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The two-directional desymmetrization of prochiral precursors with o,3-unsaturated branches by catalyst-controlled 1,4-addition of silicon and
likewise boron nucleophiles allows for a general enantioselective access to syn,anti-triols with 1,n + 1,2n + 1 (n =2 and 3) substitution patterns.
The utility is demonstrated in the synthesis of the C17—C25 fragment of dermostatin A.

Two-directional desymmetrization of achiral precursors
with a prochiral atom poses a remarkable stereochemical
situation.! The twist in these enantioselective functionali-
zations™? is that, when performed double, diastereofacial
selectivity at the functional group of either enantiotopic
branch sets the absolute configuration at the newly formed
stereogenic center in the initial step. Its relative configura-
tion to the former prochiral center is, in turn, irrelevant
because, if the final step proceeds with the same diaster-
eofacial selectivity at the remaining branch of the now
chiral intermediate, that center becomes chirotopic. The
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net stereochemical result of such a two-step process is the
transformation of a prochiral molecule into a pseudo-C»-
symmetric compound with a chirotopic atom flanked by
the new stereocenters; all stereochemical options are sche-
matically illustrated in the Supporting Information. Excep-
tional levels of enantio- and diastereoselectivity are foresee-
able when the asymmetric method is highly enantioselective
and exerts excellent catalyst control in both steps.*

Our laboratory developed a Rh(I)-catalyzed 1,4-addi-
tion of silicon nucleophiles to acylic a,f-unsaturated
carboxyl compounds with very high enantiocontrol
(>99% ee).” 7 The use of this methodology in iterative

(4) Kinetic resolution effects might also be considered when asym-
metric induction of the used method is not high. For a scholarly example
producing a highly enantiomerically enriched monofunctionalized car-
binol, see: Schreiber, S. L.; Schreiber, T. S.; Smith, D. B. J. Am. Chem.
Soc. 1987, 109, 1525-1529.

(5) For a comprehensive overview of asymmetric conjugate addition
reactions of silicon and boron nucleophiles, see: Hartmann, E.; Vyas,
D. J.; Oestreich, M. Chem. Commun. 2011, 47, 7917-7932.

(6) (a) Walter, C.; Oestreich, M. Angew. Chem., Int. Ed. 2008, 47,
3818-3820. (b) Walter, C.; Frohlich, R.; Oestreich, M. Tetrahedron
2009, 65, 5513-5520.

(7) For the recently developed Cu(I)-catalyzed asymmetric conjugate
silyl transfer, see: (a) Lee, K.-s.; Hoveyda, A. H. J. Am. Chem. Soc. 2010,
132, 2898-2900. (b) Harb, H. Y.; Collins, K. D.; Garcia Altur, J. V_;
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synthesis had already demonstrated its potential to override
substrate control for chiral d-substituted a.,f-unsaturated
acceptors.® Application of that catalyst-controlled conju-
gate silyl transfer to two-directional desymmetrization of
carbinols with a.,f-unsaturated substituents would provide
a stereocontrolled one-pot access to triol surrogates with 1,
n+ 1,2n+ 1 (n = 2 and 3) substitution patterns (I—=syn-11
and/or anti-Il—syn,anti-II1, Scheme 1, upper). Subsequent
oxidative degradation of the C—Si bonds’ and deprotec-
tion would then afford the targeted triols IV=V, Scheme 1,
middle). An alternative indirect approach to the long-
standing problem of asymmetric hydration of o, f-unsatu-
rated acceptors® is the conjugate addition of a boron
nucleophile (Scheme 1, upper),'°~!? again followed by
stereospecific oxidation.'* Both enantioselective methods,
Rh(I)-catalyzed 1,4-addition of silicon®® and Cu(I)-cata-
lyzed 1,4-addition of boron,'" in desymmetrization reac-
tions would complement the existing repertoire of two-
directional polyol syntheses.' > We disclose herein the
stereoselective preparation of 1,3,5—3(1’6’14 and 1,4,7-triols
as well as the diastereoselective protection of the 1,3,5-triol
to access the C17—C25 fragment of dermostatin A (1,
Scheme 1, lower).2!

Scheme 1. Two-Directional Desymmetrization of Prochiral
Carbinols with o,8-Unsaturated Substituents: Access to OH,
OH,OH Building Blocks (m = n—1) with a Chirotopic Atom
prochiral oPG
EWG AN EWG
1
| E nucleophile

v v

E OPG OPGE

EWG\/'\H,'\H/\F EWG  EWG, o~ NG AEWS
m m\ / m m

syn-ll E=SiorB anti-ll
[ with Si = SiMe,Ph and B = Bpin I
chirotopic + E nucleophile

E N\OPGE
EWG ~_-EWG
m m
syn,anti-lll
E OPGE OH OH OH
m m m m
v \'
equivalent of a syn,anti-triol
syn,anti-triol building block
building block

M o R LD
€ Ry » 232118 5
-
" W' >

07 NN OH
1: dermostatin A

(8) Hartmann, E.; Oestreich, M. Angew. Chem., Int. Ed. 2010, 49,
6195-6198.
(9) Jones, G. R.; Landais, Y. Tetrahedron 1996, 52, 7599-7662.
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At the outset of the project, we sought to learn about the
capability of the chosen catalytic systems to outcompete
substrate control. For this, we tested S configured o-
silyloxy-substituted o, S-unsaturated carboxyl compounds
Z-2 and E-5 with defined double bond geometries in the
1,4-addition of silicon'® and boron nucleophiles, respec-
tively (Scheme 2).> As part of the aforementioned iterative
approach,® we had already observed that, with (R)-binap,
the Rh(I) catalysis yielded the anti diastereomer with dr =
95:5 (Z-2—anti-3, Scheme 2, left); (S)-binap as the ligand
afforded the corresponding syn compound with dr = 99:1
(Z-2—syn-3). Apparently, there is only a small amount of
influence of the existing stereocenter in Z-2 on the stereo-
chemical course, and a largely catalyst-controlled stereo-
induction provides access to either of the diastereomers.
Combined with subsequent oxidative degradation of the
C—Si bond,’ the strategy allows for the formation of anti
and syn diols from the same precursor (anti-3—anti-4 and
syn-3—syn-4, Scheme 2, left).

Encouraged by these findings, we next turned our
attention to Yun’s Cu(I)-catalyzed conjugate addition of
boron nucleophiles.'! Diastereoselective additions had not
been investigated yet. Control experiments with achiral
a,B-unsaturated carboxyl acceptors showed that, in terms
of stereoselectivity, the E configuration of the alkene is
required. The reaction of E-5 in the presence of (R,Sy)-
josiphos then furnished the anti diastereomer with moder-
ate dr = 89:11 (E-5—anti-6, Scheme 2, right); the syn
diastereomer was obtained employing (S, R;,)-josiphos yet
with the same level of diastereoselection (E-5—syn-6). The
fact that no matched/mismatched selectivity is observed
here indicates a fully catalyst-controlled transformation
but with imperfect asymmetric induction. In analogy to the
previous sequence, oxidation of the C—B bond'? also

(10) For reviews of asymmetric conjugate boryl transfer, see: (a)
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1997, 62, 4558-4559. (b) Binder, J. T.; Kirsch, S. F. Chem. Commun.
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Scheme 2. Catalyst vs Substrate Control in the Conjugate Silyl and Boryl Transfers onto d-Silyloxy-Substituted o,-Unsaturated

Carboxyl Compounds”
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“Rh(I)-catalyzed conjugate silyl transfer:®® [Rh(cod),]JOTf (5.0 mol %), binap (10 mol %), Me,PhSi—Bpin (2.5 equiv), EtsN (1.0 equiv), 1,4-dioxane/
H,O0 10:1, 45 °C. Cu(I)-catalyzed conjugate boryl transfer:'! CuCl (2.0 mol %), NaOz-Bu (3.0 mol %), josiphos (4.0 mol %), pinB—Bpin (1.1 equiv),
MeOH (2.0 equiv), THF, rt. Oxidation of the C—Si bond:” KBr (1.5 equiv), NaOAc (30 equiv), AcOOH/AcOH 1:1, rt. Oxidation of the C—B bond:"?

NaBO;-4H,0 (5.0 equiv), THF/H,O 1:1, rt.

Scheme 3. Enantioselective Access to 1,3,5- and 1,4,7-Triols through Two-Fold Conjugate Addition of Silicon and Boron Nucleophiles

to Bis(a,S-unsaturated) Compounds”
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“See Scheme 2 for reagents and reaction conditions; double the amount of reagents and catalyst was used.

yielded the corresponding anti and syn diols (anti-6—anti-7
and syn-6—syn-7, Scheme 2, right).

With these promising results, we were curious to apply
these asymmetric 1,4-additions to the two-fold function-
alization of bis(a,S-unsaturated) acceptors. We were then
delighted to see that the Rh(I)-catalyzed silyl transfer®®
onto the prochiral d-silyloxy-substituted Z,Z-8 afforded
desired syn,anti-9 essentially as a single stereoisomer'” in
good chemical yield (Z,Z-8—syn,anti-9, Scheme 3, upper).
Its conversion using standard oxidation conditions’ made
triol syn,anti-10 with a 1,3,5-relationship of the hydroxy
groups available (syn,anti-9—syn,anti-10). The Cu(I)-cat-
alyzed borylation'' was applied to isomeric acceptor E,E-
8, and syn,anti-11 was formed with 99% ee and dr = 87:13
(E,E-8—syn,anti-11, Scheme 3, lower).!” As predicted on
the basis of previous experiments (cf. Scheme 2, right), the
individual steps do not proceed with perfect differentiation
of the diastereotopic faces, and that is reflected in the

(17) Diastereomeric ratios were determined by either GLC analysis
or NMR spectroscopy. Minor stereoisomers were assigned by compar-
ison with independently prepared samples using racemic ligands.
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moderate diastereomeric ratio with the meso configuration
for the minor diastereomers syn,syn-11 and anti,anti-11
(not shown). It is only the wrong diastereotopic face
selection in both steps on the same molecule that yields
the undesired enantiomer (ent-syn,anti-11, not shown). As
the probability of this incident is decreased in sequential
functionalizations, enrichment of desired sym,anti-11 is
observed. Again, straightforward oxidative degradation'?
enabled the synthesis of the triol syn,anti-10 in good
chemical yield (syn,anti-11— syn,anti-10).

In light of these stereoselectivities, we anticipated e&-
silyloxy-substituted homologues Z,Z-12 and E.E-12 to
be an equally effective entry into the asymmetric synthesis
of 1,4,7-triols (Scheme 3). Indeed, Z,Z-12 performed well
in the Rh(I) catalysis,® and doubly silylated syn,anti-13
was obtained with superb stereocontrol (Z,Z-12—syn,anti-
13, Scheme 3, upper).'” Subsequent oxidation” completed
the sequence to yield the stereodefined 1,4,7-triol syn,anti-
14 (syn,anti-13—syn,anti-14). Similarly, substrate E,E-12
was subjected to the boryl transfer'' (E,E-12—syn,anti-15,
Scheme 3, lower). This time, with the remote prochiral

Org. Lett,, Vol. 14, No. 9, 2012



center, only a negligible amount of the meso diasterecomers
syn,syn-15 and anti,anti-15 (not shown) was formed.'’
With that improved diastereofacial discrimination, syn,
anti-15 was formed with >99% ee almost as a single
diastereomer. After oxidative degradation'® (syn,anti-
15—syn,anti-14), the boron-based sequence arrives at the
same 1,4,7-triol as the silicon-based strategy (syn,anti-
13—syn,anti-14).

After conversion of the prochiral precursors into chiral
compounds, one challenge remains. Unlike with C,-sym-
metric molecules, the termini of pseudo-C,-symmetric
compounds are not equivalent, i.e., not homotopic. To
break the symmetry with another functional group manip-
ulation, one terminus must be selected over the other, in the
course of which the chirotopic atom will become
stereogenic.'® For pseudo-C,-symmetric polyols, that dif-
ferentiation is achieved by diastercoselective acetaliza-
tion."® To demonstrate the utility of our approach, we
performed such an acetalization on a polyol made by the
above strategy. To this end, the terminal carboxyl groups
of syn,anti-9 were reduced, and the primary alcohols were
protected as pivalates (syn,anti-9—16, Scheme 4, upper).
Oxidative degradation of the C—Si bonds afforded ortho-
gonally protected 1,3,5,7,9-pentol 17 in decent yield
(16—17). Finally, removal of the TBS group at the
central hydroxy group was followed by acetalization
of the syn-configured hydroxy groups in 18 to afford
compound 19 as the major diastereomer (17—18—19).
The enantiomer of this fragment with different protect-
ing groups (cf. 20, Scheme 4, lower) is an intermediate
in a recent total synthesis of dermostatin A (1) by
Sammakia.*

The present work compares indirect asymmetric con-
jugate hydration protocols,’ that is enantioselective 1,4-
additions of silicon and boron nucleophiles followed
by oxidation, in a two-directional desymmetrization of
prochiral bis(o,S-unsaturated) acceptors. Both methods
exert excellent catalyst control, but the silylation is superior
to the borylation in terms of asymmetric induction. In
turn, the oxidative degradation of the C—element bond is
more practical for the C—B than the C—Si bond. Yields
are generally higher in the borylation/oxidation sequence.

(18) For selected examples of terminus differentiation through dia-
stereoselective acetalization, see: (a) Reference 2a. (b) Reference 2c.
(c) Reference 14a. (d) Shepherd, J. N.; Myles, D. C. Org. Lett. 2003, 5,
1027-1030.
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Scheme 4. Terminus Differentiation through Diastereoselective
Acetalization: Synthesis of the C17—C25 Fragment of 1

DIBAL-H KBr (3.0 equiv)
(6.0 equiv) Fia AcOOH
synantia—rT9C _opysi o sipvo_—0 )
PivCl (4.0 equiv) - AcOH/NaOAc
DMAP (10 mol %) rt
CH,Cly/pyridine, rt 16 44%
72% (two steps)
TBAF chirotopic
,TBS 1.4 equi i i
OPWVOH O OH OPiv—2 oWV OPivOHHO/J/OH OPiv
= THF, rt
87%
17 18
4-MeO-CgH4CH(OMe),
(3.0 equiv) PMP  stereogenic
CSA (15 mol %)
= OPivO”™ "0/l OH OPiv
CH,Cly rt =
76% (two steps) T~~~ n~s
19: dr = 94:6
PMP PMP
o = 00 0°0 OH
(enantiomer) =

252321 1917
20: protected C17-C25 fragment of 1 (ref 2c)

By this general approach, stereodefined 1,3,5- and 1,4,7-
triols become accessible. The differentiation of a pseudo-
C,-symmetric building block is achieved by diastereoselec-
tive acetalization as shown in the preparation of the
enantiomeric C17—C25 fragment of dermostatin A (1).
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