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AN ENANTIOSELECTIVE TOTAL SYNTHESIS OF THE MACRODIOLIDE
{)-(RRR)-COLLETALLOL

F.I. Dommerholr, 1. Thijs and B.Zwanenburg*
Department of Organi¢ Chemistry, University of Nijmegen,
Toernooiveld, 6525 ED Nijmegen, The Netherlands

Abstract:
The total syathesis of (-)-collerallol, a naturally occurring macrodiolide, has been completed
in 26 steps. An essential step in the sequence is the photo-induced rearrangement of an

wf-epoxy diazomethyl ketone to produce a 4-hydroxy-2-atkenoare.

A serics of structurally related macrodiolides, viz. colletallol 1, colletoketol 2, colleiol 3 and colletodiol
4, has been isolated from culture filtrates of the plant pathopen Colletotrichum capsicit. We selected colletal-
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lol 1 as a target malecule for a total synthesis with the aim to demonstrate the utility of our method? for the
enantiocontrolled preparation of 4-hydroxy-2-alkenoates. This merhad, which is depicted in scheme 1, invol-

o
— OH Ny OH
.*‘ \_7
R OH Shar less o o & by He,
N N o — ; . > OMe
DET th,L~"5 *H Ll R
e R MeOH

|9}

Scheme 1
ves the Sharpless epoxidation of an appropriate allylic alcohol, subsequent oxidation to the homochiral
2,3-epoxy carboxylic acid, conversion into the comresponding epoxy diazomethyl ketone and photo-induced
rearrangeinent thereof in an alcoholic solvent.

Our retrosynthetic analysis of colletaliol is shown in scheme 2. Delactonization leads to the unsaturated
hydroxy acids A und B, of which A is accessible through the methodology shown in scheme 1 and B by chain
clongation of aldehyde C. A common starting malerial for both fragments is poly-(3(R)-hydroxy butyric acid)
3, which will eventally lead to the R configuration at Cg and Cy, in the target molecule. A problem is thar the
relative and absolute configuration of the natural dilactone have not been cstablished; furthermore, neither the
m.p. nor the optical rotation have bheen reported. The only uscful lead is that the spectral data of
(1/-)-{R*R*R*)-colletailol prepared by Wakamatsu et al.?, show a close resemblance to those of natural colle-
tallol, Moreover, the related compounds 2 and 4 also have the R configuration® at C and C 4. Therefore, the
synthesis of RRR-1 was undertaken,

In the actual synthesis, the choice of protecting functions appeared 1o be of crueial importance. The syn-
thesis of the Cy-Cyy fragment A is outlined in scheme 3. Poly-(3(R)-hydroxy butyric acid 5 was depolyme-
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Scheme 2

rized and the B-hydroxy function was protected with an ethoxy ethyl (EE) group. Subsequent reduction to
alcohol 6, conversion into the corresponding iodide, followed by a three-carbon elongation with propargylic
alcohol and reduction of the triple bond, produced the allylic alcohol 7 required for the Sharpless epoxida-
tion3, It then mrned out however, that the EE protecting group i unstable under the conditions of the Sharp-
less epoxidation. Therefore, the EE group was replaced by an acetyl group as indicated®. Asymmetric epoxi-
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a. HaS04, EtOH, CICHaCHoClL A (83%) k. D(-)-DET, tBuQOH, TiOIPr)4,
b. ethyl vinyl ether, cat. CF5COOH (100%;) mol sieves, GHoCla {83%)
¢. LiAHy, Et0 (98%) L RuO4, CHaCN/CCl4Ha0= 272/3;
d. TosCl, py, CHClg; MNal, acetone (B4%) CICOQIiBu, NE1g; CHaNz (B3%)
8. propargylic alcohol, LiNHp, NHg(l)  (92%) m. hy, MeOH; TBDMSC!, imidazole, DMF (61%)
1. LiAlH,, EtoOTHF=7/8 (99%)  n. NaOMe, MeOtl, ¢°C {85%)
9. TBOMSCY, imidazale, DMF 0. ethyl vinyl ether, PPTS, CHxCla {99%)
h. MgBra. EizQ p. LIOH, THFH2O=1/1 {38%)
f. AGaO, Py q. HOCHQCHESOEPh, DCC, DMAP, CHzclg {68%)
i. HOAGHoO/THF= 3/1/1 (78%) 1. MgBra, Etz0 {89%,)
Scheme 3

dation of allyl aleohol 8 gave epoxy alcahol 9 which was, without isolation of the intermediates, converted
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dircctly into the diazo ketone 10. Irradiation of this diazo ketone in methanol, ff~llowed by silylarion, gave
compound 11. It was then necessary to decide which ester linkage in dilacmne ! should be eonstnlcted first.
Either choice will result in a seco colletallol derivative in which an unsaturated ester needs to be converted
into a free carboxylic acid (in order to accomplish the remaining lactonizntion step), without destroying the
"Incrone" unit already formed. C.onsequently, the nature of the ester group in either seco-colletallol derivative
requires careful consideration. Arbitrarily, we decided to form lactone unit C2-C14 first. For this purpose the
neetyl group at Ci4 needed to bereplaced by the base stable EE group, Then the unsaturated ester was
saponified wgh LiOH and the carboxylic acid 12 was esterified subsequently with 13-phenylsulfonyl ethanol
using dieyclohexylcarbodiimide (DCC) as the coupling reagent7. Subsequent removal of the EE protecting
function with MgBr2~'provided alcohol 13 which was used for the coupling reaction with the CTC 6 fragment
B.

The prepanldion of I'Yagment B is depicted in scheme 4. Alcohol 6, obtained from poly-(3(R)-hydroxy
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t. (Et0)2P(0)CH2CO2Et,  LiCl, iPr2EtN, CH3CN (80%)

u, UOH, THF/H20 111 (97%)
Scheme 4

butyric acid) (see scheme 3), was oxidized m aldehyde 14 and which was then subjected to a Wittig-Homer
chain elongation to give ester 1g. Subsequent saponification of this ester gave acid 16.

The coupling of acid 16 with the C8-Cl4 fragment 13 was successfully accomplished using
DC(]/DMAP as the condensing agents (scheme 5) The "half htctone" derivative 17 obtained in this manner,
was converted into seco-colletallol 18 by successive removal of the EE protecting group with MgBr26 and the
PSE group by treatment with [)BU. The latter deprotection step is a base-induced elimination reacdon and
does therefore not affect the already formed "lactone" unit between C2 and C14.

Scco-colletallol 18 was subjcctcd to macrolactonization. Several of the various methods described in
the literatures were tried9 but without success. Gratifyingly, the desired ring closure was realized in good
yield by the Yamaguchi procedure employing 2,6 dichlorobenzoyl chloride instead of 2,4,6-rriehlorobenzoyl
chloride used originally10. Final removal of the silyl protecting group at C11from 19 gave (-)-(RRR)-('olletal-
lol, m.p. 108 110 "C and [alp2°® -58" (c 0.7 in CHCI3). The spectral features (tH-NMR, MS and IR) we/x: in
full accord with those reported for natnrnl colletallol and synthetic racemic R*R*R*-eolletallol1ll. This
observation leads to the conclusion that natural colletallol has either the RRR or the SSS configuratkm. In
view of the sUuctural relationship with collcttx.liol 4 and colletoketol 2, isolated from the same natural source,
the RRR coafigut-ation is considered to bc the most probabte one.
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v. DCC, DMAP, GHoClo (97%)
w. MgBra, Et,0 (78%)
x. DBU, benzeans (62%)
y. 2,6-CloCygHaC{O)C, EtgN; DMAP, toluene, A (B4%)
z. n-BugNF, THF (74%)
Scheme 5
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