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Abstract—Novel bicyclic tetrahydropyrano[3,2-dJoxazolones derivatives, analogues of Fumagillin, were synthesised via a stereo-
controlled oxidative-rearrangement of furylcarbinols and subsequent treatment with the appropriate isocyanate. These compounds
demonstrated potent antiangiogenic activity. © 2002 Elsevier Science Ltd. All rights reserved.

The development of the anti-angiogenic! compound
TNP-470 (1a), which is currently undergoing clinical
trials,”> was based on the hemisynthesis® of the natural
antibiotic fumagillin 1b.* Several total syntheses of the
6-member ring system were described for fumagillin, but
none were appropriate for process development (Fig. 1).°

Only the importance of the 4-O acyl group of 1a has
been previously studied. No other evaluation to deter-
mine the importance of the other functionalities around
the ring with respect to the pharmacological activity has
been assessed. Substitution of the methoxy moiety of

1a TNP-470 R=

1b Fumagillin R=

Figure 2. Retrosynthesis of bicyclic oxazolones 2.

*Corresponding author. Fax: +33-1-5572-2470;
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TNP-470 by the oxygen atom of a carbohydrate pyranyl
ring was described by our group, with no loss of anti-
angiogenic activity.® A complementary strategy to
investigate the pharmacological contribution of the
various substituents around the ring is proposed, via the
total synthesis of bicyclic oxazolones 2 (Fig. 2).”

Chemistry

A number of diverse furyl carbinol derivatives 4 was
prepared via attack of a lithium acetylide on the appro-
priate 2-furyl ketone or aldehyde. This synthetic route
should permit modification of the epoxide lateral chain,
facilitating a study of the steric and electronic effects
governing the activity.

Although the oxidation-rearrangement method of the
2-furyl carbinols could be achieved with a variety of
oxidizing agents,® it was best performed in the presence
of N-bromosuccinimide in aqueous media.’* In these
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Scheme 1. Structural modification at C,. (i) R,Li, THF, —78 °C; (ii) NBS, THF, H,0, 0°C; (iii) (a) CCl;CON=C=0, CH,Cl,; (b) NaHCOs, acetone;

v: (a) nBuLi, THF, —78°C; (b) CICH,COCI.

Tc 7g

(6]

Scheme 2. Structural modification of C, side chain. (i) H,, Pd Lindlar, C¢Hg; (ii) 2,2-dimethyldioxirane, acetone.

equilibrating conditions, the ring closure of the pre-
sumed ene-dione intermediate yielded almost exclusively
the thermodynamically favored isomer 3. The
C4-hydroxyl adopted the anti configuration with respect
to the largest substituent at C,, probably due to the
anomeric effect combined with some steric bias (Scheme
1). A significantly better chemical stability was observed
for the C, methyl derivative 7b° compared to the corre-
sponding unsubstituted 7a (Scheme 2, Table 1) pre-
sumably due to the absence of an enolizable proton at C,.

The carbamoylation of pyranone 3 was performed with
trichloroacetylisocyanate, producing the corresponding
carbamoylated intermediate, which was cyclized upon
basic treatment to give the bicyclic ring system 6 as a
mixture of isomers (16:1). The preferred isomer con-
tained the largest C, chain in a trans relative configu-
ration with respect to the oxazolone ring. This bicyclic
system was then acetylated on the oxazolone moiety to
afford compounds 7af.

Side chain modifications at C, were achieved by partial
hydrogenation to afford the corresponding alkene deri-
vatives 7g, and subsequent oxidation to epoxides 7h.

The ketone of synthon 6 could in turn be converted to
the corresponding spiroepoxide or hydroxyl (Scheme 3).

The spiroepoxide was introduced by either peracid oxi-
dation of the double bond obtained by Wittig olefina-
tion to give the syn isomer 8a, or by combination with
Corey trimethylsulfonium method to give the anti iso-
mer 9g. The hydroxyl derivative was obtained by
reduction of the C; ketone of 6, by sodium borohydride
in the presence of cerium chloride. A stereospecific con-
trol in favor of the frans isomer, could be achieved at
low temperature to afford a 4:1 mixture of 10a;:10a,.

Similar side chain modulations as above were achieved
by partial hydrogenation to afford the corresponding
alkene derivatives 9g, and epoxides 11h and 12h.

Biological Activity

The anti-angiogenic activities of the compounds were
assessed by inhibition of the vascular growth in the
chick embryo chorioallantoic membrane (CAM
assay)'%!! at 125 nmol.

It is noteworthy that the mono- and the disubstituted
pyranyl analogues 7a (Ry=H) and 7b (R;=Me),
retained significant CAM activity (87% and 60%,
respectively). As mentioned above, structural modifi-
cation at the C, lipophilic chain was performed on

Table 1.
Compd a b c d e f g h
R, —H —CH, —CH, —C=C—CH,, —CH, —CH, —CH, —CH,
O
_ _ =C C( \
R, —CH,; CH,; —C=C—CH,, —CH, —C=C—OMe —C=C—C,HPh /A —C
CH, /7 oy
ST
4 85% 94% 93% 93% 33% 91% — —
3 94% 85% 90% 90% 90% 92% — —
6 50% 80% 84% 5% 83% 80% — —
7 30% 70% 70% 50% 53% 70% 98% 100%
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10a, OH(ar) 64%
10a, OH(B) 13%

13a; OH(a) 70%
V1 13a, OH(B) 50%

Scheme 3. Structural modifications at C,;. (i) CH3;PPh;Br, KOtBu, THF, 60°C; (i) MCPBA, CH,Cl, rt; (iii) (a) nBuLi, THF, —78°C;
(b) CICH,COCI; (iv) Hy, Pd lindar, C¢Hg; (v) 2,2-dimethyldioxirane, acetone; (vi) (a) nBuLi, THF, —78 °C; (b) CICH,COCI; (vii) (CH3);SI, nBuLi,

rt; (viii) NaBHy, CeCl;, THF, —78°C.

Table 2. Biological activity

N 1b Ta 7b Te 7d Te 7t 7g 7h 11h 12h 13a, 13a,

CAM assay'“12 (%) 85 87 60 70 50 60 60 50 58 19 nt? 40 25
ICso (uM)'3 A431 5 79 78 47 5 64 56 81 116 33 93 52 75
L1210 8 96 28 31 32 74 27 81 193 22 89 >100 >100

ant, not tested due to poor solubility.

disubstituted compound 7b, due to its better chemical
stability compared to 7a, although there was a slight
loss of antiangiogenic effect (Table 2).

First, the separation of the cis/trans mixture at the level
of the synthon 6 (6¢:6d as a 16:1 mixture) gave us access
to the two isomers 7¢ and 7d, respectively. In agreement
with the C,/Cy4 trans relative configuration of 1, the
antiangiogenic activity of the trans isomer 7¢ was
slightly more pronounced than the cis isomer 7d (70%
vs 50%). Since the trans stereochemistry was more
readily obtainable via the synthetic route, it was con-
served throughout the series.

The replacement of the ethynyl moiety of the side chain
of 7¢ by either a cis double bond (7g) or by an epoxide
(7h) decreased only moderately the CAM activity (50%
and 58%, respectively vs 70%).

The modification of the C, side chain terminus, by
introduction of either a methoxy (7e) or a phenyl (7f),
did not significantly alter the CAM activity (60%). Thus
the heptynyl side chain of 7¢ was conserved to investi-
gate the C; functionality.

Unexpectedly, unlike for 1b, the presence of a spiro-
epoxide at C; (11h) was detrimental for antiangiogenic
activity compared to the corresponding ketone (7¢).

The reduction of the ketone of synthon 6¢ led to a
separable mixture of a- and B-hydroxy stereoisomers at
C,, which were then converted to the chloroacetyls 13a;
and 13a,, respectively. The activities in the CAM assay
of these compounds were also significantly weaker
compared to the corresponding ketone 7¢, especially in
the B-configuration (40% and 25%, respectively vs
70%).

The antitumoral activity was assessed in the inhibition
of proliferation of various tumor cells including A431
(human epidermoid carcinoma) and L1210 (murine leu-
kemia).!? All the compounds showed at least a 10-fold
decrease of their antiproliferative activities compared to
1b, with an exception for the activity of 7d which
showed similar activity on A431. Two of the most
potent compounds in the CAM (with less cytotoxicity
than 1b), 7a and 7f, were evaluated in vivo in mice, in
the melanoma M5076 (sc) model, with a daily adminis-
tration (J1-12 ip). At 240mg/kg, these compounds
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showed a T/C'? determined day 13 of 40% and 57%,
respectively, while 1b at 30mg/kg showed a T/C of
22%. These results point out that the in vitro CAM
antiangiogenic test is not sufficient to predict anti-
tumoral activity in vivo (Table 2). However, the relative
low stability of the derivatives described here, ¢,
<30 min, could explain the discrepancy between their in
vitro and in vivo pharmacological activity.

A versatile synthetic route leading to pyran analogues
of 1b has been developed, where a sterecocontrolled
oxidation-rearrangement of 2-furyl-carbinols led to
the formation of a series of original tetrahydro-
pyrano[3,2-dJoxazolones.”

Key structural features for antiangiogenic activity of the
pyran analogues of 1b have been identified. Epoxide
functionalities at C; and C, are not required for anti-
angiogenic activity and a large variety of lipophilic
chains can be introduced at C, with the relative stereo-
chemistry of 1b (zrans stereochemistry between C, and Cy).

Although the mechanism of action of 1b and its analo-
gues remains uncertain, it appears that for the most
active compounds, the spatial arrangements occupied
by the lipophilic chain with respect to the alkylating
functionality can be superimposed, suggesting a highly
stereospecific mechanism of action.

Acknowledgements

The authors wish to thank Dr. Patrick Casara for cor-
rections and relevant comments in the preparation of
this manuscript.

References and Notes

1. (a) Polverini, P. J. Crit. Rev. Oral Biol. Med. 1995, 5, 230.
(b) Fan, T. P. D.; Jaggar, R.; Bicknell, R. Trends Pharmacol.
Sci. 1995, 16, 57. (c) Terano, H.; Shibata, T.; Otsuka, T. Drugs

Future 1993, 18, 239. (d) Billington, D. C. Drugs Design
Discov. 1991, 8, 3. (e) Jiang, W. G.; Mansel, R. E. Int. J.
Oncol. 1996, 9, 1013. (f) Teicher, B. A. Cancer Metastasis Rev.
1996, 15, 247. (g) Gasparini, G.; Presta, M. Ann. Oncol. 1996,
7, 441. (h) Voest, E. E. Anti-Cancer Drugs 1996, 7, 723.

2. Drugs Future 2000, 25, 1174; Drugs Future 1995, 20, 1176;
Drugs Future 1994, 19, 981; Annual Drug Data Report 1992,
835.

3. Marui, S.; Yamamoto, T.; Sudo, K.; Akimoto, H.; Kishi-
moto, S. Chem. Pharm. Bull. 1995, 43, 588. Marui, S.; Itoh, F.;
Kozai, Y.; Sudo, K.; Kishimoto, S. Chem. Pharm. Bull. 1992,
40, 96. Marui, S.; Kishimoto, S. Chem. Pharm. Bull. 1992, 40,
575.

4. Ingber, D.; Fujita, T.; Kishimoto, S.; Sudo, K.; Kama-
maru, T.; Brem, H.; Folkman, J. Nature 1990, 348, 555.

5. (a) Corey, E. J1.; Snider, B. B. J. Am. Chem. Soc. 1972, 94,
2549. (b) Taber, D. F.; Christos, T. E.; Rheingold, A. L.;
Guzei, I. A. J. Am. Chem. Soc. 1999, 121, 5589.

6. Dorey, G.; Leon, P.; Sciberras, S.; Leonce, S.; Guilbaud,
N.; Pierre, A.; Atassi, G.; Billington, D. C. Bioorg. Med.
Chem. Lett. 1996, 6, 3045.

7. Billington, D. C.; Perron-Sierra, F.; Atassi, G.; Pierre A.;
Burbridge, M.; Guilbaud, N. PCT W096/33999; FR95/0505.

8. (a) Perron, F.; Albizati, K. F. J. Org. Chem. 1989, 54, 2044.
(b) Georgiadis, M. P.; Albizati, K. F. Org. Prep. Proc. Int.
1992, 24, 95. (c) Kobayashi, Y.; Kusakabe, M.; Kitano, Y.;
Sato, F. J. Org. Chem. 1989, 54, 2085. (d) Kobayashi, X.;
Jusakabe, M.; Kitano, Y.; Sato, F. J. Org. Chem. 1988, 53,
1586.

9. All synthetic intermediates and final compounds gave
satisfactory '"H NMR, 3C NMR, mass spectral, and elemental
analysis data, in full agreement with their assigned structures
and stereochemistries. Experimental procedures and analytical
data have been described in ref 7.

10. Evaluation of the percentage of eggs with an avascular
zone, allows the identification of specific antiangiogenic deri-
vatives devoid of toxicity. Compounds showing local hemor-
rhage, marked distortion of large preexisting vessels and/or
death of the embryo were not selected as potential anti-
angiogenic drugs.

11. Crum, R.; Szabo, S.; Folkman, J. Science 1985, 230, 1375.
12. For related methodology, see: Pierre, A.; Kraus-Berthier,
L.; Atassi, G.; Cros, S.; Poupon, M. F.; Lavielle, G.; Berlion,
M.; Bizzani, J. P. Cancer Res. 1991, 51, 2312.

13. T/C: Test/Control tumor volume.



