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ABSTRACT

The first total syntheses of (−)-fumiquinazolines A, B, and I have been accomplished efficiently using the Pd-catalyzed cyclization of an
iodoindole carbamate to construct the imidazoindolone moiety and the dehydrative cyclization of a diamide followed by rearrangement through
an amidine to construct the quinazolone moiety.

We recently reported the first synthesis of the potent
cholecystokinin antagonist asperlicin (1).1 The key steps in

this synthesis include the use of the Buchwald palladium-
catalyzed cyclization2 of iodoindole carbamate4 to form the
novel imidazoindolone5 (see Scheme 1). Selective acylation
of the more acidic anilide nitrogen of6 with azidobenzoyl
chloride and cyclization to quinazolone7 by the Eguchi aza
Wittig protocol (see Scheme 1) provides an efficient route

to the fused quinazolinone ring system without the use of
protecting groups.3 Finally, epoxidation of 8 with the
saccharine-derived oxaziridine in MeOH affords9 with the
desiredR-hydroxy group in 75-92% selectivity depending
on the R group. Directed reduction of9 with NaBH(OAc)3
proceeds through10, which leads exclusively to11with the
desired cis H and OH substituents on the less hindered
R-face.

Numata and co-workers isolated the moderately cytotoxic
fumiquinazolines A (2) and B (3) from a strain ofAspergillus
fumigatusisolated from the gastrointestinal tract of the fish
Pseudolabrus japonicus.4 The imidazoindolone moieties of
the fumiquinazolines can be constructed using the protocol
developed in our asperlicin synthesis. However, the Eguchi
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aza Wittig procedure is not attractive since selective acylation
of diketopiperazine13 will not be selective (see Scheme 2).

Dehydrative cyclization of diamide12 should form the
quinazolone of2 and 3. Wang and Ganesan reported that
treatment of analogous simpler anthranilamides with Ph3P,
I2, and Et(i-Pr)2N affords the desired quinazolinones.5 We
showed6 that this procedure actually gives an iminobenzox-
azine,7 e.g.,23, which is converted to an amidine, e.g.,24,
by the piperidine used to deprotect the Fmoc group. The
desired quinazolinone is formed during TLC purification.
Diamide 12 can be prepared easily from imidazoindolone
14a. Since the amide bond of14a is not stable to the basic

conditions needed to rearrange the iminobenzoxazine to the
quinazolone, we introduced the hydroxy group by epoxida-
tion and reduction prior to quinazolinone formation and
protected it intramolecularly as the lactone of12.

Reduction of protectedD-tryptophan158 with BH3‚THF
in TFA9 provides 92% of the indoline, which is acylated
with N-CBZ-L-alanine and DCC to afford 79% ofN-
acylindole16aafter oxidation with DDQ10 (see Scheme 3).

Mercuration11 of 16awith Hg(OTFA)2, addition of KI, and
iodination give 85% of iodoindole17aand 10% of recovered
16a. The Buchwald palladium-catalyzed cyclization2 of 17a
affords 64% of14a and 11% of indole16a, which can be
recycled.

Epoxidation of14a with the saccharine-derived oxaziri-
dine12 yields 65% of18aas a mixture of diastereomers with
an R-hydroxy group and 23% of19a as a mixture of
diastereomers with aâ-hydroxy group (see Scheme 4).
Reduction of18a with NaBH(OAc)3 provides exclusively
the isomer with anR-hydrogen as described above for the
conversion of9 to 11.13 Lactonization to give 66% of20a is
accomplished by stirring with silica gel in CH2Cl2 for 12 h.
Mild conditions are necessary since the lactone is easily
epimerized.14 A similar sequence converts19a to 70% of
21a.

Reductive deprotection of20a with Zn in AcOH affords
the amine, which is coupled with anthranilic acid and EDAC
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in CH3CN to yield 85% of the aniline (see Scheme 5). A
second coupling with Fmoc-L-alanine yields 89% of22a.
Treatment of22a with Ph3P, Br2, and Et3N in CH2Cl2 at
room temperature provides 76% of iminobenzoxazine23a.5-7,15

Reaction of23awith 10 equiv of piperidine in EtOAc at 25
°C for 10 min gives crude amidine amine24a, which is
refluxed in CH3CN for 2 h togive 65% of Cbz-fumiquinazo-
line A (25a) and 19% of the readily separable isomer26a
resulting from epimerization of the sensitive lactone14 prior
to formation of the diketopiperazine. Cyclization at lower
temperatures proceeds with less epimerization but gives a
lower yield of 25a. Hydrogenolysis of25a affords 90% of
fumiquinazoline A (2) with spectral data and optical rotation
identical to that reported for the natural product.4 Hydro-
genolysis of 26a gives 90% of 27a with spectral data
identical to that reported for a base-catalyzed rearrangement
product of fumiquinazolines A and B.4,16

A similar sequence coupling the aniline formed from20a
with FMOC-D-alanine provides 90% of22b. Dehydrative
cyclization affords 71% of iminobenzoxazine23b, which is
rearranged via amidine24b to give 69% of Cbz-fumiquinazo-
line B (25b) and 18% of epimer26b. Hydrogenolysis of25b
affords 90% of fumiquinazoline B (3) with spectral data and
optical rotation identical to that reported for the natural
product.4,17 Hydrogenolysis of26b gives 90% of27b with
spectral data identical to that reported for a base-catalyzed
rearrangement product of fumiquinazolines A and B.4,16

Belofsky, Köck, and co-workers recently reported the
isolation of the antifungal fumiquinazoline I (30) from a
fungus Acremoniumsp. isolated from the surface of the
Caribbean tunicateEcteinascidia turbinata.18 Fumiquinazo-
line I differs from fumiquinazoline A in two respects. The
substituent on the imidazolinone ring is an isobutyl group
from leucine, rather than a methyl substituent from alanine.
More significantly, the hydrogen and hydroxyl substituents
on the indoline ring are cis to the alkyl substituent on the
imidazolinone ring, rather than trans as in fumiquinazoline
A. In our model study for the asperlicin synthesis, we found
that epoxidation of imidazoindolone8, R ) Me, with
dimethyldioxirane,19 rather than the saccharine-derived ox-
aziridine, affords a 2:1 mixture rich in the isomer required
for fumiquinazoline I with the hydroxy group cis to the
isobutyl substituent.1 It was therefore a simple matter to adapt
the synthesis of fumiquinazoline A to the synthesis of
fumiquinazoline I.

Imidazoindolone14b derived from Cbz-L-leucine is pre-
pared analogously to14a in the yields indicated in Scheme
3. Epoxidation of14b with dimethyldioxirane in 15:4:1
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acetone/MeOH/CH2Cl2 provides 55% of the desired alcohol
19b with the hydroxy group cis to the isobutyl group and
only 38% of the alcohol18b, which is the major product
with the saccharine-derived oxaziridine (see Scheme 6).

Reduction of19b with NaBH(OAc)3 and lactonization
with silica gel in CH2Cl2 yields 72% of21b. Diamide28 is
prepared analogously to22a in the yields indicated. Dehy-
drative cyclization of28 with Ph3P, Br2, and Et3N in CH2-
Cl2 affords 77% of the iminobenzoxazine. Deprotection and
ring opening of the iminobenzoxazine with piperidine and
cyclization in CH3CN at reflux give 70% of Cbz-fumiquinazo-
line I (29) and 10% of the impure epimer corresponding to
26a. Hydrogenolysis of29 affords 96% of fumiquinazoline
I (30) with spectral data identical to those reported.20

In conclusion, we have completed the first syntheses of
(-)-fumiquinazolines A, B, and I which proceed in 16 steps
from protected tryptophan, leucine, and alanine in 7% overall
yield, making this family of compounds and a wide variety
of analogues readily available. The oxidation of14a with
the saccharine-derived oxaziridine for fumiquinazolines A
and B and of14bwith dimethyldioxirane for fumiquinazoline
I selectively forms the appropriate imidazoindolone stereo-
isomer. Application of these methods to the syntheses of the
more highly oxidized fumiquinazolines C, D, E and H is
currently in progress.
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