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ABSTRACT

Catalyzed by Cul/ N,N-dimethylglycine, oxiranecarboxamides underwent a highly efficient and stereoselective N-vinylation reaction with ( 2)-1-
aryl-2-bromoethenes to afford the corresponding enamides. The method has been applied to a straightforward synthesis of ( -)-(2R,3S)-
SB204900, the enantiomer of the natural product. Following a hypothetic biomimetic pathway, both ( +)-(5R,6S5)-&-Clausenamide and ( -)-
(5R,65)-halasubramide have been efficiently synthesized for the first time through the unprecedented intramolecular 8- endo-epoxy-arene cyclization
of (2)-N-(phenylvinyl)oxiranecarboxamides.

RutaceaeClausena lansiun{Lour.) Skeels is a fruit tree  and antiamnesia effects-¢ About 10 years ago, another
widely distributed in southern China, and its fruits and leaves eight-membered lactam-containing alkaloid (+)-balasubra-
are used for the treatment of influenza, gastrointestinal mide 2 was isolated fronClausena indicavhich grows in
disorders, viral hepatitis, and dermatological diseases in folk the central montane rainforests in Sri Lartkahereas (Z)-
medicine. The investigation of the hot-water extract of the N-methylN-phenylvinyl-3-phenyloxirane-2-carboxamide)¢
leaves in the mid 1980s resulted in the isolation of a number

of natural product$2® and among them, theH)-&-Clause- Off(1) (g)EC3hig'1 YZ.éF;.;l\gaSrghM.-HA.;b Htu?ggé I.10 ;lL#Z%éT.éb?eYnZ’ U.MGer.
. . . S - . en. ,431,257, em. Abstr ,105, r. ang, M.-

namide 1 is eSpeC'a”y Intriguing peca}use _Of its e'ghF' H.; Chen, Y.-Y.; Huang, LPhytochemistry1988,27, 445. (c) Yangg, M.-

membered lactam structure and efficacious liver-protecting H.; Chen, Y.-Y.; Huang, LChin. Chem. Lett1991,2, 291. (d) Ji, X.; ver

der Helm, D.Acta Cryst.1992,C48, 1082. (e) Yang, M.-H.; Chen, Y.-R;

Liu, G.-T.; Huang, L. Ger. Offen. DE 3,700,706, 19&hem. Abstr1988

T Chinese Academy of Sciences. 108, 37514v.
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SB2049003% was isolated from a hexane extract of the ring. The use of ligands such &N’'-dimethylethylenedi-

Clausena lansiurfeaves. Surprisingly, the synthesislef3 amine (A),trans-N,N’-dimethylcyclohexyldiamine (B), and

(Figure 1) has been largely unexplore@ur recent study proline (C) that have been successfully employed #NC
bond-forming reactiorfsgave desired enamidéaaonly in

_ very low yields, along with the formation of an epoxide ring-

opening byproduct (entries 1—5, Table 1). Further reaction

Table 1. Cul-Catalyzed N-Vinylation ofla with 5a

4 Ph ’ CHs
) o Ph-Cul (0.4 mmol) OPh

(+/-)-£-Clausenamide 1 (+)-Balasubramide 2  (+)-SB-204800 3 Ph/d‘\‘”\NHJf || feonditions Ph/<cl)‘“\”\N |
Figure l Structures of SB20490G-Clausenamide, and bala- 4a ’ B;a Z-6aa+E-7|-La
subramide

ligand® (0.8 mmol)/
base (2 mmol)/ 6aa+7aa

of nitrile biotransformations for the preparation of enan- entry 4a/5a®  solvent/temp, time (h) (%)  6aa/Taa
tiopure oxiranecarboxamides led us to address the synthesis 1 11 A/CsyCOs/dioxane/rt, 20 3 100/—
of optically active SB204900£-Clausenamide, and bala- 2 12:1 A/CsyCOs/dioxane/60 °C,20 12 nd?
subramide. We envisioned that, in natuteClausenamide 1:3  A/CspCOs/dioxane/reflux, 3 15 nd?

1:3 B/CsyCOs/dioxane/60 °C, 4 trace nd9

1 is most likely constructed from SB204908 via an
1:3 C/K2CO3/DMSO0/100 °C, 22 trace nd9

intramolecular epoxide-arene cyclization, whereas enamide

3 might be synthesized from cross-coupling reactiotrarfis L1 D/Cs;C04 d?oxam/reﬂux’ > 21 92;8
. . . . . 2:1 D/CsaCOg/dioxane/reflux, 8 38 nd
3-phenyloxirane-2-carboxamide with a vinyl halide. 92:1  D/Cs;COy/dioxane/reflux, 20 32 ndd

© 0 30 Uk~ W

A number of methods have been repoftedr the 2:1 D/CsyCOs/toluene/reflux, 8 - -
preparation of enamides; however, they are not compatible 10 2:1 D/BuOK/dioxane/reflux, 8 - -
with epoxide-containing molecules such &s Having 11 1:2  D/CseCOs/dioxane/reflux, 5 58 nd?
considered the easy availability of enantiomerically pure 12 1:3  D/Cs;COy/dioxane/reflux, 5 82 93:7
oxiranecarboxamides from both nitrile biotransformatfons a Molar ratio (mmol/mmol)® Ligand: A,N,N'-dimethylethylenediamine;
and asymmetrc synthedemnd the emerging powerful cross- - &, tans BN divetiehenidanis C prolne ety
coupling reactions between amides and vinyl halfdes
decided to explore the vinylation of oxiranecarboxamides

with a vinyl ha“d;' he C vzed i __screenings revealed that the combination of Cul Ainid-
As we expected, the Cul-catalyzed cross-coupling reaCt'ondimethylglycine (D) was effective to catalyze the vinylation

of trans3-phenyloxirane-2-carboxamidda .With (2)-2- of 4awith 5a (entries 6-12, Table 1). As indicated by Table
bromo-1-phenylethensa appeared challenging because of 1, under the optimal conditions, such as refluxiewith

the low reactivity of amidéla and the lability of the epoxide an excess amount &a in 1,4-dioxane using GEO; as a

X _ — : base, an efficient CatN,N-dimethylglycine-catalyzed cross-
1o Milner, P. H.; Coates, N. J.; Gilpin, M. L.; Spear, S.RNat. Prod. ¢ ,pling reaction yielded 82% of enamide product (entry
(4) (a) The synthesis of racemic SB-204900 was reported from the 12, Table 1). Importantly, the reaction proceeded in a highly

epoxidation of Lansiumamide. Stefanuti, B. I.; Smith, S. A.; Taylor, R. J. ; N i
K. Tetrahedron Lett2000,41, 3735. (b) In a communication, synthesis of stereoselective manner, givigisomer6aa and E-isomer

racemic &-clausenamide in 21.6% yield was reported fromsf,0- 7aain a ratio of 93:7.
mediated reaction of an enamide. Ma, N. C.; Wu, K. M.; Huangzhin. As summarized in Table 2, the cross-coupling reaction was
(5) (@) Wang, M.-X.; Lin, S.-J.; Liu, C.-S.; Zheng, Q.-Y.: Li, J.-8. generally applicable to oxiranecarboxamidésind vinyl

Org. Chem.2003, 68, 4570. (b) Wang, M.-X.; Deng, G.; Wang, D.-X.;  bromides5 that contain either an electron-donating or an

Zheng, Q.-Y.J. Org. Chem2005,70, 2439. . . .
(6) (a) Boeckman, R. K., Jr.. Goldstein, S. W.; Walters, M.JAAM. electron-withdrawing group. All reactions proceeded ef-

Chem. Soc1988,110, 8250. (b) Hosokawa, T.; Takano, M.; Kuroki, Y.;  ficiently to afford enamide products in 482% yield (entries
Murahashi, S.-ITetrahedron Lett1992,33, 6643. (c) Zezza, C. A.; Smith, _ i ; ; -

M. B. Synth, Communl987, 17, 726, (d) Kiefel, M. 1. Maddock. J. 1-8, Table 2). Tri- and tetrasubsntutgd oxwaneca_rboxamldes
Pattenden, GTetrahedron Lett1992,33, 3227. () Kondo, T.; Tanaka, 4d and 4e reacted equally well withba to furnish the

A.; Kotachi, S.; Watanabe, Y1. Chem. Soc., Chem. Commas95, 413. corresponding enamides in 91% and 79% yield, respectively
(f) Brettle, R.; Mosedale, A. Jl. Chem. Soc., Perkin Trans1888, 2185.
(g) Cuevas, J.-C.; Patil, P.; Snieckus, Netrahedron Lett1989,30, 5841.
(h) Palomo, C.; Aizpurua, J. M.; Legido, M.; Picard, J. P.; Dunogues, J.; (8) For leading references, see: (a) Ogawa, T.; Kiji, T.; Hayami, K;
Constantieux, TTetrahedron Lett1992 33, 3903. (i) Couture, A.; Deniau, Suzuki, H.Chem. Lett.1991, 1443. (b) Shen, R.; Porco, J. A., Org.

E.; Grandclaudon, Pletrahedron Lett1993,34, 1479. Lett.2000,2, 1333. (c) Shen, R.; Lin, C. T.; Porco, J. A., JrAm. Chem.
(7) (&) Nemoto, T.; Kakei, H.; Gnhanadesikan, V.; Tosaki, S.-y.; Ohshima, Soc.2002,124, 5650. (d) Wang, X.; Porco, J. A., . Am. Chem. Soc.

T.; Shibasaki, M.J. Am. Chem. SoQ002, 124, 14544. (b) Kakei, H.; 2003,125, 6040. (e) Kozawa, Y.; Mori, MTetrahedron Lett2002,43,

Nemoto, T.; Ohshima, T.; Shibasaki, Mngew. Chem., Int. E2004,43, 111. (f) Jiang, L.; Job, G. E.; Klapars, A.; Buchwald, SQrg. Lett.2003,

417; Angew. Chenm2004,116, 321. (c) Tosaki, S.-y.; Tsuji, R.; Ohshima, 5, 3667. (g) Han, C.; Shen, R.; Su, S.; Porco, J. A.Q3g. Lett.2004,6,
T.; Shibasaki, M.J. Am. Chem. So005, 127, 2147. (d) Ohshima, T.; 27. (h) Coleman, R. S.; Liu, P.-HDrg. Lett.2004,6, 577. (i) Pan, X.; Cai,
Nemoto, T.; Tosaki, S.-y.; Kakei, H.; Gnanadesikan, V.; Shibasaki, M. Q.; Ma, D.Org. Lett.2004,6, 1809. (j) Nishikawa, T.; Kajii, S.; Isobe, M.;
Tetrahedron2003,59, 10485. Chem. Lett2004,33, 440. (k) Hu, T.; Li, COrg. Lett.2005,7, 2035.
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Table 2. Stereoselective N-Vinylation of Oxanecarboxamides
with (Z)-1-Aryl-2-bromoethene$§

Scheme 1. Synthesis of {)-(2R,3S)-11and
(+)-(5R,6S)-&-Clausenamidi2

_ Ar2 enzymatic 5a/Cul/DMGC
£ w fl j <9 ooy s @ Co2COd/doxane
Ar1//\i‘ NH24>5 Ar//\i Ph “‘CNE’PH“' - NHZ?
R?  Cul/DMGC/Cs,CO4 8 : 9 (ee >99.5% °
4 1,4-dioxane, reflux 3 h -6+ E-7 (+F)- (ee 5%)
6+7
entry 4 Arl 5 Ar? R! R2 (%) 61 o° ]CHS'” BuOK ]
1 4a CgH;s 5a CgHs H H 82 6aa/7aa ph\“‘<?/U\N 04% Ph <°,/LL
(93:7) H
2 da C¢Hs 5b 4Cl.-CcH, H H 64 ?&b%\b 10 1M (ee >gg_5%)
: o]?, -14.2° (¢ 2.48, CHCl
3 da CeHs 5¢ 4-CFy-CéH, H H 62 6ac/Tac (% 142% I
(78:22) Ph  OH
5 4a CGH5 5d 4—Me—C5H4 H H 54 6ad/7ad -TSA (26 UiV) =
(88:12) FCHaON. 1t 2 b s A0
4 4da CeHs 5¢ 3Me-CeH, H H 62 6aelTae —
(92:8) 86% __ _NMe
6 4a CeH; 5f 2-Me-CéH, H H 49 ?&f(i?(?)f 12 (o0 599.5%)
7 4b 4-Cl-CéH, 5a CeHs H H 54 ?ba/’gba [@]%% +140.3° (¢ 0.91, GHCk)
93:7
8 4c 4-Me-CgH,; 5a CgHj H H 74 6cal7lca
(87:13) _ o )
9 4d GCeHs 5a CeHs H Me 91 ?8‘173{%‘)1? exclusively in high yield (entry 5). The use of a smaller
10 4de CgHs 5a CoHs Me Me 79 6ealTea amount ofp-TSA (entries 6 and 7) and of trifluoroacetic

(95:5) acid (entry 9) can also promote the reaction to give (£)-1

a Reaction time was 8 .Reflux for 6 h. When the reaction was stopped ~ after @ longer period of time. Acetic acid, however, was
after 10 h, a quantitative yield was obtained with the rati6éfaf7fabeing proved not to be effective at all in the transformation-aj{
53:47. 11into (£)-1 (entry 8). Applying the optimal conditions for
intramolecular aryl-epoxide cyclization to SB204900){
(2R39-11led to the highly efficient synthesis of enantiopure
(+)-(5R,6S)-&-Clausenamide? as the sole product in 86%

t yield (Scheme 1).

The highly efficient and stereospecific 8-endo- rather than
7-exo-epoxy-arene cyclization &fl is remarkable. Though
epoxy-arene cyclizations to yield six- and seven-membered
[rings have been well documented, to our knowledge, the
formation of an eight-membered ring is not knoWithe
exclusive formation ofl2 is most probably due to the

(entries 9 and 10, Table 2). The stereoselectivity of the
reaction was good to excellent with the ratio iisomer
over E-isomer ranging roughly from 85:15 to 95:5, excep
trifluoromentyl-substituted vinyl bromidéf which gave a
decreased selectivity (entry 3, Table 2).

The successful coupling reaction established for oxirane-
carboxamides allowed us to attempt the synthesis of natura
products1—3. Starting with enantiopure R3S 3-phenyl-
oxirane-2-carboxamid®, obtained from the biotransforma-
tion of racemictrans-3-phenyloxirane-carbonitril@ using
a Rhodococcus erythropoli#J270 whole-cell cataly$g _
catalytic N-vinylation with 5a led to 10 in 76% yield. Table 3. 8-endo-Aryl-epoxide Cyclization of Racemic
Treatment of10 with methyl iodide in the presence of a SB204900
strong base afforded an almost quantitative yield bivith
[]p?® —14.2° (Scheme 1). Because produtf has an
opposite optical rotation t@ ([o] p?® +14°)2 compoundll
is therefore the enantiomer of the natural product, and the
absolute configuration of (+)-SB2049@was assigned as

2S,3R.

To test our hypothetical synthetic pathway &Clause- entry  acid (equiv)  solvent, temp, time (h)  yield (%)
namidel from enamide2, the 8endoaryl-epoxide cycliza- 1 SnCly (2) CH,Cly, reflux, 3 0b
tion reaction of the racemic SB204900 (+)-Was investi- 2 BF3Et:0 (2) CH,Cly, reflux, 12 0b
gated under a variety of conditions (Table 3). Lewis acids 3 amberlyst (2) CH.Cly, reflux, 12 37
such as SnGland BREt,O did not promote intramolecular 4 pTSA®@) CH;Cly, reflux, 18 44
cyclization reaction. Instead, a mixture of epoxide ring- 5 p-TSA (2) CH,CN, rt, 2 86

) : : 6 p-TSA (0.2) CH;CN, rt, 24 46°
opening products by halides were formed (entries 1 and 2). 7

: ) p-TSA (1) CH;CN, rt, 24 76

Amberlyst anm—toluenesullfon]c aC|dp(?TSA.) were found 3 CH5COLH (2) CH,CN, rt, 24 od

to effect the desired reaction in refluxing dichloromethane, ¢ CFsCO.H (2) CH:CN, rt, 24 80

albeit in low yields (entries 3 and 4). Wheg-)-11 was
treated with 2 equiv ofp-TSA in acetonitrile at ambient
temperature, racemig-Clausenamidef)-1 was produced
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a |solated yield® Ring-opening product was formetiStarting material
was recovered! No reaction was observed.
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synergetic electronic and steric effects, i.e., the conjugationan almost quantitative yield of (—)-(5R,6S)-balasubramide
of an enamide with a benzene ring and the folded conforma- 16 (Scheme 3).

tion of 113 In other words, both the delocalization of enamide

electrons into the benzene ring and the perfectly predispose

conformational structure dfl dictate the 8&ndoeepoxy-arene
cyclization.

Using the same strategy that comprises the cross-coupling j BT

reaction followed by the biomimetic 8ndo-epoxide-arene
cyclization reaction, |)-(5R,69-balasubramidel6, the
enantiomer of the natural balasubramid€-@, was synthe-
sized very efficiently (Scheme 3). Thus, the reaction of
enantiopure R,3S-3-phenyloxirane-2-carboxami@ewith
(2)-3-(2-bromovinyl)-1-tosyl-H-indole 13, the synthesis of

which was depicted in Scheme 2, afforded enamide inter-

Scheme 2. Synthesis of
(2)-3-(2-Bromovinyl)-1-tosyl-1H-indold.3

CHO CHO
TosCIl/Et3N, CH,CI
N 96% N
H Tos
CO,H
CHy(COZH), —
piperidine/pyridine Bry/CHCI,
[ N [
86% N 100%
Tos
Br. CO.H
Microwave irradiation —
Br Br
Q EtsN/DMF QA
N 90% N
Tos Tos

mediatel4 in 55—63% yield. N-Methylation using methyl
iodide in the presence of sodium hydride and, without

Scheme 3. Synthesis of {)-(5R,6S)-Balasubramidks

Cul/DMGC/Cs2C03 1. CH3l/NaH/DMF
dioxane, reflux3h \ 2. p-TsOH/CHLCN
E— NTos Al g

- 0,
NTos 55.53% OQ?/NH 50-62%

Ph 14
CH31* Mg turnings/CHsOH

.CHs
13 N
)
=N Pooctort N\_sH.,
)\ 0 2. HyPdICICHLOH, 1t N L OH
N “OH

9+

1
92-100% H
16 (ee >99.5%)

[0]2%, 4.4° (¢ 0.5, CHCl3)

)
Tos Ph
15

In summary, we have developed a highly efficient and
stereoselective Cul-catalyzed N-vinylation tons-3-aryl-
oxirane-2-carboxamides witlZ)-1-aryl-2-bromoethenes for
the synthesis of functionalized enamides. With the use of
an enantiopure R 3S-3-phenyloxirane-2-carboxamide, the
method has been utilized for a straightforward synthesis of
(—)-(2R,3S)-SB204900, the enantiomer of natural product
(+)-SB204900. Following a hypothetic biomimetic intramo-
lecular 8endo-epoxide-arene cyclization reaction, we have
achieved highly efficient synthesis of enantiopure)-(
(5R69-&-Clausenamide andH)-(5R,69-balasubramide for
the first time. The easy availability of oxiranecarboxamides
and vinyl bromides and the efficient cross-coupling reaction
and biomimetic intramolecular epoxide-arene cyclization
reaction should render the present protocols attractive for
the synthesis of libraries of natural product-like compounds.
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