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Communications to the Editor
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There exists no general methodology for the asymmetric ..o chondrillin .0
synthesis of 1,4-dioxygenated peroxides, despite the common pjakorin - C16H33% -
presence of this subunit in peroxide natural products and their
synthetic precursors. While previous reports from these labs
have described a chemoenzymatic approach to 4-peroxy 2-enals

and related 1,4-dioxygenated peroxidegneral application is C16H33)j\/\_/\ — C16H33/M =

limited by the intolerance of soybean lipoxygenase for many HOO OR HOO
unnatural 1,4-dienes. We now report an asymmetric route to

1,4-dioxygenated peroxides via sequential hydroxyl-directed OH OH OR
singlet oxygenation and [2,3]-peroxyl radical rearrangement c Haa/\/\/\ P— /\=/\)
(Figure 1). The methodology is applied to the first asymmetric OoH OR CreHas

total synthesis of the marine natural product plakofijgnd
its Cs-epimer,entchondrillin (2). On the basis of our synthesis,
we propose a revised stereochemical assignment for the natura
product chondrillin.

The addition of singlet oxygen'@,) to chiral @)-allylic
alcohols selectively furnishesyn2-peroxy-3-alkenols through
a transition state involving hydrogen-bonding to eith®g or
the developing perepoxide (eq3)This potentially powerful
methodology remains relatively unexplored outside of simple
allylic alcohols and related species. Similarly, the rearrangemen
of allylic hydroperoxides, although the focus of numerous

mechanistic studies? has not been widely exploited as a k )
synthetic method. Abstraction of hydroperoxide hydrogen Synthesis of chondrillin and plakofiand more recently modeled
in our labs on an enantiomerically pure hydroperoxy eriéne.

produces a peroxyl radical which undergoes nearly stereospecific he k . ¢ - he hvd Idb
isomerization through a tight radical cage (eq 2). Abstraction !N the key series of reactions, the hydroperoxy enone would be

of hydrogen from another hydroperoxide propagates the reactionintroduced through radical isomerization of a 2-hydroperoxy
and produces rearranged product. 3-en-1-ol, which would in turn arise through stereoselective

dioxygenation of a chiral allylic alcohol.

everal members of the family, including chondrillin, have
emonstrated activity against cancer cell lik&8pnly a single
racemic approach to this class of natural products has been
reportec?

Our retrosynthetic approach is illustrated in Scheme 1.
Chondrillin and plakorin, reported as epimeric at the- C
peroxyacetal, would be formed as single enantiomers through
tphotomediated cyclization of an enantiomerically pure hydro-
peroxyenone followed by ketalization of the intermediate
dioxinol, a strategy first reported by Snider in the racemic

0- .y The lack of examples describing peroxyl radical rearrange-
>=><EH '0, 5 HOO o ments in functionalized systems led us to model the key
H ;‘ - >—5L - M;“ oxygenation/rearrangement sequence af)alkenol @) avail-

H §~ H able in 91% ee through Alpine-borane reduction of 5-tridecyn-

6-one followed by semihydrogenation of the resulting propargyl
alcohol!~13 Photooxygenation a3 (eq 3) slowly furnished a

CsHy4

— —
CsHyy
OH OH
TPP, O 3
X = OOH j\/l\ TR0, | ®)
X = 00e n-Bu n-Bu

. . . 3 HOO 4 (s8%)
Chondrillin and plakorin, members of a larger family of

alkoxydioxins derived from marine organisms reportedly dif-
fering only in the stereochemistry or substitution at the C 90:10 mixture ofsyn and anti-6-hydroperoxy-7-tridecen-5-ol

position, are obvious targets for the new stratégyWhile
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(4).1* A sharp singlet at 9.5 ppm in the!H NMR spectrum Scheme 2Total Synthesis of Plakorin anghtChondrillin
indicated the presence of an intramolecular hydrogen bond 4

icz OH
; ; 1. LICECCH,R C
involving the peroxyl hydrogeh. __ome 1.LICECCHaR, )y TP:,O
Equilibration was found to proceed at 680 °C in the R N 2. (S)-Alpineborane R C o v
presence of 0.2 equiv of dert-butyl hyponitrite (DTBN) to Me 3. Lindlar, Hp 7 (44%)
fu”r(nishI a4 nee(ier%/ (equzl; mixtlrJ]re of .thel Zaland 4-hr¥%r%p})1eroxy OH DTBN OH OCHs
alkenols4 an eq 4), each as single diastereonter¥he i _N__R, _BUOOH i m !
use of a benzene/water emulsion, an effort to disrupt the R Y ? ~ 5% RN > PDC.
intramolecular hydrogen bond, had little effect. Attempts to OOH | 1:1.28/9 ,Hoo
perform room temperature rearrangement usingg Etr pho- 8 (62%) 9 (36%)
tochemical initiation of DTBN were unsuccessful. 0 Ry /— OH
/u\/\/ﬁz 1. HOAc/H,0
OH o R : 2. hv HO ©0-0 H
H o ¢ 0
N 20 mol% initiator 4 10 (67%) O"OYOM 11 (32%)
;‘5 = P CsHis X C4H “ ©
4o CO,Me COZMS
4 OOH OOH 5 1. HF, MeOH OMe o 2 B O [
iti iti T(C Time Yleld Isolated Isolated 2. HoCr0, RZN7 . Ol Me—\O H
Conditions Initiator ( ) (h) (o/o) Yield 4 (‘%) Yield 5 (%) 3. CH2N2 (6] H 1:3
A DIBN 60 65 40 23 17 (17%) 1 2
B BTBN 55 7 41 gg 2; Ry = CygHas Ry = CHoCH,0Si(i-Pr)
B TBN 68 5 45 . . . "
A Et,B RT 6 NR . furnished g)-alkenol7, which was subjected to dye-sensitized
A DTBN/hv  RT 1 decomp. - N photooxygenation to afford a 98s¥yrfanti mixture of 2-peroxy
o] DTBN 50 7 77 34 30 enols8. Equilibration in the presence of DTBN and TBHP
C DTBN 3| 16 81 29 41 resulted in a 1:1.25 mixture of recover8@nd 4-hydroperoxy
A: 0.01M in CgHg B: 0.01M in CgHg/Ho0 (9:1) 1-alcohol9, both isolated as single diastereomers. Protection
C: 0.01M in CgHg in presence of 10 equiv. +BUOOH of 9 as the corresponding peroxy ketal was followed by

oxidation of the allylic alcohol to form peroxy enorf.10
Deprotection of the hydroperoxide was followed by photocy-
clization, as per the procedure of Snider, to afford the dioxinol
11 Treatment with methanolic HF resulted in deprotection of
the silyl ether and ketalization to form the methoxydioxin.
Oxidation and esterification resulted in a mixture of alkoxy-
dioxins1 and2 which were separated with difficulty by normal-
phase HPLC.

The spectra of the firstl] and second?) eluting isomers
exactly matched data previously reported for plakorin and
chondrillin, respectively:8° The optical rotation obtained for
synthetic plakoring), [a]p = +26—29°, indicated the material
to be 85-95% e€® However, the rotation observed 2r[a]p
= —19 (c = 0.5, MeOH), isoppositein sign to values

The low overall yield was attributed to a termination reaction,
dimerization of peroxyl radicals to unstable tetroxidesPre-
parative autoxidations, which also proceed via intermediate
peroxyl radicals, furnish higher yields in the presenceeof
butyl hydroperoxide (TBHP), a radical reservoir which replaces
substrate as the chain carriér.As seen in eq 4, equilibration
of the 2-peroxy en-1-ol in the presence of 10 equiv of TBHP
greatly improved the combined recovery of starting material
and product. Protection and oxidation of the separated rear-
rangement producd afforded peroxy enoné (eq 5), which
was found to be 87% ee on the basis of comparison with material
derived from a previously reported chemoenzymatic protess.

o previously reported for chondrillih? We therefore propose
OCH,3 CeH 3(R),6(S absolute stereochemistry for chondrillin, the enanti-
1. PPTS, ° ”NCJ'HQ 6(52%) (5) omer of the previously reported structure.
> PDC . O-OXOCHa [odp = - 48 In summary, radical rearrangement of the allylic hydroper-

oxides derived from hydroxyl-directed addition'@. provides
. . a method for the asymmetric synthesis of 1,4-dioxygenated
We now return to the total synthesis of chondrillin and peroxides. The scope and limitations of this methodology, as

plakorin (Scheme 2). Addition of a lithiated alkynol ether to  well as synthetic studies toward chondrillin, are currently under
the Weinreb amide of heptadecanoic acid furnished a propargylinvestigation and will be reported in due course.
ketone which underwent reduction with Alpine-Borane to
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