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Abstract: Carbohydrate based analogues of the natural product (-)-Ovalicin have been synthesized, and
shown to be potent inhibitors of angiogenesis. Copyright © 1996 Eisevier Science Ltd

Introduction.

Angiogenesis, the process of new capillary blood vessels formation is a characteristic of a number of
important physiological (embryogenesisz, ovulation’, wound repair4) as well as pathological (diabetic
retinopathys, rheumatoid arthritis’, cancerous growth{’) events. Consequently, inhibition of angiogenesis has

been proposed as a potential approach toward the discovery of novel anti-tumor agents7. In 1990 fumagillin 1
was reported to have potent anti-angiogenic activity,s and recently its semi-synthetic analogue, TNP-470
(AGM-1470) 2 has entered a phase I clinical study in patients with advanced cervix cancerg. (-)-Ovalicin 3, a
natural productw very similar in structure to Fumagillin 1, has been shown to possess interesting antibiotic,
anti-tumor and immunosupressive activities''. Apart from the total synthesis of 3 in racemic'” and
enantioselective' form and the total synthesis of racemic 1", only a few derivatives of these molecules have
been so far described"”. In order to investigate the structural requirements for their antiangiogenic properties we
have envisaged the synthesis of pyranyl derivatives which are hybrids of TNP-470 2 and Ovalicin 3 (Figure 1)
giving, as such, structures related to 1.

Figure 1

Fumagillin (1) ;
R = CONA~N]4COH

AGM 1470 (2), RO OCH

R= CONHCOCH2C1

(-)-Ovalicin (3) Mﬁ/%
O CH,0

Our retrosynthetic analysis {Scheme 1) suggested that D-Fructose as starting material will meet the

stereochemical requirements of target structures such as I. As shown, D-Fructose possesses four contiguous
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chiral centers ideally located to built a tetrahydropyran structure with the absolute configuration of TNP-470 2
and/or (-)-Ovalicin 3. Moreover, this strategy offers the possibility to introduce a spiroepoxide ring on the
anomeric center (i.e., Z = O) mimicking the parent Ovalicin structure but also different spirocycles (i.e.,
Z=0C(Me),0 or OCO,) capable of keeping a rigid conformation to the target molecules (i.e., OR; axial as
seen in TNP-470). Following the above strategy we have been able to synthesize three distinct families (e.g.,
IA, 1B and IC) of new psicopyranoside derivatives bearing different types of C-3 lipophilic side chain.

Scheme 1
Z z z OH o
R0 CH300R2 R,0CH,0 o_ O% o om
Z = O ; spiroepoxide IA 1 7< m D-Fructose

Z = OC(Me),O ; spiroacetonide IB
Z= OC02 ; spirocarbonate IC

Chemistry.

The Spiroepoxide series IA,

Although anomeric spiroepoxides derived from fructopyranose have been described by Campbellm, the stability
of such a reactive function needed first to be assessed through the synthesis of simple analogues. In this aim,
spiro anomeric epoxide 4 bearing a stable 5-OCHj, substituant and lacking the C-3 epoxy lipophilic side chain

was prepared as shown (Scheme 2).

Scheme 2 ><

o” "o
o
LIt
o o R,0%

i. 2-Bromopropene, tert-BuLi, Et20, Toluene, -78°C, 50% ; ii. AcOH, H20, rt, 98%; iii. NaH, CH31, DMF, 1it, 59% ;
iv, acidic resin, H,0, 60°C. 70% ; v. TsCl, pyridine, 1t, 74%, vi. Nal, acetone, 1, 70% ; vii. Ag20, dioxane, rt, 85%.

Thus treatment of the known ketone 57 with 2-lithiopropene at -78°C followed by selective acidic hydrolysis of
the 4,5-acetonide function gave stereoselectively diastereomer 6. The resﬁlting triol 6 was selectively
methylated on the two secondary hydroxyl groups, to afford 7. Hydrolysis of the 1,2-spiroacetonide function of
7 yielded the desired triol (mixture of o/ anomers) which upon treatment with tosyl chloride and sodium

iodide in acetone gave iodohydrin 8, precursor of anomeric spiroepoxide 4.



New carbohydrate derivatives 3047

In order to complete the last step we used the very mild conditions previously described by Campbell et al.'®
employing silver(I) oxide at room temperature.

Although spiroepoxide 4 was shown by 'H-NMR to possess the desired anomeric P stereochemistry, the rather
unstable nature of the anomeric spiroepoxide function, encouraged us not to continue in the preparation of
Ovalicin-like dioxa-spiro[2,5]octanes. Consequently, we made the choice to focus our efforts on the second and
third series (type IB and IC; Scheme 1) in which the anomeric center has been locked into an acetonide or a

carbonate ring giving rise to a rigid trioxa-spiro[4.5]decane structure.

The Spiroacetonide IB and Spirocarbonate IC series,
With the anomeric center secured onto an isopropylidene or a carbonate ring our work became more predictable
and several structures related to IB and IC were prepared following the synthetic routes depicted below

(Scheme 3 and 4).

Scheme 3 X X X
00 o 0% o
~
R . R . R
=~ OR = O 1
CHO CH,0 o
5 L. 9a;;a/p=3 L 108, __v—, 11ay /112’y =2 v » 1235122, 142, 15a;,
9by s /B =3 10b; 11by /11b'y =2 12by, 12b")
02 /0 vii 13b,
o o o© o
i, IX
LN W W@ S ,
X, xi i : OR
Ry a = cro O/lLo
16b /T
" CONHCOCH,CI 2 0 j\ "
\‘. -
R CH5CH(Me)y a1 az R, l;{ o Y (;)R,
(CHy)3Ph b by xii, xifi, xiv O B CH,0
> 18,
19b, < *¥
ioH R, , nBuLi, THF, -78°C, 9a; (89%) and 9by (81%); ii. Hy, Lindlar, CgHg, mt, 8y and by (85%); iii. AcOH, HyO, t, ay and by (90%)

iv. BuySnO, MeOH, rfx. then CH3l, dioxane, rfx., 108y (65%) and 10by (73%); v. mCPBA, NaHCO3, CHyCly, 1t, 113y + 11a'y (75%) and 11by + 11b'y (72%);
vi. R3NCO, CHyCly, 0°C, Ry = COCH,CI, 12a; (87%) and 12a') (90%) ; 12by, (83%) and 12b'y (64%); Ry = COZEL, 14aq (95%) ; Ry = CH,CO, B, 15ag (83%):
vii. CICH,CONCO, THF, rfx., 13by (maj., 30%). viii. Hy, PA/C, AcOE, 1t, by (97%) ; ix. CICH,CONCO, DMAP, CH,Cly, 0°C, 16b; (82%) ; x. BnBr, NaH, NBug,
THF, 1t, by (92%) ; xi. acidic resin, THF, H,0, 70°C, 17by (74%) ; xii. CDI. THF, CHyCly, rfx., by (68%) xiii. = viil, by (92%) ; xiv. CICH;CONCO, CHyCl,,
0°C, 18b; (50%); xv. CICH,CONCO, CHyCly, tt, 19b; ( 83%).

Stereoselective introduction of the C-3 lipophilic side chain proceeded efficiently with metallated alkynes,

giving a 3:1 mixture of the readily separable a, B diastereomers 9a, and 9b,. The a-diastereomer was subjected
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to catalytic hydrogenation over the Lindlar catalyst, to afford the corresponding Z-olefin. 1H-NMR experiments
confirmed both the Z-configuration of these olefins, and the relative stereochemistry of the desired a-isomer.
After hydrolysis of the 4,5-acetonide ring, the resulting triols were selectively methylated. at their equatorial
hydroxyl group using Anderson methodology19 to give alkene 10a, and 10b, in good yield. Epoxidation of the
resulting double bond gave a separable 2:1 mixture of oxiranes 11a, / 11a’; (75% yield) or 11b, / 11b’; in 72%
yield. However, we were unable to determine the absolute configuration of the newly formed epoxy groups by
NMR spectroscopy in these compounds.

Isomers 11a,; / 11a’; and 11b; / 11b’; were carbamoylated on their secondary hydroxyl group using common
isocyanates. For example, 11a, yielding 12a,, 14a, and 15a, when subjected respectively to chloroacetyl
isocyanate, ethoxycarbonyl isocyanate and isocyanato ethyl acetate. Bis-chloroacetyl carbamates (e.g., 16b, and
19b,) have also been synthesized in this series as shown Scheme 3.

As previously mentioned (supra) a third series (Spirocarbonate family IC) of rigidified bicyclic pyranosides
have been prepared using standard organic reactions (Scheme 3).

Among the molecules synthesized in this series mono-carbamoyl 18b, and bis-carbamoyl derivative 19b,
showed promising antiangiogenic activities as will be discussed in the last section of this paper.

At this stage of our study we decided to investigate the influence of the C-3 chain length on the biological
activity.

In this aim a family of isoprenylepoxides have been prepared as shown below. Diol 20, a versatile synthon
toward the synthesis of this series, was derived from triol 6 (see Scheme 1) using dibutyltin oxide and
iodomethane as for preparation of 10a, and 10b, (supra). Ovalicin-like derivative 27 was synthesized from 20

via an epoxidation / chromium-oxidation sequence.

Scheme 4
I
Ry =H, Ry =COCH,Cl, 21
. e 0 R, = COPh; 22
6 i X i, iii o Ry =CHy; 23

R;=CH,CHyCL 24 |y

Ry = CONHCOCH,Cl,
Ry=COCH,CI 25

... viii ii IX
0
CICH,CONHCO, WONA2

5 OCONHCOCH Cl

vi, vii, iii 2 OCH
26 YR _/“\ /KC“O "

i. BupSnO, MeOH. rfx then CHy, dioxane, rfx., 92% ; ii. mCPBA, CHyCly, 1, 86% : iii. RyNCO, CH,Cly, 0°C, 79% (21), 70% (22), 95% (23),
97% (24), 46% (28) ; iv. CICH,CONCO, THF, rfx., 17%(25) ; v. TBSCI, Imidazole, DMF, rt, 96% ; vi. NaH, THF, rfx then CH31, rfx., 70% ;
vii. TBAF, THF, 0°C to rt, 98% ; viii. Hy, Pd/C, AcOEL, rt then CICH,CONCO, CH;Cly, rt, 72% (26, 2 steps) ; ix. PDC, mol. sieves, CH,Cly, rt,
46%.
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Biological results and discussion.

The search for molecules displaying a high antiangiogenic profile with a cellular antiproliferative level
resembling that of TNP-470, prompted us to evaluate the ability of our new compounds to specifically”® inhibit
angiogenesis using the chick chorioallantoic membrane (CAM)ZI assay. Their capability to inhibit the
proliferation of tumor cells in culture (A431 human epidermoid carcinoma) as well as primary culture of
endothelial cells from pork aorta has also been evaluated” and compared to those of Ovalicin 1, Fumagillin 2
and TNP-470 3 (Table ).

Table:  Anti-angiogenic activity of representative compounds in the CAM assay and in vitro antiprolifera-
tive effect against on A431 human epidermoid carcinoma cells and primary endothelial cells from
pork aorta (ECPA).

CAMassay | 4431 ECPA CAMassay | A431 ECPA
Cpd. Spiro. | %of eggs with | Antiprolif. Antiprolif. Cpd. | Spiro | % ofeggswith | Antiprolif. | Antiprolif
N° Family | moscular e | tevel level N° | Family sz el | level level
[ {Cso (1M) ICsy (1M) ICsp (uM) | ICs (uM)
1 (Ovalicin) *N.D. 7.5 (0.1 nM), 10 pM 16b, 1B 88 12 0.8
2 (Fumagillin) 80 48 |®0.1nM), 100 pM {18b, | IC 95 11 14
3 (TNP-470) 85 53 |%0.001nM),12uM | 19b,| IC 80 2 24
4 1A 32 >500 >500 21 IB 84 84 57
12a, 1B 68 44 178 22 IB 55 >500 363
12a’, 1B 75 44 124 23 IB 51 >500 195
12b, 1B 76 29 90 24 1B 10 >500 278
12b, 1B 79 19 68 25 1B 62 38 122
13b, 1B 63 37 . 16 26 1B 95 5.6 23
14a, 1B 11 471 398 27 1B 48 >500 119
15a, IB 21 442 343 28 1B 16 39 175

* Not Determined.

® It is of interest to note that Ovalicin 1, Fumagillin 2 and TNP-470 3 possess a dual activity on endothelial cells, showing a first
inhibition at low doses (cytostaticity) and a second one at higher concentrations (cytotoxicity)u. Only one ICs, is given for other
compounds since they do not induce a detectable first phase of inhibition in the nM range.

Among the numerous derivatives synthesized, the 5-O-chloroacetylcarbamates displayed the highest
antiangiogenic profile in the CAM assay (e.g., 12a,; vs 14a, and 15a, or 21 vs 22-24).

The lipophilicity of the C-3 epoxy sidechain (e.g., 12a;, 12a’; vs 12b,, 12b’; or vs 21) as well as the
stereochemistry of the epoxy group (12a; vs 12a’; and 12b, vs 12b’;) do not seem to play a crucial role in the
antiangiogenic activity (e.g., 16b; vs 16b’;). While introduction of a second chloroacetylcarbamate moiety on
the C-3 tertiary hydroxyl group lowered significantly the CAM activity (e.g., 13b, vs 12b;, 25 vs 21 or 19b, vs
18b,), alkylation with a methyl residu led to marginally active compounds (e.g., 28 vs 21).

Elimination of the oxirane ring of bis-chloroacetylcarbamates increased their antiangiogenic profile (16b, vs
13b, and 26 vs 25) while replacing the spiroacetonide ring of 16b, by a spirocarbonate one (i.e., 19b,) do not
affect the CAM activity. Moreover, as already mentioned in the acetonide series monocarbamates are better
inhibitors of neovascularisation than bis-carbamoyl derivatives (e.g., 18b; vs 19b,). Among the molecules

showing a CAM activity higher than 60% and a cytotoxicity against A431 and endothelial cell lines,



3050 G. DOREY et al.

comparable with that of TNP-470, five of them (i.e., 13b,, 16b,, 18b,, 19b, and 26), have been selected for in
vivo biological evaluation as new anti-cancer agents.

In conclusion, this letter describes the synthesis of new fructo and psicopyranoside524, analogues of Ovalicin
and/or TNP-470 which are potent inhibitors of neovascularisation in the CAM assay.

Such optically active derivatives with a broader spectrum of activity than the parent compounds have been
prepared from cheap commercially available D-Fructose in 7 to 10 chemical steps and their in vivo evaluation

will give us valuable informations for further clinical development.
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preparation of this manuscript.
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