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(+)-CoLLETODIOL

SYnTHESIS FROM (S,S)-TarTarRic AciD AND (R)-3-HYDROXY-BUTYRIC AcCID

Peter Schnurrenberger, Ernst Hungerbiihler, and Dieter Seebach*

Laboratorium flr Organische Chemie der Eidgendssischen Technischen Hochschule,
ETH-Zentrum, Universitdtstrasse 16, CH-8092 Ziirich (Switzerland)

Summary: E-(R)-5-Hydroxy-2-hexenoic acid {4) and the acetonide of E-(4R,5R,7R)-trnihydroxy-2-
-octenodc acid (3) arne joined fo give, after deprotection, (+)-colletodiof (1). The
syntheses of the two hydroxy-acids grom poly- (R)-3-hydroxy-butancate (PHB) and

(=) -tantaric acid, nespectively, are outlined.

0f the unsymmetrica1]), antibiotic 14-membered macrodiolides colletodiol (1)2), graha-
mimyc1n3), and their congeners, only (-)}-grahamimycin A1 has been synthesized4) so far. Seve-
6)

ral attempts towards the synthesis of colletodiol fai]eds’ . In our own, numerous ap-

proachess), this failure was mainly due to the pronounced tendency, under esterification con-

ditions, for HOR-elimination from the 4.5-position of the hexenoic acid moiety of colletodiol.
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In an act of desperation, we have now subjected a 1:1 mixture of the two carboxylic
acids 3 and 4 to esterifying macrocyclization conditions7). We isolated without difficulty,
albeit in only a few percent yield, the knownz) acetonide 2 of colletodiol. Deprotection8)
furnished colletodiol 1, identical in every respect with an authentic sample. Details are

given in the accompanying table which also lists conditions, yields, and some other character-
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istic data for the syntheses of 3 and 4, many intermediates of which should be useful enan-

tiomerically pure building blocks, also for other target structuresga).

XA XJT

5: X =0H, R=H
6: X = 0OH, R = CH2C6H5(§Bn) 8: X = S(CH2)3S
7: X =Br, R=Bn 9: X=0
X
o= i
(o) o) H
OH ."OAC X
10 12: X = H/OBn 16: R = CH(CH4)OC,Hg (EE),
13: X = H/OH X = H/O0H
14 17 =EE, X =0
E-18: R = EE, X = CHCOOCH3
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o E-15: X = CH-COOCH, :
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The synthesis of the trihydroxy-acid derivative 3 starts from the now commercially avail-
able diol 5 [from (-)-tartaric acidga)]. Monabenzylation to 6 abolishes the Cz-symmetry of
the mo]ecu]eg), substitution of the remaining OH-group by a bromine (- 7) and hence by a
2-methyl-1.3-dithian-2-y1 group (+ 8), with subsequent Hg(II)-assisted thioacetal hydrolysis
produces the ketone 9. Non-stereoselective borohydride reduction, separation of the epimers
by flash chromatography, and acetylation of 10 with inversion and of 11 with retention of con
figurationm) concludes the overall diastereoselective conversion 9 - 12. Debenzylation
(+ 13), Swenn oxidation (+ 14), Wittig-Honner olefination (- 15), and hydrolysis of both

ester groups furnishes the hydroxyacid 3 in ca. 23 % yield for the ten steps from the diol 5.

The methyl ester 19 of the Cs-hydroxy-acid 4 was obtained following procedures described

for the preparation of the r acemic matem‘al”) and of the analogous £-butyl-ester with (S)-
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-configuration4a), see 16-19 and the table. The starting material is PHB, readily depolymer-
izab]elz) to ethyl (R)-3-hydroxy-butanoate, from which 4 is made in six steps with a total

yield of 57 %.

Table. - Methods, neaction conditions, and batch sizes used fon the conversions Leading to
colletodiol (1). Yields,some physical properties of intermediates, and Leading references
are also given. Comrect elemental analyses of most and spectroscopic characterization of
all compounds are fully compatible with the structures 1-19.

6: 83.2 g (89 %) from 59.9 g 5 and 65.1 g CH.CHBr (DMF, -50°C » 0°C, 2 h);
s 749 (e -
laly = -7.4% (c = 1.17, CHC,).
7: 79.8 g (85 %) from 75 g 6, 200 g CBry and 158 g (CeHg) 4P (EL,0/CH,CT, 3:2, 35 min,!3),
CHBr, was removed by crystallization at -30°C), ol = +2.0% (c = 1.64, CHCI,).
9: 27.1 g (70 %) from 44 g 7 and 31.4 g 2-methyl-1,3-dithian (+ 8), hydrolysis with

160 g HgCl, and 160 g CaC0y (CH,CN/H,0, 16 h); Laly = +5.4° (c = 5.29, CHCI,).

J0 +11: 8.8 g (99 %) from 8.8 g 9 and 2.13 g NaBH4 (90 % MeOH, 40°C, 1 h}. Separation of
5 g amounts by flash-chromatography (@ of the column 8 cm) with CH2C12: CH3COOCZH5
9:1. Recovery: 82.8 %; 10: laly = +9.5° (¢ = 1.23, CHCl,), 11: loly = +2.5°

D
(c = 1.20, CHCI,).

12: 4.1 g (70.7 %) from 2.1 g 10, 1.1 equiv. DEAD, 1.1 equiv. (C6H5)3P and 1,05 equiv.
CH4CO0H (CeHeCH,/CH 121, 23°C, 16 h)') and 2.9 g 11 (2 Ti(0C,Hg), in 200 ml
CH3COOC2H512§, 77°C, 24 h), after chromatography (CH2C12/CH3COOCZH 9:1);

- O -
lal = +11.7° (c = 0.63, CHCI,).

13: 2.9 g (quant.) from 4.1 g 12 with Pd(OH)Z/C (CH3C0002H5, 23°%, 30 min.);
laly = +27° (¢ = 1.0, CHCT ).

5

E-15: 1.6 g (73 %) from 1.8 g 13 via Swern oxidation (+ 14) and Wittig reaction with excess
. o
(C6H5)3PCHC00CH3 in DMF, [a]D = 49,57 (¢ = 0.93, CHC13).

E-19: cf. ref.'!); tal] = -16.9° (c = 1.05, CHCT,).

0.7 g (99 %) from 0.88 g 15 with 7 equiv. 0.5 N LiOH aq. (THF, 23°C, 2 h).

3
4: 1.07 g (97 %) from 1.22 g 19 with 1.4 equiv. 1 n NaOH aq. (HZO/THF 1:1, 23°C, 1 h)s

- 2119 (e -
laly = -11° (c = 0.99, C,H.OH).

m.p. 160.8°C-161.8%C, laly = +28°10° (c = 0.2, CHC1,) (ref.?): 162°C-164%C; +36°
(c = 1.0, CHC14)), 'SC-NMR (25.2 MHz) and 'H-NMR (300 MHz) identical with those of
2)

natural product®’.
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