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The protected precursor 30 to dolabriferol was generated by a DBU-induced, ester-forming, retro-Claisen process. The required linear carbon
chain present in 22 was synthesized by a stereoselective lithium aldol reaction. The necessary aldehyde and ketone fragments were synthesized
using stereocontrolled aldol reactions with the ethyl ( S)-lactate derived ketone 13.

Dolabriferol (1) was isolated from the ether-soluble acetone and ester7 (isolated fromS. australis) (Figure 1). This
extracts of specimens @folabrifera dolabriferaby Ciavatta structural motif appears to be the result of rupture of an
and co-workers in 1996in the first chemical study of an intermediate hemiacetal via a retro-Clasien fragmentation.
opisthobranch belonging to the Dolabriferidae family. Found As such, the natural product status of dolabriferol can be
off the coast of CubaD. dolabriferais readily distinguish- ~ questioned.

able from other members of thAplysia genus by the
presence of small and asymmetrical parapodia, a flattene
body, and a calcified internal shell. The structure of dolab-

riferol (1) was elucidated by extensive NMR studies, and o OH
O OH O o}

the complete relative stereochemistry was confirmed by
single crystal X-ray analysis. Without proof of the absolute
stereochemistry, a comparison to the seemingly related
baconipyrones (2—3)suggests the absolute configuration
drawn for1 as a candidate for synthesis. Dolabriferol (1) is

a polypropionate featuring a highly substituted hemiketal
tethered to @-hydroxy ketone via an unusual ester linkage.
The presence of a noncontiguous carbon backbone assigns
dolabriferol (1) to a group of marine polypropionates that
includes the baconipyrones-#D (2—5Y, siserrone A §),2

dolabriferol (1) /\ )

baconipyrone A (2), R =Me
baconipyrone B (3), R=H

O
baconipyrone C (
baconipyrone D (
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While dolabriferol (1) has attracted some synthetic inter-
est® its total synthesis has yet to be reported. Oand
others® previous attempts to prepare the ester linkage in
dolabriferol () by coupling acid and alcohol equivalents have
not proved successful. We now report the synthesis of the
direct precursor to dolabriferoll] using a “biomimetic”
retro-Claisen reaction to install this ester linkage.
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Retrosynthetic analysis (Scheme 1) revealed that com-
pounds, the protected precursor to dolabriferd),(is formed
by retro-Claisen reaction of hemiket@land deprotection/
oxidation of C3. The pseudosymmetrical acyclic precursor
10to hemiaceta® should be available from an aldol coupling
of ketonell1 with j3-silyloxy-od-alkoxy aldehydel 2 followed
by oxidation. Substrate-directed aldol reactions of the lactate-
derived (S)-2-benzoyloxypentan-3-one ((S)-98)h alde-
hydes 14—16 were proposed for the preparation of both

(5) (a) Dias, L. C.; de Sousa, M. Aetrahedron Lett2003,44, 5625—
5628. (b) Chenevert, R.; Courchesne, G.; Caron]&rahedron: Asym-
metry2003,14, 2567—2571.

(6) Our attempts to access an analogue of e&tey coupling alcohol
20 with the acid derived froml8 using various protocols proved unsuc-
cessful due to unfavorable steric interactions and facile dehydration of
compound20. Lister, T. Unpublished results.
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aldehydel2 and ketonell. Noticeably, these sequences
install all but one of the stereocenters present in dolabriferol
(1). Adjustment of the C3 oxidation state and protection of
the formed hydroxyl inl2 was proposed to avoid potential
hemiketalization at various stages of the synthesis.

Scheme 2

i. (c-Hex),BCI, Me,NEt
Et,0,-78 °C — 0 °C, 2h BzO

e

(9130

O 470H OBn
H 17

(99%, >97% ds)

1. TBSOTf 2.Sml,
2,6-Lutidine THF,0°C
CHJCl,, =78 °C (99%)
1 h (94%)
NaBHj,, EtOH

0°C—rt

(100%)

OBn
14 -78°C - -23°C

o 14 h

3 B

RO O, OBn
4 1 BS
Felkin : anti-Felkin
19:R=H PMB-imidate (84%)
20: R =PNMB Et,0, 0 °C, cat. TFOH °

1. W2-Raney Ni, E1OH, 6 h (87%)

:

2. Dess-Martin periodinane, CH,Cl,, (96%)

N

O O  OBn
TBS

H

PMBO
1

O

O,
2 '1BS

The synthesis of aldehydg is shown in Scheme 2. The
(E)-enol dicyclohexylborinate of knovirketone (S)-13vas
reacted with an excess of freshly prep&reemethyl chiral
aldehyde (R)-140 give 17 in excellent yield (99%) and
diastereoselectivityX97% ds). The generated alcohol was
masked as a TBS ether (TBSOTT), and subsequent reductive
removal of then-benzoatéusing Smj gavel8in high yield
(93%, two steps). At this stage, temporary C3 reduction and
protection was required to avoid cyclization upon liberation
of the primary benzyl ether. To this end, carbonyl reduction
with NaBH, gave a 4:1 ratio of Felkin isomet9 and its
C-3 epimer that could be readily separated by flash chro-
matography.

While both epimers could be used in the synthesis, as this
center is ultimately at the carbonyl oxidation state, the major
epimerl9was taken forward to simplify subsequent spectral
analysis. Protection of alcoh@B using PMB-trichloroace-
timidate under modified conditioAgjave thep-methoxy-
benzyl etheR0in good yield (84%). Selective debenzylation
of 20 with Raney nickel followed by Dess-Martin oxida-
tion!! furnished aldehydéd2 in 84% overall yield.

(7) (a) Paterson, I.; Wallace, D. J.; Velazquez, S.Tdtrahedron Lett.
1994, 35, 9083—9886. (b) Paterson, I.; Wallace, D-Tétrahedron Lett.
1994, 35, 9087—9090. (c) Paterson, I.; Wallace, D. J.; Cowden, C. J.
Synthesisl998, 639—652.

(8) (a) Paterson, I.; Yeung, K.-S.; Watson, C.; Ward, R. A.; Wallace, P.
A. Tetrahedron1998,54, 11935—11954. (b) Paterson, |.; Florence, G. J.;
Gerlach, K.; Scott, J. P.; Sereinig, Bl.Am. Chem. So2001,123, 9535—
9544,

(9) Paterson, I.; Lombart, H.; Allerton, @rg. Lett. 1999,1, 19-22.
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The synthesis of ketoriEl is shown in Scheme 3. Reaction
of the (E)-enol dicyclohexylborinate of ketong8)¢13with
2-methyl propanali6) gave keton@1 with high selectivity
(99%, >95% ds). Protection (TBS ether), conversion to the
diol with LiBH 4, and oxidative cleavage gave aldehyte
(91% over 3 steps). In an iterative process, tB¢-¢nol
dicyclohexylborinate ketoneSj-13was now reacted with
1.5 equiv of aldehydé5 giving a single detectable isomer
of adduct20in 77% vyield. This level of diastereoselectivity
highlights the highr-facial selectivity exhibited bySg)-13

considering its dominance over any facial preference of

aldehydel5. Protection of the free hydroxyl as a triethylsilyl
ether, followed by benzoate cleavdd&mlk) gave ketone
11in good yield (90%, 2 steps).

With the key aldol fragments in hand, our attention was
focused on their coupling (Scheme 4).
procedure, lithium hexamethyldisilyl azide (LIHMDS) was

used to generate the enolate bf (30 min at—78 °C
followed by 30 min at—50 °C), which smoothly reacted
with aldehydel2 at —78 °C to give adducB2in good yield
(78%) as a separable mixture of just two diastereomers (85%
ds). The stereocenters formed in this coupling are lost in
the subsequent oxidation, but the formation of one major
isomer allows the progression of stereochemically pure
material. The dominant isomer was tentatively assigned as
the 6,7anti-Felkin-7,8syn8,10-anti product22 (Scheme 4)
based on literature precedent for similar double stereodif-
ferentiating lithium aldol reaction.In preliminary experi-
ments, Swern oxidatiéh of 3-hydroxy ketone22 gave the
corresponding dion&0, which surprisingly existed exclu-
sively as a single epimer of thiediketone with no enol form
present. Selective desilylation proceeded smoothly under
either acidic conditionsp-TSOH) or the action of fluoride
ion (HF-pyr/pyr) giving the deprotected acyclic dio28,

but this compound did not cyclize to give the hemiacgil
required for retro-Claisen reactiéhFailure of this cycliza-
tion caused us to abandon this fully protected approach.

Assuming that the cyclization was inhibited by steric
hindrance, we chose to change our strategy and now adjust
the oxidation state of C3 to that required in dolabriferol. To
this end, adduc22 was treated with DDQ in moist Ci&l,,
followed by double Swern oxidatiéhto give trione25 in
good yield (79%, two steps). This species proved similarly
stable to epimerization and selective desilylation gave
compound26. Again, this compound failed to cycliZeto
the desired hemiacet&?, indicating that the bulky TBS
protecting groups were the cause of the problem. Removal
of one or both of these TBS groups introduces a variety of
competing cyclization modes but still seemed a viable path
forward.

The base sensitivity of dion25 was highlighted during
attempted deprotection with TBAF which lead only to the
formation of enone28 (Scheme 5). However, controlled
desilylation could be achieved (5 equiv of TASSH h, or
HF-pyr/pyr, 7 days) with the removal of the C-5 TBS and

In an optimized C-11 TES ethers. The product from the HF-pyr/pyr reaction

was identified as the unusual trioxaadamantafé’ The
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TAS-F reaction initially produced a mixture of hemiacetal
products and brief exposure to DBUapidly gave triox-
aadamantan29. Compounc9 was found to be very acid
sensitive and decomposed to a mixture of dihydropyrénes
upon exposure to CDgIlAfter some experimentation it was
discovered that extended exposure6fto DBU facilitated
retro-Claisen to give the desired estéd. Under these
reaction conditions the produ@0 slowly underwents-
elimination of the carboxylate giving enon&l, which

steps, the conditions commonly used for silyl protecting
group removal on sensitive systems.

Disappointingly, none of our attempts at this final TBS
removal gave dolabriferol, with the reactions either returning
starting material, complex mixtures or in the case of TBAF
and TAS-F% enone31. The one exception to this was
treatment oB0with aqueous HF/CECN/CH,CI, which gave
spiroacetaB2 as the only product. Formation of this product
can only occur by acid-catalyzed Claisen reaction to reform

although undesirable, helped to confirm the formation of ester the linear carbon backbone followed by spirocyclizafidn.

30.
With a direct precursor to dolabriferollY in hand we

began searching for a means to cleave the final silyl ether.

The TBS cleavage may occur before or after the Claisen
reaction.
It appears that the combination of an overly robust TBS

Notably this final TBS ether had already endured, in previous protecting group coupled with a highly sensitive (acid and

(10) (a) Mozingo, ROrg. Synth1941, 21, 15. (b) Horita, K.; Yoshioka,
T.; Tanaka, T.; Oikawa, Y.; Yonemitsu, Qetrahedron1986,42, 3021—
3028.

(11) (a) Dess, D. B.; Martin, J. Q. Org. Chem1983,48, 4155—4156.
(b) Dess, D. B.; Martin, J. CJ. Am. Chem. S0d.991,113, 7277—7287.

(12) (a) Masamme, S.; Ellingboe, J. W.; Choy, W.Am. Chem. Soc.
1982 104 5526-5528. (b) McCarthy, P. A.; Kageyama, Nl.Org. Chem.
1987,52, 4681—-4686. (c) Evans, D. A.; Yang, M. G.; Dart, M. J.; Duffy,
J. L. Tetrahedron Lett1996,37, 1957—1960.

(13) (a) Omura, K.; Swern, Dretrahedron1978,34, 1651—1660. (b)
Mancuso, A..J.; Swern, DSynthesis1981, 165—185.

base) substrate prevented the current approach from yielding
synthetic dolabriferolX). Despite this recalcitrant situation,
our synthesis afford30 as a single isomer in 35% yield after
11 linear steps from ketond3. We are hopeful that
replacement of the troublesome TBS ether will ultimately
prove successful.
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