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ABSTRACT

Total syntheses of the heptacyclic fumiquinazolines C and H have been accomplished efficiently using FmocNHCH(CH2SePh)CO2H as the
precursor for the requisite dehydrofumiquinazoline.

Numata and co-workers isolated the moderately cytotoxic
fumiquinazolines A-G (1-3, 5) from a strain ofAserpgillus
fumigatus found in the gastrointestinal tract of the fish
Pseudolabrus japonicus.1 Belofsky, Köck, and co-workers
isolated the antifungal fumiquinazolines H (6) and I (4) from
a fungusAcremoniumsp. isolated from the surface of the
Caribbean tunicateEcteinascidia turbinata.2

The challenge for the syntheses of fumiquinazolines A (1),
B (2), and I (4) is the modification of the tryptophan indole
to introduce the imidazolinone ring and hydroxy group.3 We
recently reported syntheses of fumiquinazolines A, B, and
I,4 using indole modification chemistry initially developed
for the synthesis of asperlicin.5 Fumiquinazolines C (5), E
(3), and H (6) present an additional challenge because they

are more highly oxidized with a methoxy group at C-3 in
fumiquinazoline E (3) and a seven-membered ring formed
between C-3 and the oxygen on C-17 in fumiquinazolines
C (5) and H (6).
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Fumiquinazolines C (5) and E (3) are probably biosyn-
thesized by oxidation of fumiquinazoline A or B (1 or 2) to
form dehydrofumiquinazoline A (7a) (Scheme 1). Protona-

tion and cyclization will give fumiquinazoline C (5); pro-
tonation and reaction with MeOH will give fumiquinazoline
E (3). Such an oxidation is hard to carry out chemically, but
our synthetic route to1 and2 can be easily modified by use
of Fmoc-L-NHCH(CH2X)CO2H instead of Fmoc-L-alanine
to give 8. X can be any functional group that can be
eliminated to give Cbz-dehydrofumiquinazoline A (7b).

Numerous dehydroalanine precursors have been devel-
oped, includingO-acetylserine,O-tosylserine, andS-meth-
ylcysteine,6,7 which has been used by Hart and Magomedov
for the syntheses of dehydrofumiquinazoline F and alantry-
pinone.7 van der Donk recently reported the synthesis of
FmocNHCH(CH2SePh)CO2H and its use as a dehydroalanine
precursor.8 The facile elimination by oxidation to the
selenoxide with NaIO4 in aqueous THF at 25°C was
particularly appealing because these conditions were likely
to be compatible with the functionality in8.

Reaction of fumiquinazoline A intermediate94 with
FmocNHCH(CH2SePh)CO2H and EDAC in CH3CN affords
96% of 10 (Scheme 2). Mazurkiewicz-Ganesan cycliza-
tion,3bc,9,10provides 81% of11, which is treated with 10 equiv
of piperidine in EtOAc at 25°C for 10 min to cleave the
Fmoc group and open the iminobenzoxazine to give amidine
12.

We were delighted to find that heating crude12 in 25:1
CH3CN/HOAc at reflux for 2 h forms Cbz-dehydro-
fumiquinazoline A (7b, 56% from11) and Cbz-fumiquinazo-

line C (14, 14% from11) (Scheme 3). Under these reaction
conditions, 12 undergoes four sequential reactions. The
amidine amide cyclizes to form the quinazolinone. The amine
lactone reacts to give the piperazine ring. At this point,
benzeneselenol is eliminated without the need for oxidation
to the selenoxide. Finally, under the acidic conditions, the
double bond is protonated to give a cation that reacts with
the alcohol to form the seven-membered ether ring of
fumiquinazoline C.

Further heating of7b in 100:1 CH3CN/HOAc at reflux
for 2 h affords 30% of14 and 60% of recovered7b, which
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can be recycled. Slow decomposition occurs on longer
heating, so that reaction for 12 h consumes all of7b but
gives only 40-50% of14. Treatment of7b with 0.2 M HCl
in MeOH at 25 °C for 5 min provides 61% of Cbz-
fumiquinazoline E (13). Hydrogenolysis of13 with Pd/C
under 1 atm of H2 for 30 min proceeds cleanly, giving 84%
of (-)-fumiquinazoline E (3).11 The additional ring of14
forces the Cbz group into a more hindered environment.
Hydrogenolysis with Pd/C under 4 atm of H2 for 30 h affords
77% of (-)-fumiquinazoline C (5).11

We next turned to the preparation of fumiquinazoline H
(6) by coupling FmocNHCH(CH2SePh)CO2H with the
aniline intermediate in our fumiquinazoline I synthesis.4 The
hydrogen and hydroxy substituents on the indoline ring are
cis to the alkyl substituent on the imidazoline ring in
fumiquinazoline I (4) rather than trans as in fumiquinazoline
A (1). Therefore on formation of the seven-membered ether
ring, the imidazoline ring is over the quinazolinone ring in
fumiquinazoline C (5), while the indoline is over the
quinazolinone in fumiquinazoline H (6). MM2 calculations
indicate that the fumiquinazoline H ring system is more
hindered by about 2 kcal/mol.

Epoxidation of15a4 with oxaziridine2012 occurs selec-
tively on the bottom face, leading to the fumiquinazoline A,
B, C, and E precursors (Scheme 4). Ring opening by MeOH

gives a mixture of methoxy alcohols. Reductive cleavage of
the methoxy group by NaBH(OAc)3 occurs by intramolecular
hydride delivery from the alkoxyborohydride4 to give 52%
of 16a and 18% of18a, both of which have the hydrogen
and hydroxy groups cis. On the other hand, oxidation of15b
with dimethyldioxirane proceeds selectively on the top face

as needed for fumiquinazolines H and I giving 50% of18b
and only 34% of16b after reduction. Lactonization of18a
and18b by stirring with SiO2 in CH2Cl2 gives lactones19a
and19b in 88% and 82% yield, respectively.

Elaboration of both19a and 19b to Cbz-dehydro-
fumiquinazolines21a and21b by the procedure developed
for the preparation of7b proceeds uneventfully as shown in
Scheme 5. To our surprise, cyclization of21aby heating in

25:1 CH3CN/HOAc was slow. After heating for 12 h, we
obtain 22% of a 2:1 mixture of22a and the enantiomer of
14, 33% of recovered21a, and no Cbz-fumiquinazoline H
analogue. Epimerization at C-14 prior to cyclization leads
to the formation of22a, while epimerization at both C-14
and C-20 leads to the enantiomer of14. Cyclization of21b
by heating in 25:1 CH3CN/HOAc for 12 h provides 27% of
22band 33% of recovered21b. Hydrogenolysis of22aunder
4 atm of H2 for 24 h gives 68% of23a, while the isobutyl
group of22b makes the Cbz group even more hindered so
that hydrogenolysis under 4 atm of H2 for 24 h yields only
17% of23b. These experiments indicate that the additional
steric hindrance of the fumiquinazoline H ring system
prevents the cyclization of21. Facile epimerization at C-141

leads to an intermediate that cyclizes more readily to give
22 with the fumiquinazoline C ring system.13

MM2 calculations indicate that Cbz-fumiquinazoline H is
also 2 kcal/mol more hindered than Cbz-fumiquinazoline C.
Even though the Cbz group does not affect the relative
stability, examination of models indicates that it severely
hinders the approach of the hydroxy group to a cation at

(11) The spectral data, melting point, and optical rotation are identical
to those reported for the natural product.1

(12) Davis, F. A.; Towson, J. C.; Vashi, D. B.; ThimmaReddy, R.;
McCauley, J. P., Jr.; Harakal, M. E.; Gosciniak, D. G.J. Org. Chem.1990,
55, 1254-1261.

(13) In fumiquinazoline C (5), 14, 22, and23 there is an NOE between
H-2 and H-27. In fumiquinazoline H (6) there is an NOE between H-2 and
H-18. In Cbz-fumiquinazoline C (14) and22, the Cbz benzyl protons are
shifted upfield toδ 4.40-4.25 as a result of shielding by the quinazolinone
ring.
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C-3 to form the fumiquinazoline H ring system. Finally, the
isobutyl group of22b retards hydrogenolysis, suggesting that
even if we could obtain Cbz-fumiquinazoline H, deprotection
would be difficult. Nature does cyclize dehydrofumiquinazo-
line I to fumiquinazoline H. Therefore we decided to adapt
our route to prepare unprotected dehydrofumiquinazoline I,
with the expectation that it would cyclize to fumiquinazoline
H without epimerization.

Replacement of the Cbz of18with an Fmoc group should
lead to iminobenzoxazine25. Both Fmoc groups should be
deprotected during the rearrangement with piperidine. Hy-
drogenolysis of18b with Pd/C under 1 atm H2 for 30 min
followed by lactonization with silica gel in CH2Cl2 gives
65% of the tetracyclic lactone. Reaction with FmocCl and
i-Pr2NEt affords 70% of24b. Conversion of24b to 25b
proceeds analogously to the preparation of11 in the yields
indicated in Scheme 6.

Treatment of25b with 10 equiv of piperidine in EtOAc
for 10 min cleaves both Fmoc groups and opens the

iminobenzoxazine. Heating the crude product in CH3CN at
reflux for 1 h effects ring closure of the amidine to the
quinazolinone, formation of the piperazine ring, and elimina-
tion of benzeneselenol to give dehydrofumiquinazoline I.14

In the absence of the bulky Cbz group, cyclization proceeds
spontaneously without epimerization at C-14 to give 34%
of (-)-fumiquinazoline H (6).11 The conversion of25b to 6
involves seven distinct chemical steps! A similar sequence
converts18a to iminobenzoxazine25a, which rearranges to
give 41% of fumiquinazoline H analogue26.

Fumiquinazoline D,1 which has a bridge from the imida-
zolinone nitrogen to C-3, is now the only unsynthesized
member of this family. We were not optimistic about
preparing it by cyclization of its biogenetic precursor
dehydrofumiquinazoline A (7a) since this would require the
preparation of a cation at C-3 by protonation of the double
bond without protonation of the amine. Nevertheless, we
investigated this cyclization since the requisite iminoben-
zoxazine can be prepared easily from16a analogously to
the preparation of25. Treatment of the iminobenzoxazine
with piperidine in EtOAc for 10 min and then heating at
reflux in CH3CN for 1.5 h affords7a, which cyclizes to give
40% of fumiquinazoline C (5) and no fumiquinazoline D.

In conclusion, we have completed efficient 13-step syn-
theses of (-)-fumiquinazolines C (5) and E (3) and a 14-
step synthesis of (-)-fumiquinazoline H (6) using Fmoc-
NHCH(CH2SePh)CO2H as a dehydroalanine precursor that
spontaneously eliminates benzeneselenol without oxidation
under the cyclization conditions.15,16
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(14) The rearrangements of Cbz-protected amidines such as12 are best
carried out in CH3CN containing 2-5 equiv of HOAc to prevent
epimerization at C-14. These conditions will reduce the epimerization that
was observed in our syntheses of fumiquinazolines A, B, and I.4 The
rearrangement of the unprotected amidine from25 proceeds much more
cleanly in CH3CN without HOAc.

(15) We previously acylated the indole by a three-step sequence involving
reduction to the indoline, acylation, and reoxidation. This can be ac-
complished in a single step in 90-95% yield by reaction of TrocNHtry-
pOMe with CbzNHalaOPhNO2 or CbzNHLeuOPhNO2, KF, 18-crown-6,
and i-Pr2NEt in CH3CN.16

(16) Nakagawa, M.; Sodeoka, M.; Yamaguchi, K.; Hino, T.Chem.
Pharm. Bull.1984,32, 1373-1384.
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