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Stereochemical Relay via Axially Chiral Styrenes: Asymmetric
Synthesis of the Antibiotic TAN-1085**

Keiji Mori, Ken Ohmori, and Keisuke Suzuki*

We previously reported the first synthesis and stereochemical
assignment of the antibiotic TAN-1085 (1)."? The aglycon 2
was prepared diastereoselectively (¢rans), but not enantiose-
lectively. The racemate was glycosylated with an L-rhodinose
moiety to enable diastereomer separation and the assignment

racemic trans diol 2
R RorS, S

of the S,S configuration to the natural product. We next
turned our attention to the asymmetric synthesis of the
aglycon 2, with the fully stereocontrolled synthesis of 1 as our
goal.

We now report a stereochemical-relay approach involving
the consecutive transcription of two chirality elements
(central=axial; Scheme 1) in three chirality-transfer steps:
central-to-axial (step A), axial-to-axial (step B), and axial-to-
central (step C).

The idea for this approach came from the identification of
a “styrene motif” (blue) in our previous racemic synthetic
route to 2 (Scheme 2).5 If the styrene moiety in I has stable
axial stereochemistry (yellow), which is maintained in steps 1
and 2, the stereochemical information should be relayed to
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Scheme 1. Stereochemical-relay strategy.

Scheme 2. Synthetic access to the aglycon of 1.

the axial stereochemistry in biaryl IV. Finally, the pinacol
cyclization (step 3) would proceed stereospecifically™® to
give the tetracyclic diol V in enantiomerically enriched form.

In analogy to the axial stereochemistry of biaryl com-
pounds, the key to this approach is hindered rotation about
the sp>-sp® single bond in styrenes (Scheme 3). Interestingly,
this topic was studied intensively by Adams and co-workers in
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Scheme 3. Axially chiral styrene motif.
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the 1940s."1 Their general conclusion was the necessity for
fairly large substituents to prevent rotation about the styryl
sp’-sp” single bond. We became intrigued in exploiting this
stereochemical motif, which has been overlooked in the past,
in our synthetic design.

We considered two key points for designing the axially
chiral styrene building blocks: 1) access to the starting
material, and 2) stereochemical fidelity during the stereo-
chemical relay. Taking the studies by Adams and co-workers
into account, we considered three factors to suppress
stereochemical mutation: I) the use of bulky substituents,
II) a switch in the olefin geometry from Z to E so that the
CHO equivalent “CH,OR” and the aryl group are on the
same side of the C=C bond, and IIT) the use of a bulky metal
precursor M (Scheme 4).
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Scheme 4. Design of an axially chiral styrene building block.

We prepared vinylstannane 3®! as a candidate that meets
these criteria and examined its stereochemical stability. It
turned out that 3 was resolvable by preparative HPLC on a
chiral phase (Daicel chiralcel OD, n-hexane/iPrOH 85:15;
Figure 1). The rate of racemization of 3 was slow enough (k=
1.5x1077s7") to enable its use as a chiral building block:"!
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Figure 1. Structure of vinyl stannane 3 and separation of the enantio-
mers of 3 (resolution of the racemate) by HPLC on a chiral phase
(Daicel chiralcel OD-H, ¢ 0.46 cmx 25 cm, n-hexane/iPrOH 99:1(85:15
on a preparative scale), 1.0 mLmin~', 20°C, 254 nm). Bn=benzyl,
MOM = methoxymethyl, TBS = tert-butyldimethylsilyl, TBDPS =tert-
butyldiphenylsilyl.

OMOM The half-life (¢,,,) of the axial stereo-
chemistry of 3 is 27 days at 298 K.

— OTBDPS The chiral sulfoxide 4 was also

gl | designed as a styryl anion precursor in

p-Tol™$ OTBS  the hope that the chiral sulfinyl moiety

4 might aid in isomer enrichment and
resolution.!"”)

The synthesis of the axially chiral styrene 8 started with
Suzuki coupling of boronic acid 5 with vinyl iodide 6
(Scheme 5). Protection of the resulting alcohol with a
TBDPS group gave styryl sulfoxide 7 in 90 % yield (2 steps).
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Scheme 5. Synthesis of the axially chiral styrenes 8: a) 5 (1.2 equiv), 6
(1.0 equiv), [Pd(PPhs),] (10 mol %), K;PO,, 1,2-dimethoxyethane, H,0,
90°C, 1 h; b) tBuPh,SiCl, imidazole, DMF, room temperature, 4 h,
90% (2 steps from 6); c) SnBr,, toluene, 63°C, 4 h, 70%. DMF=N,N-
dimethylformamide.

Unfortunately, two inseparable diastereomers were produced
in a 38:62 ratio, as determined by 'H NMR spectroscopy.
Upon liberation of the phenol hydroxy group near the
sulfoxide group in 7,'! the diastereomer ratio was improved
slightly (8a/8b 25:75).1 The markedly different chromato-
graphic behavior of isomers 8a and 8b (8a: R;=0.23,8b: R;=
0.50, silica gel, n-hexane/EtOAc 2:1) enabled their straight-
forward separation. We ascribe the large difference in the
mobility of these compounds on silica to the presence/absence
of a hydrogen bond between the sulfinyl oxygen atom and the
phenol; the less polar isomer 8b has a hydrogen bond, as
indicated by the low-field resonance of the phenol proton
(0 =8.6 ppm), whereas the more polar isomer 8a does not
(0 =6.3 ppm). The diastereomeric ratio was further improved
(to 8a/8b 11:89) by simple heating (toluene, reflux, 0.5 h).
This ratio proved to be the equilibrium ratio, as it was reached
from either 8a or 8b upon heating (toluene, reflux, 0.5 h).

High selectivity (in this case for 8b over 8a) and the ease
of purification (large difference in the R; values) make this
method an attractive route to axially chiral styrenes. What is
the origin of these phenomena? Scheme 6 shows results of a
conformational study by Tietze et al. on vinyl sulfoxides:!"!
Conformers A and B, in which the S—O bond or the lone pair
is coplanar to the C=C bond, are two local minima, whereby
conformer A is slightly preferred. In contrast, conformer C, in
which the S—C(sp®) bond is coplanar to the C=C bond, is
much less favored and not a local minimum. These features
coupled with hydrogen bonding account for the preference
for 8b over 8a: The energy benefit from intramolecular
hydrogen bonding outweighs the slight energy loss associated
with the placement of the lone pair coplanar to the C=C bond.
By contrast, hydrogen bonding in isomer 8a would impose
coplanarity of the tolyl group with the C=C bond and is
therefore not favored.
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Scheme 6. Conformations of vinyl sulfoxides. Si=silyl protecting
group.

The phenol in 8b was protected with a benzyl group
(NaH, BnBr, DMF, 0°C, 0.5h, 90%) to give the styryl
sulfoxide 4 (>99% ee, d.r.>99:1; Scheme 7). Importantly,
no stereochemical mutation was observed during protection
of the phenol.
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Scheme 7. Synthesis of the axially chiral styrene 4.

Having prepared the two precursor styrene derivatives 3
and 4 in enantiomerically pure form, we attempted the
synthesis of 1 on the basis of a stereochemical relay
(Scheme 8). The initial coupling was the most critical step in
terms of preserving the axial chirality, as it formally involves
conversion of bulky tin and sulfoxide precursors into a much
smaller lithium species.

Upon the treatment of stannane 3 with MeLil"™ (—78°C,
2h, THF), followed by the addition of ketone 9 and
methylation of the resulting tertiary alcohol in situ, the
desired adduct 11 was obtained in 82 % yield as a separable
mixture of diastereomers with respect to the styryl axis and
the newly formed sp® stereogenic center (11¢/11f 1.8:1). The
ee value was assessed after detachment of the TBS group of
11: 98% ee was found for 12« and 12f.' Thus, the axial
chirality was retained completely, despite the prolonged
lithiation.

By contrast, special precautions were needed to maintain
the stereochemical integrity of the styryl derivatives when
sulfoxide 4 was used as the starting material. After the
treatment of 4 with BuLi'"? the immediate addition of
ketone 9 (within 5 min) was essential; otherwise, the ee value
decreased substantially. With suitable care, however, adduct
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Scheme 8. Coupling of the enantiomerically pure styrene 3 or 4 with
the benzocyclobutenone 9: a) MeLi, THF, —78°C, 2 h; MeOTf, Et,0O,
—78——0°C, 1 h, 82%; b) tBuli, toluene, —78°C, then 0°C, 30 min;
c) nBuli, Et,0, —78°C, 10 min; MeOTf, —78 —0°C, 3 h; d) PPTS,
MeOH, THF, 5 h, 74%, 98 % ee, a/f3, 1.8:1 from 3, 73%, 96 % ee, a/f3
1:1.2 from 4. PPTS = pyridinium p-toluenesulfonate, Tf=trifluorome-
thanesulfonyl.

12 was obtained in 73 % yield (120/12f 1:1.2), albeit with at
best 96% ee. The dependence of the eevalue and the
diastereoselectivity on the precursor (stannane 3 or sulfoxide
4) suggests the involvement of different species in the C—C
bond formation."

Allylic alcohols 12 & and 12§ were subjected to the Swern
oxidation to trigger ring enlargement (Scheme 9).”) Monitor-
ing of the reaction by TLC showed that 12 was consumed after
the temperature was raised to 0°C. Surprisingly, the product
was not the expected biaryl compound 13, but dihydronaph-
thalene 14. Thus, although the desired ring opening of the
four-membered ring and closure to the six-membered ring
proceeded, aromatization by elimination of methanol was
sluggish.”

We were pleased to find that dihydronaphthalene 14 could
be converted readily into the desired biaryl compound 13 by
treatment with DBU, a stronger base than Et;N (Scheme 9).
Furthermore, the ee value of 13 was 96 % when we started
from 4 (96 % ee); thus, we observed complete transfer of the
styryl axial stereochemistry in 12 to the biaryl axial stereo-
chemistry through these consecutive processes.'”?"! Although
the “styrene structure” is lost at the stage of 14, the
stereochemical information is maintained during these trans-
formations. In a more convenient one-pot procedure for the
formation of 13 from 12, DBU was added to the reaction
mixture after the Swern oxidation of 12 was complete. In this
way, the biaryl compound 13 was formed, stereochemically
intact (96 % ee), in excellent yield."!
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Scheme 9. Final stages of the synthesis of 1: a) (COCl),, DMSO, Et;N,
CH,Cl,, —78°C—RT, 12 h, 83%; b) DBU, CH,Cl,, 0°C, 1 h, 98%;

c) (COCly,, DMSO, Et;N; then DBU, CH,Cl,, —78—0°C, 3 h, 98 %;

d) TBAF, THF, room temperature, 2 h, quantitative; €) MnO,, CH,Cl,,
room temperature, 10 h, 98 %; f) Sml,, 0°C, 10 min; BzCl (1.5 equiv),
THF, 0°C, 4 h, 87%; g) 0.5m H,SO,, 1,2-dimethoxyethane, 60°C, 12 h,
91%; h) PhNTf,, K,COs, acetone, 0°C, 8 h, 98 %,; i) CO (3 atm), Pd-
(OAC), (30 mol %), dppp (30 mol %), Et;N, MeOH, DMF, 65°C, 30 h,
91%; j) BF,-OEt, (1.0 equiv), 18 (2.0 equiv, a/p 1:1.4), CH,Cl,, —78 —
—20°C, 1 h, 95% (d.r. 98:2); k) iBu,AlH, CH,Cl,, —78—+-20°C, 1h,
98 %; |) diastereomer separation; m) Ce(NH,),(NOs)s, H,0, CH;CN,
0°C, 20 min; n) H,, Pd/C, MeOH, room temperature, 1 h, 53 %.

Bz =benzoyl, DBU =1,8-diazabicyclo[5.4.0]undec-7-ene, DMSO =di-
methyl sulfoxide, dppp=1,3-bis(diphenylphosphanyl)propane, TBAF =
tetrabutylammonium fluoride.

Having secured the second chirality transfer (styryl—
biaryl), the stage was set for the final chirality transfer by the
pinacol cyclization. Detachment of the TBDPS group in 13
and oxidation of the resulting alcohol gave the enantiomer-
ically enriched dialdehyde 15 (96 % ee). Upon the treatment
of 15 with Sml,, followed by quenching with benzoyl
chloride,” the monobenzoate 16 was obtained in 87 % yield.
The axial-to-central chirality transfer was perfect, with the
trans-benzoate 16 formed with 96 % ee.>*> The final steps of
the synthesis were identical to those in our previous synthesis
of 1.1 A small amount of the 5,6-bisepimer was removed after

the glycosylation of 17. The target antibiotic TAN-1085 (1)
was obtained in enantio- and diastereomerically pure form.

In conclusion, an asymmetric synthetic route to TAN-1085

(1) has been developed by making use of an axially chiral
styrene motif. We believe that this stereochemical-relay
strategy may have broader implications for stereoselective
syntheses.

Received: April 13, 2009
Published online: June 30, 2009

Keywords: antibiotics - asymmetric synthesis - chiral sulfoxides -
stereochemical relay - styrene

(1]
(2]

(3]

(4]

[5

—_

(6]

(7]

(8]

]
[10]
[11]

[12]

T. Kanamaru, Y. Nozaki, M. Muroi (Kokai Tokkyo Koho), JP 02-
289-532/1990, 1991 [Chem. Abstr. 1991, 115, 47759n].

K. Ohmori, K. Mori, Y. Ishikawa, H. Tsuruta, S. Kuwahara, N.
Harada, K. Suzuki, Angew. Chem. 2004, 116, 3229-3233;
Angew. Chem. Int. Ed. 2004, 43, 3167-3171.

a) D. K. Jackson, L. Narasimhan, J. S. Swenton, J. Am. Chem.
Soc. 1979, 101, 3989-3990; b) L. S. Liebeskind, S. Iyer, C. F.
Jewell, Jr., J. Org. Chem. 1986, 51, 3065-3066; c) S. T. Perri,
L. D. Foland, O. H. W. Decker, H. W. Moore, J. Org. Chem.
1986, 51, 3067-3068; d) D. N. Hickman, T. W. Wallace, J. M.
Wardleworth, Tetrahedron Lett. 1991, 32, 819-822.

a) T. Matsumoto, T. Hamura, M. Miyamoto, K. Suzuki, Tetrahe-
dron Lett. 1998, 39, 4853 —-4856; b) T. Hamura, M. Miyamoto, T.
Matsumoto, K. Suzuki, Org. Lett. 2002, 4, 229-232; ¢) T.
Hamura, M. Miyamoto, K. Imura, T. Matsumoto, K. Suzuki,
Org. Lett. 2002, 4, 1675-1678; d) A. K. Sadana, R. K. Saini,
W. E. Billups, Chem. Rev. 2003, 103, 1539—-1602, and references
therein.

a) K. Ohmori, M. Kitamura, K. Suzuki, Angew. Chem. 1999, 111,
1304 -1307; Angew. Chem. Int. Ed. 1999, 38, 1226-1229; b) M.
Kitamura, K. Ohmori, T. Kawase, K. Suzuki, Angew. Chem.
1999, 7111, 1308-1311; Angew. Chem. Int. Ed. 1999, 38, 1229—
1232.

K. Ohmori, M. Tamiya, M. Kitamura, H. Kato, M. Oorui, K.
Suzuki, Angew. Chem. 2005, 117,3939-3942; Angew. Chem. Int.
Ed. 2005, 44, 3871 -3874.

a) R. Adams, M. W. Miller, J. Am. Chem. Soc. 1940, 62, 53 -56;
b) R. Adams, A. W. Anderson, M. W. Miller, J. Am. Chem. Soc.
1941, 63, 1589-1593; ¢) R. Adams, L. O. Binger, J. Am. Chem.
Soc. 1941, 63, 2773-2776; d) R. Adams, W.J. Gross, J. Am.
Chem. Soc. 1942, 64, 1786-1790; e) R. Adams, L. O. Binder,
F. C. McGrew, J. Am. Chem. Soc. 1942, 64, 1791-1795; f) R.
Adams, M. W. Miller, F. C. McGrew, A. W. Anderson, J. Am.
Chem. Soc. 1942, 64, 1795-1800; g) R. Adams, C. W. Theobold,
J. Am. Chem. Soc. 1943, 65, 2383-2387; h) R. Adams, R.S.
Ludington, J. Am. Chem. Soc. 1945, 67, 794—-797; i) R. Adams,
J. W. Mecorney, J. Am. Chem. Soc. 1945, 67, 798 —802.

The vinylstannane 3 was prepared from a propargyl alcohol
derivative through palladium-catalyzed hydrostannylation fol-
lowed by silylation of the primary alcohol: K. Mori, Y. Tanaka,
K. Ohmori, K. Suzuki, Chem. Lett. 2008, 37, 470—471.

For details on the time course of the change in the ee value of
stannane 3, see the Supporting Information.

For a review, see: T. Toru, C. Bolm, Organosulfur Chemistry in
Asymmetric Synthesis, Wiley-VCH, Weinheim, 2008.

The MOM group was removed selectively owing to the directing
effect of the sufinyl group.

Assignment of the configuration of 8a and 8b was based on
single-crystal X-ray analysis of a triol derived from 8a (see the
Supporting Information for details).

www.angewandte.org © 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2009, 48, 56335637


http://dx.doi.org/10.1002/ange.200453801
http://dx.doi.org/10.1002/anie.200453801
http://dx.doi.org/10.1021/ja00508a059
http://dx.doi.org/10.1021/ja00508a059
http://dx.doi.org/10.1021/jo00365a043
http://dx.doi.org/10.1021/jo00365a044
http://dx.doi.org/10.1021/jo00365a044
http://dx.doi.org/10.1016/S0040-4039(00)74896-9
http://dx.doi.org/10.1016/S0040-4039(98)00920-4
http://dx.doi.org/10.1016/S0040-4039(98)00920-4
http://dx.doi.org/10.1021/ol016956b
http://dx.doi.org/10.1021/ol025726+
http://dx.doi.org/10.1021/cr010022j
http://dx.doi.org/10.1002/(SICI)1521-3757(19990503)111:9%3C1304::AID-ANGE1304%3E3.0.CO;2-9
http://dx.doi.org/10.1002/(SICI)1521-3757(19990503)111:9%3C1304::AID-ANGE1304%3E3.0.CO;2-9
http://dx.doi.org/10.1002/(SICI)1521-3773(19990503)38:9%3C1226::AID-ANIE1226%3E3.0.CO;2-T
http://dx.doi.org/10.1002/(SICI)1521-3757(19990503)111:9%3C1308::AID-ANGE1308%3E3.0.CO;2-M
http://dx.doi.org/10.1002/(SICI)1521-3757(19990503)111:9%3C1308::AID-ANGE1308%3E3.0.CO;2-M
http://dx.doi.org/10.1002/(SICI)1521-3773(19990503)38:9%3C1229::AID-ANIE1229%3E3.0.CO;2-B
http://dx.doi.org/10.1002/(SICI)1521-3773(19990503)38:9%3C1229::AID-ANIE1229%3E3.0.CO;2-B
http://dx.doi.org/10.1002/ange.200501210
http://dx.doi.org/10.1002/anie.200501210
http://dx.doi.org/10.1002/anie.200501210
http://dx.doi.org/10.1021/ja01858a011
http://dx.doi.org/10.1021/ja01851a028
http://dx.doi.org/10.1021/ja01851a028
http://dx.doi.org/10.1021/ja01855a079
http://dx.doi.org/10.1021/ja01855a079
http://dx.doi.org/10.1021/ja01260a011
http://dx.doi.org/10.1021/ja01260a011
http://dx.doi.org/10.1021/ja01260a012
http://dx.doi.org/10.1021/ja01260a013
http://dx.doi.org/10.1021/ja01260a013
http://dx.doi.org/10.1021/ja01252a040
http://dx.doi.org/10.1021/ja01221a030
http://dx.doi.org/10.1021/ja01221a031
http://dx.doi.org/10.1246/cl.2008.470
http://www.angewandte.org

[13] L. F. Tietze, A. Schuffenhauer, P. R. Schreiner, J. Am. Chem.
Soc. 1998, 120, 7952 -7958.

[14] Compound 8a was not detected by TLC.

[15] nBuLi was ineffective for this conversion.

[16] The relative configuration of 12« and 12§ was determined by
single-crystal X-ray analysis of the 4-bromobenzoate derived
from 12 B (see the Supporting Information).

[17] For reviews, see: a) S. Oae, Rev. Heteroat. Chem. 1991, 4, 195—
225; b) T. Satoh, J. Synth. Org. Chem. Jpn. 1996, 54, 481 -489;
c¢) T. Satoh, Farumashia 1999, 35, 1225-1229.

[18] We assume that the ee value of 12 decreases when the free
vinyllithium species, generated by the collapse of the ate species,

Angewandte

becomes involved in the reaction. The stannate derived from 3
can be assumed to be chemically and configurationally stable,
whereas the sulfurane derived from 4 collapses faster to the
corresponding lithio species, which is supposedly configuration-
ally labile.

[19] When the corresponding diol without the TBDPS group was
used as the starting material, the ee value of 15 was substantially
lower (30 % ee from 12, 68 % ee, from 12f).

[20] The ee value was determined by HPLC analysis on a chiral phase
(see the Supporting Information).

Angew. Chem. Int. Ed. 2009, 48, 56335637

© 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

www.angewandte.org

Chemie

5637


http://dx.doi.org/10.1021/ja980079w
http://dx.doi.org/10.1021/ja980079w
http://www.angewandte.org

