other
units.4;8 With a view to exploring the scope and potential
of this photo amide cleavage reaction for developing a
shorter semi-synthetic approach, we looked at the pho-
toreaction of the protected ascomycins 6 and 8. Com-
pound 6 was prepared from 4 through silylation (4,
3 equiv t-BDMSCl, 3.5 equiv imidazole, DMF, 75 �C,
70%). The allyl protected derivative 8 was prepared
from 6 through allyloxycarbonylation of C(10)–OH (6,
4.4 equiv allyloxycarbonyl chloride, 10 equiv DMAP,
CH3CN, rt, 4 h, 83%), followed by its decarboxylation9

(0.02 equiv Pd(Ph3P)4, THF, 50 �C, 5min, 89%) in a
good overall yield.

Irradiation of 6 and 8 in MeOH, as described before,
resulted in total consumption of the starting materials
giving the amide cleavage products 7 and 9, respectively,
as mixtures of isomers. Single isomers of 7 and 9 could
be isolated in 33% and 16% yields, respectively, after
chromatography on SiO2 pretreated with 5% NaHCO3

and which were susequently characterised. The 1H
NMR spectrum of crude 9 showed the presence of
varying amounts of its hydrolysis product 10. In fact,
the crude photolysate mixture could be transformed into
10 (58%) by treatment10 with TMSCl/NaI/CH3CN at rt
for 28 h, and purification by chromatography, thus
giving an experimental protocol leading to the isolation
of stable single products in good yields.
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Scheme 2. Photoreactions of protected ascomycin derivatives.
It should be noted here that all the derivatives studied so
far, except 8, bear a free OH on C(10) of ascomycin.5 In
solution these hemiketal structures, featuring a dicar-
bonyl chromophore, exist in equilibrium with the corres-
ponding tricarbonyl structures. Hence, one cannot be
sure which chromophore is actually involved in the
photoreaction. The successful photoreaction of 8, fea-
turing a locked dicarbonyl chromophore, clearly dem-
onstrates that these reactions can, indeed, also proceed
efficiently through the dicarbonyl chromophore even
at the longer wavelengths (>366 nm) employed in the
reaction, which are necessary for avoiding photoreac-
tion at other sites.5 This is a crucial finding as this allows
for protection of the sensitive tricarbonyl moiety in the
form of the dicarbonyl chromophore with retention
of the photoreactivity.

The a-hydroxyesters 9 and 10 could be independently
oxidised (Dess Martin, pyridine, 4�A MS, CH2Cl2, rt,
3 h) leading to the ketoesters 12 (44%) and 11 (60%),
respectively. Saponification (THF/H2O; 3:1, 2 equiv of
LiOH, rt, 4 h) of the ester 12 afforded the required acid
13 (35%) with concomitant hydrolysis of the imine-ether
occurring either during the reaction or during acidic
workup.

The above results have established the viability of this
approach for a semi-synthetic strategy leading to ana-
logues of 1 in which pipecolic acid is replaced by other
amino acids. However, attempts to cleave the secondary
ester in 13 resulted in formation of several products
arising through ß-elimination of the 24-silyloxy moiety
and subsequent reactions. To circumvent this problem
from the beginning, we studied the photochemistry of
the suitably protected derivative 148 (Scheme 2), which
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was prepared from 1 through monosilylation of 33-OH,
Evans� reduction of C(22)@O (1.1 equiv Me4N

þ

(OAc)3HB�, CH3CN/AcOH (100:35), )5 to 3 �C, 12 h,
70%), followed by silylation (3.0 equiv (CliPr2Si)2O,
3.0 equiv imidazole, DMF, rt, 3 d, 70%).

Irradiation of 14 in MeOH for 8 h, followed by chro-
matography, afforded 15 (69%), which after oxidation
with Cu(II) acetate gave the 6-methoxy derivative 16
(92%), which is ready for the photochemical amide
cleavage. Indeed, irradiation of 16 in MeOH for 6 h
followed by chromatography led to the amide cleavage
product 17 (44%). This establishes a crucial reaction in
the context of the semi-synthetic strategy.

In summary, we have shown that (6S)-methoxyasco-
mycin and several of its protected derivatives undergo a
novel amide cleavage reaction upon irradiation in useful
yields. The selective cleavage of an amide bond in an
unprotected multifunctional molecule such as ascomycin
is a remarkable finding. The applicability of this reaction
for developing a semi-synthetic strategy leading to
analogues of 1 modified in the amino acid region will
be further explored.
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