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Abstract—The isoquinolinone hemisphere of Sch 56036 has been prepared using a modified Pomeranz–Fritsch reaction and the
synthesis of the phenanthrene core has been modelled via a Suzuki coupling and subsequent ring closing metathesis.
� 2005 Elsevier Ltd. All rights reserved.
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There is continuing interest in the discovery of novel
antifungal agents for the treatment of opportunistic fun-
gal infections in patients, immuno-compromised either
through AIDS infection or the use of immuno-suppres-
sant drugs.1 In the course of the work to discover novel
antifungal agents, a polycyclic xanthone, Sch 56036 (1,
Fig. 1),2 was isolated from a culture of Actinoplanes
sp. (SCC 2314) collected on Tarlac in the Philippines.
Standard antifungal testing has shown this member of
the albofungin family to exhibit high activity against a
number of fungal pathogens.

Natural products belonging to the albofungin family
have attracted considerable interest over the last
30 years and at least 28 variants on the common polycy-
clic xanthone core have been discovered, all exhibiting
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Figure 1.
high antibacterial, antifungal or anticancer activity.
Two members of the albofungin family have been sub-
jected to total synthetic studies: cervinomycin A1 (2)3–5

and lysolipin I (3, Fig. 2).6 However, no total syntheses
of Sch 56036 have been reported. The common feature
of the two most concise and successful cervinomycin
A1 syntheses was the strategy of retrosynthetically dis-
secting the molecule across the central phenanthrene
(ring C, see 1) system to provide two equivalent sized
precursor fragments. The synthesis then either used a
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Wittig reaction4 or a Heck coupling3 followed by a low
yielding photocyclization reaction to form the central
phenanthrene core. This strategy has the advantage of
convergence but the low yielding photocyclization seri-
ously constrains the approach. Recognizing the overall
utility of these compounds and the underlying strength
of late phenanthrene construction, we decided to apply
more modern, catalytic methods to the synthesis, with
the use of a Suzuki coupling reaction to form the aryl–
aryl bond and subsequent ring closing metathesis
(RCM) to close the phenanthrene ring.

Initial work was concentrated on the synthesis of the
required isoquinoline 4 (Fig. 3) that forms the western
hemisphere of Sch 56036. Retrosynthetic analysis of 4
leads, via a modified Pomeranz–Fritsch reaction and
amide formation, to a derivative of LL-isoleucine and
the central aromatic ring. The required isoleucine acetal,
NH.HCl

OEt

OEt

N
Me

O
OH

OH

N

OEt

OEt

Me
O

OH

OMe

+
i, j

k

CO2H

NH2

a - e
5

6

Me

9

10

OH
OHHO2C

OMe
OTsHO2C

f - h

7

8

Scheme 1. Reagents and conditions: (a) Boc2O, NaOH, dioxane, H2O,
20 �C, 1 d (100%); (b) MeONHMe, EDCI, N-methylmorpholine,
CH2Cl2, �15 �C, 1 h (100%); (c) MeI, NaH, DMF, 0–20 �C, 2 d
(92%); (d) LiAlH4, THF, 0 �C, 35 min (82%); (e) HCl, EtOH, 20 �C,
3.75 h (96%); (f) TsCl, NaOH, Me2CO, H2O, 40 �C (100%); (g) MeI,
K2CO3, Me2CO, D, 15 h (88%); (h) NaOH, Me2CO, H2O, D, 19.5 h
(89%); (i) SOCl2, benzotriazole, Et3N, CH2Cl2, 2.5 h (68%); (j) KOH,
EtOH, H2O, D, 17 h (98%); (k) CSA, PhMe, D, 22 h (71%).
7 (Scheme 1), was synthesized in five steps from com-
mercially available LL-isoleucine (5)7 via Boc protection,
Weinreb amide formation, N-methylation, lithium alu-
minium hydride reduction of the Weinreb amide to the
aldehyde and a one-pot deprotection and ethyl acetal
formation to give 7 in an overall yield of 72%. The aro-
matic acid fragment, 8, was synthesized over three steps8

via mono-tosylation of 6, double methylation and selec-
tive saponification to give carboxylic acid 8 in an overall
yield of 78%. With the two fragments in hand the
required amide was prepared using thionyl chloride
and benzotriazole9 to form the acid chloride from 8,
which was subsequently allowed to condense with amine
hydrochloride 7. Detosylation with potassium hydr-
oxide in aqueous ethanol at reflux gave phenol 9 in a
67% yield from amine hydrochloride 7.10

With the required substrate 9 for the Pomeranz–Fritsch
reaction available, attempts were made to close the het-
erocyclic ring system using Brønsted11 or Lewis12 acid
catalysis. In the optimum cyclization, acetal 9 was
heated at 130 �C with 4 equiv of camphorsulfonic acid
in toluene to provide the isoquinolone 10. The necessary
high temperature acidic cyclization reaction conditions
also brought about O-demethylation. The overall yield
of 10 from LL-isoleucine (5) was 34% over eight steps.13

In parallel with the isoquinolinone 10 synthesis, model
studies were carried out on the elaboration of phenanthr-
enes relevant to the construction of the central ring C.
Recently, Iuliano et al. have reported14 an equivalent
process for the elaboration of phenanthrenes using tan-
dem palladium(0) coupling and RCM. In our hands and
prior to publication of the Iuliani paper, we examined
the model coupling of 2-vinylphenylboronic acid (12)
with 2-bromostyrene (13) under the Fu �universal� Suzu-
ki coupling conditions.15 This gave biphenyl 14 in mod-
erate yield (40%). Subsequent RCM using the second
generation Grubbs catalyst 11 (Fig. 4) cleanly gave
phenanthrene 15, again in moderate yield (Scheme 2)
(50%).16

In further studies, a series of ortho-substituted triflates
1817 were synthesized in reasonable yields (Scheme 3).
Attempts at coupling these triflates18 with boronic acid
12 using the Fu conditions (Pd(OAc)2, PCy3) were
unsuccessful. In contrast, the use of Pd(PPh3)4 furnished
the corresponding biphenyls in good yields.19,20 Subse-
quent reaction with catalyst 11 at room temperature
proceeded with poor conversion. However, RCM in
dichloromethane at reflux gave the phenanthrenes 19
in excellent yields (P95%).21
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Scheme 3. Reagents and conditions: (a) allyl bromide, K2CO3,
Me2CO, D, 16 h [R1 = NO2 (85%), CO2Me (78%), OH (60%)]; (b)
(R1 = OH only) MeI, K2CO3, Me2CO, D, 16 h (77%); (c) neat, 210 �C,
3 h, (R2 = NO2 170 �C, 45 h) [R2 = NO2 (76%), CO2Me (73%), OMe
(73%)]; (d) Tf2O, EtN-i-Pr2, CH2Cl2, �78 to 20 �C, 16 h [R2 = Me
(95%), NO2 (75%), CO2Me (91%), OMe (93%)]; (e) RhCl3, EtOH, D,
3.5 h [R2 = Me (46%), NO2 (45%), CO2Me (52%), OMe (48%)]; (f) 12,
Pd(PPh3)4, t-BuOK, DME, H2O, D, 17 h [R2 = Me (59%), NO2 (20%),
CO2Me (54%), OMe (55%)]; (g) 11 (10 mol %), CH2Cl2, D, 18 h
(P95%).
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Scheme 2. Reagents and conditions: (a) Pd2(dba)3, t-Bu3PHÆBF4, KF,
THF, 20 �C, 18 h (40%); (b) 11 (10 mol %), CH2Cl2, 20 �C, 24 h (50%).
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In summary, we have developed methods for the synthe-
sis of substituted isoquinolinones and ortho-substituted
phenanthrenes in good yields. Further studies on the
synthesis of Sch 56036 (1) will be reported in due course.
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