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Abstract

Condensation of-hydroxysulfones 7a-b with aldehydes and ketones wer@erformed with diverse bases.
Phenyllithiumprovedto beoptimum,giving yields of compoundS-12a-eranging from 67 to 80%. Condensation of vinyl
sulfones15a-c with aldehydesalso worked very well with PhLi, and the resultingadducts16a-d weretransformedinto
protectedsyn 1,3-diolsflankedwith an olefin at thex carbon by a new conjugate addition/eliminaequenceTheseproducts

are models for the C21-C25 sub-unitDaflabelides.

Résumé

LesB-hydroxysulfone&a-b ont étécondenséeavec dealdéhydesou des cétones eurésenceledifférentesbases. La
base de choix s'estvéléeétre lephényllithium,et les composé3-12a-esont obtenus avec demdementsariant entre 67 et
80%. Lacondenation des sulfones vinyliqudsa-cavec dealdéhydedonctionne aussi trés bien avecRéLi, et lesadduits
obtenusl6a-d sont transformés en 1,3-di@gn avec une oléfine sur learboneen a par une nouvellséquencaleréactions

comportant uneddition conjuguée suivie d'ur@imination.Ces produits constituent des modeles du fragment C21d€25

Dolabélides.
Keywords:Dolabelides, hydroxy sulfonephenyllithium,Julia olefination, vinyl sulfones
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In 1995,Yamadaand coworkerssolatedDolabelidesA andB, two 22-membereding lactonesfrom
the sea harBolabella auricularia(family Aplysiidae)[1]. In 1997, twosimilar 24-membereding lactones,

DolabelidesC and D,were also extractedfrom the same source [2]. These compouwds: shown to
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exhibit cytotoxicity against HeLaSesell lineswith I1C,, valuesof 6.3, 1.3, 1.9 and 1.5g/mL, respectively.
Their structureswvere determinedby HRFAB mass spectroscopy and 2D NMR, and their absolute
configurationby themodified Mosher method [3]Severalgroupshave reported syntheses @folabelide
fragmentg4,5,6].

The retrosynthesis wenvisioned is illustrated in Fig. 1. Opening themacrolactone and
disconnectinghe C15-C16 bond furnishes two fragments of roughly esjma) C1-C15 and C16-C30.
They would be coupled by B-alkyl Suzukireaction[7] betweenthe vinyl iodide at C15 and a borane
derivedfrom the olefin at C16. The C15-C30 portion can be furtheconnectedhrough the C24-C25
double bond. In previouspaper,we described the synthesis of C16-Gdehydel [4], which could be
engaged in a Wittig couplingith phosphoran@. An alternativeto make the C24-C25 bond would be a
Julia coupling bieveenp-hydroxy sulfone3 and ketond.

QAC

Dolabelide A R
Dolabelide B R

C16-C30

op
J\ée :'
PhsPZ5e COOEt  BugST 57~ ™ 30




Fig. 1. Dolabelide A retrosynthesis.

Model hydroxy sulfone3a-b wereeasily prepared in two steps fronmyl sulfones5 accordingto
previouswork in ourlaboratory[8]. Intramolecularconjugateadditionof anintermedate hemiacetalanion
madein situ from homoallylic alcohols5a-b with benzaldehydeand potassiumertbutoxide gave the
protectedsynl,3-diols6a-b. Regioselectiveeductionof thesébenzylideneacetalswith DIBAL-H furnished

the corresponding hydroxy sulfonés-b in good yields (Fig. 2).

Ph
H PhCHO, THF 0"
RL/\/502T0| ﬂ» R/\/\/S ©2Td
0°C
5a-b 6a-b
R = PHCH,CHy, i-Pr )
DIBAL-H 68-70% (2 steps)
CH,Cl,, 20°C
OoBn OH
: P SO, Tol
R/\/\/

7a-b
Fig. 2. Synthesis of mod@thydroxy sulfones.

First attemptsof condensatiorof the dianions of sulfonega and 7b accordingto a literature
procedure [9,10javemodest yields of the desired di@dgfrom 23 to 37% when usinigobutyraldehyde,
and 59% foibenzaldehydejue to the pooconversiorof the starting sulfones (Fig. 3) [8everaladditives
were employedto try toimprovethe conversionof sulfones7a-b: LiBr, HMPA, TMSCI or AcCl, with no
success. Other basesrescreenedBuLi/t-BuOK, LDA, Et,NLi gavesimilar results,and theconversiondid

notexceedl2%with i-PrMgCl [11].

Bn H Bn H OH
9 Q 2.2 equiv BuLi Q Q
A ~_S02Tol > -
R R R’
7a-b 2.2 equilejLH 8 SO, Tol
R = PhCH,CHy, i-Pr
2~ THF, -78 to 20°C 23-59%
R' = i-Pr, Ph

Fig. 3. First attempts of condensatior3diydroxy sulfones with aldehydes.

Finally, PhLieLiBr provedto be the base @hoice.Thisreagentvas firstutilized by Masamune for a

Julia coupling during the final steps of the synthesis of bryostatin 7 Yigdis improvedto 67-80%, and
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the yields based omecoveredsulfoneswere excellent (up to 95%).Moreover, only 1.2 equivalentof
aldehydes can be used foptimum results. The crude adductgere directly transformed into the
correspondingacetonidedor two purposes: easiseparationof the products from the starting hydroxy
sulfones, andeterminatiorof therelative stereochemistrpf thenewly formed centers. Fouliastereomers
wereobservedn all casesand theicconfigurationwasprovedby *H [9] and™*C NMR analysig13,14,15].
Tanikagaet alreported théormationof only twodiastereomer$or the condensatiorof simplerp-hydroxy
sulfoneswith similaraldehydes [10]. They correspond to the major isomers in our case (compBoands

10). We haveno explanationfor thediscrepancybetweenthe selectivitiesin our study and inranikaga's

report.

QBn QH
L 0, Tol
R/\/\/S 2
7a-b
R = PhCH,CHy, i-Pr

1) 2.1 equiv PhLisLiBr
R'=i-Pr, Ph, Et | 1.2 equiv R'CHO
THF, -78 to -40°C
2) 2,2-Dimethoxypropane
cat. CSA

0Bn Q7 G
R R
%€ do,Tdl
oo o5
R _. R'
l1a-e 350,70l
R R' Products Yield (corr.) 9/10/11/12
PhCH>CH, i-Pr 9-12a 78% (90%) 65:22:8:5
Et 9-12b 67% (84%) 64:23:9:4
Ph 9-12c 70% (83%) 78:9:10:3
i-Pr i-Pr 9-12d 76% (95%) nd?
Ph 9-12e 80% (92%) 76:17:4:3

3Not determined

Fig. 4. Condensation with PhLi as base.
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Addition of dianions of3-hydroxy sulfones to ketonésmvealso been reported [16], so we tried the
condensatiorof sulfone7a with acetone(Fig.5). The yield of thigeactionis not as satisfying awith

aldehydesbut theselectivityis comparable.

X

0B Q
1) 2.1 equiv PhLisLiBr R >
OBn OH 1.2 equiv acetone 13 20,70l
: H THF, -78 to -40°C
/'\/'\/SOZTOI
R . 2) 2,2-Dimethoxypropane
a
cat. CSA, 20°C OBn O
R = PhCH,CH, 40% (65%) - :

dr78:22 14 §02T0|

Fig. 5. Condensation of sulfoda with acetone.

Since we hadlifficulties coupling sulfones/ with aldehydes or ketones at the beginning of this
study,we examinedanalternateroute to model compounds of the C16-C30 portioDafbelides featuring
asynl,3-diolunit flanked by an olefin (see the boxed portion of C16-C30 in Fig. 1eWieagedo create
the C24-C25 before performing thenjugateaddition which installs the syn diol functionality. Hydroxy
vinyl sulfoness (R = PhCHCH,, Ph, GH,) were protectedas the correspondirtgrt-butyldimethylsilyl or
triethylsilyl ethersJeadingto compound45a-cin quantitativeyield (Fig. 6).Deprotonatiorof sulfonelb5a
(R = PhCHCH,) was firstattemptedvith tert-BuLi, followed by additionto isobutyraldehydeThe reaction
wasclean,but 16awasobtainedn only 40% yield. Her@gain,PhLisLiBr solvedthis problem,and sulfones

16a-dwereformed in good to eellentyields (64-83%) as 1:1 mixturesadiistereomerg@-ig. 6).

P P
j\G/\/ PhLi, RCHO G
SO, Tol » O, Tal
R N R' = i-Pr, Et R N

15a-c THF, -78°C 16a-d
] R' OH
Yield
dr=1:1

R PG Precursor R’ Product Yield
PhCH,CH, TBS 15a Et 16a 74%
i-Pr 16b 72%
Ph TES 15b Et 16¢ 64%

C4Hog 15¢ i-Pr 16d 83%




Fig. 6. Alternate route to models of the C16-C30 portion of Dolabelides.

The reason why Phlgivessuch good resultwith both hydroxy sulfones andnyl sulfones is not
entirely clear. It is slightly less basic thaBuLi, so deprotonationof the aromaticprotons ortho to the
sulfone group is ledavored[17]. On the othehand,PhLi is less prone tmonoelectronidransferswhich
mightreduce the sulfonyl group.

In order to perform theonjugateadditionon compound46, we needed taeprotectthe silyl ether
(PG), aftehavingprotectedhealcoholgroup topreventit from interferingin the 1,4-addition.At this point,
we surmised it would be possible itestall the syn 1,3-diol and the double bond at the satmee, by
activatingthealcoholinstead ofprotectingit. The anion formed from.7 after theconjugateaddition would
undergo areliminationwith the neighboringctivatedgroup,leadingto vinyl sulfone18 (Fig. 7). In this

casea full equivaleniof base would be necessarydtore thereactionto completion.

_ ji —
PhCHO ©_SO,Tadl
---------- > R
t-BuOK
R OAc
\
Ph
PN

Fig. 7. Mechanism of the conjugate addition/elimination sequence.

To verify this hypothesiswe transformed thealcool function of 16a into an acetate(80%), and
deprotectedhe silyl ethewith a 5:95 aqueouldF/acetonitrilesolution (92%). The resulting compouhd
wastreatedwith excessbenzaldehydeand astoichiometricamount of potassiurtert-butoxide. Wewere
delightedto see thabenzylideneacetall8 wasobtainedin 65%yield, andwith a synanti selectivity of 93:7
(Fig. 8). Theconjugateadditionis underthermodynamiaontrol [18],leadingto theprotectedsyn 1,3-diol
whereall the substituents amguatorialon thebenzylidenering. The fact that webservedan excellent

syrnanti selectivityin thetandemconjugateaddition/eliminationmeans that ththermodynamicequilibrium
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is reachedbefore the subsequenteversible elimination takesplace. We are currently studying this
sequenceandespeciallytherelaion betweerthe ratio ofdiastereomersf 17 and theE/Z selectivity. Efforts

towards theeductionof the sulfonenoietyin compound®-12and18 are also in progress.

I

'"'O
s
=y

O

3.3 equiv PhCHO

0,Tol ~
R ~ 1.1 equivt-BuOK R/\/Y\‘Et
17 ° 18 TolO
Et OAC THF, 0°C 2
dr=11 65% syn/anti = 93:7, E/Z = 3:1
R = PhCH,CH,

Fig. 8. First attempt of conjugate addition/elimination sequence.

In summary,we have shown thaPhLisLiBr is an efficient base for thecondensationof both
B-hydroxysulfones andnyl sulfoneswith aldehydesand we designed a short routesymn 1,3,5-triolsand
to synl,3-diolsbearing an olefin on the carbonwhich are model compounds for the C21-C25 sub-unit of

Dolabelides.
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