Tetrahedron Letters No, 43, pp 3715 - 3718, 1975. pPergamon Press. Printed in Great Britain.

THE STEREOSPECIFIC SYNTHESIS OF AN 11-OXAPROSTAGLANDIN
ANALOG FROM D-XYLOSE

*
Gerhardus J. Lourens and J.M. Koekemoer

Adcock-Ingram (Research) (Pty) Limited,
P.0O. Box 9391, Johannesburg 2000, Republic of South Africa

(Received in UK 20 June 1975; accepted for publication 15 September 1975)
The syntheses of prostaglandins and prostaglandin analogs have been the subject
of numerous reports.1 Recently, the syntheses of some 9- and ll-oxaprostaglan-

dins have been described.2

It occurred to us that 3-deoxy-D-ribofuranose suéars, suitably branched at C-3,
could serve as intermediates from which 1ll-oxaprostaglandins, with the chains

at C-8 and C-12 in correct absolute stereochemical relationship, could be syn-
thesised. 1In addition the hydroxyl group at C-2 of the ribofuranose also has

the desired absolute stereochemistry required at C-9 of several prostaglandins.
The stereospecific synthesis of these brﬁnched—chain sugars is well documentié?
We wish to report the stereospecific synthesis of the prostaglandin analog (X),

starting from D-xylose; the synthesis of more generally useful intermediates

from D-glucose and D-xylose is the subject of an accompanying report.

Condensation4 of 1,2-2—isopropylidene-S-Q-trity1-a-Q—erzthro-pentofuranos—3-
ulose (1)5, prepared from D-xylose, with potassium salt of trimethyl phosphono-

acetate, followed by reduction with nickel catalyst gave compound II** (92%;m.p.

1

° (CHC1;) 1745 em ~. The assigned

114-15%; [a]g3 + 34° (c 1,2 cHC1,); M*488; v

3,4

max

ribo configuration was confirmed by its 100 MHz n.m.r. spectrum: § 5,88 (H-1,

d, Jl,2 = 4 Hz), 4,80 (H-2, t, J2’3

vielded III as a syrup, [ 84%; [a]§3 + 36

= 4 Hz). Reduction of II (LiAlH4/THF)

° (c 1,8 CHC1,); mt460; 5 5,88 (u-1, a,

J1 2 = 4 Hz), 4,68 (H-2, t, J2 = 4 Hz), 1,86 (OH, s, exchangeable with D20)],
I

'3

** All new compounds were homogeneous on tlc and gave satisfactory elemental
analysis. 100 MHz n.m.r. spectra were recorded in CDCl3 solutions.,
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which was oxidized (Cr03/pyridine)6 to the aldehyde IV [ 82%; m.p. 136—380; [alg3

(e]

+ 49" (c 1,2 CHCl3); v (CHC13) 1720 cm_lﬁ 9,66 (CHO, s), 5,87 (H-1, 4, J =

max 1,2

4 Hz), 4,78 (H-2, t, J = 4 Hz)].
2,3

.

Wittig reaction of IV with sodium 5—triphenylphosphoranylidenepentanoate7 gave

the unsaturated acid V, [ 83%; m.p. 164,5-165,5°; [a]éz + 48° (c 1,3 CHCL,);

¥ ax (CHCl) 1705 cm™*

max ;6 5,33 (CH = CH, m)], which was reduced (H2/Pt/AcOH) to

the detritylated saturated acid VI [ 93%; m.p. 99-1000; [d][2)3 + 63o (c 1,2‘CHCl3);
1

Y max (CHCl3) 3500, 1715 cm ] . Esterification (CH2N2/Et20/EtOH) of VI gave com-
22 o
pound VII as a syrup [ 100%; [a]D + 577 (¢ 2,3 CHCl3), Y max (CHCl3) 3500, 1750
cm_lz § 5,80 (H-1, 4, J = 4 Hz), 4,65 (H-2, t, J = 4 Hz), 3,68 (OCH,, s),
1,2 2,3 37 7

2,75 (OH, t, J = 6 Hz exchangeable with DZO)].

Oxidation of VII (DCC/CF3COOH/DMSO/C6H6)8 gave the aldehyde VIII (72%) as an oil

which was treated with the sodio derivative of dimethyl 2—oxohepty1phosphonate7

in THF to yield the enoﬁe IX as an oil [ 80%; [alg3 + 32° (C 0,9 CHC13); Y nax
(CHCl,) 1730, 1690 em ;5 0,92 (CH)CHy, t, J = 7 Hz), 1,36 and 1,56 ((CH;),C, 2s),
2,34 (C§2C02CH3, t, J =7 Hz), 2,57 (CE2C=0, t, 3 =7 Hz), 3,69 (C02C§3, s),

4,34 (H-12, 44, J12,8 =9,% Hz, le’13 = 5,5 Hz), 4,68 (H-9, t, J8,9 = 3,5 Hz),
5,87 (H-10, 4, J9,10 = 3,5 Hz), 6,36 (H-14, dd,vJ14,13 = 15,75 Hz, J14,12 =

1 Hz), 6,75 (H-13, 44, J13,14 = 15,75 Hz, J13,12 = 5,5 Hz)].

Reduction of the enone (IX) (Zn(BH4)2/DME) yielded the C-15 epimeric alcohols

1

(X) as an oil [ 84%; [a]§3 + 31° (¢ 5,6 CHC13); v (CHC13) 3610, 3440, 1740 cm —;

max
$§ 1,52 and 1,33 ((CH3)2C, 2s), 2,09 (OH, s, exchangeable with DZO)' 2,31
(C§2C02CH3, t, J =7 Hz), 3,66 (C02C§3, s), 4,0-4,22 (H-12, H-15, m), 5,42-5,92

(H-13, H-14, m), 4,6 (H-9, t, J = 4 Hz), 5,78 (H-10,. 4, J

9,8 = 3,8 Hz)].

10,9

This route illustrates that ll-oxaprostaglandins analogs can be synthesised

stereospecifically in high yield from sugars, via branched-chain sugars.



3718 No. 43

1.

8.

REFERENCES

For example: J.E. Pike, Fortsch. Chem. Org. Naturstoffe, 28, 313 (1970);
R. Clarkson, "The Synthesis of Prostaglandins" in Progress in Organic
Chemistry Vol. 8, p 1, W. Carruthers and J.K. Sutherland (Ed), (Butter-'
worths, 1973);

U. Axen, J.E. Pike and P.W. Schneider, "The Total Synthesis of Prostaglan-
dins" in The Total Synthesis of Natural Products, Vol. 1;

J. Apsimon (Ed), (Wiley-Interscience, 1973).

I.T. Harrison, V.R. Fletcher and J.H. Fried, Tetrahedron Letters, 2733
(1974);

S. Hanessian, P. Dextraze, A. Fougerousse and Y. Guindon, ibid.., 3983
(1974) ;

I. Vlattas and A.O0. Lee, ibid, 4451, (1974);

I. Vlattas and L. DellaVecchia, ibid., 4455 (1974).

W.A. Szarek, J.S. Jewell, I. Szczerek and J.K.N. Jones, Can. J. Chem., 47,
4473 (1969);

A. Rosenthal and M. Sprinzl, ibid., 47, 4477 (1969);

A. Rosenthal, M. Sprinzl and D.A. Baker, Tetrahedron Letters, 4233 (1970);
H.P. Albrecht and J.G. Moffatt, ibid., 1063 (1970);

J.M.J..Tronchet and J.M. Bourgeois, Helv. Chim. Acta., 53, 1463 (1970);
G.J. Lourens, Carbohyd. Res., 17, 35 (1971); _

A.J. Brink, J. Coetzer, A. Jordaan and G.J. Lourens, Tetrahedron Letters,
5353 (1972).

A. Rosenthal and L. (Benzing) Nguyen, J. Org. Chem., 34, 1029 (1969).

W. Sowa, Can. J. Chem., 46, 1586 (1968).

J.C. Collins, W.W. Hess and F.J. Frank, Tetrahedron Letters, 3363 (1968).

E.J. Corey, T.K. Schaaf, W. Huber, U. Koelliker and N.M. Weinschenker,
J. Am. Chem. Soc., 22, 397 (1970);

E.J. Corey, S.M. Albonico, U. Koelliker, T.K. Schaaf and R.K. Varma,
ibid., 93, 1491 (1071) and references cited therein.

K.E. Pfitzer and J.G. Moffat, J. Am. Chem. Soc., 87, 5670 (1965).



