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15 mol%
Ph RhCI(PPh3)s
4.0 equiv

oL ]

conc. 0.0014 Min DCE pe0,
16.5 mol% AgSbFg
4AMS, 85°C

MeO

Yield: 94%
P:M =upto20:80

Rhodium(l)-catalyzed [2+ 2 + 2] cycloadditions of steri-
cally encumbered aryl-substituted ynamides with various

diynes are described here. These cycloadditions provide thelé'c;;la

synthesis of an array of new chiral amide-substituted biaryls
that can be useful in future chiral ligand designs.

[2 + 2 + 2] Cycloadditions and related annulations represent
powerful synthetic methods for constructing aromatic and
heteroaromatic systemis? Ynamides have emerged as a highly
versatile organic building block that has been featured in a
diverse array of new methodologit®. These synthetic methods
include Witulski’s elegant wod-11on [2 + 2 + 2] cycload-
ditions in which the ynamide motif is strategically situated as
part of diynes that would lead to the constructions of indoles
and carbazoles. Very recently, Tan&disclosed their beautiful
work on asymmetric [2+ 2 + 2] cycloadditions of ynamides

(1) For some recent reviews, see: (a) Bringmann, G.; Mortimer, A. J.
P.; Keller, P. A.; Gresser, M. J.; Graner, J.; Breuning,Aigew. Chem.,
Int. Ed. 2005 44, 5384. (b) Varela, J A.; Sa&. Chem. Re. 2003 103
3787. (c) Rubin, M.; Sromek, A. W.; Gervorgyan, Bylett2003 2265.
(d) Aubert, C.; Buisine, O.; Malacria, MChem. Re. 2002 102, 813. (e)
Saito, S. Yamamoto, YChem. Re. 200Q 100, 2901. (f) Frinauf, H.-W.
Chem. Re. 1997 97, 523. (g) Ojima, l.; Tzamarioudaki, M.; Li, Z.;
Donovan, R. JChem Rev. 1996 96, 635. (h) Lautens, M.; Klute, W.;
Tam, W.Chem. Re. 1996 96, 49.

(2) For some recent examples, see: (a) Yamamoto, Y.; Ishii, J.-I;
Nishiyama, H.; ltoh, KJ. Am. Chem. So2005 127, 9625. (b) Sato, Y.;
Tamura, T.; Mori, M.Angew. Chem., Int. EQ004 43, 2436. (c) Gandon,
V.; Leca, D.; Aechtner, T.; Vollhardt, K. P. C.; Malacria, M.; Aubert, C.
Org. Lett.2004 6, 3405. (d) Kinoshita, H.; Shinokubo, H.; Oshima, K.
Am. Chem. SoQ003 125, 7784. (e) Tanaka, K.; Shirasaka, ®rg. Lett.
2003 5, 4697. (f) Bonaga, L. V. R.; Zhang, H.-C.; Gauthier, D. A.; Reddy,
I.; Maryanoff, B. E.Org. Lett.2003 5, 4537. (g) Deaton, K. R.; Gin, M.
S.Org. Lett.2003 5, 2477. (h) Sung, M. J.; Pang, J.-H.; Park, S.-B.; Cha,
J. K. Org. Lett. 2003 5, 2137. (i) Turek, P.; Kotora, M.; Hocek, M.;
Cisafiovg |. Tetrahedron Lett2003 44, 785. (j) Takeuchi, R.; Nakaya, Y.
Org. Lett.2003 5, 3659.
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Note

en route to anilides containing the axial—® chirality.’®
However, [2+ 2 + 2] cycloadditions employing chiral ynamides

1 en route to the synthesis of chiral biary8p and/or3m, as
shown in Scheme 1, has not been reported. This particular
cycloaddition implies a potential chirality transfer from central
chirality to axial chirality’* Although bothP and M isomers

can be obtained, they are equally interesting in that they both
possess a potentially useful chiral anilide métifThe major

(3) For leading references, see: (a)"Bga, L. V. R.; Zhang, H.-C;
Moretto, A. F.; Ye, H.; Gauthier, D. A,; Li, J.; Leo, G. C.; Maryanoff, B.
E. J. Am. Chem. So®005 127, 3473 and references therein. (b) Tanaka,
K.; Nishida, G.; Ogino, M.; Hirano, M.; Noguchi, KOrg. Lett 2005 7,
3119. (c) Shibata, T.; Fujimoto, T.; Yokota, K.; Takagi, K.Am. Chem.
Soc.2004 126, 8382. (d) Gutnov, A.; Heller, B.; Fischer, C.; Drexler, H.-
J.; Spannenberg, A.; Sundermann, B.; SundermanAnGew. Chem., Int.
Ed. 2004 43, 3795. (e) Tanaka, K.; Nishida, G.; Wada, A.; Noguchi, K.
Angew. Chem., Int. EQ004 43, 6510. (f) Teply, F.; Stard. G.; Stary, |.;
Kollarovic, A.; Saman, D. Vyskocil, S.; Fiedler, B. Org. Chem2003
68, 5193.

(4) For reviews on ynamides, see: (a) Zificsak, C. A.; Mulder, J. A,;
Hsung, R. P.; Rameshkumar, C.; Wei, L.Tetrahedron2001, 57, 7575.

(b) Mulder, J. A.; Kurtz, K. C. M.; Hsung, R. FSynlett2003 1379. (c)
Katritzky, A. R.; Jiang, R.; Singh, S. KHeterocycle2004 63, 1455.

(5) For a comprehensive review on the synthesis of ynamides, see:
Tracey, M. R.; Hsung, R. P.; Antoline, J.; Kurtz, K. C. M.; Shen, L.; Slafer,
B. W.; Zhang, Y. InScience of Synthesis, Houben-Weyl Methods of
Molecular TransformationsWeinreb, S. M., Ed.; Georg Thieme Verlag
KG: Stuttgart, 2005; Chapter 21.4.

(6) For reports on ynamides in the last three years, see: (a) Dunetz, J.
R.; Danheiser, R. LJ. Am. Chem. SoQ005 127, 5776. (b) Riddell, N.;
Villeneuve, K.; Tam, WOrg. Lett.2005 7, 3681. (c) Zhang, YTetrahedron
Lett. 2005 46, 6483. (d) Martinez-Esperon, M. F.; Rodriguez, D.; Castedo,
Saa C. Org. Lett. 2005 7, 2213. (e) Bendikov, M.; Duong, H. M.;
nos, E.; Wudl, FOrg. Lett.2005 7, 783. (f) Marion, F.; Coulomb, J.;
Courillon, C.; Fensterbank, L.; Malacria, Ndrg. Lett.2004 6, 1509. (g)
Rosillo, M.; Doninguez, G.; Casarrubios, L.; Amador, U ;ree-Castells,
J.J. Org. Chem2004 69, 2084. (h) Couty, S.; Ligault, B.; Meyer, C.;
Cossy,J. Org. Lett.2004 6, 2511. (i) Rodgyuez, D.; Castedo, L.; Sa&.
Synlett2004 783. (j) Rodfguez, D.; Castedo, L.; Sa&. Synlett2004
377. (k) Hirano, S.; Tanaka, R.; Urabe, H.; Sato,(fg. Lett. 2004 6,
727. () Klein, M.; Kénig, B. Tetrahedror?004 60, 1087. (m) Marion, F.;
Courillon, C.; Malacria, M.Org. Lett. 2003 5, 5095. (n) Witulski, B.;
Alayrac, C.; Tevzaadze-Saeftel, Angew. Chem., Int. EQ003 42, 4257.

(o) Tanaka, R.; Hirano, S.; Urabe, H.; Sato,(¢g. Lett.2003 5, 67. (p)
Witulski, B.; Lumtscher, J.; Bergstoar, U. Synlett2003 708. (gq) Naud,
S.; Cintrat, J.-CSynthesi2003 1391. (r) Denonne, F.; Paul Seiler, P.;
Diederich, F.Helv. Chim. Acta2003 86, 3096.

(7) For a special issue dedicated to the chemistry of ynamides, see:
Tetrahedron-Symposium-In-Print: Chemistry of Electron-Deficient Ynamines
and YnamidesTetrahedron2006 62 (16).

(8) For our recent work on ynamides, see: (a) Kurtz, K. C. M.; Hsung
R. P.; Zhang, YOrg. Lett.2006 8, 231. (b) Kurtz, K. C. M.; Frederick,
M. O.; Mulder, J. A.; Hsung, R. Pletrahedror2006 62, 3928. (c) Zhang,
Y.; Hsung, R. P.; Zhang, X.; Huang, J.; Slafer, B. W.; Davis(Okg. Lett.
2005 7, 1047. (d) Tracey, M. R.; Zhang, Y.; Frederick, M. O.; Mulder, J.
A.; Hsung, R. P.Org. Lett. 2004 6, 2209. (e) Shen, L.; Hsung, R. P.
Tetrahedron Lett2003 44, 9353. (f) Frederick, M. O.; Hsung, R. P.;
Lambeth, R. H.; Mulder, J. A.; Tracey, M. Rrg. Lett.2003 5, 2663. (g)
Mulder, J. A.; Kurtz, K. C. M.; Hsung, R. P.; Coverdale, H. A.; Frederick,
M. O.; Shen, L.; Zificsak, C. AOrg. Lett.2003 5, 1547.

(9) For the synthesis of ynamides, see: (a) Frederick, M. O.; Mulder, J.
A.; Tracey, M. R.; Hsung, R. P.; Huang, J.; Kurtz, K. C. M.; Shen, L.;
Douglas, C. JJ. Am. Chem. So2003 125 2368. (b) Zhang, Y.; Hsung
R. P.; Tracey, M. R.; Kurtz, K. C. M.; Vera, E. lOrg. Lett. 2004 6,
1151. Also see: (c) Dunetz, J. R.; Danheiser, RQrg. Lett. 2003 5,
4011. (d) Couty, S.; Barbazanges, M.; Meyer, C.; Coss$ydlett2005
906. (e) Wei, L.-L.; Mulder, J. A.; Xiong, H.; Zificsak, C. A.; Douglas, C.
J.; Hsung, R. PTetrahedron2001, 57, 459.

(10) (a) Witulski, B.; Stengel, TAngew. Chem., Int. EA.999 38, 2426.

(b) Witulski, B.; Stengel, T.; Fermalez-Hernadez, J. MChem. Commun
200Q 1965. (c) Witulski, B.; Alayrac, CAngew. Chem., Int. EQ002 41,
3281.

(11) For a review, see: Zhang, Y.; Hsung, R@hemTract004 17,
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SCHEME 1. [2+ 2+ 2] Cycloadditions of Aryl-Substituted TABLE 1. Screening for a Suitable Metal Catalyst

Ynamides 1o i
X X an approach to chiral biaryl synthesis O%\lPh conc. of 4=0.010 M

A N LD N

0= "R % I | 2.0 equiv | oh
M N o
(| f2r2+2 ; . O RS oo, _<O

& H
= ~ q g
5

ol MeO catalyst, solvent, temp, time
R! R2 ©

4
X =0orNR®

catalyst temp time  conv yield

1 2: M: metal catalyst

L: ligands entry [mol %)] solvent [°C] [h] [%6]2 [%0]be
. . S 1 Padbas [5] THF 100 8 52 ND
challenge of this endeavor likely resides in the congested nature 2 Pd[PPH]4[5] THF 100 8 13 ND
of chiral aryl-substituted ynamideks which could very well 3 RuCk [9] DCE°C 100 22 1¥ ND
preclude us from establishing its feasibility as an approach for 4 ~ CoCP(COI[10] ~ DME® 100 8 0 ND
; ) . . 5 Ni(acac) [20] THF 100 22 0 ND
chiral biaryl synthesis. We report here our success wit [2 6  RhCI(PPK)s[20] DCE 100 22 6¢  ND
+ 2] cycloadditions of chiral ynamides in the synthesis of amide- 7 RhCI(PPR); [20]° DCE 100 22 7986' 15-40
substituted chiral biaryls. 8 RhCI(PPB)3[20]7 DCE 100 20 100 1540
To demonstrate the feasibility, we prepared aryl ynandide 9 RhCI(PPB);[50]  DCE 70 20 41 ND
s . . . . 10  RhCI(PPH3[10] DCE 70 20 46 ND
containing the Ph-substituted Evans' auxiliérgnd examined 11 RhCIPPHs[5] CHCl, 70 20 40 ND
its cycloaddition with 1,7-octadiyne via screening of a series 12 RhCI(PPR)s[5]  THF 70 20 28 ND
of metal catalysts and solvents. To expedite the screening 13  RhCI(PPB);[5] PhMe 70 20 31 ND

process, we mostly focused on the conversions WithPUt isplating aDetermined by LCMSP Isolated yields® ND = not determined. DCE
the actual products. These studies are as summarized in Table- 1,2-dichloroethane. DME: dimethoxyethane! Also observed were HCI
1. In short, Wilkinson’s catalyst appears to be the best catalyst addition products (1420%).5—10 equiv of diynef[4] = 0.017-0.068
leading to biaryl5' in good conversion at 100C in 1,2- M.
dichloroethane (entries 7 and 8). Despite the poor yield range 3 o
[10—40%, which implies that conversion included decomposi- TABLE 2. Additives for Optimizations
tion of ynamide5 under the reaction conditions], we were

ith th ibil . . h 0 15mol% ||| ||
encouraged with the possibility and continued to optimize the 04(\1&1 RRCI(PPhs);
reaction conditions via ynamidé& with a sterically less N 4.0 equiv

encumbered Bn group. _ _ _ Il “conc 0.0014 Min DCE e
As highlighted in Table 2, it was quickly evident that there ¢ additives: 16.5 mol%
is a counteranion effect in which the presence of additives such
as AgSbk at 16.5 mol % could improve the efficiency of the 6 7p: X-ray 7m: X-ray
cycloaddition (entries 9 and 10) and the reaction could be carried entry additives temp [°C] time [h] conv® yields [%]® 7p 7m
out at even lower temperature. More importantly, the usage of 1 None 25 16 13% NDS ND
molecular sieves proved to be very critical in improving the 2 None 85 3 20 ND ND
yield (entry 9 versus 10), as the presence gDHed to facile 3 AgOTI o5 16 o4 ND ND
demethylatiort” Although the diastereomeric ratio is only 1:1, 4 AgOTI 85 3 es ND ND
vigorous assignments of both biaryle and 7m were unam- 5 AgBF o5 6 17 ND ND
biguously achieved using single-crystal X-ray structufes. !
o - o " ) 6 AgPF; 25 16 36 ND ND
Having identified the optimized conditions as shown in entry 2 AgPE o s o 0 10
10 of Table 2, the [2+ 2 + 2] cycloaddition also proved to be oTe ratio1: 1
8 AgSbFg 25 16 47 ND ND
(12) Tanaka, K.; Takeishi, K.; Noguchi, K. Am. Chem. So2006 9 AgSbFs 85 3 81 20 20
128 4586. [ 10 AgSbFs  85° 16 100 48 48 |
(13) For some examples of axially chiral amido-aryl bonds, see: (a) ] ]
Terauchi, J.; Curran, D. Pletrahedron: Asymmetr2003 14, 587. (b) aDetermined by LCMSP Isolated yields¢4 A MS were used, and

Fujita, M.; Kitagawa, O.; Yamada, Y.; Izawa, H.; Hasegawa, H.; Taguchi, concentration o6 was 0.05 M.
T.J. Org. Chem200Q 65, 1108. (c) Shimizu, K. D.; Freyer, H. O.; Adams,
R. D. Tetrahedron Lett200Q 41, 5431. (d) Hughes, A. D.; Price, D. A.;
gimc|?k_ilr)15.sN.D SJ. (Iilhemr. So%.,ge:légggrggsé%%?(l?%% (d)dCergn, D.  general and was feasible for a range of diynes, leading to both
., Geib, S.; Demello, Nletrahedro , . (e) Ahmed, A.; Bragg, ; ; ; ; ;

R. A.; Clayden, J.; Lai, L. W.; McCarthy, C.; Pink, J. H.; Westlund, N.; P anc.jM isomers of biaryls 810 in very good Yleld$ (Figure
Yasin, S. A.Tetrahedron1998 54, 13277. 1). Itis also noteworthy that all of the$& andP biaryl isomers

(14) For some examples of chiral transfer for the synthesis of axially are readily separable, and thus both antipodes of these chiral

chiral biaryls, see: (a) Fogel, L.; Hsung, R. P.; Wulff, W. D.; Sommer, R. piravls are accessible through one reaction
D.; Rheingold, A. L.J. Am. Chem. SoQ001, 123 5580. (b) Kamikawa, y 9 )

K.; Sakamoto, R.; Tanaka, Y.; Uemura, M.Org. Chem2003 68, 9365. Having established the feasibility of the [2 2 + 2]

(lcz)anggns,gY-;(x\)/a\l;\?stugl, g.; K$9a+K.; Lana$e, g.h AgL Cgem.SSl?QOO;l R cycloaddition reaction, we became intrigued with the stereo-
. atanabe, ., lanaka, o oda, . akamoto, o : H

Kamikawa, K.. Uemura, MJ. Org. Chem2004 69, 4152. (e) Stard. G.: randomness of the reaction. As shown in Scheme 2, PM3

Alexandrov, Z.; Teply, F.; Sehnal, P.; Stary, I.; Saman, D.; Budesinsky, Calculations via Spartan Model revealed a value of 29.5 Kcal

M.; Cvacka, JOrg. Lett.2005 7, 2547. (f) Also see ref 3. mol~! for the biaryl rotational barrier for7, and thermal

c %a@%&m‘g‘; Rd':fgécgg"gg Actal982 15, 23. (b) Heathcock, equilibration experiments employing pufg and 7m would
'(16) See Supporting Information. support such a high rotational barrier. Equilibration did not occur
(17) We found benzofuran formation after demethylation. until the temperature well surpassed 220 thereby suggesting
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8p: 74%[1 : 1] 9p: 82% [1 : 1] 10p: 40% [1 : 1]
FIGURE 1. Stereodivergent synthesis of chiral biaryls.

SCHEME 2. Thermal Equilibrations of P- and M-Biaryl
Isomers

thermal equilibrations

biaryl barrier: 29.4 Kcal mol!
PM3 calculations

120 °C at 7 h: No equilibration 7m 18m: 88% [1 : 2] 19m: 51%[1:3] 20p: 76% [1: 1]
160 °C at 20 h: 60% equilibrated
170°Cat25h: 1:1 FIGURE 2. ModestM-selective [2+ 2 + 2] cycloadditions.

_ o SCHEME 3. Possible Mechanistic Model forM-Selectivity
that the lack of diastereoselectivity is likely not a result of .

equilibration under the reaction conditiot¥s.

The auxiliary appears to have an influence on the diastereo-
selectivity. As shown in Figure 2, modest selectivity in favor
of M axial-chirality could be achieved specifically using the
Ph-substituted Evans auxiliary (see biard/&n, 16m, and18m)
and the Close imidazolidinone-based auxiltdgeel4m, 17m,
and 19m), whereas Sibi's auxilia® and Boeckman'saza

R N R f
camphot! did not seem to improve the ratio further (see biaryl H %g\o A% o
13 and 15). In addition, although sterically much more 7 .. N R S I
encumbered ynamides (see biary&-19) or diyne (see biaryl Qﬁ”@ Qﬂ%{*}y N}y
20) could still undergo efficient cycloadditions, they did not OMZ Z OM; AL A
lead to better ratios. To further confirm our assignment of the 21-p.2 % \) 2.p.2 " "‘qu H.M.QH P

M isomer as the major isomer for those containing non-Evans

auxiliaries without simply resorting to spectra correlations with \yith poth having disadvantages, the pathway leading tdvthe
7p and 7m, we obtained a single-crystal X-ray structure of somer would predominate.

17m16 o _ - We have described here the rhodium(l)-catalyzed-[2 +

~ Mechanistically, there can be two possible transition states 2] cycloaddition of sterically encumbered aryl-substituted yna-
in which the rhodio-cyclopentadiene intermediate could ap- mides with various diynes. The overall diastereoselectivity is
proach to coordinate to the ynamid2l-M-1 and 21-M-2 modest in favor of theM isomer, but these cycloadditions

[Scheme 3]. While both approaches would lead tothisomer, provide a useful synthetic entry to an array of new chiral amide-
the slight advantage @f1-M-2 over21-M-1 would be that the  gypstituted biaryls.

rhodium metal could be more readily chelated (in red) to both

the methoxy and carbonyl oxygen atoms (in blue). In addition Experimental Section

to lack of the bidentate coordination, another slight disadvantage

for 21-M-1 would be the presence of the Ph ring on the auxiliary, =~ General Procedure for [2 + 2 + 2] Cyclotrimerization
which not only serves to block the bottom face but can also Without Additives. To a solution of ynamide (0.062 mmol) and
come in contact with rhodio-cyclopentadiene (all in dark green). diyne (0.124 mmol, 2 equiv) in anhydrous 1,2-(()1|chloroethan_e (6.2
For the respective T31-P-1 (not shown) an@1-P-2, they both mL) \r/]vastagc:edgggq(PBh (llld‘r’t nt:g, f2(|)| mol d/ob). Ik(‘:eMSSOMX'f?n
would suffer from either the lack of bidentate chelation (for was heared 1o In a sealec 'ube, 1o"owed by - ATer

. . . . the reaction was complete, the solution was cooled to room
21-P-1) or the aforementioned steric interaction as shown in temperature and filtered through a short pad of silica gel. Removal

21-P-2, although it has bidentate coordination as2itxM-2. of solvent in vacuo and purification of the resulting crude residue
via silica gel flash column chromatography (gradient eluent 0% to
(18) Similar results were also obtained in the presence of catalysts and 25% EtOAc in hexanes) afforded the desired biaryl product.

additives. General Procedure for Rhodium(l)-Catalyzed [2+ 2 + 2]
E%gg (C;;)Z?BiWM.JI‘:]’:'%rgér%g?\gigF?gKl.%il%f%étrahedron Lett1995 Cyclgaddltlon with AngFB'OTO. a 30'”“0’? of RhCI(PP (15
36, 8965. (b) Sibi, M. P.: Ji, J. GAngew. Chem.. Int. Ed. Engl996 35, mol %) and AgSbE (17 mol %) in anhyd dichloroethane (5 mM)
190. (c) Sibi, M. P.: Porter, N. AAcc. Chem. Re<.999 32, 163. was addd 4 A molecular sieves in a sealed tube_. The mixture was
(21) Boeckman, R. K., Jr.; Nelson, S. G.; Gaul, M. D.Am. Chem. stirred at room temperaturerfd h before ynamide (1.0 mmol)
S0c.1992 114, 2258 and diyne (4.0 mmol) were added. The solution was heated to 85

J. Org. ChemVol. 71, No. 22, 2006 8631



JOCNote

°C and followed by LCMS. After the reaction was complete, the = 6.8 Hz, 3H), 2.0+2.12 (m, 2H), 2.27 (dgJ) = 8.4, 6.6 Hz,
solution was cooled to room temperature and filtered through a 1H), 2.40 (s, 3H), 2.822.90 (m, 3H), 2.96:3.04 (m, 1H), 3.77

short pad of silica gel. C§€l, was used as eluent to remove

(d,J = 8.4 Hz, 1H), 3.81 (s, 3H), 6.97 (broad m, 2H), 7.11 (s,

oligomerization of the diyne, and subsequent elution with EtOAc/ 1H), 7.16-7.22 (m, 3H), 7.36-7.37 (m, 3H), 7.41 (d) = 8.8 Hz,
hexanes (1:1) followed by concentration in vacuo yielded a crude 1H), 7.50 (dd,J = 7.8, 1.0 Hz, 1H), 7.80 (dd] = 7.6, 1.2 Hz,
mixture of diastereomers. Separation and purification of the resulting 1H), 7.92 (d,J = 9.2 Hz, 1H);3C NMR (100 MHz, CDC}) ¢
crude residue via silica gel flash column chromatography (gradient 14.8, 25.7, 29.4, 32.8, 33.1, 56.0, 56.5, 63.1, 113.3, 123.4, 124.0,

eluent % 0 to 50%EtOAc in hexanes) afforded the desired biaryl
diastereomers.

Diastereomer 7p R = 0.40 (33% EtOAc in hexanes); colorless
solid; mp 169-170°C; [a]?%, = —16.6 € 5.5, CHCL,); IR (thin
film) cm~1 2949 (w), 2841 (w), 1754 (s), 1578 (w), 1467 (m), 1414
(m), 1256 (m), 1086 (m)*H NMR (500 MHz, CDC}) ¢ 2.03 (s,

3 H), 2.16 (m, 2 H), 2.49 (dd] = 13.5, 11.5 Hz, 1 H), 2.923.08
(m, 5 H), 3.59 (m, 1 H), 3.70 () = 9.0 Hz, 1 H), 3.76 (s, 3 H),
3.88 (dd,J=9.0, 4.0 Hz, 1 H), 6.83 (d] = 8.0 Hz, 1 H), 6.90 (d,
J=7.5Hz, 1H),6.97 (d)=5.5Hz, 2 H), 7.07 (s, 1 H), 7.18
7.26 (m, 4 H), 7.35 (s, 1 H}3C NMR (75 MHz, CDC}) 6 20.0,

125.9, 126.5, 126.7, 127.6, 127.9, 128.31, 128.27, 128.9, 129.6,
130.4, 133.1, 134.7, 137.3, 142.6, 144.6, 153.7, 160.7; mass
spectrum (APCly/e (% relative intensity) 463 (100) (M) 464

(38) (M + H)*; m/e (MALDI) calcd for CgiH3:1N,O, 463.2386,
found 463.2312.

Diastereomer 17m R;= 0.22 (10% EtOAc in dichloromethane);
mp 225-227°C; [a]®%p = —77.9 € 2.4, CHCI,); IR (neat) cn™:
3062 (w), 3028 (w), 2930 (w), 2853 (w), 1708 (s), 1595 (w), 1428
(m), 1396 (m), 1262 (s), 1078 (mi4 NMR (400 MHz, CDC}) 6
0.46 (d,J = 6.4 Hz, 3H), 1.97-2.13 (m, 2H), 2.70 (s, 3H), 2.80
2.87 (m, 3H), 2.93-3.05 (two m, 2H), 3.71 (dJ = 8.4 Hz, 1H),

25.8,32.9,33.0, 38.4, 5.7, 58.2, 66.6, 105.7, 108.1, 123.0, 125.4,3'g5 (5 314y, 6.67 (broad s, 2H)., 7.03 (s, 1H), 70814 (m, 3H)
127.0,127.9,128.7,128.9, 129.2, 132.3,133.2, 136.4, 139.7, 144.97 55 7'30 (m. 1H), 7.337.39 (m, 4H), 7.86 (dJ — 8.4 Hz, 1H).

156.8, 157.0; mass spectrum (AP@le (% relative intensity) 414
(100) (M + H)*, 388 (1), 370 (1), 322 (1)m'e (ESI) calcd for
Co7H,7N1O3Na 436.1889, found 436.1886.

Diastereomer 7m R;= 0.30 (33% EtOAc in hexanes); mp 65
67 °C; [0]?% = —84.1 € 2.0, CHCL); IR (thin film) cm™! 2948
(w), 2843 (w), 1759 (s), 1468 (m), 1414 (m), 1260 (m), 1085 (m);
1H NMR (500 MHz, CDC}) 6 2.09-2.20 (m, 2 H), 2.25 (s, 3H),
2.50 (dd,J=13.5,11.5 Hz, 1H), 2.87 (dd,= 13.5, 4.0 Hz, 1 H),
2.93- 3.06 (m, 4 H), 3.343.41 (m, 1 H), 3.62 (tJ=8.5Hz, 1
H), 3.69 (s, 3 H), 3.87 (dd] = 8.5, 4.0 Hz, 1 H), 6.78 (d] = 8.0
Hz, 1 H), 6.92-6.95 (m, 3 H), 7.13 (s, 1 H), 7.157.26 (m, 4 H),
7.33 (s, 1 H);'3C NMR (75 MHz, CDC}) ¢ 21.1, 25.8, 32.8, 33.0,

7.92 (d,J = 8.8 Hz, 1H);13C NMR (100 MHz, CDC}) ¢ 14.9,
25.7,29.5, 32.8, 33.0, 56.3, 56.8, 63.3, 113.5, 122.8, 123.7, 125.5,
126.1, 126.6, 127.8,127.9, 128.1, 128.2, 128.6, 129.4, 129.5, 131.0,
133.8, 135.7, 137.0, 142.6, 144.5, 154.6, 160.6; mass spectrum
(APCI) m/e (% relative intensity) 463 (100) (M) 464 (37) (M+

H)*; m/e (MALDI) calcd for Cg;H31N,0, 463.2386, found 463.2361.
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436.1889, found 436.1888.

Diastereomer 17p R = 0.44 (10% EtOAc in dichloromethane);
mp 216-219°C; [a]?% = —84.6 1.4, CHCly); IR (neat) cn1?

3051 (w), 2930 (W), 2842 (w), 1699 (s), 1593 (w), 1423 (s), 1394

(s), 1209 (s), 1077 (m}H NMR (400 MHz, CDC4) 6 0.39 (d,J
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Minnesota.
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