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ABSTRACT
OR*

Ry OAc +S0, OR; OR* OR* OR,
+ — -
*SiMeg —’\/\/v\)j\/\‘)\/

R,07 -S0, R R
R*=(R)- or (S)-1-phenylethanol
R4=H, Me

R,=COPh, CO(i-Pr), COMe

In the presence of a Lewis or protic acid and at low temperature, 1,3-dioxy-1,3-dienes add to sulfur dioxide generating zwitterionic intermediates
that can react with carbon nucleophiles such as allylsilanes. After a retro-ene elimination of SO,, valuable polyketide precursors are obtained.

Natural polyketides show important biological activity. A

large number of methodologies toward these targets have Scheme 1

already been developéd\evertheless, more efficient and OR' ©
versatile synthetic strategies are needed. We recently refported OR” OSiMe,  1.SO, LA

a new asymmetric C—C bond-forming reactidnt- 2—3 = NN — R
(Scheme 1). The strategy involves a cascade of reactions s R T L1ISO,R'
starting with the hetero-DielsAlder addition of SQ to a 1 2 ‘ 3
1,3-dienyl etherl, giving the corresponding sultint that

is ionized to zwitterionic intermediate which is then added Bu,NF
to enoxysilanes (oxyallylation) to give silyl sulfinatéshat 1 +S0;LA R'X

can be alkylated or allylated in situ to provide the corre- ~ 4
sponding sulfone3.We wish to report here the logical R o

OR’ R’
extension of this strategy to allylsilanes and to the synthesis O,LA I o .2
of polyketide fragments via two-directional chain elongafion. | = gLA | R
0 0 ?
4 5

Unfortunately, when dienekand various allylsilanes (see -180,SiMe,
Table 1) were reacted with an excess of,8Qthe presence
of a Lewis or protic acid promoter, no product of condensa- {Umpolung by SO,) 6
tion was observed. The allylsilanes reacted too rapidly with — R*=(R)- or (S)- C;(R“)Ar

SG, in ene reactions giving the correspondijfigy-unsatur-
ated silyl sulfinates thus giving no chance to the allylsilanes
to react with the intermediate zwitterioBs best acid promoter is (GBOG;):NSiMe; (Tf,NTMS)2 In a
In an exploratory study with achiral 1-benzyloxy-3-ace- typical experiment, dien& and allylsilane9 or 10 (1—3
toxydiene8% and allylsilanes9 and 10, we found that the  equiv) were mixed together in a 1:1 mixture of $CH,Cl,
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Table 1. Hydroallylation of Dienel4?

O/'\SPh

8\ \|/Ph

S\ ~ * %\/SIM63 —_— = 4 5 7
Ry, "0 &
9Z=H !
14 15 Z=CH,TMS 17 Z=H
16 Z=CH,0Ac 18 Z=Me
18' Z=CH,SiMe;
19 Z=CH,0Ac
entry diene Ri1 Rz allylsilane product vyield (%)
1 14ab Me Pr 9 17a 68d
2 14b Me Ph 9 17b 70d
3 ent-14c¢ H Ph 15 18a 699
4 14b Me Ph 15 18b 744
5 14ab Me Pr 16 19a 69¢ef
6 14b Me Ph 16 19b 71ef
7 ent-14c¢ H Ph 16 ent-19c 52ef

aReaction conditions: (i) CKCI/SOJ/TFLNTMS, —78 °C; (ii) evapora-
tion of SQ; (iii) MeOH/EtsNH*TfO~, —78 °C. P Racemic. Opposite
enantiomer starting fromR)-1-phenylethanoF Anti:syn = 11:1. ¢ Single

gro_duct.f Using PhMe instead of Ci€l, as a cosolvent with SO
Diastereoselectivity= 9:1.

containing the acid promoter and cooled-t@8 °C. The
mixture was allowed to react for ca. 16 h-af8 °C, followed

by evaporation of S@and addition of MeOH containing
EtNHTTfO~. After aqueous workup and flash chromatog-
raphy, productd.3aand13b were obtained in 68 and 34%
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yields, respectively, with an anti/syn (centers C(4), C(5)) ratio
of 11:1. To our knowledge, this is the first time that a buffer
such as ENH*TfO™ has been used to desilylate silyl sulfi-
nates (1lidentified by'H and3C NMR when running the
reaction in an NMR tube) and to induce the subsequent desul-
fitations 12—13 by retro-ene elimination of SQat low
temperaturéa®

With acid promoters such as Yb(O3f)BFs-Et,O, and
(t-Bu)Me;SiOTf, reactions8 + 9 and8 + 10 failed to give
any trace of the desired product8. With TiCl,, these
reactions had low yields of 10 and 5%, respectively. As
(CRSO,):NH promoted reactio + 9—13awith a yield
of 19%, other protic acids (HCIQFSQH, CRSO;H, TsOH)
have been explored as promoters but with little success,
except for 1:1 (R)-1,1'-bi-2-naphthol/SkClvhere reaction
8 + 9 gavel3ain 28% vyield (same anti/syn diastereose-
lectivity, no chiral induction by HPLC).

We then turned to an asymmetric version of our process
and identified R)- and ©)-1-phenylethanol (relatively cheap
and commercially available) as appropriate chiral auxiliaries.
Dienes 14a—d° were used in our study together with
allylsilanes9, 15, and16 (Table 1). Using TINTMS as an
acidic promoter, all our reactions led to the same anti/syn
(centers C(4), C(5)) diastereoselectivity of 1+:dand prod-
ucts17—19were isolated in good yields. There were no other
detectable €3%) diastereomeric products, showing tH} (
and (S)-1-phenylethanol are good chiral auxiliaries for the
preparation of these polyketide fragments. With allylsilane
15, we had hoped to be able to isolate intermedid&svith
Z = CH,SiMe; useful for a second hydroallylation reaction
(see below). Unfortunately, due to the competing ene-reaction
with SO,, the latter were rapidly converted into the corre-
spondings,y-unsaturated silyl sulfinates. Under our aqueous
workup conditions the latter were rapidly hydrolyzed and
desulfitated (retro-ene elimination of $@o give exclusively
products18 (Z = CH,SiMes—Z = CH,3). With [2-(ace-
toxymethyl)allyl]trimethylsilane 16) 1% dienesl4a, 14b, and
ent-14cgave productd9a,19b, andent-19c, respectively,
that were isolated as single, pure diastereoisomers in 69, 71,
and 52% yields after flash chromatography on silica gel.
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carbon center C(5) was observed. Moreover, this structure
Scheme 2 confirmed the C(4)/C(5) anti relationship. It is thus proposed
that the same stereocontrol occurs in all reactibfs-17,

OBn OBn 18, 19.
= Z . . .
. /\/snvles i ﬁiz Ally acetates19b and ent-19c underwent quantitative
S
AcO

Ao 0,SiMe; substitutions with (MgPhSiyCu(CN)Li,,* providing allyl-
: silanes21 and 22, respectively (Scheme 4).

8 97=H
10 Z=CHZC[ 11a Z=H
11b Z2CH,CI |
l Scheme 4
ii

Ph
S
. P

N )\o 07 Ph

OBn OBn i BzO O S s
1 I, 1, v

Sz i z 190 *WR -

T3 = |_son : 3
AcO” T2

BzO

AcO™ ™
P 21 R,=CH,SiMe,Ph 62%

anti-13a Z=H

anti-13b Z=CH,CI

Ph_R
a Conditions: (i) excess SALH,Cl,, acid promoter (LA),—~78 520 j)/ Ph
°C; (ii) evaporation of S@ (iii) MeOH/EtsNH*TfO~, —78 °C. i = i, i
(i) p Q (iii) 3 ent-19¢ —» \/\/\)LRa v, il iv

BzO

The relative configuration between the C(5) center and 22 R,=CH,SiMe,Ph
the phenethyl chiral auxiliary in productis’—19 has not =0
been established unambiguously. However, in the case of a Conditions: (i) (MePhS,CU(CN)Li», quant.: (i) 14b/SOy
ent-17b (derived from (R)-1-phenylethanol), its ozonolysis TH,NTMS/PhMe, —78 °C: (iii) evaporatio’n of SQ (iv) MeOH/
and subsequent reduction with LiAJHollowed by double Et;NHTfO~, —78°C; (v) 14dSO)/TF,NTMS/PhMe,—78 °C; (Vi)
esterification withp-nitrobenzoyl chloride provided a crystal-  BFsOEL/EtSH.
line derivative20,%® the stucture of which could be determined
by X-ray crystallography (Scheme 3). As for all other cases
reported so fat? a like relationship R,Ror S,S) between In the presence of 2 equiv of dierldb, 21 reacted with

the benzylic center of the chiral auxiliary and the adjacent SO t0 give the pseudo-Lsymmetrical producg3 in 62%
yield (Scheme 4). Polyketide fragme24 was prepared in

I (he same way fron22 in 81% yield.

Scheme 3 The relative configuration of product®3 and 24 was
Ph - determined by measurements of the optical rotatiah ( '
B0 9)\ - o ){ Cent.ers (;(4)/C(5) apd C(9)/C(;O) always have' an anti
P J i S relationship, which arises from highly stereoselective retro-
SN (P-NOz)Bzo/WO(P-NOz)BZ enereactions. Optical rotation measured for d6l(o = 0)
ent-17b 20 demonstrates the 5,9-anti relationship of the diol moiety

(Scheme 5). In contrasty = 0 found for product24 is
consistent with the 5,9-syn relative configuration. In both
cases, the configuration of the newly created stereogenic
centers is controlled by the chiral auxiliary.

Scheme B

[a]p=+18°
(c=0.62, CHCI)

a Conditions: (i) (a) @Et,0/—78°C, (b) DMS; (ii) LAH/EL,0O,
70%; (iii) (p-NO,)BzCI/DMAP, 81%. aConditions: (i) BR-OEL/EtSH.
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Our C—C bond-forming reaction (reaction cascade: het- natural products and analogues. Full details will be published
ero-Diels-Alder addition of SQ, ionization of intermediate  in due course.
sultine, electrophilic addition to enoxysilane (and now allyl-
silanes), silyl-sulfinate hydrolysis, and desulfitation via retro- i i
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[2-(acetoxymethyl)allyl]trimethylsiland.6 in an excess of
SO, and in the presence of NTMS as a promoter. The
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