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A synthesis of the eastern fragment of the thiazole peptide GE2270) Aas been developed. The
synthetic approach relies on the regioselective functionalization of 2,4-dibromothi&yule (netalation
and nucleophilic addition (at C2) or palladium-mediated cross-coupling (at C2 or C4). The stereochemistry

at the N-bearing stereocenter was established

by coupling of 2-metalated 4-bromothidyzdles (

enantiomerically pure mandelic acid derivatives. Bothehghro (2) andthreo (3) configurated amino
alcohols were prepared with high diastereoselectivities depending on the electrophile employed. More
specifically, thethreo-configurated $,R-4-bromothiazolyj3-amino alcohob was synthesized fro®-TBS

protected R)-mandelonitrile in 62% yield. It&N-PMB

protected R,§-enantiome20 was obtained from

O-TBS protected $-mandelic aldehyde in 67% vyield. Ttegythro-configurated $,3-4-bromothiazolyl
p-amino alcohol29 was prepared fron©-TBS protected $)-ethyl mandelate in four steps and 33%
overall yield. The bithiazole moiety in the desired produgtand 3 was finally established by the
regioselective Negishi coupling of 2,4-dibromothiazdie §nd the 4-zincatedy-Boc protected thiazole
derivatives of the diastereomeric 4-bromothiazglyamino alcohols$ and 29.

Introduction

GE2270 A (, Figure 1) is a highly modified macrocyclic
peptide that was first isolated in 1991, together with nine other
co-metabolites, from thePlanobispora roseastrain ATCC
53373t It belongs to the family of the thiazole peptides, a novel
class of anti-infective natural products produced by actino-
mycetes which show potent antibacterial actiityOther
members of this class of natural products include thiostrepton,

(1) (a) Selva, E.; Beretta, G.; Montanini, N.; Saddler, G. S.; Gastaldo,
L.; Ferrari, P.; Lorenzetti, R.; Landini, P.; Ripamonti, F.; Goldstein, B. P.;
Berti, M.; Montanaro, L.; Denaro, Ml. Antibiot.1991, 44, 693-701. (b)
Kettenring, J.; Colombo, L.; Ferrari, P.; Tavecchia, P.; Nebuloni, M.; Vekey,
K.; Gallo, G. G.; Selva, EJ. Antibiot. 1991, 44, 702—-715. (c) Selva, E.;
Ferrari, P.; Kurz, M.; Tavecchia, P.; Colombo, L.; Stella, S.; Restelli, E;
Goldstein, B. P.; Ripamonti, F.; Denaro, Nl. Antibiot.1995 48, 1039-
1042.

(2) Review: Bagley, M. C.; Dale, J. W.; Merritt, E. A.; Xiong, &hem.
Rev. 2005 105 685-714.
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micrococcin P! and the amythiamicin®.The mechanism of

action of GE2270 A is the inhibition of the elongation factor
Tu (EF-Tu, ICso = 5 nM), essential for bacterial protein
biosynthesi$ 2 This biochemical target, previously unexploited

(3) (a) Pagano, J. F.; Weinstein, M. J.; Stout, H. A.; Donovick, R.
Antibiot. Ann.1955-56, 554-559. (b) Vandeputte, J.; Dutcher, J. D.
Antibiot. Ann.1955-56, 560-561. (c) Steinberg, B. A.; Jambor, W. P;
Suydam, L. O Antibiot. Ann.1955-56, 562—-565.

(4) (a) Walker, J.; Olesker, A.; Valente, L.; Rabanal, R.; Lukacs).G.
Chem. So¢Chem. Commuri977, 706—708. (b) Bycroft, B. W.; Gowland,
M. S.J. Chem. SocChem. Commurl978 256-258.

(5) (a) Shimanaka, K.; Kinoshita, N.; linuma, H.; Harnada, M.; Takeuchi,
T. J. Antibiot. 1994 47, 668-674. (b) Shimanaka, K.; Takahashi, Y.;
linuma, H.; Naganawa, H.; Takeuchi, I..Antibiot.1994 47, 1145-1152.

(c) Shimanaka, K.; Takahashi, Y.; linuma, H.; Naganawa, H.; Takeuchi,
T. J. Antibiot. 1994 47, 1153-1159.

(6) Anborgh, P. H.; Parmeggiani, A. Biol. Chem1993 268 24622
24628.

(7) Selva, E.; Montanini, N.; Stella, S.; Soffientini, A.; Gastaldo, L.;
Denaro, M.J. Antibiot. 1997, 50, 22—26.

(8) Heffron, S. E.; Jurnak, Biochemistry200Q 39, 37—45.
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FIGURE 1. Structure of the thiazole peptide GE2270 A and general
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construction of the trisubstituted pyridine cdfélotal syntheses
and synthetic approaches toward micrococditt P and thios-
treptori®19 have been reported.

Our general approach for the construction of the heterocyclic
core of GE2270 A involves three sequential and regioselective
cross-couplings starting from a polyhalogenated pyridine. At
the onset of this project it was envisioned that the functional
group tolerance of the Pd-mediated cross-coupling methodology
should allow the direct introduction of complex thiazole
fragments to the pyridine rinf.For instance, disconnection at
the 2-position of the pyridine reveals our eastern bithiazole
building block, depicted in Figure 1 in two possible diastere-
omeric forms2 (erythrg and 3 (threg. The bromine at the
4-position of the 2,4bithiazole is expected to undergo a facile
metat-bromine exchange necessary for the final Pd-mediated
C—C bond forming reaction. The bithiazole moiety can be
further disconnected across the-2 bond, according to our
previously reported stratedy.

Herein we report the synthesis of the GE2270 A amino

disconnection strategy for the bithiazole containing eastern fragments alcohol fragmentZ) in enantiomerically pure form, displaying

(2 and3).

for the clinical development of antibiotics, confers greater

importance to this class of natural products. GE2270 A has been

the object of an industrial combinatorial chemistry program,
aimed at the identification of derivatives of the natural product
that retain the biological activity but improve the bioavailability

profile

The general structure of these antibiotics includes a highly
substituted nitrogen heterocycle, engaged in a polyazole core

that is part of a macrocycle consisting of highly modified amino

acid residues. GE2270 A, featuring a trisubstituted pyridine as

the central motif, belongs to the seridsamong the thiazolyl
peptides, according to ‘Bay’s classificationt® The initially
proposed structure of the GE2270 factors was revised in 1995,

resulting in the thiazole amino acid sequence depicted in Figure

1 (TBS = tert-butyldimethylsilyl, Boc= N-tertbutyloxycar-

bonyl). The stereochemistry of four of the six stereogenic centers

was believed to originate from naturally occurring amino acids.

the erythro relative configuration, together with its epimer at
the carbinol stereocenteB)( Previously reported work from
our group described the preparation of the eastern bithiazole
subunit in both relative configurations, albeit with modest levels
of diastereocontrol, starting fromR)-mandelonitrile?? This
material could be transformed into a degradation fragment,
unambiguously establishing the stereochemistry of the natural
product aserythro(S9).12 However, the development of a
method allowing for the stereoselective preparation of either
the threo or the erythro 2-thiazolyl amino alcohol moiety still
remained a challenge. The strategy herein described employs

(14) (a) Hughes, R. A.; Thompson, S. P.; Alcaraz, L.; Moody, Chem.
Commun.2005 946-948. (b) Hughes, R. A.; Thompson, S. P.; Alcaraz,
L.; Moody, C. J.J. Am. Chem. So@005 127, 15644-15651.

(15) (a) Okumura, K.; Shigekuni, M.; Nakamura, Y.; Shin, CCgem.
Lett. 1996 1025-1026. (b) Shin, C.-g.; Okumura, K.; Shigekuni, M.;
Nakamura, Y.Chem. Lett.1998 139-140. (c) Okumura, K.; lto, A,;
Yoshioka, D.; Shin, C.-g-eterocycled998 48, 1319-1324. (d) Okumura,
K.; Nakamura, Y.; Shin, C.-gull. Chem. Soc. Jpr1999 72, 1561-1569.

The configurational assignment of the amino alcohol moiety (e) Okumura, K.; Suzuki, T.; Nakamura, Y.; Shin, C.Bull Chem. Soc.
present in the eastern part of the molecule was not addressedP. 1999 72, 2483-2490.

until recently, by means of chemical synthé&if a degradation
product earlier obtained by Tavecchia etaConfirmation of
the stereostructure proposed fobby total synthesis has not yet

(16) (a) Ciufolini, M. A.; Shen, Y.-CJ. Org. Chem1997, 62, 3804~
3805. (b) Ciufolini, M. A.; Shen, Y.-COrg. Lett.1999 1, 1843-1846.

(17) For a total synthesis of the related micrococcinic acid see: Kelly,
T. R.; Jagoe, C.; Gu, ZTetrahedron Lett1991, 32, 4263-4266.

(18) (a) Nicolaou, K. C.; Safina, B. S.; Funke, C.; Zak, M.; Zecri, F. J.

been poss@le. The Shin group has reported thg .synthe5|s of @\ngew. Chem.Int. Ed. 2002 41, 1937-1940. (b) Nicolaou, K. C..
advanced linear precursor of GE2270 A, exploiting a strategy Nevalainen, M.: Safina, B. S.; Zak, M.; Bulat, Sngew. Chemint. Ed
that relies on the construction of the heterocyclic core making 2002 41, 1941-1945. (c) Nicolaou, K. C.; Nevalainen, M.; Zak, M.; Bulat,

extensive use of the classical Hantzsch thiazole synth&she
total synthesis of the structurally related thiazole peptide
amythiamicin D was reported by the Moody group, employing
a proposed biosynthesis-inspired hetero-Did&ler for the

(9) Clough, J.; Chen, S. Q.; Gordon, E. M.; Hackbarth, C.; Lam, S.;
Trias, J.; White, R. J.; Candiani, G.; Donadio, S.; Romano, G.; Ciabatti,
R.; Jacobs, J. WBioorg. Med. Chem. LetR003 13, 3409-3414.

(10) Bedy, J.Adv. Appl. Microbiol. 1974 18, 309-406.

(11) Tavecchia, P.; Gentili, P.; Kurz, M.; Sottani, C.; Bonfichi, R.; Selva,
E.; Lociuro, S.; Restelli, E.; Ciabatti, Rletrahedron1995 51, 4867
4890.

(12) Heckmann, G.; Bach, Bngew. Chemlnt. Ed. 2005 44, 1199~
1201.

(13) (a) Okumura, K.; Saito, H.; Shin, C.-g.; Umemura, K.; Yoshimura,
J. Bull. Chem. Soc. Jpri99§ 71, 1863-1870. (b) Okumura, K.; Suzuki,
T.; Shin, C.-gHeterocycle200Q 53, 765-770. (c) Suzuki, T.; Nagasaki,
A.; Okumura, K.; Shin, C.-gHeterocycle2001, 55, 835-840.
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S.; Bella, M.; Safina, B. SAngew. ChemInt. Ed.2003 42, 3418-3424.

(d) Nicolaou, K. C.; Safina, B. S.; Zak, M.; Estrada, A. A.; Lee, S. H.
Angew. Chem.Int. Ed. 2004 43, 5087-5092. (e) Nicolaou, K. C.; Zak,
M.; Safina, B. S.; Lee, S. H.; Estrada, A. Angew. ChemlInt. Ed. 2004

43, 5092-5097. (f) Nicolaou, K. C.; Safina, B. S.; Zak, M.; Lee, S. H.;
Nevalainen, M.; Bella, M.; Estrada, A. A.; Funke, C/;cZigF. J.; Bulat, S.

J. Am. Chem. So@005 127, 11159-11175. (g) Nicolaou, K. C.; Safina,
B. S.; Zak, M.; Lee, S. H.; Nevalainen, M.; Bella, M.; Estrada, A. A.; Funke,
C.; Zecri, F. J.; Bulat, SJ. Am. Chem. So2005 127, 11176-11183.

(19) (a) Higashibayashi, S.; Hashimoto, K.; Nakata,Mdtrahedron Lett.
2002 43, 105-110. (b) Higashibayashi, S.; Kohno, M.; Goto, T.; Suzuki,
K.; Mori, T.; Hashimoto, K.; Nakata, MTetrahedron Lett2004 45, 3707~
3712. (c) Mori, T.; Satouchi, Y.; Tohmiya, H.; Higashibayashi, S.;
Hashimoto, K.; Nakata, MTetrahedron Lett2005 46, 6417-6422. (d)
Mori, T.; Tohmiya, H.; Satouchi, Y.; Higashibayashi, S.; Hashimoto, K.;
Nakata, M.Tetrahedron Lett2005 46, 6423-6427.

(20) Review: Nicolaou, K. C.; Bulger, P. G.; Sarlah, Angew. Chem.
Int. Ed. 2005 44, 4490-4527.

(21) Bach, T.; Heuser, S.. Org. Chem2002 67, 5789-5795.

(22) Spiess, A.; Heckmann, G.; Bach, Synlett2004 131-133.



Synthesis of the Eastern Fragment of GE2270 Antibiotics

Br.
EN or H
- s>\M + OPG
OPG NCTTOPG N
R

SCHEME 1
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4a (M = MgBr)
4b (M = Li)

preformed thiazole subunits that can be directly assembled by
regioselective metalation and subsequent coupling reactions.

Results and Discussion

Synthetic Strategy.Directly linked bithiazoles represent an
important class of natural products that can be mainly obtained
from microorganism culture®. Their prominent biological
profile has resulted in recent advances in the total synthesis of
some members of this class of compouhktid’ 2 The most
extended strategy toward the synthesis of 2,4-disubstituted
thiazoles relies on the classical Hantzsch cyclization of a suitable
precursor>26We have developed a concise synthetic strategy
to this important structural motif that employs 2,4-dibromothia-
zole ) as the key building block. Our strategy takes advantage
of the higher electrophilicity of the 2-position, a feature that
can be exploited in regioselective cross-coupling reactiomish
a range of organometallic reagef#s3! We have also shown
that a bromine-metal exchange operation, followed by an
electrophilic quench proceeds with total regiocontfdfor the
synthesis of the GE2270 A eastern fragm@nthe required
4-bromothiazolé displays a stereogenic center at thecarbon
of the 2-substituent, adding a stereochemical demand to the
synthetic process. We envisioned that the nucleophilic addition
of a 4-bromo-2-metalated thiazole to a suitablea—chiral
nitrogen electrophile could serve to stereoselectively construct
the amino alcohol moiety (Scheme 1, RGprotecting group).
While the use of an imin€ should lead directly to the required
amino alcohol, the use of a protected mandelonitBleréquires
a further reduction step. In both processes, the coordinating
ability of the heterocyclic moiety with metal or organometallic
species was expected to play an important role.

(23) Review: Riego, E.; Hefmalez, D.; Albericio, F.; “Nvarez, M.
Synthesi2005 19071922.

(24) (a) Boger, D. L.; Aquila, B. M.; Tse, W. C.; Searcey, Metrahedron
Lett. 200Q 41, 9493-9498. (b) Bach, T.; Heuser, &ngew. Chem.Int.
Ed. 2001, 40, 3184-3185. (c) Williams, D. R.; Patnaik, S.; Clark, M. .
Org. Chem2001, 66, 8463-8469. (d) Bach, T.; Heuser, €hem. Eur. J.
2002 8, 5585-5592. (e) DeRoy, P. L.; Charette, A. Brg. Lett.2003 5,
4163-4165. (f) Kato, K.; Sasaki, T.; Takayama, H.; Akita, Fetrahedron
2003 59, 2679-2685. (g) Suzuki, S.; Yonezawa, Y.; Shin, C.@hem.
Lett. 2004 33, 814-815. (h) Bagley, M. C.; Dale, J. W.; Jenkins, R. L.;
Bower, J.Chem. Commur2004 102-103.

(25) Hantzsch, ABer. 1927, 60, 2537-2545.

(26) Egan, R. S.; Tadanier, J.; Garmaise, D. L.; Gaunce, A. Prg.
Chem.1968 33, 4422-4426.

(27) Review: Schiter, S.; Stock, C.; Bach, Tletrahedron2005 61,
2245-2267.

(28) Dondoni, A.; Fogagnolo, M.; Medici, A.; Negrini, Bynthesi4987,
185-186.

(29) Nicolaou, K. C.; He, Y.; Roschangar, F.; Paul, N.; Vourloumis, K.
D.; Li, T. Angew. Chemlnt. Ed. Engl.1998 37, 84—87.

(30) Nicolaou, K. C.; King, N. P.; Finlay, M. R. V.; He, V.; Roshangar,
F.; Vourloumis, D.; Vallberg, H.; Sarabia, F.; Ninkovic, S.; Hepworth, D.
Bioorg. Med. Chem1999 7, 665-697.

(31) Cosford, N. D. P.; Tehrani, L.; Roppe, J.; Schweiger, E.; Smith, N.
D.; Anderson, J.; Bristow, L.; Brodkin, J.; Jiang, X.; MacDonald, |.; Rao,
S.; Washburn, M.; Varney, M. Al. Med. Chem2003 46, 204-206.
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SCHEME 2
Ph
Br 1.NC)‘OTBS Br
N i THF N
% i PrMgBr (THF) R
s” 'Br (THF) 2. NaBH, (EtOH) §” Y TOTBS
NH,
5 73%, 79/21 dr 6

2-Thiazolyl Addition to O-TBS Protected Mandelonitrile
and in Situ Reduction. Owing to their utility as latent formyl
group equivalents, the synthesis and reactivity of thiazole
derivatives has received much attention in the past two
decaded? The initial operation in the “thiazotealdehyde
synthesis” involves thempolungof 2-bromothiazole via metal
halogen exchange, followed by quenching with a suitable
coupling partner. This reaction has been shown to proceed
regioselectively at the 2-position when 2,4-dibromothiaz6)é?(
is used as the substrate am@uLi as the metalating ageft:3°
We found that complete regioselectivity was also observed in
the preparation of organomagnesium reagemwhen applying
the bromine-magnesium exchange protocol developed by
Knochel and co-worker®. Grignard compoundta?? displays
superior thermal stability relative to the corresponding lithiated
thiazole4b, being the reagent of choice in the reactions with
electrophiles that require ambient temperature.

Following the thiazole additionreduction strategy outlined
in Scheme 1, magnesium compouda was treated with
enantiomerically pure TBS-protecteld){mandelonitrile to give
an intermediate imine that was reduced in situ with NaBH
EtOH/MeOH (Scheme 2. The major product, which was
obtained in good yield (62% isolated) and moderate diastereo-
selectivity (79/21 dr), was assigned as {BeTBS-protected
threc-amino alcohol (vide infra). While the use ePrMgBr-

LiCl did not have any noticeable effect on the yield or
diastereoselectivity of the process, the addition of a Lewis acid
(ZnCl,, 1.0 equiv) prior to the reduction step led to the
corresponding amino alcohols in 68% yield with poor diaste-
reocontrol (53/47 dr).

To elucidate the relative configuration of the products of the
thiazolyl addition-reduction sequence, we opted for the prepa-
ration of cyclic oxazolidine derivatives of the readily separable
racemicerythro- andthreo-products (Scheme 3). Protection of
the free amino group of the major isomer as the Boc derivative
was followed by desilylation with tetrabutylammonium fluoride
(TBAF) in THF to give alcoholrac-8. Treatment with 2,2-
dimethoxypropane (DMP) in Cil, in the presence of catalytic
amounts ofp-toluenesulfonic acid afforded the desired oxazo-
lidine rac-9 in 82% yield after 24 h. Following an identical
reaction sequence, the oxazolidine derivative of the minor
productrac-12 was prepared in 26% overall yield. For this
isomer the cyclization reaction required longer reaction times,
suggesting the presence of the bulky phenyl and thiazolyl
substituents on the same face of the oxazolidine plane. Analysis

(32) Dondoni, A.; Marra, AChem. Re. 2004 104, 2557-2599.

(33) Reynaud, P.; Robba, M.; Moreau, R.BLll. Soc. Chim. Fr1962
1735-1738.

(34) Dondoni, A.; Fantin, G.; Fogagnolo, M.; Medici, A.; Pedrini,JP.
Org. Chem.1988 53, 1748-1761.

(35) Iddon, B.Heterocyclesl995 41, 533-593.

(36) Abarbri, M.; Thibonnet, J.; Bélon, L.; Dehmel, F.; Rottlader,
M.; Knochel, P.J. Org. Chem200Q 65, 4618-4634.

(37) (a) Krepski, L. R.; Jensen, K. M.; Heilmann, S. M.; Rasmussen, J.
K. Synthesis1986 301-303. (b) Brussee, J.; Dofferhoff, F.; Kruse, C. G.;
van der Gen, ATetrahedron199Q 46, 1653-1658.
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FIGURE 2. Proposed favored conformation of the imine intermediate
in the 2-thiazolyl additiorrreduction sequence accounting for the
observed FelkirAnh stereocontrol.

in order to avoid formation of the regioisomeric carboxylic acid
(vide infra). Following the described silyl deprotection
cyclization sequence (vide supra), we prepared a synthetic
material with identical spectroscopical datbl @nd’3C NMR)

to rac-14, also synthesized in our laboratories following Shin’s
route, confirming the determined stereochemistry.

The outcome of the one-pot additioreduction sequence
(Scheme 2) was unexpected, taking into account the existing
precedents. Brussee and co-workers have shown that after
addition of a range of organomagnesium reagents (RMgBr,
where R= Me, Et or Ph) toO-TBS protected mandelonitrile
the subsequent reduction proceeds with excellent diastereocon-
trol in all cases to giverythroproducts®’® The observed sense
of diastereoselection was attributed to a chelation controlled
transition state, involving the oxygenated substituent, operating
in the imine reduction step. The presence of the thiazole nitrogen
could lead to an alternative chelate, in which there is free rotation
around the imine-carbinol bond. In the proposed Felkitnh
transition staté? depicted in Figure 2, the silyloxy substituent
is placed perpendicular to the imine plane, with the hydride
attack occurring from the favored Bgi—Dunitz trajectory.

Once we had secured the stereochemical assignment of the
amino alcohol moiety, our attention turned to the development
of a stereoselective method for the preparation of BE&){
erythro isomer. The observed sense of 1,2-stereoinduction in
the imine reduction step described above suggested that we
could possibly reverse the observed diastereoselectivity by

of the chemical shifts in thtH NMR of the cyclic derivatives modifying the electrophile. We reasoned that the addition of
rac-9 andrac-12 was used to establish the spatial relationship 2-metalated thiazole to a suitable imine derivative should lead
of the phenyl and thiazolyl substituerifsThe protons H-4 and  to the erythro amino alcohol, if a similar FelkirAnh stereo-
H-5 in theerythrodiastereoisomer resonate at a lower field [ controlling pathway remained operative. The required aldimines
(H4) = 5.47,0(Hs) = 5.64)] with respect to ththreocompound could be prepared by condensation of the corresponding primary
[(0(Hs) = 4.95,6(Hs) = 5.11)], due to the anisotropic effect of  amines withO-TBS protected mandelic aldehyd&6f, which
the phenyl and thiazolyl substituents. These must adopt acan be readily prepared in enantiomerically pure form from
perpendicular arrangement to the oxazolidine plane when theymandelic acid® However, the use of aldimines as electrophilic
are placedynin the cyclic derivativerac-12, erythro), in order counterparts entails problems associated with the electrophilic
to minimize their steric interaction, leaving H-4 and H-5 under amination of organometallic species, such as the poor electro-
the deshielding effect of their local magnetic fields. philicity of the imino group and the tendency of thechiral

We sought confirmation of our stereochemical assignment enolizable imine to undergo deprotonation rather than addi-
through chemical synthesis of a related system. In the realm oftion.*142
their GE2270 A synthetic work, Shin and co-workers described  Attempted 2-Thiazolyl Additions to N-Trimethylsilyl Im-
the synthesis of the oxazolidinec-14 starting from com- ines.One of the general strategies to increase the electrophilicity
mercially availablepL-threophenylserine rac-15) (Scheme of the carbon atom of imines involves the coordination of a
4)132 1t was noticed thatac-14 could be prepared in a few  Lewis acid with the nitrogen lone pair. This offers the advantage
synthetic operations from our intermediate protected amino that the activating group does not need to be removed after the
alcohol rac-7. Lithium—bromine exchange followed by the nucleophilic addition, a subsequent operation that is not always
addition of solid carbon dioxide yielded the corresponding easily carried out in the case Wfalkylated,N-sulfonylated, or
4-thiazolyl carboxylic acid, which was subsequently alkylated
with Etl and K;CO;s to giverac-13. For the metalation, it was
important to add bromideac-7 to atert-butyllithium solution

(39) Anh, N. T.; Eisenstein, QNow. J. Chim.1977, 1, 61—70.

(40) Andreoli, P.; Cainelli, G.; Panunzio, M.; Bandini, E.; Martelli, G.;
Spunta, GJ. Org. Chem1991, 56, 5984-5990.

(41) Review: Bloch, RChem. Re. 1998 98, 1407-1438.

(42) Review: Enders, D.; Reinhold: Uetrahedron: AsymmetriQ97,
8, 1895-1946.

(38) Dang, H.-S.; Roberts, B. P.; Tocher, D. A.Chem. Soc¢cPerkin
Trans. 12001, 2452-2461.
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SCHEME 5
1. LHMDS (THF) O
2. PhLi (THF) O
H OTBS 46%, >97/3 dr ~NoTBS
o} NH,
rac-16 rac-17
1. HF (H,O/MeCN) @
2. Diphosgene, NEt; (CH,Cl,)
o)
51% over 2 steps HNX<
o

rac-18

N-oxidized imine derivatives. One particularly convenient
method employ§-trimethylsilyl aldimines, prepared in situ by
treatment of the corresponding aldehyde with lithium bis-
(trimethylsilyl)amide (LHMDS) at low temperatufé* Al-
though the use of this type of silylated imines is generally

JOC Article

SCHEME 6
BocNH,, 4a (THF) or
PhSO,H 4b (Et,0)
(816 ———ppo,s, ., 7
(CH,Cly) 2 ‘OTBS | 4a: 27%, 56/44dr  threo
NHBoc 4b: 23%, 80/20 dr

19

employed, the undesirgtireo-protected amino alcohal was
preferentially formed. The low yield (2327% over 2 steps)
and the sense of diastereoselection precluded any further
optimization of this reaction sequence.

2-Thiazolyl Additions to N-p-Methoxybenzyl (PMB) Im-
ines.Our search for synthetically useful enantiomerically pure
aldimines derived from mandelic aldehyde drew our attention
to the work by Poisson and Normant on the addition of
configurationally stable allenyl zinc reagents to enantiomerically
enriched benzylimine®¥:%° They described the use @-TBS
protected mandelic aldehyd&6) as a configurationally stable
imine precursor, simply by the addition of benzylamine and

restricted to nonenolizable aldimines, we were pleased to MgSQ; in toluene at °C.53-53 Interestingly, the only product

discover that theN-trimethylsilyl aldimine derivative of the

o-chiral aldehydeac-16 could be quenched with phenyllithium
to yield after workup exclusively th@-protected amino alcohol
rac-17 (Scheme 5).

Disappointingly, the stereochemistry of the product was
assigned athreoafter conversion to the oxazolidinone deriva-
tive rac-18, the spectroscopical data of whidi(and'3C NMR)
have been reported for both diastereoisomef&ln addition,
our attempts to couple 2-metalated thiazala®r 4b were not
successful. The difficulty in generating other 2-metalated
thiazole species of the general structdrevhere M= Cu, B,
Ce) prompted us to search for other imino derivatives in which
the electrophilic aptitude of the=EN group was enhanced.

Coupling of 2-Metalated Thiazoles 4a and 4b t@-Amido
Sulfone 19.0n the basis of our protecting group choice for the
GE2270 A eastern fragmeBt it can be concluded that the most
expeditious synthetic route would involve the use of an
N-acylimine. Addition of a 2-thiazolylmetal species tiNaert-
butyloxycarbonylimino derivative would lead directly to the

amino alcohol with the desired set of protecting groups in place.

observed in the allenylzinc addition was shown toebpgthro
configurated, the desired stereochemistry for our amino alcohol
system.

It was envisioned that the application of this strategy to the
nucleophilic addition of 4-bromo-2-lithiothiazoldl§) might be
feasible, leading to an identical stereochemical outcome.
However, due to the anticipated incompatibility between the
4-bromothiazole moiety and the hydrogenolysis conditfdns,
generally employed to deproteltbenzyl amino groups, our
attention turned to the preparation of the analogpumseth-
oxybenzyl aldimine. While the latter compounds should display
similar reactivity, the cleavage of the incorporated PMB
protecting group should be possible under oxidative conditions.
Hence, treatment of the freshly prepared aldehyBlel 6 with
1 equiv ofp-methoxybenzylamine in Ci€l, at room temper-
ature, in the presence of a drying agent (Mgs@ielded the
desired imine. This intermediate was found to be unstable to
exposure to silica gel, being directly used in the next step after
filtration of the magnesium salt and elimination of the solvent.
We were pleased to find that upon addition of the lithiated

However, these imino derivatives are too unstable to be stored,thiazole4b at —78 °C in EtO, only one diastereoisomer was
and must be generated in situ from a suitable precursor.formed in good yield (Scheme 7).

a-Amido sulfones are convenient solid compounds that in the

To determine the stereochemical outcome of the 2-thiazole

presence of a base of sufficient strength undergo elimination to addition, the cyclic oxazolidinone derivati& was prepared

yield the correspondingyl-acyl imines?’
The requiredx-amido sulfonel9 was obtained after treatment
of aldehyde $)-16 with benzenesulfinic acid antert-butyl

in two steps (Scheme 8, CD¥ 1,1-carbonyldiimidazole).
Unfortunately, we were unable to unambiguously establish the
configuration of the generated stereocenter by spectroscopic

carbamate in dichloromethane, following the anhydrous protocol means. While theJ-based configurational analysis proved

developed by Petrini and co-workefsCompoundL9, isolated

inconclusive in establishing the spatial relationship between the

as a mixture of diastereoisomers, was directly submitted to the Phenyl and thiazolyl substituent&)s—s = 6.3 Hz)?> the 2D-

elimination—addition reaction with 2 equiv of the 2-thiazolyl
reagentsda and 4b. Regardless of the nature of the metal

(43) Hirao, A.; Hattori, I.; Yamaguchi, K.; Nakahamas, S.; Yamazaki,
N. Synthesisl982 461-462.

(44) Hart, D. J.; Kanai, K.; Thomas, D. G.; Yang, T.-K.Org. Chem.
1983 48, 289-294.

(45) Cho, G. Y.; Ko, S. YJ. Org. Chem1999 64, 8745-8747.

(46) Akiba, T.; Tamura, O.; Hashimoto, M.; Kobayashi, Y.; Katoh, T.;
Nakatani, K.; Kamada, M.; Hayakawa, |.; Terashimal &rahedronl994
50, 3905-3914.

(47) Review: Petrini, MChem. Re. 2005 105 3949-3977.

(48) Marcantoni, E.; Mecozzi, T.; Petrini, M. Org. Chem2002 67,
2989-2994.

NOESY did not exclusively display the contacts expected for
either atransor cis configuration. We could finally determine
the stereochemical configuration via chemical synthesis. Protec-

(49) Poisson, J. F.; Normant, J.F.Org. Chem200Q 65, 6553-6560.

(50) Poisson, J. F.; Normant, J. ©rg. Lett.2001, 3, 1889-1891.

(51) Kobayashi, Y.; Takemoto, Y.; Kamijo, T.; Harada, H.; Ito, Y.;
Terashima, STetrahedron1992 48, 1853-1868.

(52) Midland, M. M.; Koops, R. WJ. Org. Chem1992 57, 1158~
1161.

(53) Annunziata, R.; Benaglia, M.; Cinquini, M.; Cozzi, F.; Ponzini, F.
J. Org. Chem1993 58, 4746-4748.

(54) Kerdesky, F. A. J.; Seif, L. SSynth. Communl995 25, 4081~
4086.
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SCHEME 7
1. PMBNH,, MgSO,
(CH,Cly)
o, 2. 4b (Et,0)
0oTBS 67%, >97/3 dr
o)
(S)-16

PMPCHO, AcOH
NaCNBH; (MeOH)

99%

SCHEME 8
Br 1. TBAF (THF) Br N @

N 2. CDI, py (CH,Cly) /N :

/ \ SX“(\S
s “OTBS  81% over 2 steps PMBN o

NHPMB \\<

o]

20 21
5 (Hg) = 4.95
8 (Hg) = 5.11

tion of thethreoconfiguredent6, which was obtained utilizing
the addition-reduction sequence described above, aspthe
methoxybenzyl derivative yielded a synthetic material with
identical spectroscopic properties 20.

This experiment represents another example in which the
presence of the 2-thiazolyl substituent leads to an unexpecte
stereochemical outcome in the 1,2-induction process. The
observed sense of induction could not be overturned by varying
the solvent or the nature of the organometallic species. While
the threo isomer was the only product isolated when toluene
was used as solvent, no reaction took place in THF. This was
also the case when the coupling of thiazolylmagnesiato
the (§-configurated mandelic imine was attempted, presumably
due to the insufficient nucleophilicity of the Grignard reagent.

Synthesis ofErythro Amino Alcohol via Sy2 Inversion with
Sodium Azide.Due to the problems found in the stereoselective
construction of the amino alcohol moiety employing unsaturated
nitrogen compounds, our attention turned to the use of carbonyl
derivatives as electrophiles in the 2-thiazolyl addition reaction.
This strategy would benefit from the higher stability and
electrophilicity of the latter compounds, relative to their
analogous imines. Importantly, there was precedence in the
nucleophilic addition toO-TBS protected mandelic acid
derivatives;6-59 facilitating the prediction of the stereochemical
outcome of our envisaged reaction. The introduction of the

(55) In five-membered heterocyclic ring systems it is generally accepted
that the trans coupling constant is smaller than 4.0 Hz: (a) Nadir, U. K;
Basu, N.Tetrahedron1993 49, 7787-7792. However, there are reports
describing trans compounds similar2a, for which coupling constants of
7 Hz have been measured: (b) Sugiyama, S.; Morishita, K.; Chiba, M;
Ishii, K. Heterocycle2002 57, 637—648. (c) Dinsmore, C. J.; Mercer, S.
P.Org. Lett.2004 6, 2885-2888.

(56) Kobayashi, S.; Ohtsubo, A.; Mukaiyama, Ghem. Lett1991 5,
831-834.

(57) Kotora, M.; Negishi, ETetrahedron Lett1996 37, 9041-9042.

(58) Cainelli, G.; Galletti, P.; Giacomini, D.; Orioli, Angew. Chem.

Int. Ed.200Q 39, 523-527.

(59) Surivet, J. P.; Gore, J.; Vatele, J. Metrahedron Lett1996 37,

371-374.
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SCHEME 9

4b (Et,0)
92%

EtO. " OTBS

¢}
22

L-selectride  Br. MsCl, Br.
THF N NEt N
_me oy Y oYY
86%, S OTBS  89% S OR
>97/3 dr OH OMs
24
HF-py Efs(R=TBS)—
(MeCN) 26 (R=H)
85%
1. NaN; (DMSO)
2.PPhg, H,0 47%
NaN3
Br PPhs, H,0 g,
(DMSO) Z_g\gj (PhH) Z/—N
\ , T \ =
25 42% s” > "OR  99% s” > "oTBs
26 76% N q
3 NH
27 (R=H) TBSOTH, 2,6-lutidine 29

28 (R="TBS) < (CH,Cl,) 99%

amino group would then be carried out in a subsequent
nucleophilic substitution process, after activation of the corre-
sponding alcohol.

We started our synthesis from the protect&grfandelate

2, which was prepared according to the literature procetfure.
Reaction with the 2-lithio thiazole derivativéb (1.15 equiv)

in Et,O provided the single addition produ28 in excellent
yield. Since we planned to introduce the amino moiety with a
stereochemical inversion at the carbon atoito the 2-thiazolyl
moiety, we required a method that would reduce ke@ender
Felkin—Anh control. In the event, reduction of keto@8 with
L-selectride in THF at-78 °C provided exclusively the required
threo alcohol 24, which was subsequently mesylated in 89%
yield. TheO-TBS protected azid28 could be prepared directly,
although in modest vyield (42%), by addition of Nalkb a
solution of mesylat&5 in DMSO 0 This reaction proceeded
with complete inversion, and none of the undesite@oazide
could be detected. The choice of azRieas forerunner of our
desired free amine initially turned out to be problematic, due
to the quick debromination at the thiazole heterocycle under
standard catalytic hydrogenation conditions (1 barPt/C, or
Pd(OH)). However, the Staudinger reduction of the azide
proceeded smoothly to yield the desimgythroamino alcohol

29 in quantitative yield. Interestingly, DMSO proved to be a
suitable solvent for the Staudinger reaction. This observation
was exploited in a more practical synthesis of aniBewhich
involved the stepwise addition of sodium azide, triphenylphos-
phine, and water to a DMSO solution of mesylageat 90°C.

The low yield observed in the mesylate displacement reactions
was attributed to the partial decomposition of the nascent azide
under the forcing reaction conditions. To reduce the steric
congestion around the mesylate stereocenter, we carried out the
azidation reaction on the free alcoh@b, which could be

(60) For a recent review on the chemistry of azides, seéseB1a.; Gil,
C.; Knepper, K.; Zimmermann, \Angew. ChemInt. Ed.2005 44, 5188—
5240.
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SCHEME 10 developed. The free amine could be introduced in two synthetic
1.B0c,0 (CH,Cly) operations from alcoha?4 simply by mesylation and a one-
2. 'BuLi, ZnCl, (THF) pot nucleophilic azidationreduction sequence. A Negishi cross-

3.5, PACly(PPhg), (THF)  Br4_N >2/4</‘ s coupling reaction was employed to regioselectively assemble
29 44% over 3 stens \Es\ N~ >""0TBS the 2,4-bithiazoles2 and3, ready to undergo further elaboration
’ P NHBoc at the bromine position. According to our GE2270 A synthetic
2 strategy, the herein describedythro stereoisomee is envi-
erythro sioned to react with a fully functionalized 2-bromopyridine in
1.Boc,0 (CH,Cly) the final key C-C bond forming reaction. Our progress in this
2. BuLi, ZnCl, (THF) S field will be reported in due course.
. 3. 5, PACI,(PPhs), (THF) Br\«EN \>2/4</‘ e
60% over 3 steps g N e OTBS Experimental Section
0C
3 All reactions were carried out following our reported general
threo experimental protocé® PdChL(PPh),,%4 2,4-dibromothiazoleg),3?

(tert-butyldimethylsilyloxy)benzeneacetonitrfie® 2-(tert-butyldim-
obtained in 85% yield after desilylation @5. With the new ethylsilyloxy)-2-phenylacetaldehydd §),*>%" and ethyl tert-bu-
substrate the azide introduction could be carried out at a |0werPtlld|rrt1ethylsnylo(;<y)mandeIate2(2)67 were prepared according to
temperature (65C instead of 90C), leading to a considerable  '''c/atUreé procedures. . . .
impfovement(in the chemical Yie)ld (fromg42% to 76%). The | ()-(1S,2R)-1-(4-Bromothiazol-2-yl)-2-tert-butyldimethylsi-

. : yloxy)-2-phenylethylamine (6) and ¢-)-(1R,2R)-1-(4-Bromothia-

following TBS protection of alcohd7 proceeded uneventfully ¢ 5y 5_tert-butyldimethylsilyloxy)-2-phenylethylamine (ent-
to yield 28 in excellent yield. Depending on the amination  29) To a stirred solution of 2,4-dibromothiazol8) (2.92 g, 12.0
strategy employed, th&(S-amino alcohoR9 could be obtained mmol) in THF (30 mL) at 0°C was added-PrMgBr (6.60 mL,
in 5—8 steps and 3344% overall yield, starting from com-  12.0 mmol, 1.80 M in ether). After 30 mirQ-TBS protected
mercially available ethyl$-mandelate. mandelonitrile (2.47 g, 10.0 mmol) was added dropwise. The

Thiazole Homologation at C4 via Cross-Coupling.Once re_action mixture was stirred for 30 min at°C and then for 30
we had access to the amino alcohol fragment in either diaster-Min at room temperature. Ethanol (10 mL) was added and upon
eomeric form, we planned to build the 2fithiazole applying ~ €00ling to—78°C NaBH, (0.76 g, 20.0 mmol) was added in small

. . ) : ] ; portions. The reaction mixture was stirred h at—78 °C and
our regioselective Pd-mediated cross-coupling methodology. then allowed to reach room temperature overnight. After the careful

Prior to this, protect!on .Of the amino group as thetert- addition of saturated aq Nj@l solution (200 mL) ether (200 mL)
butyloxycarbonyl derivative was carried out under standard a5 added. The organic layer was washed wit® K200 mL) and
conditions (Scheme 10). brine (100 mL) and dried (N8Qy). GC analysis indicated a facial
Preparation of the 4-thiazolylzinc reagent required for the diastereoselectivity of 79:21. The solvent was removed and the

following Negishi coupling step was achieved by low-temper- residue was purified by flash chromatography (REt 75:25—
ature lithium-bromine exchange and subsequent transmetalation50:50) to yield aminé (2.55 g, 6.18 mmol, 62%) as a pale yellow
to zinc. Crucial in this process was the slow addition-BuLi oil and its epimerent29 as a pale yellow oil (0.47 g, 1.13 mmol,

to a THF solution of ZnGland the corresponding 4-bromothia- 11%). I\/_IajorthreozidductG: R 0.30 (P/E4O = 75:25); [o]*p —47.8
zole. Previous studies in our group had shown that the lithium (¢ 1.50 in CHCE); TH NMR (CDCl, 360 MHz)0 —0.26 (s, 3 H),
bromine exchange of 4-bromothiazoles containing the NHBoc —0.22 (s, 3 H), 0.76 (s, 9 H), 1.80 (s, 2 H), 4.10 1= 1.9 Hz,

. L . ..~ 1H A4 3J=19Hz, 1H),71 1H), 7. .
moiety leads to 5-lithiated thiazoles, presumably after mediation H); )13C5: NgM(Igl(\g:DCbQQOZi\/IHZ))lé _53_ 7(3’_ 4.8)‘18%6722?7(2’0%

of the amide protofi-°*Addition of 2,4-bromothiazole5) and  7'7, 117.2, 124.4, 126.1, 127.6, 128.2, 141.8, 177.6. Anal. Calcd

the corresponding palladium catalyst yielded the desiret 2,4 for C;,H,sBrN,OSSi (413.45): C, 49.39; H, 6.09; N, 6.78. Found:
bithiazoles, in both stereochemical configurations, in moderate C, 49.47; H, 5.88; N, 6.73. Mincerythro adductent29: R; 0.11

to good yield. A secondmpolungoperation at the 4-position  (P/ELO = 75:25); ]2 +20.4 € 1.05 in CHC}); H NMR
in bithiazole 2 should give the corresponding organometallic (CDCls, 360 MHz)6 —0.21 (s, 3 H), 0.06 (s, 3 H), 0.82 (s, 9 H),
species (M= Zn or Sn), ready to participate in the final Pd- 2.02 (br's, 2 H), 4.41 () = 5.9 Hz, 1 H), 5.04 (d}J = 5.9 Hz,

mediated coupling to the pyridine core of the GE2270 antibiot- 1 H), 7.09 (s, 1 H), 7.197.26 (m, 5 H);**C NMR (CDC, 90
oy MHz) 6 5.3, 4.8, 18.0, 25.7, 60.6, 78.2, 117.0, 124.3, 127.0,

128.0, 128.1, 140.1, 173.9. Anal. Calcd forn/E8,sBrN,OSSi
. (413.45): C, 49.39; H, 6.09; N, 6.78. Found: C, 49.54; H, 6.11;
Conclusions N, 6.71.

- : (£)-(1S*,2R*)-[1-(4-Bromothiazol-2-yl)-2-hydroxy-2-phenyl-
In summary, we have reported an efficient synthesis of the ethyl]carbamic Acid tert-Butyl Ester (rac-8). A solution ofrac-7

eastern subunit of the GE2270 antibiotics employing 2,4- (257 mg, 50Qmol) in THF (5 mL) was cooled to 8C and TBAF
dibromothiazole as the key building block. The construction of (1.00 mL. 1.00 mmol1 M in THF) was added dropwise. After

the amino alcohol can be carried out by direct coupling of a peing stirred fo 1 h at 0°C the reaction mixture was diluted with
4-bromo-2-thiazolyl nucleophile to-€N unsaturated electro-  ether (30 mL) and washed with,B (3 x 30 mL) and brine (30
philes, leading preferentially to the formationtbfeoisomers.
To obtain the §,3-erythrodiastereoisomer, a strategy involving (63) Lemarchand, A.; Bach, Synthesi€005 1977-1990.

the quenching of 2-lithio derivativéb with TBS protected ethyl (64) Hartley, F. ROrganomet. Chem. Re Sect. AL97Q 6, 119-137.
(9-mandelate and subsequent diastereoselective reduction was, (65 Brussee, J.; Roos, E. C.; van der Gen Tarahedron Lett1988

(66) Cainelli, G.; Panunzio, M.; Contento, M.; Giacomini, D.; Mezzina,
(61) Heckmann, G. Ph.D. Thesis, Technische Univérsiianchen, 2004. E.; Giovagnoli, D.Tetrahedron1993 49, 3809-3826.
(62) For a similar observation, see: Stangeland, E. L.; Sammakia, T. (67) Hayashi, M.; Yoshiga, T.; Nakatani, K.; Ono, K.; Oguni, N.
Org. Chem.2004 69, 2381-2385. Tetrahedron1994 50, 2821-2830.
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mL). The organic layer was dried (B80O,) and concentrated in

Delgado et al.

1.21 (s, 9 H), 1.28 (81 = 7.0 Hz, 3 H), 1.71 (s, 3 H), 1.74 (s, 3

vacuo and the crude product was purified by flash chromatography H), 4.28 (t,3J = 7.0 Hz, 2 H), 4.99 (d3J = 7.7 Hz, 1 H), 5.16 (d,

(P/ELO = 60:40) to yieldrac-8 (181 mg, 453umol, 91%) as a
pale yellow oil. R 0.46 (P/EtO = 50:50);'H NMR (CDCls, 360
MHz) 6 1.25 (s, 9 H), 3.32 (d¥J = 3.0 Hz, 1 H), 5.17 (dd3J =
2.5Hz,3J=9.2 Hz, 1 H), 5.49 (br s, 1 H), 5.59 (&) = 9.2 Hz,
1 H), 7.17 (s, 1 H), 7.267.38 (m, 6 H);3C NMR (CDCk, 90
MHz) 6 28.1, 57.9, 74.2, 80.4, 117.5, 124.5, 126.0, 127.9, 128.4,
139.4, 155.4, 172.5. Anal. Calcd forgB11BrN,O3S (399.30): C,
48.13; H, 4.80; N, 7.02. Found: C, 48.02; H, 4.99; N, 6.68.
(£)-(4S*,5R*)-4-(4-Bromothiazol-2-yl)-2,2-dimethyl-5-phenyl-
oxazolidine-3-carboxylic Acidtert-Butyl Ester (rac-9). A solution
of rac-8 (149 mg, 373umol), p-TSA (7.6 mg, 10 mol %), and
2,2-dimethoxypropane (1.11 mL) in 2.5 mL of @El, was stirred
at room temperature for 24 h. After that the reaction mixture was
diluted with CHCI, (10 mL), washed with saturated aq NaHEO
solution (5 mL), and dried (N&Qy). The solvent was removed in

8J=7.7Hz, 1 H), 7.36 (br s, 5 H), 8.48 (s, 1 H}C NMR (DMSO-
ds, T=60°C, 90 MHz)¢6 14.0, 25.7, 27.6, 60.6, 65.4, 94.9, 126.8,
128.4, 128.6, 128.9, 136.6, 145.7, 160.4, 170.7.
(£)-(1S*,2R*)-2-(tert-Butyldimethylsilyloxy)-1,2-diphenyleth-
ylamine (rac-17)37° A solution of hexamethyldisilazane (91.Q,
70.9 mg, 44Qumol) in THF (3 mL) was cooled te-78 °C, and
n-BuLi (160uL, 400umol, 2.5 M in pentane) was added dropwise.
The mixture was warmed to room temperature, stirred for 10 min,
and again cooled te-78 °C. A solution of aldehydeac-16 (100
mg, 400umol) in THF (2 mL) was added, followed after 15 min
by PhLi (278uL, 500umol, 1.8 M in hexanes). After an additional
15 min of stirring at—78 °C the reaction mixture was slowly
warmed to room tempearture, quenched with saturated af£NH
solution (20 mL), and extracted with ether (30 mL). The organic
layer was washed with #0 (20 mL) and brine (20 mL), dried (Ma

vacuo and the crude product purified by flash chromatography (P/ SOy), and concentrated in vacuo. The crude product was purified

Et,0 = 75:25) to giverac-9 (134 mg, 305¢mol, 82%) as colorless
crystals. Mp 129-130 °C; R 0.49 (P/E$O = 75:25); 'H NMR
(DMSO-ds, T = 60°C, 360 MHz)d 1.24 (s, 9 H), 1.70 (s, 3 H),
1.72 (s, 3 H), 4.95 (B = 7.8 Hz, 1 H), 5.11 (d3]J = 7.8 Hz, 1
H), 7.32-7.38 (m, 5 H), 7.77 (s, 1 H}C NMR (DMSO-ds, 90

MHz) 6 25.6, 26.2, 27.8, 65.6, 80.1, 82.8, 95.0, 118.6, 123.2, 127.2,

128.6, 129.0, 136.5, 150.7, 171.3. Anal. Calcd fesHG3BrN,O3S
(439.37): C, 51.94; H, 5.28; N, 6.38. Found: C, 51.67; H, 5.25;
N, 6.31.
(£)-2-[(1S*,2R*)-tert-Butoxycarbonylamino-(tert-butyldimeth-
ylsilyloxy)-2-phenylethyl]thiazole-4-carboxylic Acid Ethyl Ester
(rac-13). A solution of t-BuLi (1.15 mL, 1.95 mmol, 1.5 M in
pentane) in ether (1 mL) was cooled-+@8 °C and the solution of
rac-7 (250 mg, 489umol) in ether (2 mL) was added dropwise.
After 10 min of stirring at—78 °C powdered C@(3 g) was added

and the reaction mixture was allowed to warm to room temperature.

by column chromatography (P/EtOAe 75:25) to yield 60.0 mg
(183 umol, 46%) ofrac-17 as a yellow oil in diastereomerically
pure form. The analytical data were in accordance with the
literature3’® Ry 0.25 (P/ EtOAc= 75:25);'H NMR (CDCls;, 360
MHz) 6 —0.23 (s, 3 H),—0.13 (s, 3 H), 0.85 (s, 9 H), 1.74 (br s,
1 H),3.98(d2J=5.5Hz, 1 H), 4.65 (d3)=5.5Hz, 1 H), 7.1+
7.22 (m, 10 H);*3C NMR (CDCk, 90 MHz) 6 —5.5,—4.8, 18.2,
25.9, 63.2, 80.5, 126.7, 126.9, 127.1, 127.5, 127.7, 127.8, 142.5,
142.6.

(£)-(4R*,5R*)-Diphenyloxazolidin-2-one fac-18)4° A solution
of rac-17 (48.6 mg, 148/mol) in acetonitrile (1 mL) and HF (1
mL, 50% in H,O) was stirred for 16 h at 58C. After the solution
was cooled to room temperature the pH value was adjusted to 12
with NaOH solution (5% in HO). H,O (50 mL) was added, and
the aqueous layer was extracted with £H (3 x 50 mL). The
combined organic layers were dried @$&) and concentrated in

The solvent was removed in vacuo and the residue dissolved invacuo. The residue was treated with methanol (3 mL) and HCI

DMF (6 mL). After the addition of KCO; (668 mg, 4.89 mmol)
and Etl (0.41 mL, 766 mg, 4.89 mmol) the solution was stirred at
room temperature for 72 h. The reaction mixture was diluted with
EtOAc (50 mL), washed with D (3 x 50 mL) and brine (50
mL), and dried (NgS0Q,). The solvent was removed in vacuo and
the residue purified by flash chromatography (REE 75:25) to
yield the 4-ethoxycarbonylthiazotac-13 (116 mg, 229mol, 47%)

as a colorless 0ilR; 0.45 (P/EfO = 50:50);'H NMR (DMSO-ds,

360 MHz)6 —0.31 (s, 3 H),—0.29 (s, 3 H), 0.71 (s, 9 H), 1.27
1.31 (m, 12 H), 4.264.33 (m, 2 H), 5.00 (d®J = 3.2 Hz,3) =

9.1 Hz, 1 H), 5.36 (d, 1 H8J = 3.2 Hz), 7.23-7.43 (m, 6 H), 8.41

(s, 1 H);13C NMR (DMSO-ds, 90 MHz) 6 —5.5,—4.9, 14.4, 17.9,

(0.5 mL, 36% in HO) and again concentrated in vacuo. The
remaining solid and triethylamine (630, 46.0 mg, 450umol)
were dissolved in CkCl, (2.0 mL) and cooled to 6C. Diphosgene
(11.0uL, 17.8 mg, 90.0umol) was added and the mixture was
stirred fa 1 h at 0°C. The solvents were removed in vacuo, and
the residue was suspended inCH(5 mL) and stirred at room
temperature overnight. The solid was filtered, washed with HCI
solution (10% in HO) and HO, and dried in vacuo to yieldhc-
18(18.2 mg, 76..umol, 51%) as pale yellow crystals. The analytical
data were in accordance with the literattfréd NMR (CDCl;, 360
MHz) 6 4.74 (d,23J = 7.3 Hz, 1H), 5.28 (d3) = 7.3 Hz, 1 H), 5.75
(s, 1 H), 7.21-7.39 (m, 10 H)13C NMR (CDCk, 90 MHz) 6 64.9,

25.7,28.2,59.9,60.8, 76.0, 79.0, 126.7, 127.6, 128.0, 129.2, 141.1,86.1, 125.0, 125.6, 128.0, 128.2, 128.2, 128.4, 137.3, 138.4, 158.6.

146.2, 155.4, 160.9, 173.2. Anal. Calcd fors83sN,0OsSSi
(506.73): C, 59.26; H, 7.56; N, 5.53. Found: C, 59.59; H, 7.34;
N, 5.46.
(£)-(4R*,55*)-4-(4-Ethoxycarbonylthiazol-2-yl)-2,2-dimethyl-
5-phenyloxazolidine-3-carboxylic Acid tert-Butyl Ester (rac-
14) 132 A solution of rac-13 (87.0 mg, 172umol) in THF (5 mL)
was cooled to 0C and TBAF (0.34 mL, 34@mol, 1 M in THF)

(+)-(1R,29)-[1-(4-Bromothiazol-2-yl)-2-(tert-butyldimethylsi-
lyloxy)-2-phenylethyl]-(4-methoxybenzyl)amine (20). Method A:
To a stirred solution of aldehyd&)¢16 (200 mg, 0.798 mmol) in
CH.CI; (2 mL) were adde@-methoxybenzylamine (124, 0.958
mmol) and MgSQ (483 mg, 4.00 mmol) at room temperature and
the stirring was continued for 2 h. Filtration of the magnesium salts
and removal of the solvent in vacuo gave the corresponding imine,

was added dropwise. The cooling bath was removed and the reactiorwhich was subsequently used without further purification. To a

mixture was stirred fo2 h atroom temperature. After dilution with
EtOAc (20 mL) it was washed with 30 (2 x 20 mL) and brine
(10 mL). The organic layer was dried (p&0,) and concentrated
in vacuo. The residue was dissolved in £H (2 mL) andp-TSA
(6.5 mg, 10 mol %) and 2,2-dimethoxypropane (0.5 mL) were

stirred solution of-BuLi (319 xL, 0.798 mmol, 2.5 M in hexane)
in ELO (2 mL) at —78 °C was added a solution of 2,4-
dibromothiazole §) (193 mg, 0.798 mL) in EO (3 mL) and the
mixture was stirred for 1 h. A solution of freshly prepared imine,
prepared as described above, in@{2 mL) was added to the

added, and the solution was stirred at room temperature for 24 h.reaction mixture via cannula. Afte2 h at—78 °C, the reaction

The reaction mixture was diluted with GBI, (20 mL), washed
with NaHCG; solution (20 mL, 5% in HO), and dried (NgS5Oy).
After the solvent was removed the crude product was purified by
flash chromatography (P/E = 80:20— 70:30) to yieldrac-14
(53.7 mg, 124umol, 72%) as colorless crystals. The analytical data
are in accordance with the literat#@.Mp 129-130°C; R 0.48
(P/ELO = 50:50);H NMR (DMSO-ds, T = 60 °C, 360 MHz)d
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mixture was allowed to warm to @C and saturated aq NBI
solution (10 mL) was carefully added. The mixture was extracted
with Et,O (3 x 10 mL). The combined organic extracts were dried
(MgSQy) and concentrated in vacuo. Purification by flash chro-
matography (P/EO = 95:5) yielded amine20 (285 mg, 0.534
mmol, 67%) as a pale yellow oiMethod B: To a stirred solution

of amineent6 (220 mg, 0.53 mmol)p-anisaldehyde (7LL, 79
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mg, 0.53 mmol), and NaCNBH30 mg, 0.48 mmol) in MeOH (1
mL) at 0°C was added acetic acid (2Q.). The reaction mixture

JOC Article

76.3, 84.2,118.2, 125.2, 127.1, 128.6 (2C), 139.5, 167.9; HRMS
(El) calcd for G4H1;NO4S,SIiBr [(M — C4Ho)*] 433.9552, found

was allowed to warm to room temperature overnight and then 433.9549.

partitioned between saturated aq MHsolution (10 mL) and EO
(3 x 10 mL). The combined organic extracts were dried (MgSO

(+)-(1S,29)-2-Azido-2-(4-bromothiazol-2-yl)-1-phenyletha-
nol (27).To a stirred solution of mesylag6 (149 mg, 0.396 mmol)

and concentrated in vacuo. Purification by flash chromatography in DMSO (4 mL) was added sodium azide (39 mg, 0.594 mmol).

(P/EtO = 95:5) yielded amin&0 (280 mg, 0.525 mmol, 99%) as
a pale yellow 0il.R: 0.57 (P/E3O = 4:1); [a]?°; +28.7 € 1.00 in
CHCl); *H NMR (CDCl;, 360 MHz)d —0.26 (s, 3 H),—0.22 (s,
3 H), 0.79 (s, 9 H), 2.60 (br s, 1 H), 3.28.37 (m, 1 H), 3.77 (s,
3 H),4.02 (d3)=2.8Hz, 1 H),5.36 (d%)=2.8 Hz, 1 H), 6.73
6.76 (m, 2 H), 6.936.96 (m, 2 H), 7.14 (s, 1 H), 7.367.39 (m,
5 H); 13C NMR (CDCk, 90 MHz) 6 —5.7,—4.9, 18.1, 25.7, 52.2,

The resulting solution was heated to%5and the stirring continued
for 2 h. After cooling to room temperature, the reaction was
quenched by the slow addition of,& (5 mL). The aqueous layer
was extracted with CKCl; (3 x 15 mL), and the combined organic
extracts were dried (MgS{pand concentrated in vacuo. The residue
was purified by flash chromatography (P/EtOAc75:25). Azide

27 (99 mg, 282umol, 76%) was isolated as a yellow of¥; 0.27

55.2, 65.7, 76.9, 113.6, 117.6, 124.2, 126.0, 127.6, 128.3, 129.3,(P/EtOAc = 80:20); [0]2% +12.3 € 1.13 in CHC}); *H NMR

131.7,141.7, 158.6, 178.1; HRMS (El) calcd fon,3N,0,SSiBr
[(M — C4Hg)*"] 477.0490, found 477.0512.
(—)-(29)-1-(4-Bromothiazol-2-yl)-2-tert-butyldimethylsilyloxy)-
2-phenylethanone (23)To a stirred solution of-BuLi (3.40 mL,
8.5 mmol, 2.5 M in hexane) in D (30 mL) at—78°C was added
a solution of 2,4-dibromothiazolé&) (2.06 g, 8.5 mmol) in EO
(15 mL) over 1 h. Afte 1 h at—78 °C, a precooled solution of
methyl este22 (2.16 g, 7.72 mmol) in EO (10 mL) was added
via cannula. The reaction mixture was allowed to warm tCQ
before it was partitioned between saturated agGl$olution (50
mL) and E$O (3 x 75 mL). The combined organic extracts were
dried (MgSQ) and concentrated in vacuo. Purification by flash
chromatography (P/ED = 95:5) yielded keton3 (2.92 g, 7.10
mmol, 92%) as a colorless oiR; 0.46 (P/EtO = 80:20); [o]%%
—34.9 € 1.2 in CHCE); 'H NMR (CDCl;, 360 MHz)d 0.03 (s, 3
H), 0.11 (s, 3 H), 0.92 (s, 9 H), 6.36 (s, 1 H), 7-27.34 (m, 3 H),
7.51-7.60 (m, 3 H);3C NMR (CDCk, 90 MHz) 6 —4.8 (2C),

(CDClg, 360 MHz)¢ 3.87 (d,2J = 2.6 Hz, 1 H), 4.92 (d3J = 6.8
Hz, 1 H), 5.08 (dd3J = 6.8, 2.5 Hz, 1 H), 7.24 (s, 1 H), 7.34
7.39 (m, 5 H);13C NMR (CDCk, 90 MHz) 6 67.2, 76.9, 118.5,
125.2, 127.1, 128.8, 129.0, 138.6, 168.7. No satisfactory HRMS
or elemental analysis data were obtained for this compound due to
its instability.
(+)-(1S,29)-2-[1-Azido-2-(tert-butyldimethylsilyloxy)-2-phen-
ylethyl]-4-bromothiazole (28). Method A: To a stirred solution
of mesylate?25 (197 mg, 0.40 mmol) in DMSO (4 mL) was added
sodium azide (65 mg, 1.0 mmol). The resulting solution was heated
to 90°C and stirring was continued for 14 h. After cooling to room
temperature, the reaction was quenched by the slow addition of
H.O (5 mL). The aqueous layer was extracted with,CH (3 x
15 mL), and the combined organic extracts were dried (MgSO
and concentrated in vacuo. The residue was purified by flash
chromatography (P/ED = 85:15). Azide28 (74 mg, 168umol,
42%) was isolated as a yellow oMethod B: To a stirred solution

18.3, 25.7, 76.5, 125.0, 127.2, 127.7, 128.3, 128.5, 137.7, 164.4,0f alcohol27(37.0 mg, 114umol) in CH,CI, (2 mL) at 0°C was

189.2; HRMS (El) calcd for @H1gNO,SIBr [(M — CyHg)']
353.9620, found 353.9612.
(+)-(1R,29)-1-(4-Bromothiazol-2-yl)-2-tert-butyldimethylsi-
lyloxy)-2-phenylethanol (24).To a stirred solution of keton23
(2.06 g, 2.58 mmol) in THF (25 mL) at-78 °C was added
L-selectride (4.14 mL, 4.14 mmal M in THF). After 1 h at—78

added 2,6-lutidine (3&L, 342 umol), followed by TBSOTf (38
ul, 171 umol). After 2 h the reaction mixture was partitioned
between saturated aq NaHg® mL) and CHCI, (3 x 10 mL).
The combined organic extracts were dried (Mgpénd concen-
trated in vacuo. Flash chromatography (P/EtOA®0:10) gave
the TBS ethe28 (47.1 mg, 114umol, 100%) as a yellow oilR
0.43 (P/E$0 = 80:20); []?% +28.2 € 1.00 in CHC}); *H NMR

°C, the reaction mixture was quenched by the careful addition of (CDCl,, 360 MHz)d —0.13 (s, 3 H)—0.06 (s, 3 H), 0.89 (s, 9 H)

saturated aq NECI solution (30 mL). The biphasic mixture was
extracted with BXO (3 x 40 mL) and the combined organic extracts
were dried (MgSG@) and concentrated in vacuo. Purification by
flash chromatography (P/E2 = 95:5) yielded alcoho?4 (0.95 g,
2.30 mmol, 92%) as a white solid. Mp 669 °C; R; 0.34 (P/E£O

= 80:20); [0]?% +36.8 (€ 0.83 in CHC}); *H NMR (CDCls, 360
MHz) 6 —0.23 (s, 3 H),—0.18 (s, 3 H), 0.80 (s, 9 H), 3.42 (&

= 8.6 Hz, 1 H), 4.90 (dd3J = 8.6 Hz,3J = 1.8 Hz, 1 H), 5.34 (d,
3J = 1.8 Hz, 1 H), 7.20 (s, 1 H), 7.307.42 (m, 5 H);13C NMR
(CDCls, 90 MHz)6 —5.7,—4.9, 18.0, 25.7, 76.5, 76.6, 117.0, 124.6,
126.2, 127.9, 128.3, 140.5, 175.2; HRMS (El) calcd fagHGs-
NO,SSIBr [(M — C4Hg)™] 355.9777, found 355.9776. Anal. Calcd
for C17H24BrNO,SSi (414.43): C, 49.27; H, 5.84; N, 3.38. Found:
C, 49.32; H, 5.76; N, 3.38.

(+)-(1R,29)-Methanesulfonic Acid 1-(4-Bromothiazol-2-yl)-
2-(tert-butyldimethylsilyloxy)-2-phenylethyl Ester (25). To a
stirred solution of alcohd?4 (648 mg, 1.56 mmol) and triethylamine
(440uL, 3.17 mmol) in CHCI, (15 mL) at 0°C was added mesyl
chloride (120uL, 2.38 mmol). Afte 1 h at—78 °C, the reaction

5.06 (d,3) = 4.8 Hz, 1 H), 5.24 (d3J = 5.0 Hz, 1 H), 7.16 (s, 1
H), 7.17-7.28 (m, 5 H);*3C NMR (CDCk, 90 MHz)6 —5.2,—4.8,
18.1, 25.6, 68.3, 77.9, 118.1, 124.8, 127.0, 128.0, 128.3, 138.9,
167.0; HRMS (EI) calcd for @H1aN,OSSIiBr [(M — CsHg) ]
382.9820, found 382.9811.
(—)-(1S,29)-1-(4-Bromothiazol-2-yl)-2-tert-butyldimethylsi-
lyloxy)-2-phenylethylamine (29). Method A: To a stirred solution
of mesylate?5 (398 mg, 0.81 mmol) in DMSO (6 mL) was added
sodium azide (125 mg, 1.93 mmol). The resulting solution was
heated to 90°C and the stirring was continued for 14 h.
Triphenylphosphine (697 mg, 2.66 mmol) was then added portion-
wise. After 4 h H,O (1 mL) was added dropwise and the stirring
was continued for 6 h. The reaction mixture was partitioned between
H,O (10 mL) and CHCI, (3 x 15 mL). The combined organic
extracts were dried (MgSand concentrated in vacuo. The residue
was purified by flash chromatography (P/Bt= 50:50) to yield
amine29 (156 mg, 0.38 mmol, 47%) as a yellow ollethod B:
To a stirred solution of azid28 (62 mg, 0.14 mmol) in benzene
(1 mL) at 65°C was added triphenylphosphine (74 mg, 0.28 mmol).

mixture was quenched by the careful addition of saturated ag NH After 3 h H,O (200uL) was added and the stirring was continued

Cl solution (30 mL). The biphasic mixture was extracted witfCEt
(3 x 40 mL) and the combined organic extracts were dried (MgSO

for 16 h. After being cooled to room temperature the reaction
mixture was concentrated in vacuo. Flash chromatography (P/EtOAc

and concentrated in vacuo. Purification by flash chromatography = 70:30) gave amin29 (58 mg, 0.14 mmol, 99%) as a yellow oil.

(P/ELO = 95:5) yielded mesylat@5 (683 mg, 1.39 mmol, 89%)
as a white solid. Mp 6567 °C; R 0.26 (P/EtO = 4:1); [0]%%
+49.7 € 1.15 in CHC}); *H NMR (CDCls, 360 MHz)6 —0.20 (s,
3 H),—0.19 (s, 3H), 0.79 (s, 9 H), 2.39 (s, 3 H), 5.35%d= 3.4
Hz, 1 H), 5.76 (d3J = 3.4 Hz, 1 H), 7.24 (s, 1 H), 7.287.39 (m,
5 H); 13C NMR (CDCk, 90 MHz) 6 —5.5,—4.9, 18.2, 25.7, 37.8,

[0]?% —20.4 € 1.30 in CHC}).
(—)-(1S,25)-[(4-Bromo-[2,4']bithiazolyl-2'-yl)-(tert-butyldi-
methylsilyloxy)-2-phenylethyl]carbamic Acid tert-Butyl Ester
(2). To a stirred solution of Boc-protecté&® (109 mg, 213:mol)
and ZnC} (0.74 mL, 744umol, 1.0 M) in THF (1.5 mL) at-78
°C was slowly addettBulLi (0.44 mL, 744umol, 1.7 M in pentane).
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The reaction mixture was stirred for 20 min-a#8 °C and then for CysH34BrNzO3S,Si (596.66): C, 50.32; H, 5.74; N, 7.04.
warmed to room temperature. After the addition of 2,4-Dibro- Found: C, 50.64; H, 5.55; N, 6.95.

mothiazole §) (86.7 mg, 356:mol) and bis(triphenylphosphine)- . .
palladium(ll) chloride (7.5 mg, 5 mol %) the stirring was continued Acknowledgment. This PrOJECt was supported by the

at room temperature for 16 h. The reaction mixture was quenched D(_autsche Forschungsgemelnschaft and by th_e Ifonds der Che-
with saturated aq Nkl solution (1 mL) and concentrated in vacuo. Mischen Industrie. We are grateful to the UniveitsBayern
EtOAc (10 mL) was added, and the organic layer was washed with e.V. for a predoctoral scholarship (H.M.M.) and to the Alexander

saturated ag NKCI solution (10 mL) and dried (N&Oy). The von Humboldt Foundation for a postdoctoral research fellowship
solvent was removed in vacuo and the residue was purified by flash (O.D.). The donation of chemicals by DSM Fine Chemicals
chromatography (P/ED = 90:10) to yield2 (30.7 mg, 51umol, (Linz) and Wacker-Chemie (Michen) is gratefully acknowl-

24%, 44% borsm) as a yellow oil and recoverd starting material edged.
29 (50.2 mg, 12Iumol, 40%) as a yellow o0ilR; 0.49 (P/E$O 75:
25); [0]?% —1.7 (€ 0.53 in CHC}); *H NMR (DMSO-ds, T = 60

°C, 360 MHz)6 —0.32 (s, 3 H),—0.22 (s, 3 H), 0.65 (s, 9 H), 1.23
(s, 9 H), 494 (brs, 1 H), 5.09 (br s, 1 H), 7:28.43 (m, 6 H),
7.82 (s, 1 H), 8.25 (s, 1 H}*C NMR (DMSO-<g, T = 60 °C, 90
MHz) 6 —5.5, =5.1, 17.5, 25.3, 27.9, 75.7, 78.5, 118.5, 118.8,
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Supporting Information Available: General experimental
methods, experimental procedures for compounds0, rac-11,
rac-12, 21, 26, and3, and IR and MS data andC NMR spectra
of all new compounds. This material is available free of charge
via the Internet at http:/pubs.acs.org.
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