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Abstract: The first total syntheses of{)-trienomycins A and F, representative members of a new class of cytotoxic
ansamycin antibiotics, have been achieved. Key features of the unified synthetic scheme included incorporation of
the E,E,E)-triene unit with concomitant macrocyclization via a novel bis-Wittig olefination and the use of (2,2,2-
trichloroethoxy)methyl protecting group for the secondary amide.

The (#)-trienomycins A-E, novel ansamycin antibiotics
isolated from the culture broth @treptomycesp. No. 83-
16! were first reported by Umezawa and co-workers in 1985.
Trienomycin A (@), the most active compound, demonstrated
potent in vitro cytotoxicity against the Helas,5 L-5178Y
murine leukemia, and human PLC hepatoma cell IfhéEhe
initial studies defined a common connectivity for the trieno-

(+)-Trienomycin A (1)

(+)-Trienomycin F (2)

mycins but the stereochemistries remained unknown except for
the side-chaim-alanine inl, which was identified via chemical
degradation. As prelude to the construction ef){, we
collaborated with @ura et al. at the Kitasato Institute (Tokyo)

in elucidation of the complete relative and absolute stereochem-
istry# The latter investigation led to the discovery and
characterization of a previously unknown congenet;)-(
trienomycin F R)° and also established that trienomycins A

are differentiated by variation of the acyl residue in the C(11)
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side chain. In this full account we describe the first (and to
date only) total syntheses of|-trienomycins A and B Our
unified strategy should readily accommodate the entire family
of natural products and also provide access to potentially
bioactive trienomycin analogs.

Analysis of the Trienomycin Problem. From the retrosyn-
thetic perspective (Scheme 1), we envisioned thgtt(ieno-
mycinol 3), or a protected version thereof, would serve as a
common advanced precursor of)1 and (+)-2. To install
the E,E,E)-triene moiety and simultaneously effect macrocy-
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clization, we planned to employ a novel bis-olefination reaction Table 1. Stereoselective Generation of -17avia Allylmetallic

of hemiaminal aldehydé with bis-Wittig reagen6.8 We had
discovered earlier that 1,4-amido aldehydes readily cyclize to
form five-membered-ring hemiaminals such4as We initially
believed that this cyclization would eliminate the need for
potentially troublesome protection of the amide nitrodfen.
Aldehyde4 would in turn arise via alkylation of sulforiéwith
chloride 6. Keto aldehyde8,'* which we had isolated via
degradation of{)-1, was considered to be an ideal intermediate
for the elaboration ob. Finally, acylation of anilined with

the knowny-lactonel0'? was expected to provide sulfore

Preparation of Keto Aldehyde (+)-8. Our synthesis of keto
aldehyde )-8 began with an Evans aldol addition ef)-11'3
to methacrolein, which furnished a single product as a crystalline
solid (80% vyield, Scheme 2). X-ray analysis confirmed the
desired syn aldol structuretj-12. Protection of the alcohol
as atert-butyldimethylsilyl (TBS) ether followed by removal
of the chiral auxiliary (LIOOH, 3:1 THF/KD, 2 h}* afforded
acid (+)-14in 97% vyield for the two steps. The Weinreb amide
(—)-15 was generated via activation of the acid with'1,1
carbonyldiimidazole (CDI) followed by treatment witk,O-
dimethylhydroxylamine hydrochlorid®. DIBAL reductiont®
then afforded aldehydeH)-16 (90%).

Scheme 2
O o0 OH
J\ )J\/ n-Bu,BOTf, Et;N OJLN
—_— 0
THF, 78 °c \/
Ph‘s 2 \[r PR %
(+)-11 (80%) (+)-12
o 0 0TBS
TBSCI, imidazole OJ\N LiOOH
DMF, 50 °C \ / 3:1 THF/H,0, 0 °C
99 S Y
(99%) o ., (98%)
(+)-13
O OTBS 0o OTBS
CDI, CH,Cly, 0 °C;
HO MeO(Me)NHeHCI Y
(95%) |
(+)-14 (-)-15
(o] OTBS
DIBAL
THF,-78°C H
(90%)
(+)-16

The conversion of aldehyde-}-16 to (+)-8 entailed instal-
lation of the C(11) stereocenter (trienomycin numbering) and
two-carbon chain extension. To this end, reaction-bf-16
with allylmagnesium bromide (ED or toluene,—78 °C)
furnished a 1:2 mixture of the requisite alcoHdia and the
undesired C(11) epimek7b (Table 1). Dissatisfied with this

(5) Smith, A. B., Ill; Wood, J. L.; Gould, A. E.; @wura, S.; Komiyama,
K. Tetrahedron Lett1991, 32, 1627. See also ref 4b.

(6) Preliminary communication: Smith, A. B., lll; Barbosa, J.; Wong,
W.; Wood, J. L.J. Am. Chem. Sod.995 117, 10777.

(7) For other synthetic approaches to the trienomycins and the related

mycotrienins, see: (a) Yadav, J. S.; Praveen Kumar, T. K.; Maniyan, P. P.
Tetrahedron Lett.1993 34, 2965, 2969. (b) Panek, J. S.; Yang, M
Solomon, JTetrahedron Lett1995 36, 1003.

Addition to Aldehyde {)-16

o oTBS OH OTBS oTBS
)%( 8 °C /\/\‘/k[( + %\)ﬁ)\[{
(+)-16 +)-17a (+)-17b
entry M\/\ solvent yield (%) 17al7b
1 BMe EO 79 1:2
2 BrMg toluene 66 1:2
3 POL, o toluene, 4-A MS 76 1:1
: \
/B\/\
ipro,c? O
4 Et,O 77 1:2
.‘lll)2BW
5 CH2C|2 73 2:1
""‘)ZB\/\
6 toluene, 4-A MS 98 9:1
“"I)ZB\/\

result, we explored the Roush allylborane protdt@bluene,
4-A molecular sieves-78 °C), which led to a 1:1 diastereomer

(8) (@) The bis-Wittig macrocyclic ring construction was initially
developed by John Wood in our laborat8i) For intermolecular reactions
of bis-Wittig reagenb with substituted benzaldehydes and cinnamaldehydes
leading toall-E a,w-diphenyl polyenes, see: Spangler, C. W.; McCoy, R
K.; Dembeck, A. A.; Sapochak, L. S.; Gates, B.D.Chem. Soc., Perkin
Trans. 11989 151. (c) For a review of bis-Wittig olefinations employed
in the synthesis of nonbenzenoid aromatic systems, see: Vollhardt, K. P.
C. Synthesisl975 765. (d) For an alternative approach to a macrolide
containing an E,E,E)-triene unit, see: Nicolaou, K. C.; Piscopio, A. D.;
Bertinato, P.; Chakraborty, T. K.; Minowa, N.; Koide, Khem. Eur. J.
1995 1, 318. (e) That hemiaminals can participate in Wittig olefinations
was demonstrated by the model study- ii)

B OMe N
EtO\”
Et0” OEt NH
(77% o
Et02C”7 X OMe
OMe
—
EtO.C OMe

ii
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PA, 1991.
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Smith, A. B., Ill; Leahy, J. W.; Noda, |.; Remiszewski, S. W.; Liverton, N.
J.; Zibuck, R.J. Am. Chem. Sod992 114, 2995. (b) Smith, A. B., llI;
Rano, T. A.; Chida, N.; Sulikowski, G. A.; Wood, J. . Am. Chem. Soc.
1992 114 8008.

(11) We have also synthesized the)(enantiomer o8.40

(12) Doyle, M. P.; Van Oeveren, A.; Westrum, L. J.; Protopopova, M.
N.; Clayton, T. W., JrJ. Am Chem. Sod.991 113 8982.

(13) Evans, D. A.; Bartroli, J.; Shih, T. 3. Am. Chem. Sod981, 103
2127, and references cited therein.
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28, 6141.
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mixture (76%). After considerable experimentation, we found
that the allylboration sequence developed by Brigave the

Smith et al.

primary alcohol {)-19 as the TBS ether (TBS-CI, imidazole,
DMF, 1 h) then gave ketoneH)-20in 98% yield. The major

best results (98% vyield, 9:1 epimer ratio) with toluene as solvent challenge proved to be the installation of thelefin. Direct
and inverse addition (Scheme 3). The alcohols were separatedHorner-Emmons olefination a20failed to provide the requisite

by flash chromatography, and the major diastereomérl(7a
was desilylated with TBAF. Protection of the resultant 1,3-
diol as the acetonide then provide#)¢18' in 93% yield [two
steps from ¢)-174. Finally, ozonolysig° of (+)-18 followed

by reductive workup with PP afforded keto aldehydet{-8

in 92% vyield, identical to a sample obtained by degradation of
(+)-trienomycin A Q).

Scheme 3
o oTBS
PN (EN E i
H toluene, 4 A MS, -78 °C; =
Separate
(+)-16 (88% yield) (+)-17a
Q><o
1) TBAF, THF : 03, CH,Cl,
2) Me,G(OMe),, pTSOH & -78 °C; PhyP
(93%, 2 steps) (92%)
(+)-18
Q><O
OHC\/’YH]/
o}
(+)-8

Synthesis of Chloride 6. The transformation of-()-8 to
chloride 6 first required chemoselective reduction of the
aldehyde functionality, achieved by treatment &f){8 with
lithium tris[(3-ethyl-3-pentyl)oxy]aluminum hydridéin THF
at —78 °C (76% yield, Scheme 4). Protection of the resultant

Scheme 4

Ve e

0 o7 e
OHC H LIA[OC(Et)3]H :
THF,-78°C  HO
o (76%) o
(+)-8 (+)-19

(0]

TBSCI, imidazole

(e}
DMF (98%)
o

(+)-20

OR
t- BuL|
i OTBS oTBS

(-)-21 R = Tf [84% based on rec. (+)-20] [50% from (-)-21)
23 R = PO(OEt), (not isolated) [84% from (+)-20 via 23]

CO.,Me
t-BuLi, THF, -78 °C;
—_— = T IS
CICO,Me (93%)
OTBS

NaHMDS, THF, -78 °C;
Tf,NPh or CIPO(OE),
OTBS

geometry.

We next explored cuprate addition to the derived acetylenic
ester ()-24.192 Trapping of the kinetic enolate of{)-20 with
N-phenyltrifluoromethanesulfonimidé afforded enol triflate
(—)-21in 38% yield. Elimination induced biBuLi provided
the terminal alkyne-)-22in 50% yield, accompanied by ketone
(+)-20 (10%), which presumably arose via nucleophilic attack
on the triflate. To circumvent the low yield and side reaction,
we employed the corresponding enol phosphate, generated via
the one-pot procedure of Negidhjsodium bis(trimethylsilyl)-
amide,—78 °C, THF; diethyl chlorophosphate]. Elimination
with t-BuLi then gave acetylene—)-22 in 84% yield with no
trace of ketone+)-20; the alkyne readily furnished acetylenic
ester ()-24 (t-BuLi, THF, CICO,Me, —78 °C; 93%).

Addition of acetylenic ester<)-24 to solutions of MeCulLi
gave only complex mixtures (Table 2)presumably because
the initial 1,4-adduct reacted further to give dimethylated
products 25).25 Inverse addition alleviated this problem but
we then discovered that ti#E selectivity varied dramatically
with solvent. Diethyl ether provided predominantly (1:3
mixture) the undesirel isomer [(+)-26E]; in tetrahydrofuran,
however, we obtained exclusively the requisitenoate [{)-
26Z] in 94% vyield.

NOE experiments were employed to verify the stereochemical
assigments for the olefin isomers. Irradiation af){26Z at
H(14) led to an 8% NOE enhancement at Me(23), whereas for
(+)-26E, only a 1% enhancement was observed. These data
unambiguously confirmed the olefin geometries-6j6Z and
(+)-26E.

8%

/\ His

Meos

= COzMe

0

o oTBS
(+)-262

The final task was conversion of eno2& to an electrophile
(i.e., 6 or derivative thereof) suitable for the sulfone coupling.
DIBAL reduction (toluene~78 °C) smoothly furnished allyl
alcohol ()-27 (Scheme 5). We initially investigated the
corresponding chloride as the electrophilic species, mainly to

(15) Jones, T. K.; Mills, S. G.; Reamer, R. A.; Askin, D.; Desmond, R;
Volante, R. P.; Shinkai, J. Am. Chem. Sod989 111, 1157.

(16) Nahm, S.; Weinreb, S. Mletrahedron Lett1981, 22, 3815.

(17) (a) Roush, W. R.; Walts, A. E.; Hoong, L. K. Am. Chem. Soc.
1985 107, 8186. (b) Roush, W. R.; Palkowitz, A. . Am. Chem. Soc.
1987 109 953.

(18) Brown, H. C.; Bhat, K. S.; Randad, R. $.0rg. Chem1987, 52,
320, and references cited therein.

(19) The relative stereochemistry at C(13) was deduced froni3e
chemical shifts of the acetonide carbons ih){18 via the method of
Rychnovsky and Evans: (a) Rychnovsky, S. D.; Skalitzky, Defrahedron
Lett.199Q 31, 945. (b) Evans, D. A.; Rieger, D. L.; Gage, J. Tetrahedron
Lett. 199Q 31, 7099.

(20) For a review of ozonolysis, see: Bailey, PC&onation in Organic
Chemistry Academic Press: New York, 1978; Vol. 1, Chapter 4, p 15.

(21) Krishnamurthy, SJ. Org. Chem1981, 46, 4628.

(22) McMurry, J. E.; Scott, W. Jretrahedron Lett1983 24, 979.

(23) (a) Negishi, E.; King, A. O.; Tour, J. MDrg. Synth1986 64, 44.
(b) Negishi, E.; King, A. O.; Klima, W. LJ. Org. Chem198Q 45, 2526.

(24) Corey, E. J.; Katzenellenbogen, J.JAAm. Chem. S0d969 91,
1851.

(25) Whitesides, G. M.; SanFilippo, J., Jr.; Casey, C. P.; Panek,E. J.
Am. Chem. Sod 967, 89, 5302.
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Table 2. Methyl Cuprate Additions to Alkynyl Ester)-24
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MSOQC
o Cuprate
#\o“" oTBS
(-)-24 (+)-262
solvent,
entry cuprate temp €C) addition product (yield)
1 MexCuLi Et,0, —78 normal complex mixtures
2 Me,CuLi THF, =78 normal complex mixtures
3 MeCulLi Et,0, —20 inverse 26Z (20%)+ 26E (62%)+
25 (trace)
4 MeCulLi THF, —20 inverse 26Z (94%)
facilitate preparation and handling. In addition, the chloride Scheme 6
would serve as pecursor to more reactive electrophiles if OH OH
required. Treatment of«)-27 with methanesulfonyl chloride BH,THF
o ! . N oe o
and LiCl in DMF providedZ allylic chloride (—)-28 in 97% THF (60%) o
yield 26 HoOC NO, NO,
29 30
Scheme 5 OH
CO,Me CBry, PPhy PhSO;Na
| | THF (85%) Br ‘o DMF, 60 °C
31 2 (75%)
o Me,Culi _ OR 0BPS
THF, -20 °C
J\o\\" oTBS (94%) Hy, Pd/C
(-)-24 PhO,S MeOH PhO,S
NO, (100%) NH,
34
BPSCI 32 R=H
Imid., DMF 33 R < BPS
DIBAL MsCl, 2,6-Lutidine (95%) B
Toluene, -78 °C LiCl, DM - .
(91%) '(97%)': Aniline 34 was coupled with the knowm-lactone ¢-)-10

Construction and Coupling of Sulfone 7. Our point of
departure wa29 (Scheme 6), readily available from 3,5-
dinitrobenzoic acid in two steg<. Borane reduction provided
benzylic alcohoB0in 60% yield. Exposure to CBrand PPh
in THF furnished bromid&1 (85%), which reacted with sodium
benzenesulfinate (DMF, 6TC, 75%) to afford sulfon82. We
next addressed the issue of phenol protection. In our investiga-
tion of the stereochemistry of trienomycin A, we explored the
use of methyl and MEM ethers as phenol protecting groups and
found that their removal was problematic. The TBS ether
proved far superior with respect to both introduction and
removal; we therefore opted for a silyl protecting group in this
case. Conversion @2 to thetert-butyldiphenylsilyl (BPS) ether
33followed by catalytic hydrogenolysis of the nitro group(H
10% Pd/C, MeOH) gave aniling4 (95% yield from32).

(26) Meyers, A. I.; Collington, E. WJ. Org. Chem1971, 36, 3044.
(27) Herlt, A. J.; Kibby, J. J.; Rickards, R. ViAust. J. Chem1981, 34,
1319.

(available fromp-malic acid in four ste@) via the Weinreb
protocol?® providing alcohol £)-35in 71% yield (Scheme 7).

Scheme 7
OBPS OBPS
AlMea, CGHG;
(o]
PhO,S PhO,S
NHy o NH
34 (+)-10
OMe ()35 ©
(71%) Ho
OMe
0BPS
PyrSO; Q
Et;N, DMSO | PhO2S N
X OMe
36a X = H, OH (65% yield)
(+)-36b X = O (8% yield)

Parikh—Doering oxidation [pyridinesulfonate (®80s), EtN,
DMSOJ then led to the N-acyl hemiamin&6a as a 1:1

(28) Preparation of the hydroxy-lactone: (a) Saito, S.; Hasegawa, T.;
Inaba, M.; Nishida, R.; Fujii, T.; Nomizu, S.; Moriwake, Them. Lett.
1984 1389. (b) Tanaka, A.; Yamashita, Bynthesid987 570. Conversion
to theO-methyl derivative: (c) Lardon, A; Reichstein, fielv. Chim. Acta
1949 32, 2003.
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mixture of diastereomers in 65% yield along with 8% of the Scheme 9

imide overoxidation product {f)-36b]. OBPS
We turned next to the union of chloride )-28 with sulfone

36a Deprotonation of the latter (2 equiv) with NaHMDS (4

equiv) at—78 °C followed by addition of {)-28 (1 equiv)

furnished the desired coupling produ8?; the presence of

sulfone and hemiaminal diastereomers was inconsequential, but

the yield was only 35% (Scheme 8). In an effort to improve

the efficiency of the alkylation, chloride+)-28 was smoothly

converted to the corresponding iodide)¢38 by treatment with

Nal in acetone. The unstable iodide was immediately coupled

with 36aas described above, furnishigin 83% overall yield

from (—)-28.

5% Na(Hg), Na,HPO,
MeOH, 0 °C
OMe (85%)

Ac,0, DMAP, Et;N
CH,Cl, (87%)

Scheme 8
OBPS

NaHMDS, THF, -78 °C;
PhO,S
36a HO OMe ﬂ\o oTBS

Nal, l_ ()28 X=Cl
Acetonel___ ) 38 X =1 = N Pyr‘SO;;, Eth

DMSO (82%)
OBPS o AcO OMe
0 /o OR,

TBAF, THF 40 Ry =BPS, R, =TBS
(80%) '—-41 R;=R,=H

OMe

(35% yield with 28)
(83% overall yield from 28, employing 38)

TBSCI, imidazole
DMF (76%)
OMe

Generation and Attempted Bis-Olefination of Hemiaminal
Aldehyde 44. The successful coupling set the stage for
elaboration of37 to the bis-olefination substrated. Desulfo- oTBS
nylation of 37 [5% Na(Hg), MeOH, NaHPO,, 0 °C] provided
39as an 8-12:1 mixture of aminal diastereomers in 85% yield
(Scheme 9! The aminal hydroxyl was protected as the acetate
(87% yield) to prevent oxidation to the imide in a subsequent
step. Removal of both the TBS and BPS groups with TBAF o
then afforded hydroxy phendll in 80% yield. Oxidation with #\o“"
pyr-SQO:*0 followed by reprotection of the phenol as the TBS K,COs, MeOH 43 R=Ac
ether (TBS-CI, imidazole, DMF) provided aldehyd@in 62% -20 °C (81%) 44 R=H
yield for the two steps. Finally, deacetylation,®0s;, MeOH,
—20 °C, 81%) furnished hemiaminal aldehydd, the bis-
olefination substrate.

We next began to explore the critical bis-olefination, a process
designed to incorporate the triene unit with concomitant
macrocyclization. Treatment of bis-Wittig s&t° with etha-
nolic sodium ethoxide (2 equiv) followed by slow addition of
hemiaminal aldehydd4 failed to produce the desired macro-
lactam 45 (Scheme 10). Although species similar %oare
known to undergo facile elimination upon exposure to [¥8se,
some intermolecular bis-Wittig reactions have been effected via  (32) For examplej undergoes facile elimination of triphenylphosphine
ylide generation floms in the presence of the carbonyl 4N tesiment ih bese o e () Bany G Pawiak b0,
reactan?® Unfortunately, slow addition of 2 equiv of NaHMDS 1975 53 3526. (c) Ford, J. A., Jr.; Wilson, C. \J. Org. Chem1961, 26,
1433. (d) McDonald, R. N.; Campbell, T. W. Org. Chem1959 24, 1969.

N

RO OMe
CHO

to a dilute solution ob and44 (DMF, 0 °C) likewise provided
none of the requisite macrolactam. We therefore elected to
investigate an alternative bis-olefination tactic involving an
N-protected dialdehyde substrate.

Synthesis of an N-Protected Bis-Olefination SubstrateTo
obtain a dialdehyde suitable for the bis-olefination reaction, a
revised route was developed in order to incorporate a protecting
group for the amide nitrogen, thereby blocking formation of

(29) (a) Basha, A.; Lipton, M. F.; Weinreb, S. Metrahedron Lett1977,

18,4171. (b) Levin, J. I.; Turos, E.; Weinreb, S. Bynth. Commuri982 BrPh.-PCH,CH=CHCH,PPh.B: CHo—CHCH=CHPPh.Br + PPh
12, 989. (c) Lipton, M. F.; Basha, A.; Weinreb, S. rg. Synth.1979 rhaT . 27 TSt 2 " AR
59, 49. i(Eor2) i

(30) Parikh, J. R.; Doering, W. Bl. Am. Chem. Sod.967, 89, 5505. (33) (a) Heitmann, H.; Sperna Weiland, J. H.; Huisman, HKGninkl.

(31) Trost, B. M.; Arndt, H. C.; Strege, P. E.; Verhoeven, T. R. Ned. Akad. Wetenschap., Proc. Sel. 31, 64, 165. (b) Pommer, HAgnew.
Tetrahedron Lett1976 17, 3477. Chem.196Q 72, 911.
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Scheme 10 Scheme 11
oTBS OBPS
0
C'Buﬁﬁ\ﬁﬁﬁeuac‘u PhO,S " NaHMDS, THF -78 °C;
/ |
NaOEt, EtOH, 25 °C or 7 o jiE;(.).%
OMe  NaHMDS, DMF, 0 °C o
RO OMe —orNores
(91%)
oTBS TBSCI, imid. |— ()35 R=H
CH,Cl, (94%) = (+)-46 R =TBS
0BPS
NH 5% Na(Hg), Na,HPO,
MeOH, -20 °C
(94%)
the unreactingN-acylhemiaminal. To that end, silylation of OMe
alcohol ()-35 (TBS-CI, imidazole, CHCI,) gave (+)-46 in
94% vyield (Scheme 11). Coupling ot§-46 with iodide (—)-
38 (NaHMDS, THF,—78 °C) cleanly furnishedi7 as a 1.5:1 0BPS
mixture of diastereomers (91%, two steps from chlora@p.
Desulfonylation with Na(Hg) in buffered methanol then gave
(+)-48 (94%)31 NH
The choice of amide protecting group proved to be unexpect- KH, CICH,0CH,CCl3
edly critical. After considerable experimentation with other THF, 0°C > rt
derivatives (BOC, PMB, SEM¥ we discovered that the (2,2,2- OMe (93%)
trichloroethoxy)methyl unit was ideal. Evans had successfully
employed this moiety for hydroxyl protection in his work on
cytovaricin, demonstrating that it can be removed with Na@g). ORy
Moreover, Solladiehad established thaE(E,E)-trienes can
survive exposure to similar reductive conditGhsTreatment
of 48 with chloromethyl 2,2,2-trichloroethyl eth@rand KH in NCH,OCH,CCl
THF provided tertiary amide()-49 in 93% yield. Removal PyrSO,, EtN
of the three silyl groups with TBAF followed by oxidation o o Wa(’ao;’)»
(pyr-SOs, EtN, DMSO)® then furnished dialdehyde-)-51 in ﬂ\o LN °
75% yield for the two steps. 2 ¢
Bis-Olefination/Macrocyclization of Dialdehyde (+)-51: A TBAF, THF (+)-49 R, =BPS, R, = TBS
Successful End Game.With dialdehyde 4)-51 in hand, we (94%) ()50 Ry=R,=H
again turned to the critical bis-olefination. Previous studies
suggested that phenol protection would not be required. Indeed, OH
slow addition of 3 equiv of NaHMDS to a dilute~0.01 M)
mixture of bis-Wittig salt5 and dialdehyde<)-51 (DMF, O
°C) did effect macrocyclization (Scheme 12), affording the NCH,OCH,CCl3
(E,E,E)-triene (+)-52 in 21% vyield as a complex mixture of
amide rotamer® Silylation (TBSOTf, 2,6-lutidine, ChCly, o °
80%)° then gave 4)-53. ‘%\o“ CHO oHe” VoMe
Deprotection of the amide was our next concern. Exposure (+)-51
of (+)-53 to Na(Hg) in MeOH at—35 °C successfully
(34) Attempted olefination of the BOC derivative led feelimination fragmented thg-chloroethyl acetal to furnish5in 67% yield.

of methoxy, whereag-methoxybenzyl and 2-(trimethylsilyl)ethoxymethyl ~ This material proved identical in all respects to a sample

(SEM) moieties could not be removed under oxidative (e.g., DDQ, CAN) - hranared previously via degradation of naturg)-L. Introduc-
or acidic conditions without extensive decomposition.

(35) Evans, D. A.; Kaldor, S. W.; Jones, T. K.; Clardy, J.; Stout, 7.J.  tion of the side chains corresponding té){trienomycins A
Am. Chem. Sod.99Q 112, 7001. (1) and F @) was then achieved as reported in the accompanying

Let(f%gé’"é"fiezggé&o”e’ G.B.; Ande J.-M.; Urbano, ATetrahedron  paper Syntheses of congenersH& should proceed unevent-

(37) Chloromethyl 2,2,2-trichloroethyl ether was prepared by extension fully via incorporatipn of the respective acyl _mOietieS;
of the Boeckman protocol for BOM-CI: Connor, D. S.; Klein, G. W.; Summary. The first total syntheses ofH)-trienomycins A
Taylor, G. N.; Boeckman, R. K., Jr.; Medwid, J. Brrganic Synthesjs and F @ and2) have been achieved. A novel bis-olefination

Wiley: New York, 1988; Collect. Vol. VI, p 101. Also see: Salomaa, P.; e ; ; _
Linnantie, R.Acta Chem. Scand 96Q 14, 777. was utilized to generate the triene moiety and effect macrocy

(38) An inseparable mixture of less polar materials believed to be triene Clization. This unified approach should likewise provide access
isomers was also isolated in 34% yield. Attempts to isomerize this mixture to the remaining members of the trienomycin family as well as
to ()52 hoth thermally and photochemically (e.g, PhSSPh, benzene) 3 variety of potentially bioactive analogs. In addition, the

(39) Corey, E. J.; Cho, H.: Riker, C.; Hua, D. HTetrahedron Lett. construction of {)-1 constitutes a formal total synthesis of the

1981, 22, 3455. related mycotrienins | and f
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Scheme 12

NCH,OCH,CCly
NaHMDS, DMF, 0 °C

- +
+ -
ClBugP<_ X~ PBusCl
OMe 5

(21%)

NCH,OCH,CClj
5% Na(Hg), Na;HPO,

MeOH, -35 °C
O L)
%\ o oMe (67%)
TBSOTY, 2,6-lut. |— (+)-52 R=H
CH,Cl,, r.t. —(+)-53 R=TBS
(80%)
OTBS
5 steps

OMe

s

(+)-Trienomycin F (2)

(+)-Trienomycin A (1)

Experimental Sectiorf?

Alcohol (+)-12. A solution of oxazolidinone+)-11 (22.2 g, 90.6
mmol) in THF (500 mL) was cooled te-78 °C, and triethylamine
(7.7 mL, 127 mmol) was added followed by mibutylboron triflate
(25.5 g, 93.1 mmol) dropwise via a cannula. The reaction mixture
was warmed to room temperature, stirred for 1.5 h, cooled#8 °C,
and treated with freshly distilled methacrolein (8.3 mL, 100 mmol).
The resultant solution was stirred for 45 min, warmed t&Q) and

Smith et al.

7.37 (m, 3 H), 7.327.30 (m, 2 H), 5.69 (dJ = 7.2 Hz, 1 H), 5.14

5.13 (m, 1 H), 4.99-4.98 (m, 1 H), 4.80 (dtJ = 7.2, 6.7 Hz, 1 H),
4.44 (brs, 1 H), 3.98 (dt) = 7.0, 3.3 Hz, 1 H), 2.96 (d] = 3.2 Hz,
1H), 1.77 (s, 3 H), 1.17 (d] = 7.0 Hz, 3 H), 0.90 (dJ = 6.7 Hz, 3

H); ¥*C NMR (125 MHz, CDC}) 6 176.8, 152.6, 143.8, 133.1, 128.8,
128.7, 125.6, 111.8, 78.9, 74.1, 54.9, 40.2, 19.4, 14.3, 9.8; high-
resolution mass spectrum (Cl, MHN/z304.1575 [(M+ H)*; calcd

for Ci7H22NO4: 304.1549]. Anal. Calcd for GH.iNO4: C, 67.31;

H, 6.98; N, 4.62. Found: C, 67.22; H, 6.85; N, 4.64.

TBS Ether (+)-13. A solution of alcohol {)-12 (18.4 g, 60.7
mmol) in N,N-dimethylformamide (250 mL) was treated with imidazole
(8.3 g, 121 mmol) and chlortert-butyldimethylsilane (13.7 g, 91.0
mmol), heated to 50C, and stirred for 12 h. The reaction mixture
was then cooled to room temperature, poured into brine (250 mL), and
extracted with ether (600 mL); the organic solution was dried over
MgSQ,, filtered, and concentrated in vacuo. Flash chromatography
(5% ethyl acetate/hexanes) furnisheig){13 (25.1 g, 99% yield) as a
colorless solid: mp 6264 °C (hexanelethyl acetate)u]2® +11° (c
1.9, CHC}); IR (CHCIs) 1780 (s), 1695 (m), 1365 (s), 1345 (s) T
H NMR (500 MHz, CDC}) 6 7.40-7.26 (m, 5 H), 5.56 (dJ = 6.9
Hz, 1 H), 4.92 (br s, 1 H), 4.84 (br s, 1 H), 4.63 (appareni &; 6.9
Hz, 1 H), 4.33 (dJ = 6.6 Hz, 1 H), 4.01 (apparent d,= 6.7 Hz, 1
H), 1.73 (br s, 3 H), 1.15 (q] = 6.7 Hz, 3 H), 0.88 (s, 9 H), 0.86 (d,
J= 6.6 Hz, 3 H), 0.03 (s, 3 H);-0.02 (s, 3 H)**C NMR (125 MHz,
CDCly) 6 174.5, 152.7, 145.6, 133.2, 128.6, 125.5, 112.5, 78.8, 77.0,
55.2, 425, 25.7, 18.1, 17.7, 14.2, 12:14.8, —5.4; high-resolution
mass spectrum (Cl, N§Im/z418.2377 [(M+ H)*; calcd for GsHse
NO,Si: 418.2413]. Anal. Calcd for £8H3sNO,Si: C, 66.15; H, 8.45;

N, 3.35. Found: C, 66.12; H, 8.60; N, 3.32.

Acid (+)-14. A solution of acyl oxazolidinone+)-13(51.9 g, 125
mmol) in THF/HO (3:1, 850 mL) was cooled to T and treated with
30% HO; (84.7 mL, 747 mmol) followed by LiOMHH,0 (10.5 g, 249
mmol). The resultant mixture was stirredrf8 h at 0°C and then
guenched with aqueous p&0; (1.6 M, 500 mL). THF was removed
in vacuo and the aqueous solution extracted with dichloromethane (1.5
L). The organic phase was washed with brine (200 mL), dried over
MgSQ,, filtered, and concentrated in vacuo, affording the chiral
auxiliary (20.2 g, 92% recovery). The aqueous layer was acidified to
pH 4 with aqueous HCI (1.0 M) and extracted with ethyl acetate (4
500 mL). The combined extracts were washed with brine (300 mL),
dried over MgSQ, filtered, and concentrated in vacuo, providing
analytically pure {)-14 (31.4 g, 98% vyield) as a colorless oilo [

23 414 (c 1.4, CHCB); IR (CHCIs) 3520-2400 (br), 2970 (s), 2945
(s), 2870 (s), 1760 (m), 1715 (s), 1655 (w) ¢itH NMR (500 MHz,
CDCl) 6 4.97-4.95 (m, 1 H), 4.964.87 (m, 1 H), 4.33 (d) = 6.4
Hz, 1 H), 2.64 (qJ = 6.6 Hz, 1 H), 1.70 (s, 3 H), 1.12 (d,= 7.0 Hz,
3 H), 0.90 (s, 9 H), 0.06 (s, 3 H), 0.02 (s, 3 HJC NMR (125 MHz,
CDCl;) 6 179.7, 144.5, 113.4,77.6, 44.1, 25.7, 18.1, 17.7, 1147,

(40) Smith, A. B., Ill; Wood, J. L.; @nhura, S.Tetrahedron Lett1991
32, 841.

(41) Materials and Methods. Except as otherwise indicated, reactions
were carried out under an argon atmosphere in flame- or oven-dried
glassware, and solvents were freshly distilled. Diethyl ether and THF were
distilled from sodium/benzophenone. Benzene and methylene chloride were
distilled from calcium hydride. Pyridine, 2,6-lutidine, and triethylamine were
distilled from calcium hydride and stored over potassium or sodium
hydroxide. DMF and DMSO from freshly opened bottles were stored over
4-A molecular sieves and used without purification. Toluene was distilled
from sodium and methanol was distilled from Mg(OMend stored over
4-A molecular sieves. Reactions were monitored by thin-layer chromatog-

stirred 1.5 h further. Phosphate buffer (pH 7, 500 mL) was added, the raphy (TLC) with 0.25-mm E. Merck precoated silica gel plates. Silica gel

biphasic mixture was extracted with ether (1 L), and the organic layer

for flash chromatography (particle size 0.64D063 mm) was supplied by

was concentrated in vacuo. The residue was then dissolved in MeOH/E. Merck. Yields refer to chromatographically and spectroscopically pure

H2O (1:1, 400 mL), the resultant solution cooled t6®©, 30% HO,
(103 mL, 906 mmol) introduced, and the mixture stirred 4C0for 1

h. Excess HO, was decomposed at°C by slow addition of aqueous
NaHSQ (2.7 M, 400 mL), the resultant mixture was extracted with
ether (500 mL), and the organic solution was washed with brine (250
mL), dried over MgSQ filtered, and concentrated in vacuo. Flash
chromatography (20% ethyl acetate/hexanes) providedl@ (21.8

g, 80% yield) as a colorless solid: mp-999 °C (hexane/ethyl acetate);
[a]3 +38 (c 1.5, CHCH); IR (CHCIs) 3530 (w, br), 1780 (s), 1685
(m), 1370 (s), 1350 (s) cnd; *H NMR (500 MHz, CDC}) 6 7.44—

compounds unless otherwise noted. Melting points were determined on a
Bristoline heated-stage microscope or a Thomas-Hoover apparatus and are
corrected. IH and 13C spectra were recorded on a Bruker AM-500
spectrometer. Chemical shifts are reporteddagalues relative to tetra-
methylsilane. Infrared spectra were recorded on a Perkin-Elmer Model 283B
spectrometer with polystyrene as external standard. High-resolution mass
spectra were measured at the University of Pennsylvania Mass Spectrometry
Center. Microanalyses were performed by Robertson Laboratories (Madison,
NJ). Single-crystal X-ray analyses were carried out at the University of
Pennsylvania with an Enraf Nonius CAD-4 automated diffractometer. High-
performance liquid chromatography (HPLC) was performed using a Ranin
component analytical/semipreparative system.



Syntheses off()-Trienomycins A and F

—5.4; high-resolution mass spectrum (Cl, §Hkin/z259.1708 [(M+
H)*; calcd for GsH270sSi: 259.1729].

Amide (—)-15. A solution of acid ¢-)-14 (18.4 g, 71.1 mmol) in
dichloromethane (350 mL) was cooled to°C, treated with 1,1
carbonyldiimidazole (13.8 g, 85.3 mmol) and stirred for 30 miO-
Dimethylhydroxylamine hydrochloride (17.3 g, 178 mmol) was then

J. Am. Chem. Soc., Vol. 118, No. 35, 183283

2.21-2.15 (m, 1 H), 2.14 (dJ = 2.7 Hz, 1 H), 1.66 (br s, 3 H), 1.66
1.62 (m, 1 H), 0.91 (s, 9 H), 0.90 (d,= 6.9 Hz, 3 H), 0.10 (s, 3 H),
0.01 (s, 3 H);*3C NMR (125 MHz, CDC}) 6 145.9, 135.3, 117.3,
112.4, 80.1, 72.5, 40.1, 39.9, 25.9, 18.2, 18.1, #4.,5, —5.1; high-
resolution mass spectrum (Cl, NHN/z285.2263 [(M+ H)*; calcd
for C15H33025i: 2852250]

added, and the resultant suspension was warmed to room temperature, Diene Acetonide (+)-18. A solution of silyloxy alcohol ¢)-17a
stirred for 24 h, and filtered. The precipitate was washed with ether (7.32 g, 25.9 mmol) in THF (150 mL) was treated with TBAF (1.0 M

(750 mL), and the filtrate was washed with water and brine (250 mL
each), dried over MgSQfiltered, and concentrated in vacuo. Flash
chromatography (12.5% ethyl acetate/hexanes) gayelb (20.3 g,
95% yield) as a colorless oil:af%* —14° (c 1.9, CHC}); IR (CHCl)
2986 (s), 1650 (s) crt; *H NMR (500 MHz, CDC}) ¢ 4.85-4.83
(m, 1 H), 4.75-4.72 (m, 1 H), 4.21 (dJ = 8.6 Hz, 1 H), 3.62 (s, 3 H),
3.15-3.00 (m, 1 H), 3.09 (s, 1 H), 1.67 (brs, 1 H), 1.14 {d 6.8
Hz, 3 H), 0.87 (s, 9 H), 0.03 (s, 3 H}0.03 (s, 3 H);}3C NMR (125
MHz, CDCk) 6 175.9, 145.9, 112.7, 78.2, 61.4, 40.5, 32.0, 25.8, 18.2,
17.1, 14.3,-4.8, —5.1; high-resolution mass spectrum (Cl, §kh/z
302.2098 [(M+ H)™; calcd for GsH3NO3Si: 302.2151]. Anal. Calcd
for C1sHziNOsSi: C, 59.80; H, 10.30; N, 4.65. Found: C, 59.75; H,
10.38; N, 4.42.

Aldehyde (+)-16. A solution of amide {)-15(5.09 g, 16.9 mmol)
in THF (200 mL) was cooled te-78 °C, DIBAL (1.0 M in hexane,

in THF, 26.0 mL, 26.0 mmol), and the reaction mixture was stirred at
room temperature for 30 min and concentrated in vacuo. The residue
was dissolved in ether (100 mL), washed with brine (50 mL), dried
over MgSQ, filtered, and concentrated in vacuo. The resultant crude
diol was dried azeotropically with benzene 320 mL) and used
without purification in the next reaction.

The crude diol was dissolved in freshly distilled 2,2-dimethoxypro-
pane (50 mL) ang-toluenesulfonic acid monohydrate (10.0 mg, 0.053
mmol) was added. The reaction mixture was then stirred at ambient
temperature for 30 min, diluted with ether (100 mL), washed with
saturated aqueous NaH@0 mL), dried over MgSQ filtered, and
concentrated in vacuo. Flash chromatography [ethyl acetate/hexanes
(1:35 v/v)] gave {)-18 (4.83 g, 93% vyield) as a volatile colorless oil:
[0]3® +39° (c 3.8, CHCE); IR (CHCl3) 3010 (s), 1655 (w), 1640 (m),
1380 (s) cm?; 'H NMR (500 MHz, CDC}) ¢ 5.87 (ddd,J = 17.1,

17.0 mL, 17.0 mmol) was added dropwise, and the resultant solution 10.3, 6.8 Hz, 1 H), 5.135.08 (complex series of m, 1 H), 5.65.04
was stirred for 30 min and then quenched with methanol (5 mL) at (complex series of m, 1 H), 5.664.98 (m, 1 H), 4.874.85 (m, 1 H),

—78°C. The mixture was warmed to room temperature, diluted with

4.24 (d,J = 4.9 Hz, 1 H), 3.34 (apparent d,= 6.6 Hz, 1 H), 2.33-

ether (400 mL), and stirred vigorously with saturated aqueous Rochelle’s 2.29 (m, 2 H), 1.841.76 (m, 1 H), 1.65 (br s, 3 H), 1.36 (s, 3 H),
salt (200 mL) until two clear phases were obtained. The organic layer 1.34 (s, 3 H), 0.72 (dJ = 6.8 Hz, 3 H);13C NMR (125 MHz, CDC})

was dried over MgS®) filtered, and concentrated in vacuo. Flash
chromatography [ethyl acetate/hexanes (1:35 v/v)] afford€ell@ (3.7

0 142.3, 135.2, 116.5, 110.0, 100.8, 74.6, 71.3, 39.1, 38.1, 25.1, 23.9,
19.9, 12.2; high-resolution mass spectrum (ClgNid/z211.1703 [(M

g, 90% yield) as an unstable colorless oil which was used immediately + H)*; calcd for GsH,302: 211.1698].

in the next reaction: ]2 +2.8° (c 1.0, CHCE); IR (CHCls) 2960 (s),
2930 (s), 2860 (s), 1725 (s), 1660 (w), 1255 (s)yt¢mH NMR (500
MHz, CsDg) 6 9.48 (d,J = 1.4 Hz, 1 H), 4.944.91 (m, 1 H), 4.7&
4.75 (m, 1 H), 4.23 (d) = 4.7 Hz, 1 H), 2.142.07 (m, 1 H), 1.45 (s,
3 H), 0.97 (d,J = 6.9 Hz, 3 H), 0.90 (s, 9 H};-0.02 (s, 3 H),—0.03
(s, 3 H);13C NMR (125 MHz, GDg¢) 6 202.4, 145.2, 112.7, 75.6, 50.4,
25.9, 18.4, 18.3, 8.2-4.4; high-resolution mass spectrum (Cl, §H
m/z241.1770 [(M+ H)T; calcd for GsH270,Si: 241.1780].

Alcohol (+)-17a. In an argon-filled glovebag, four 50-mL centrifuge
tubes were charged with-)-B-methoxydiisopinocampheylborane (1.43

Keto Aldehyde (+)-8. At —78°C a solution of diene)-18 (5.44
g, 25.9 mmol) in dichloromethane (100 mL) was treated with ozone
until a light blue color persisted~45 min). A solution of triphen-
ylphosphine (13.6 g, 51.8 mmol) in THF (60 mL) was added, and the
mixture was gradually warmed to room temperature and then concen-
trated in vacuo. Flash chromatography (25% ethyl acetate/hexanes)
provided )-8 (5.10 g, 92% vyield) as a colorless oil:
[a]? +46° (c 5.9, CHCE); IR (CHCl;) 1730 (s), 1390 (s), 1360 (s)
cm % IH NMR (500 MHz, GDs) 6 9.33-9.32 (m, 1 H), 4.08 (dJ =
5.5 Hz, 1 H), 3.60 (dddJ = 9.5, 8.1, 3.1 Hz, 1 H), 2.10 (ddd,=

g each, 4.50 mmol) and capped with septa. The tubes were removedl16.6, 9.4, 2.6 Hz, 1 H), 1.92 (s, 3 H), 1.83.77 (m, 2 H), 1.24 (s, 3
from the bag, toluene (10 mL each) was added, and the resultantH), 1.09 (s, 3 H), 0.59 (dJ = 6.8 Hz, 3 H);3C NMR (125 MHz,

solutions were cooled te-78 °C and treated with allylmagnesium
bromide (1.0 M in ether, 4.5 mL, 4.5 mmol). The solutions were then
warmed to room temperature and stirred 3oh aswhite precipitates

CeDe) 0 207.6, 198.8, 101.4, 75.4, 69.9, 47.3, 39.0, 27.7, 24.5, 23.7,
12.0; high-resolution mass spectrum (Cl, §lth/z215.1283 [(M+
H)*; calcd for GiH1404: 215.1284].

formed. The suspensions were centrifuged, and via a cannula, the clear Keto Alcohol (+)-19. A solution of keto aldehyde+)-8 (4.93 g,
supernatants were combined in one flask and added dropwise to a23.0 mmol) in THF (80 mL) was cooled t678 °C and treated dropwise

mixture of aldehyde-)-16 (3.49 g, 14.4 mmol), 4-A molecular sieves
(2.0 g), and toluene (100 mL) at78 °C. The resultant solution was
stirred for 1 h, warmed to room temperature, and sirteh further.
Aqueous NaOH (1.0 M, 40 mL) and 30% hydrogen peroxide (13 mL)

with lithium tris[(3-ethyl-3-pentyl)oxy]aluminum hydride (0.5 M in

THF, 46.1 mL, 23.1 mmol). The reaction mixture was stirred for 30
min and then diluted with ether (250 mL). Saturated aqueous
Rochelle’s salt (150 mL) was added and the mixture vigorously stirred

were introduced, and the mixture was stirred at room temperature for until two clear layers were obtained. The organic phase was dried over

20 h, warmed to 50°C, and stirrd 3 h further. The layers were
separated, and the organic phase was dried over Mdg#®red, and

MgSQ,, filtered, and concentrated in vacuo. Flash chromatography
(33% ethyl acetate/hexanes) furnisheg-(9 (3.78 g, 76% yield) as a

concentrated in vacuo. Flash chromatography [ethyl acetate/hexanesolorless oil: [1]%3 +63° (c 1.1, CHC}); IR (CHCl3) 3620 (w), 3520

(1:25 viIv)] gave ¢)-17a(3.60 g, 88% yield) andH)-17b (0.4 g, 10%
yield). (+)-17a less polar; colorless oilo]2® +15° (¢ 3.7, CHC);
IR (CHCI5) 3440 (br, w), 2960 (s), 2930 (s), 1635 (w) tin'H NMR
(500 MHz, CDC}) ¢ 5.91-5.83 (m, 1 H), 5.1#5.15 (m, 1 H), 5.13
(brs, 1 H), 4.95 (brs, 1 H), 4.90 (br s, 1 H), 4.30Jds 3.5 Hz, 1 H),
3.60-3.54 (m, 1 H), 2.60 (dJ = 3.2 Hz, 1 H), 2.4%+2.34 (m, 1 H),
2.14-2.08 (m, 1 H), 1.71 (br s, 3 H), 1.741.65 (m, 1 H), 0.91 (s, 9
H), 0.80 (d,J = 7.0 Hz, 3 H), 0.07 (s, 3 H), 0.01 (s, 3 H¥C NMR
(125 MHz, CDC}) 6 145.9, 135.2,117.9, 112.1, 71.8, 42.0, 39.3, 25.9,
19.5, 18.2, 10.6-4.6,—5.2; high-resolution mass spectrum (Cl, jH
m/z285.2253 [(M+ H)™; calcd for GeH330,Si: 285.2250].

(+)-17b: more polar; colorless oil;of]3 +7° (c 0.7, CHCh); IR
(CHCIs) 3630 (br, w), 2980 (s), 2950 (s), 2880 (s), 1650 (w), 1265 (s)
cm%; *H NMR (500 MHz, CDC}) 6 5.84-5.75 (m, 1 H), 5.145.06
(complex series of m, 2 H), 4.961.95 (m, 1 H), 4.96-4.88 (m, 1 H),
4.08 (d,J = 5.9 Hz, 1 H), 3.743.70 (m, 1 H), 2.33-2.27 (m, 1 H),

(m), 2990 (s), 2960 (s), 2940 (s), 1725 (s), 1710 (s), 1380 (s), 1355 (s)
cm™%; *H NMR (500 MHz, CDC}) 6 4.37 (d,J = 5.5 Hz, 1 H), 3.84

3.71 (m, 2 H), 3.57 (ddd] = 8.5, 8.5, 3.2 Hz, 1 H), 2.362.24 (m, 1

H), 2.20-2.12 (m, 1 H), 2.17 (s, 3 H), 1.88L.75 (m, 2 H), 1.45 (s, 3

H), 1.37 (s, 3 H), 0.84 (dJ = 6.9 Hz, 3 H);*C NMR (125 MHz,
CDCls) 6 208.6, 101.5, 75.5, 74.5, 61.1, 39.2, 36.1, 27.8, 24.8, 23.7,
12.2; high-resolution mass spectrum (Cl, §/z234.1793 [(M+
NH4)*; calcd for GiH24NO4: 234.1705].

TBS Ether (+)-20. A solution of alcohol ¢)-19 (3.50 g, 16.4
mmol) inN,N-dimethylformamide (150 mL) was treated with imidazole
(2.22 g, 32.7 mmol) and chlorert-butyldimethylsilane (2.72 g, 18.0
mmol). The reaction mixture was stirred at room temperature for 1 h
and then poured into ether (500 mL), washed witOrnd brine (200
mL each), dried over MgSfiltered, and concentrated in vacuo. Flash
chromatography (6.25% ethyl acetate/hexanes) gaye20 (5.29 g,
98% yield) as a colorless oil:o] % +21° (c 2.5, CHCE); IR (CHCl)
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2960 (s), 2930 (s), 1725 (s), 1710 (s), 1380 (sy&mH NMR (500
MHz, CDCE) 6 4.36 (d,J = 5.4 Hz, 1 H), 3.76-3.63 (m, 2 H), 3.52
(ddd,J = 8.8, 8.8, 2.8 Hz, 1 H), 2.16 (s, 3 H), 2.42.06 (m, 1 H),
1.78-1.65 (m, 2 H), 1.40 (s, 3 H), 1.35 (s, 3 H), 0.89 (s, 9 H), 0.83 (d,
J= 6.8 Hz, 3 H), 0.04 (s, 6 H*C NMR (125 MHz, CDC}) 6 208.9,

101.3, 75.6, 71.1, 59.1, 39.3, 37.5, 27.8, 25.9, 24.9, 23.8, 18.2, 12.1,

—5.4; high-resolution mass spectrum (Cl, §Hkin/z331.2311 [(M+
H)*; calcd for G/H3504Si: 331.2304]. Anal. Calcd for GH3404Si:
C, 61.82; H, 10.41. Found: C, 62.01; H, 10.38.

Enol Triflate (—)-21. A solution of ketone{)-20(94.1 mg, 0.285
mmol) in THF (20 mL) was cooled te-78 °C, treated with sodium
bis(trimethylsilyl)amide (1.0 M in THF, 0.43 mL, 0.43 mmol), and
stirred for 30 min. A solution oN-phenyltrifluoromethanesulfonimide
(203.7 mg, 0.570 mmol) in THF (5 mL) was then added. The reaction
mixture was stirred at-78 °C for 2 h, warmed gradually to room
temperature, diluted with ether (60 mL), washed witfOHand brine
(30 mL each), dried over MgSgfiltered, and concentrated in vacuo.
Flash chromatography [ethyl acetate/hexanes (1:35 v/v)] affordid (
21 (50.7 mg, 38% yield) and unreacted)20 (51.0 mg). ()-2L
colorless oil; f]22 —8° (c 0.1, CHCB); IR (CHCls) 2930 (s), 1735 (s),
1675 (w) cnt!; IH NMR (500 MHz, CDC}) 6 5.27 (dd,J = 3.4, 1.6
Hz, 1 H), 5.25 (ddJ = 3.4, 1.3 Hz, 1 H), 4.52 (ddd} = 5.2, 1.4, 1.4
Hz, 1 H), 3.68-3.65 (m, 2 H), 3.49 (ddd) = 9.1, 9.1, 3.2 Hz, 1 H),
1.94-1.86 (m, 1 H), 1.86-1.66 (m, 2 H), 1.36 (s, 3 H), 1.35 (s, 3 H),
0.89 (s, 9 H), 0.84 (dJ = 6.8 Hz, 3 H), 0.05 (s, 3 H), 0.04 (s, 3 H);
13C NMR (125 MHz, CDC}) 6 153.4, 104.2, 101.7, 71.1, 68.3, 59.0,
38.4,37.7,25.9, 24.8, 23.5, 12:05.4; high-resolution mass spectrum
(Cl, NH3) m/z 463.1824 [(M + H)*; calcd for GgHzsF306SSi:
463.1797].

Acetylene (-)-22. A solution of ketone {)-20(2.38 g, 7.21 mmol)
in THF (75 mL) was cooled te-78 °C, treated dropwise with sodium
bis(trimethylsilyl)amide (1.0 M in THF, 7.57 mL, 7.57 mmol), and
stirred for 30 min. Diethyl chlorophosphate (1.25 mL, 8.65 mmol)
was added and the solution stirred-af8 °C for 1 h. Following the
introduction of tert-butyllithium (1.7 M in pentane, 19.1 mL, 32.5
mmol), the reaction mixture was stirred 40 min further and then
quenched by dropwise addition of methanol (20 mL). The resultant
solution was poured into ether (200 mL), washed wig®Hand brine
(100 mL each), dried over MgS(iltered, and concentrated in vacuo.
Flash chromatography [ethyl acetate/hexanes (1:25 v/v)] providid (
22 (1.88 g, 84% yield) as a colorless oila]E® —48° (¢ 5.7, CHC);

IR (CHClg) 3315 (m), 2965 (s), 2940 (s), 1260 (s) cmH NMR
(500 MHz, CDC}) 6 4.66 (dd,J = 5.7, 2.4 Hz, 1 H), 3.78 (dt) =
9.4, 2.6 Hz, 1 H), 3.69 (ddl = 7.6, 4.7 Hz, 1 H), 2.49 (d] = 2.4 Hz,
1H),1.871.76 (m, 2 H), 1.59-1.50 (m, 2 H), 1.54 (s, 3 H), 1.36 (s,
3 H), 0.97 (dJ = 6.9 Hz, 3 H), 0.90 (s, 9 H), 0.05 (s, 6 HFC NMR
(125 MHz, CDC}) 6 100.5, 81.7, 75.8, 69.0, 64.3, 58.9, 38.1, 36.5,
28.2, 25.9, 23.5, 18.2, 13.6;5.4; high-resolution mass spectrum (Cl,
NH3z) m/z313.2223 [(M+ H)*; calcd for G7H3305Si: 313.2199].

Acetylenic Ester (—)-24. A solution of alkyne {-)-22(1.88 g, 6.03
mmol) in THF (60 mL) was cooled te-78 °C, treated dropwise with
tert-butyllithium (1.3 M in pentane, 5.1 mL, 6.63 mmol), and stirred
for 1 h. Methyl chloroformate (0.70 mL, 9.1 mmol) was added, and
the resultant solution was warmed to room temperature 2veand
then stirrel 2 h further. The reaction mixture was diluted with ether
(200 mL), washed with saturated aqueous NaHQ@O and brine
(50 mL each), dried over MgSffiltered, and concentrated in vacuo.
Flash chromatography [ethyl acetate/hexanes (1:25 v/v)] gay4
(2.08 g, 93% vyield) as a colorless oilo]> —34° (c 1.3, CHCE); IR
(CHCIs) 1715 (s), 1255 (s) cnt; *H NMR (500 MHz, CDC}) 6 4.75
(d,J=5.8Hz, 1 H), 3.80 (ddd) = 9.4, 9.4, 2.5 Hz, 1 H), 3.79 (s, 3
H), 3.69 (dd,J = 7.6, 4.8 Hz, 2 H), 1.951.88 (m, 1 H), 1.86:1.79
(m, 1 H), 1.6+1.53 (m, 1 H), 1.55 (s, 3 H), 1.36 (m, 3 H), 0.98 (4,
= 7.0 Hz, 3 H), 0.90 (s, 9 H), 0.051 (s, 3 H), 0.050 (s, 3 HE NMR
(125 MHz, CDC}) ¢ 153.6, 100.6, 85.7, 79.1, 68.9, 64.6, 58.7, 52.7,
37.8, 36.3, 28.5, 25.9, 23.2, 18.2, 12:95.3, —5.4; high-resolution
mass spectrum (Cl, Njim/z371.2240 [(M+ H)*; calcd for GoH3s0s-

Si: 371.2254].

Ester 25 mixture of E and Z isomers; colorless oil; IR (CHG)
2950 (s), 2920 (s), 1710 (s), 1375 (s) Tm*C NMR (125 MHz,
CDCl;) 6 170.1, 145.1, 122.7, 100.7, 100.4, 71.1, 70.9, 70.8, 70.0, 59.5,

59.3, 51.4, 51.3, 40.6, 40.1, 37.6, 25.9, 24.7, 24.5, 24.3, 24.0, 18.2,
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16.9, 16.2, 15.8, 15.3, 12.6, 12.15.3, —5.4; high-resolution mass
spectrum (Cl, NH) m/z401.2701 [(M+ H)*; calcd for GiH410sSi:
401.2723].

Alkenyl Ester (+)-26Z. A suspension of copper(l) iodiéfe(209
mg, 1.10 mmol) in THF (6 mL) was cooled to°@ and treated with
methyllithium (1.4 M in ether, 1.6 mL, 2.20 mmol). The resultant clear
solution was stirred at €C for 1 h, cooled to—-20 °C, and then added
dropwise via a cannula to a solution of alkynyl este)-4 (135 mg,
0.37 mmol) in THF (12 mL) at-20 °C. The reaction was monitored
carefully by TLC; addition of the cuprate solution was terminated upon
complete consumption of«)-24. The resultant mixture was poured
into saturated agueous MBIH, saturated aqueous NEl and HO (1:
1:1, 10 mL) and extracted with ether (2 50 mL); the combined
extracts were dried over MgS{iltered, and concentrated in vacuo.
Flash chromatography [ethyl acetate/hexanes (1:25 v/v)] furnishied (
26Z (133 mg, 94% yield) as a colorless oilaJE® +10° (c 0.9,
CHCL); IR (CHCls) 2954 (s), 2936 (s), 1710 (s), 1634 (m) thn'H
NMR (500 MHz, CDC}) 6 5.73-5.71 (m, 1 H), 5.53 (dJ = 5.9 Hz,
1 H), 3.69-3.66 (m, 2 H), 3.67 (s, 3 H), 3.49 (ddd,= 8.8, 8.8, 3.2
Hz, 1 H), 2.272.20 (m, 1 H), 1.94 (dd) = 1.4, 0.6 Hz, 3 H), 1.78
1.67 (m, 2 H), 1.33 (s, 3 H), 1.32 (s, 3 H), 0.89 (s, 9 H), 0.78J(ek
7.2 Hz, 3 H), 0.04 (s, 6 H)XC NMR (125 MHz, CDC}) ¢ 165.9,
160.3, 115.3, 100.4, 71.1, 69.5, 59.5, 50.9, 39.7, 37.5, 25.9, 24.7, 24.2,
18.2, 12.3;-5.4; high-resolution mass spectrum (Cl, NiFh/z387.2531
[(M + H)*; calcd for GoH300sSi: 387.2567]. Anal. Calcd for
CaoH3g0sSi: C, 62.11; H, 9.91. Found: C, 62.07; H, 9.84.

Alkenyl Ester (+)-26E: colorless oil; ]2 +35° (c 0.5, CHCH);
IR (CHCls) 2960 (s), 2935 (s), 2860 (s), 1710 (s), 1655 (s), 1380 (s)
cm ¥ H NMR (500 MHz, CDC}) ¢ 6.02-6.00 (m, 1 H), 4.33 (ddJ
=5.0, 1.3 Hz, 1 H), 3.723.64 (m, 2 H), 3.70 (s, 3 H), 3.44 (ddd,
= 8.4, 8.4, 3.1 Hz, 1 H), 2.06 (br s, 3 H), 1.96.88 (m, 1 H), 1.79
1.66 (m, 2 H), 1.35 (s, 3 H), 1.32 (s, 3 H), 0.89 (s, 9 H), 0.69(ek
6.8 Hz, 3 H), 0.05 (s, 6 H)!3C NMR (125 MHz, CDC}) 6 167.4,
156.1, 114.4,101.1, 72.3, 71.4, 59.3, 50.8, 39.1, 37.9, 25.9, 25.0, 23.7,
18.3, 16.2, 11.8;-5.4; high-resolution mass spectrum (Cl, §hi/z
387.2549 [(M+ H)*; calcd for GoH390sSi: 387.2567].

Allylic Alcohol (—)-27. A solution of alkenyl ester{)-26Z (1.16
g, 3.02 mmol) in toluene (15 mL) was cooled te78 °C, treated
dropwise with DIBAL (1.5 M in toluene, 4.3 mL, 6.3 mmol), and stirred
for 10 min. The reaction mixture was then diluted with ether (60 mL),
saturated aqueous Rochelle’s salt (40 mL) was added, and the resultant
mixture was stirred vigorously until two clear layers were obtained.
The organic phase was dried over MgS@ltered, and concentrated
in vacuo. Flash chromatography (18% ethyl acetate/hexanes) provided
(—)-27 (975 mg, 91% yield) as a colorless oilo]E> —1&° (c 1.0,
CHCIl); IR (CHCIg) 3460 (w), 2960 (s), 2935 (s) crh *H NMR (500
MHz, CDCk) 6 5.59-5.53 (m, 1 H), 4.52 (dJ = 5.4 Hz, 1 H), 4.16
(dd,J = 12.6, 6.7, 1 H), 4.04 (dd] = 12.6, 7.2 Hz, 1 H), 3.683.61
(m, 2 H), 3.49 (ddd) = 8.8, 8.8, 2.7 Hz, 1 H), 1.861.70 (m, 2 H),
1.68-1.60 (m, 1 H), 1.66 (br s, 3 H), 1.35 (s, 3 H), 1.33 (s, 3 H), 0.87
(s, 9 H), 0.79 (dJ = 6.9 Hz, 3 H), 0.03 (s, 6 H}:3C NMR (125 MHz,
CDCl3) 6 137.1, 126.1, 101.0, 72.0, 71.3, 59.3, 58.8, 40.1, 37.8, 25.9,
24.8,23.9, 21.8, 18.2, 12.25.3,—5.4; high-resolution mass spectrum
(Cl, NH3) m/z341.2550 [(M— OH)"; calcd for GoH370sSi: 341.2512].

Chloride (—)-28. A solution of alcohol ¢)-27 (49.2 mg, 0.137
mmol) in N,N-dimethylformamide (3.3 mL) was treated with lithium
chloride (30 mg, 0.71 mmol), and the resultant suspension was stirred
until all of the lithium chloride dissolved (3620 min). 2,6-Lutidine
(65uL, 0.56 mmol) and methanesulfonyl chloride (22, 0.28 mmol)
were added, and the reaction was stirred at room temperature for 1 h,
cooled to 0°C, and then quenched with saturated aqueous NaH80O
mL). The resultant mixture was extracted with ethyl acetate (20
mL), and the combined organic layers were dried over Mg8Itered,
and concentrated in vacuo. Flash chromatography (9% ethyl acetate/
hexanes) afforded~)-28 (50.0 mg, 97% yield) as a colorless oilo [
% _5.9 (c 1.3, CHCE); IR (CHCL) 2960 (s), 2935 (s) cnt; H
NMR (500 MHz, GDg) ¢ 5.36-5.32 (m, 1 H), 4.65 (dJ = 5.6 Hz, 1
H), 4.09-4.02 (m, 2 H), 3.79-3.74 (m, 1 H), 3.69-3.65 (m, 1 H),
3.60-3.56 (m, 1 H), 1.76-1.64 (m, 2 H), 1.55 (br s, 3 H), 1.34 (s, 3

(42) Copper (I) iodide was purified via the method of Kauffman:
Kauffman, G. B.; Fang, L. Ylnorg. Synth.1984 22, 101.
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H), 1.30 (s, 3 H), 0.98 (s, 9 H), 0.78 (d,= 6.9 Hz, 3 H), 0.06 (s, 3 Celite, the filter pad was washed thoroughly with ethyl acetate, and
H), 0.05 (s, 3 H);*C NMR (125 MHz, GDg) 6 139.2, 123.1, 101.0, the filtrate was concentrated in vacuo. Flash chromatography (67%
71.3, 70.9, 59.6, 41.3, 40.7, 38.2, 26.1, 24.7, 24.0, 21.4, 18.4, 12.3, ethyl acetate/hexanes) furnish8d (1.80 g, 100% vyield) as a pale
—5.2, —5.3; high-resolution mass spectrum (Cl, §Hn/z 377.2274 yellow oil: IR (CHCIls) 3500 (w), 3405 (w), 1620 (s), 1600 (s), 1475

[(M + H)*; caled for GoH3sClOsSi: 377.2279]. (s), 1465 (s), 1355 (s), 1318 (s), 1312 (s)eéptH NMR (500 MHz,
Benzylic Alcohol 30. A solution of acid29 (11.0 g, 60.1 mmol) in CDCl;) 6 7.65-7.61 (m, 4 H), 7.6%7.58 (m, 2 H), 7.557.50 (m, 1
THF (200 mL) was cooled to OC, treated dropwise with B#ATHF H), 7.45-7.34 (m, 8 H), 6.046.01 (m, 1 H), 5.985.95 (m, 1 H),

(1.0 M in THF, 300 mL, 300 mmol), stirred for 30 min, and then 5.87-5.84 (m, 1 H), 4.03 (s, 2 H), 1.03 (s, 9 HfC NMR (125 MHz,

warmed to room temperature and stirred 15 h further. The reaction CDCl;) 6 156.5, 137.9, 135.5, 133.4, 132.8, 129.9, 129.8, 128.7, 128.6,

mixture was cooled to 0C and quenched by dropwise addition of 128.3,127.8,112.8,110.6, 106.9, 62.8, 26.5, 19.4; high-resolution mass

methanol (10 mL). The resultant solution was diluted with ether (1.5 spectrum (Cl, NH) m/z502.1865 [(M+ H)*; calcd for GoH3,NOs-

L), washed with brine (500 mL), dried over Mg&Chiltered, and SSi: 502.1872].

concentrated in vacuo. Flash chromatography (50% ethyl acetate/ Hydroxy Amide (—)-35. A solution of aniline34 (1.60 g, 3.19

hexanes) provided0 (6.0 g, 60% yield) as a yellow solid: mp 122 mmol) in benzene (29 mL) was treated dropwise with trimethylalu-

124°C (hexane/chloroform); IR (KBr) 3470 (s), 3200 (s), 1520 (S), minum (2.0 M in hexane, 1.92 mL, 3.83 mmol) and stirred for 20 min

1342 (s), 1280 (s) cmt; *H NMR (500 MHz, acetonek) 6 9.16 (s, 1 at room temperature. A solution of lactofi (450 mg, 3.87 mmol)

H), 7.74-7.71 (m, 1 H), 7.587.50 (m, 1 H), 7.287.25 (m, 1 H), in benzene (2 mL plus 2-mL rinse) was then added via a cannula. The

4.71-4.68 (, 2 H), 4.544.49 (m, 1 H)*C NMR (125 MHz, acetone-  yeaction mixture was stired at ambient temperature for 21 h, cooled

de) 0 158.9, 150.1, 147.0, 120.3, 112.8, 109.1, 63.5; hlgh-resolutlon to 0 °C, cautiously quenched with aqueous HCI (1_0 M, 15 mL), and

mass spectrum (Cl, N§i m/z 187.0730 [(M+ NHa)™; calcd for extracted with ethyl acetate (100 mL). The organic phase was washed

C/HuN,O4: 187.0719). with water and brine (25 mL each), dried over MgS@itered, and
Benzyl Bromide 31. A solution of alcoho30(5.90 g, 34.3 mmol)  concentrated in vacuo. Flash chromatography (gradient elutior; 50

in THF (200 mL) was cooled to 6C, and triphenylphosphine (13.59, 750 ethyl acetate/hexanes) afforded)g5 (1.4 g, 71% yield) as a

51.5 mmol) and carbon tetrabromide (17.1 g, 51.5 mmol) were added. white foam: El]zDs —5.9° (c 1.9, CHCh); IR (CHCls) 3440 (w), 3340

The resultant solution was stirred for 1 h, then warmed to room (W), 1695 (s), 1610 (s), 1468 (s), 1434 (s), 1325 (s), 1314 (s)cH

temperature, and stiel h further. The resultant suspension was NuR (500 MHz, CDCH) 6 7.67—7.62 (m, 4 H), 7.59-7.50 (m, 3 H)
filtered, and the filtrate was diluted with ether (600 mL), washed with 7 467 40 (m 5 H), 7.39.7.33 (m, 6 H) '6.936.90 (m, 1 H) 6.86

water and brine (200 mL each), dried over MgS@iltered, and 6.83 (m, 1 H), 6.246.21 (M, 1 H), 4.07 (s, 2 H), 3.76 (dd,= 11.7,
concentrated in vacuo. Flash chromatography (25% ethyl acetate/&9 Hz, 1 H), 3.69-3.64 (m, 1 H), 3.53 (ddJ = 11.7, 4.2 Hz, 1 H),
hexanes) furnishe8l (6.88 g, 85% yield) as a light-yellow solid: mp 3.37 (s, 3 H), 2.52 (dd] = 14.8, 7.2 Hz, 1 H), 2.46 (dd, = 14.8, 4.9
145-148°C (hexane/chloroform); IR (KBr) 3400 (s), 3094 (s), 1516 |, 4 |_i) 1.9'1 (brs, 1 H) 1.06’ (s, 9 HFC NMR (125 MHz, CDC})

(), 1480 (s), 1352 (s), 1285 (s) c’H NMR (500 MHz, acetone- 5160 8''156 0, 138.8, 137.9, 135.5, 133.6, 132.5, 130.0, 129.6, 128.8,
ds) 09.41 (s, 1 H), 7.847.81 (m, 1 H), 7.6+7.58 (m, 1 H), 7.38 128.5, 127.8, 118.0, 115.1, 111.6, 78.3, 62.9, 62.5, 57.5, 39.5, 26.5,

7.36 (M, 1 H), 4.71 (s, 2 H}C NMR (125 MHz, acetonek) ¢ 159.2, 19.4- hioh-resoluti | Nz 618 2297 (Mt
150.4, 142.4, 123.2, 115.8, 110.7, 32.4; high-resolution mass spectrumH?;_ ’callgd ;grscémf:,\lgfss;,s%icgrgaéf + /2 618.2297 [(

Cl, NH3) m/z 248.9852 [(M + NH,)"; calcd for GH10BrN,Os: ) ) )
(248.98735)]. [ ) GH1BrNO; Lactam Aminal 36a. A solution of hydroxy amide <)-35 (880

Sulfone 32. Bromide31 (4.10 g, 18.8 mmol) was dissolvedMN- mg, 1.40 mmol) in DMSO (5 mL) was treated with triethylamine (1.60

dimethylformamide (100 mL), sodium benzenesulfinate (6.24 g, 38.0 mL, 11.4 m_mol) followeq by pyiSQ; (900.0 mg, 5.70 mmol). The
resultant mixture was stirred for 1.5 h at room temperature, poured

mmol) was added, and the resultant solution was stirred &C6f@r . 20 mL. d d with ethvl 80mL). Th
15 h. The reaction mixture was cooled to room temperature, diluted into water (20 mL), and extracted with ethyl acetate(80 mL). The

with ether (300 mL), washed with water and brine (100 mL each), gombined extracts were W(_alshed with brine (20 mL), dried over MgSO
dried over MgSQ, filtered, and concentrated in vacuo. Flash chro- filtered, and concentrated in vacuo. Flash chromatography (33% ethyl

matography (50% ethyl acetate/hexanes) g@&/€3.94 g, 75% yield) a_cetate/hexanes_) providéﬂa_(S_?l mg, 65% vyield) as an inseparable

as a white solid: mp 219221°C (hexane/chloroform); IR (KBr) 3370  diastereomer mixture and imid86b (70.0 mg, 8% yield). 36a

(m), 1535 (s), 1355 (s), 1295 (s) cin'H NMR (500 MHz, acetone- colorless oil; IR (CHGJ) 3600-3100 (br, m), 3005 (s), 2950 (s), 2930

ds) 6 9.41 (brs, 1 H), 7.867.70 (m, 3 H), 7.647.56 (M, 3 H), 7.54 (s), 2855 (s), 1705 (s), 1600 (s), 1455 (s), 1445 (s), 1420 (s), 1400 (s),

7.52 (m, 1 H), 7.167.13 (m, 1 H), 4.66 (s, 2 HY:C NMR (125 MHz, ~ 1355(8), 1315 s), 1305 (s), 1255 (s) cirtH NMR (500 MHz, CDCY)

acetoneds) 0 158.8, 149.8, 139.4, 134.8, 133.1, 130.0, 129.3, 125.3, 0 763 (m, 4 H), 7.55 (m, 2 H), 7.53 (m, 1 H), 7.52.33 (complex

117.7, 110.8, 61.5; high-resolution mass spectrum (Cl3)Nid/z series of m, 8 H), 6.99, 6.80 (diastereomers, m, m, 1 H), 6.89, 6.79

311.0722 [(M+ NH.)*; calcd for GaHisN,04S: 311.0702). (dlastereome_rs, m, m, 1 H), 6.45, 6.35 (diastereomers, m, m, 1 H),
BPS Ether 33. A solution of phenol32 (2.04 g, 7.00 mmol) in 5.11, 5.00 (diastereomers, br apparenit+; 5.1 Hz, br m, 1 H), 4.09

N,N-dimethylformamide (50 mL) was treated with imidazole (0.953 (Prs: 2 H), 3.89, 3.68 (diastereomers, dde; 7.3, 7.3, 5.2 Hz, m, 1

g, 14.0 mmol) andert-butyldiphenylsilyl chloride (2.20 mL, 8.35 ), 3.41, 3.31 (diastereomers, s, s, 3 H), 2.87 (br s, 1 H), 2.79, 2.62

mmol) and then stirred at room temperature for 24 h. The reaction (diastereomers, dd,=17.7, 6.5 Hz, dd) = 16.9, 7.5 Hz, 1 H), 2.53,

mixture was diluted with water (100 mL) and extracted with ether (2 2-35 (diastereomers, dd=16.9, 7.2 Hz, dd) = 17.7, 1.9 Hz, 1 H),

x 200 mL); the combined organic layers were dried over MgsO  1:07, 1.06 (diastereomers, s, s, 9 H; NMR (125 MHz, CDC}) 6

filtered, and concentrated in vacuo. Flash chromatography (20% ethyl 171.7,170.2, 156.1, 155.8, 138.2, 137.9, 137.8, 135.6, 133.6, 1335,

acetate/hexanes) provid&8 (3.51 g, 95% yield) as a white solid: mp 132.5,132.4, 130.1, 130.0, 129.7, 129.4, 128.9, 128.8, 128.5, 127.9,

118-121°C (hexane/chloroform): IR (KBr) 1535 (s), 1450 (), 1355 1278, 119.8,119.5,118.2,117.7, 114.6, 114.4, 87.9, 82.9, 79.6, 735,

(s), 1320 (s), 1300 (s) cr H NMR (500 MHz, CDC}) & 7.68- 62.6, 62.5, 57.5, 56.8, 36.5, 35.8, 29.7, 26.6, 26.5, 19.4; high-resolution

7.64 (m, 4 H), 7.66-7.54 (m, 3 H), 7.497.45 (m, 3 H), 7.447.39 mass spectru_m (Cl, N m/z 633.2516 [(M + NH4)+;. calcd for

(m, 6 H), 7.31-7.29 (m, 1 H), 6.956.93 (M, 1 H), 4.16 (s, 2 H), 1.12 CssHaiN2O6SSi: 633.2454]. Anal. Calcd for&Hs/NOgSSi: C, 66.31;

(s, 9 H); 3C NMR (125 MHz, CDC}) 6 156.4, 148.6, 137.4, 135.5, H, 6.06; N, 2.27. Found: C, 65.91; H, 6.10; N, 2.17.

134.1, 131.4, 130.7, 130.5, 129.1, 128.5, 128.3, 128.1, 118.3, 115.2, (+)-36b: colorless oil; {1]%3 +38° (c 0.8, CHC}); IR (CHCl)

62.0, 26.5, 19.5; high-resolution mass spectrum (Clg)Nih{z532.1631 1725 (s), 1600 (m) crt; 'H NMR (500 MHz, CDC}) ¢ 7.65-7.61

[(M + H)*; calcd for GgH3NOsSSi: 532.1614]. Anal. Calcd for (m, 4 H), 7.54-7.49 (m, 3 H), 7.467.41 (m, 2 H), 7.46:7.34 (m, 6

CoH2oNOsSSi: C, 65.51; H, 5.50; N, 2.63. Found: C, 65.84; H, 5.85; H), 6.70-6.68 (m, 1 H), 6.59-6.57 (m, 1 H), 6.49-6.47 (m, 1 H),

N, 2.58. 4.22 (dd,J = 8.3, 4.2 Hz, 1 H), 4.10 (s, 2 H), 3.60 (s, 3 H), 3.04 (dd,
Aniline 34. A mixture of nitro derivative33 (1.92 g, 3.61 mmol), J=18.2,8.3 Hz, 1 H), 2.66 (dd,= 18.2, 4.2 Hz, 1 H), 1.06 (s, 9 H);

10% Pd/C (100 mg), and methanol (150 mL) was stirred under *C NMR (62.9 MHz, CDC}) ¢ 173.8, 172.3, 156.0, 137.4, 135.5,

hydrogen (balloon) for 10 h. The mixture was then filtered through 133.6, 132.2, 132.1, 130.1, 128.9, 128.5, 128.3, 127.9, 122.4, 121.3,
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118.6, 74.6, 62.2, 58.9, 36.0, 26.5, 19.4; high-resolution mass spectrum(s), 1460 (s) cmt; *H NMR (500 MHz, GDe) 6 7.87—7.81 (m, 4 H),

(Cl, NH3) m/z 631.2325 [(M+ NHj)"; calcd for G4H3zoN.OsSSi:
631.2298].

Allylic lodide ( —)-38. A solution of chloride {)-28 (164 mg, 0.44
mmol) in acetone (4 mL) was treated with sodium iodide (262 mg,

7.41-7.39 (m, 1 H), 7.327.29 (m, 1 H), 7.22.7.17 (m, 6 H), 6.68
6.66 (m, 1 H), 5.155.08 (m, 2 H), 4.82 (dJ = 5.7 Hz, 1 H), 3.85
3.79 (m, 1 H), 3.763.71 (m, 1 H), 3.69-3.64 (m, 1 H), 3.253.23
(m, 1 H), 2.46 (ddJ = 17.5, 6.2 Hz, 1 H), 2.392.35 (m, 1 H), 2.24

1.76 mmol), and the resultant heterogeneous mixture was stirred at(dd,J = 17.5, 1.7 Hz, 1 H), 2.262.10 (m, 1 H), 2.10 (d) = 6.7 Hz,

room temperature fdl h and then concentrated in vacuo. The residue
was filtered throug a 1 cmx 2.5 cm plug of activity-1 neutral alumina

1 H), 1.82-1.68 (m, 3 H), 1.81 (s, 3 H), 1.44 (s, 3 H), 1.36 (s, 3 H),
1.20 (s, 9 H), 1.00 (s, 9 H), 0.83 (d,= 6.9 Hz, 3 H), 0.08 (s, 3 H),

with 30% ethyl acetate/hexanes as eluant. Concentration in vacuo0.07 (s, 3 H)°C NMR (125 MHz, GDe) 6 171.2, 156.4, 144.3, 139.3,

provided iodide £)-38 as an unstable colorless oit85% pure by*H
NMR) which was used immediately in the next reaction:]?,f —40°
(c 0.22, GHe); IR (CsHe) 2960 (s), 2920 (s), 2860 (s), 1380 (s) Tm
1H NMR (500 MHz, GHe) 0 5.34 (m, 1 H), 4.70 (d) = 5.6 Hz, 1 H),
3.86 (apparent t) = 9.3 Hz, 1 H), 3.77 (m, 1 H), 3.69 (m, 2 H), 3.62
(ddd,J = 8.7, 8.7, 2.9 Hz, 1 H), 1.781.68 (complex series of m, 3
H), 1.53 (s, 3 H), 1.38 (s, 3 H), 1.37 (s, 3 H), 0.98 (s, 9 H), 0.8Q)(d,
= 6.9 Hz, 3 H), 0.06 (s, 3 H), 0.05 (s, 3 HYC NMR (125 MHz,
CsHe) 0 139.1, 124.1, 101.0, 71.2, 70.6, 59.6, 40.8, 38.2, 26.1, 24.7,
24.1, 21.4, 18.4, 12.4, 2.%5.2; high-resolution mass spectrum (ClI,
NH3) m/z486.1904 [(M+ NH,)™; calcd for GeH41INO3Si: 486.1900].
Coupled Sulfone 37. At —78 °C a solution of sulfone6a (540
mg, 0.88 mmol) in THF (5 mL) was treated dropwise with sodium
bis(trimethylsilyl)amide (0.9 M in THF, 1.8 mL, 1.6 mmol), and the
resultant yellow solution was stirred for 5 min. A solution of iodide
(—)-38 (~205 mg, 0.44 mmol) in THF (1 mL) was then added. The
reaction mixture was stirred 5 min further a8 °C, quenched with
methanol (0.5 mL), poured into ether (20 mL), washed with water and
brine (5 mL each), dried over MgSfiltered, and concentrated in

136.0, 134.9, 130.3, 130.2, 125.5, 117.3, 115.9, 111.5, 100.8, 88.1,
80.0, 71.3, 69.8, 59.8, 56.2, 41.7, 38.3, 36.6, 36.4, 29.8, 26.8, 26.1,
24.8,24.4,21.2,19.7,18.4, 12:55.2; high-resolution mass spectrum
(FAB, NBA) m/z 758.3961 [(M— t-Bu)*; calcd for G3HgoNO/Si:
758.3908]. Anal. Calcd for GHedNO;Sk: C, 69.16; H, 8.52; N, 1.72.
Found: C, 69.03; H, 8.56; N, 1.74.

Acetate 40. A solution of aminal39 (170 mg, 0.21 mmol) in
dichloromethane (2 mL) was treated sequentially witiNHD.12 mL,
0.84 mmol), DMAP (2.5 mg, 0.20 mmol), and acetic anhydride (60
uL, 0.63 mmol). The reaction mixture was stirred at room temperature
for 10 min, poured into ethyl acetate (10 mL), washed with saturated
aqueous NECI (5 mL), dried over MgSQ filtered, and concentrated
in vacuo. Flash chromatography (20% ethyl acetate/hexanes) afforded
40 (157 mg, 87% vyield) as a diastereomer mixture: colorless oil; IR
(CHCIg) 1725 (s), 1595 (s), 1460 (s) ch *H NMR (500 MHz, GDs)
0 7.84-7.80 (m, 4 H), 7.46-7.38 (m, 1 H), 7.227.17 (m, 6 H), 6.76-
6.68 (m, 1 H), 6.36 (s, 1 H), 5.09 d,= 7.5 Hz, 3 H), 4.84 (dJ=5.8
Hz, 1 H), 3.873.81 (m, 1 H), 3.7#3.72 (m, 1 H), 3.67 (ddd] =
9.0, 9.0, 2.6 Hz, 1 H), 3.28 (& = 5.7 Hz, 1 H), 3.04 (s, 3 H), 2.41

vacuo. Flash chromatography (67% ethyl acetate/hexanes) afforded(dd, J = 17.6, 5.8 Hz, 1 H), 2.35 (apparentdt= 7.5 Hz, 2 H), 2.28

37 (349 mg, 83% yield) as a complex diastereomer mixture: colorless
oil; IR (CHCI3) 3620-3100 (br, w), 2950 (s), 2930 (s), 1710 (s), 1595
(s), 1460 (s), 1380 (s), 1305 (s) ctnH NMR (500 MHz, CDC}) ¢
7.66-7.62 (complex series of m, 4 H), 7.49.24 (complex series of

m, 11 H), 7.02-6.73 (m, 2 H), 6.5%6.35 (m, 1 H), 5.05, 5.03
(diastereomers, m, m, 1 H), 4.76 (apparert & 6.7 Hz, 1 H), 4.49,
4.44 (diastereomers, d,= 5.2 Hz, d,J = 5.4 Hz, 1 H), 3.913.61
(complex series of m, 3 H), 3.48.38 (complex series of m, 1 H),

(d,J=17.6 Hz, 1 H), 2.15 (apparent §,= 7.6 Hz, 2 H), 1.81 (s, 3

H), 1.81-1.72 (m, 3 H), 1.45 (s, 3 H), 1.44 (s, 3 H), 1.38 (s, 3 H),
1.18 (s, 9 H), 1.00 (s, 9 H), 0.84 (d,= 6.9 Hz, 3 H), 0.09 (s, 3 H),
0.08 (s, 3 H)3C NMR (125 MHz, GDg) 6 172.2, 169.3, 156.4, 144.5,
139.0, 135.9, 134.9, 133.2, 133.0, 130.2, 125.4, 117.7, 115.4, 111.1,
100.8, 88.3, 77.3, 71.3, 69.8, 59.8, 56.7, 41.7, 38.3, 37.1, 36.4, 29.6,
26.7,26.1,24.8,24.4,21.3,20.3, 19.7, 18.4, 1252; high-resolution
mass spectrum (FAB, NBAj)n/z 800.4042 [(M— t-Bu)*; calcd for

3.42, 3.34, 3.33 (diastereomers, s, s, s, 3 H), 3.23, 3.07 (diastereomer§sHs2NOsSip: 800.4014].

m, m, 1 H), 2.80, 2.79 (diastereomers, dds 17.7, 6.6 Hz, dd,) =
17.7, 6.5 Hz, 1 H), 2.662.41 (complex series of m, 2 H), 2.38 (dH,
= 17.6, 1.9 Hz, 1 H), 1.751.54 (complex series of m, 4 H), 1.50,

Hydroxy Phenol 41. Bis(silyl ether)40(123 mg, 0.144 mmol) was
dissolved in THF (1.5 mL), and TBAF (1.0 M in THF, 0.32 mL, 0.32
mmol) was added. The resultant solution was stirred at room

1.49, 1.48, 1.45 (diastereomers, s, s, s, s, 3 H), 1.33, 1.32 (diastereomerdemperature fo4 h and then poured into ether (20 mL), washed with
s, s, 3 H), 1.27, 1.26 (diastereomers, s, s, 3 H), 1.08, 1.07, 1.06, 1.05water and brine (5 mL each), dried over Mg&diltered, and
(diastereomers, s, s, s, s, 9 H), 0.90, 0.89 (diastereomers, s, s, 9 H)concentrated in vacuo. Flash chromatography (75% ethyl acetate/

0.73, 0.72, 0.63 (diastereomers,Jd= 6.9 Hz, d,J = 6.8 Hz, d,J =
6.9 Hz, 3 H), 0.05, 0.04 (diastereomers, s, s, 6 ¥} NMR (125
MHz, CDCk) 6 171.6, 171.4, 156.0, 155.9, 155.7, 155.6, 139.9, 139.8,

hexanes) gavél (58.0 mg, 80% vyield) as a colorless oil: IR (CHI
3520-3040 (br), 1720 (s), 1600 (m) crti *H NMR (500 MHz, GDe)
0 7.34-7.32 (m, 1 H), 7.187.16 (m, 1 H), 6.77 (s, 1 H), 6.5%.53

138.1, 137.9, 137.8, 137.6, 137.5, 137.4, 137.2, 137.1, 137.0, 135.6,(m, 1 H), 5.29-5.24 (m, 1 H), 4.92 (dJ = 5.6 Hz, 1 H), 3.873.80
135.5, 134.2, 134.1, 133.9, 133.8, 133.5, 133.3, 133.1, 132.7, 132.6,(m, 1 H), 3.78-3.72 (m, 1 H), 3.57 (ddd) = 7.9, 7.9, 3.6 Hz, 1 H),
130.1, 130.0, 129.9, 129.0, 128.9, 128.7, 128.6, 128.5, 127.9, 127.8,3.40 (d,J = 6.4 Hz, 1 H), 3.16 (s, 3 H), 2.58 (dd,= 17.6, 5.9 Hz,
127.7, 121.1, 120.8, 120.3, 120.2, 120.1, 120.0, 119.0, 118.7, 118.6,1 H), 2.59-2.46 (m, 1 H), 2.45 (d) = 17.6 Hz, 1 H), 2.352.25 (m,
117.6, 117.3, 117.1, 116.4, 114.9, 114.8, 114.5, 114.4, 100.7, 100.6,1 H), 1.91 (br s, 3 H), 1.831.71 (m, 3 H), 1.64 (s, 3 H), 1.39 (s, 3 H),
88.0, 87.9, 87.8, 87.5, 82.9, 80.1, 79.7, 79.5, 79.4, 73.6, 72.1, 71.8,1.34 (s, 3 H), 0.81 (dJ = 6.9 Hz, 3 H);**C NMR (125 MHz, GDs)
71.4,71.3, 71.2, 71.1, 71.0, 70.7, 70.6, 70.3, 63.5, 63.4, 59.5, 59.4,0 172.6, 169.6, 157.5, 144.7, 140.0, 135.1, 125.5, 113.6, 113.4, 107.3,
57.5, 56.9, 43.2, 42.5, 40.6, 40.5, 37.8, 36.9, 36.5, 35.9, 35.8, 35.5,100.9, 88.2, 77.5, 74.6, 69.6, 60.9, 56.8, 41.0, 37.2, 36.5, 30.2, 24.7,
30.9, 29.7, 28.4, 27.7, 26.6, 26.1, 25.9, 25.8, 25.5, 25.3, 24.7, 24.0,24.1, 21.1, 20.4, 12.7; high-resolution mass spectrum (FAB, NB)
23.9, 21.3, 21.2, 20.9, 19.9, 19.5, 18.2, 18.1, 12.1, 12.0, H563, 528.2534 [(M+ Na)*; calcd for G/HzgNOsNa: 528.2573].
—5.5,—-5.6; high-resolution mass spectrum (FAB, NBA)z898.3891 TBS Aldehyde 43. A solution of hydroxy pheno#1 (56.0 mg,
[(M — t-Bu)*; calcd for GgHeaNOSSh: 898.3840]. 0.11 mmol) in DMSO (3 mL) was treated with triethylamine (1 mL)
Desulfonylated Arene 39. A mixture of sulfones37 (330 mg, 0.35 followed by pyrSGO; (145 mg, 0.44 mmol). The resultant mixture was
mmol), NaHPQ, (200 mg, 1.4 mmol) and anhydrous MeOH (3 mL) stirred at room temperature for 1 h, poured into water (5 mL), and
was cooled to—20 °C, excess 6% Na(Hg) (ca. 750 mg) was added, extracted with ethyl acetate (2 10 mL). The combined extracts were
and the resultant suspension was stirred until the starting material waswashed with brine (5 mL), dried over Mgg@iltered, and concentrated
completely consumed~15—30 min) as indicated by TLC analysis. invacuo. Flash chromatography (67% ethyl acetate/hexanes) provided
The reaction mixture was then filtered through a short plug of silica impure aldehydd?2, which was used in the next reaction without further
with ethyl acetate as eluant, and the filtrate was concentrated in vacuo.purification.
The residue was dissolved in ethyl acetate (50 mL), and the solution  Aldehyde42 was dissolved in DMF (0.5 mL), imidazole (25.0 mg,
was washed with water and brine (5 mL each), dried over MgSO  0.33 mmol) and chlorgert-butyldimethylsilane (33.0 mg, 0.22 mmol)
filtered, and concentrated in vacuo. Flash chromatography (33% ethyl were added; the resultant solution was stirred at room temperature for

acetate/hexanes) provid&9 (243 mg, 85% vyield) as a mixture of
diastereomers. HPLC gave the major isome)-89 as a colorless
oil: [a]3 +9° (c 0.4, CHCE); IR (CHCl) 2920 (s), 1700 (s), 1590

2 h, poured into water (2 mL) and extracted with ethyl acetate &
mL). The combined extracts were washed with brine (3 mL), dried
over MgSQ, filtered, and concentrated in vacuo. Flash chromatography
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(25% ethyl acetate/hexanes) affordé8 (39.2 mg, 62% yield) as a (w), 3340 (w), 2960 (s), 2940 (s), 2860 (s), 1690 (m), 1610 (s)’cm
colorless oil: IR (CHG) 1725 (s), 1590 (s), 1455 (s) ¢ H NMR IH NMR (500 MHz, CDC}) 6 7.78 (br s, 1 H), 7.667.61 (m, 4 H),
(500 MHz, GDg) 6 9.54 (dd,J = 2.9, 1.4 Hz, 1 H), 7.397.38 (m, 1 7.46-7.24 (complex m, 11 H), 7.03, 6.99 (diastereomers, br s, br s, 1
H), 7.29-7.28 (m, 1 H), 6.71 (s, 1 H), 6.786.67 (m, 1 H), 5.26- H), 6.74, 6.71 (diastereomers, br s, br s, 1 H), 6.30, 6.21 (diastereomers,
5.14 (m, 1 H), 4.77 (d) = 5.8 Hz, 1 H), 3.76-3.72 (m, 1 H), 3.31 (d, brs, brs, 1 H),4.72, 4.69 (diastereomers,+ 6.8 Hz, t,J = 7.1 Hz,
J=5.7Hz, 1 H), 3.05 (s, 3 H), 2.522.07 (m, 8 H), 1.79 (br s, 3 H), 1 H), 4.52, 4.50 (diastereomers, = 5.5 Hz, d,J = 5.6 Hz, 1 H),
1.60 (s, 3 H), 1.32 (s, 3 H), 1.27 (s, 3 H), 1.00 (s, 9 H), 0.63)(s;, 3.76, 3.73 (diastereomers, db= 11.1, 4.0 Hz, ddJ = 12.5, 3.9 Hz,
6.9 Hz, 3 H), 0.21 (s, 3 H), 0.20 (s, 3 HFC NMR (125 MHz, GDg) 1 H), 3.71-3.56 (complex series of m, 6 H), 3.46, 3.42 (diastereomers,
0199.7,172.4, 169.4, 156.6, 144.5, 139.1, 134.7, 125.7, 118.2, 114.7,ddd,J = 9.1, 9.1, 2.7 Hz, ddd] = 9.5, 9.5, 2.8 Hz, 1 H), 3.37, 3.35
111.4, 101.1, 88.0, 77.5, 70.2, 69.6, 56.7, 47.7, 41.0, 37.1, 36.4, 29.9,(diastereomers, s, s, 3 H), 3.21, 3.07 (diastereomers, m, m, 1 H}; 2.53
25.8, 24.3, 24.1, 21.1, 20.4, 18.4, 12:34.4; high-resolution mass 2.45 (m, 1 H), 2.38 (dd) = 15.0, 7.7 Hz, 1 H), 1.751.59 (complex
spectrum (Cl, NH) m/z635.3744 [(M+ NH,4)™; calcd for GsHssN2Og- series of m, 3 H), 1.50, 1.47 (diastereomers, s, s, 3 H), 1.33, 1.28
Si: 635.3727]. (diastereomers, s, s, 3 H), 1.28, 1.27 (diastereomers, s, s, 3 H), 1.06,
Aminal 44. A solution of acetate43 (30.0 mg, 0.05 mmol) in 1.05 (diastereomers, s, s, 9 H), 0.89 (s, 9 H), 0.87 (s, 9 H), 0.71, 0.63
anhydrous MeOH (1 mL) was cooled 20 °C, treated with anhydrous ~ (diastereomers, dJ = 6.9 Hz, d,J = 6.9 Hz, 3 H), 0.05, 0.04
K2COs (7.0 mg, 0.05 mmol) stirred for 1 h, and then poured into ethyl (diastereomers, s, s, 6 H), 0.03 (s, 6 H§; NMR (125 MHz, CDC})
acetate (10 mL). The resultant solution was washed with saturated 0 168.9, 155.9, 138.9, 138.8, 137.6, 137.4, 136.8, 135.5, 133.8, 133.1,
aqueous NECI (5 mL), dried over MgSQ filtered, and concentrated ~ 132.7, 132.6, 129.9, 128.9, 128.5, 128.4, 127.7, 120.2, 120.1, 116.6,
in vacuo. Flash chromatography (50% ethyl acetate/hexanes) provided114.4, 114.1,111.5, 100.5, 78.8, 71.4,71.2,71.0, 70.9, 70.5, 70.1, 63.9,
44 (22.6 mg, 81% vyield) as a 4:1 diastereomer mixture: colorless oil; 59.4, 57.7, 40.5, 40.4, 39.9, 37.8, 37.7, 26.5, 26.1, 25.9, 25.8, 24.6,
IR (CHCls) 36103310 (br, w), 2930 (s), 1710 (s), 1590 (s), 1480 (s), 23.9,21.2,21.1,19.4,18.2,18.1,12.1, 12:6,3, -5.4, —5.5; high-
1400 (s) cm® *H NMR (500 MHz, GDe) 6 9.47 (dd,J = 3.0, 1.5 Hz, resolution mass spectrum (FAB, NBA)/z1014.4825 [(M— t-Bu)*;

1 H), 7.57-7.55 (m, 1 H), 7.347.32 (m, 1 H), 6.86-6.78 (m, 1 H), calcd for GsHgoNOgSSk: 1014.4862]. Anal. Calcd for &HgdNOg-
5.35 (d,J = 5.9 Hz, 1 H), 5.23-5.17 (m, 1 H), 4.77 (dJ = 5.8 Hz, SSi: C, 65.98; H, 8.29; N, 1.30. Found: C, 65.97; H, 8.16; N, 1.25.
1 H), 3.67 (dddJ = 8.6, 8.6, 3.5 Hz, 1 H), 3.31 (d,= 5.6 Hz, 1 H), Desulfonylated Arene (+)-48. A mixture of sulfone47 (55 mg,

2.87 (s, 3 H), 2.66:2.30 (complex series of m, 8 H), 1.81 (br s, 3 H), 0.051 mmol), NaHPO, (29 mg, 0.21 mmol), and anhydrous methanol
1.62-1.55(m, 1 H), 1.30 (s, 3H), 1.25(s, 3 H), 1.01 (s, 9 H), 0.63 (d, (1 mL) was cooled to—20 °C and stirred for 20 min. Excess 5%
J=6.9 Hz, 3 H), 0.25 (s, 3 H), 0.24 (s, 3 HC NMR (125 MHz, Na(Hg) (~250 mg) was then added. The reaction mixture was stirred
CsDg) 6 200.6, 200.1, 171.5, 169.8, 156.5, 156.4, 144.2, 144.0, 139.9, vigorously at—20 °C for 15 min, diluted with ethyl acetate (10 mL),
139.7, 134.8, 134.7, 125.8, 117.8, 117.6, 115.0, 114.9, 111.9, 111.7,and filtered through a plug of silica gel with ethyl acetate as eluant.
101.1, 88.5, 83.1, 80.1, 73.5, 70.4, 70.3, 69.6, 69.5, 56.7, 56.2, 47.7, After concentration in vacuo, the residue was dissolved in ethyl acetate
41.0, 40.9, 36.6, 36.5, 36.0, 30.3, 30.2, 25.9, 24.5, 24.4, 24.1, 21.1,(10 mL) and the solution was washed with water and brine (5 mL each),
21.0, 18.4, 12.3;-4.3; high-resolution mass spectrum (FAB, NBA) dried over anhydrous MgS¢¥iltered, and concentrated in vacuo. Flash
m/z500.2495 [(M— t-Bu — H,O)*; calcd for GH3gNOsSi: 500.2468]. chromatography (15% ethyl acetate/hexanes) afford@et@ (45 mg,

TBS Ether (+)-46. A solution of alcohol {)-35 (329 mg, 0.53 94% yield) as a colorless oiI:oq]zD3 +2° (c 0.6, CHC}); IR (CHCIy)
mmol) in CHCl, (5.3 mL) was treated with imidazole (94 mg, 1.38 3440 (w), 3340 (w), 2960 (s), 2860 (s), 1730 (m), 1685 (m), 1465 (s),
mmol) and chloraert-butyldimethylsilane (105 mg, 0.69 mmol). The 1430 (s), 1255 (s) cnt; *H NMR (500 MHz, CDC}) 6 7.84 (br s, 1
resultant heterogeneous mixture was stirred at room temperature forH), 7.71 (apparent dl = 6.8 Hz, 4 H), 7.42-7.33 (complex series of
20 min, diluted with ether (50 mL), and washed with water and brine m, 6 H), 6.99 (br s, 1 H), 6.76 (br s, 1 H), 6.28 (br s, 1 H), 5.1Q(t,
(10 mL each). The combined aqueous phases were extracted with ethe~ 6.6 Hz, 1 H), 4.64 (dJ = 5.7 Hz, 1 H), 3.69-3.62 (complex series
(50 mL), and the combined organic solutions were dried over MgSO of m, 5 H), 3.47 (apparent di,= 9.0, 9.0 Hz, 1 H), 3.40 (s, 3 H), 2.52
filtered, and concentrated in vacuo. Flash chromatography (25% ethyl (dd,J = 14.9, 3.3, 1 H), 2.44 (dd]= 15.0, 7.8, 1 H), 2.39 () = 7.8
acetate/hexanes) gave )46 (364 mg, 94% yield) as a colorless oil:  Hz, 2 H), 2.09 (m, 2 H), 1.861.60 (complex series of m, 3 H), 1.64
[0]2® +1.2 (c 0.95, CHCH); IR (CHCl) 3430 (w), 3330 (w), 1713 (s, 3 H), 1.31 (s, 3 H), 1.30 (s, 3 H), 1.10 (s, 9 H), 0.90 (s, 9 H), 0.89
(s), 1690 (s), 1605 (s), 1465 (s), 1430 (s), 1320 (s), 1310 (s};chd (s, 9 H), 0.75 (dJ = 6.9 Hz, 3 H), 0.06 (s, 6 H), 0.05 (s, 3 H)C
NMR (500 MHz, CDC}) 6 7.84 (br s, 1 H), 7.63 (ddl = 8.0, 1.3 Hz, NMR (125 MHz, CDC}) ¢ 168.9, 155.8, 143.8, 138.7, 135.5, 134.5,
4 H), 7.54 (ddJ = 8.2, 0.9 Hz, 2 H), 7.49 (apparentk= 7.4 Hz, 1 132.9,129.8,127.7, 125.0, 115.6, 112.7, 108.7, 100.4, 78.9, 70.9, 69.3,
H), 7.42-7.38 (m, 2 H), 7.36-7.32 (m, 6 H), 6.89 (br s, 1 H), 6.82 (br ~ 64.0, 59.5, 57.8, 41.0, 39.9, 37.7, 36.0, 29.2, 26.5, 25.9, 25.8, 24.6,
s, 1 H), 6.22 (brs, 1 H), 4.05 (s, 2 H), 3:68.61 (m, 2 H), 3.59-3.56 24.1, 20.8, 19.4, 18.2, 18.1, 12.25.3, —5.4; high-resolution mass
(m, 1 H), 3.35 (s, 3 H), 2.46 (dd, = 14.9, 3.4 Hz, 1 H), 2.38 (dd} spectrum (FAB, NBA) m/z 954.5496 [(M + Na)*; calcd for
=14.9, 7.7 Hz, 1 H), 1.05 (s, 9 H), 0.87 (s, 9 H), 0.03 (s, 6 ¥, Cs3sHgsNO;SisNa: 954.5532]. Anal. Calcd for 4gHgsNO;Sis: C,
NMR (125 MHz, CDC}) 6 169.0, 155.9, 139.0, 137.9, 135.5, 133.4, 68.31; H, 9.13; N, 1.50. Found: C, 68.41; H, 9.03; N, 1.39.

132.5, 129.9, 129.6, 128.7, 128.5, 127.8, 117.7, 115.0, 111.5, 78.8, N-Protected Amide (+)-49. At 0 °C a solution of amide+)-48
63.9, 62.6,57.7, 39.8, 26.5, 25.8, 19.4, 18:8,5; high-resolution mass (76 mg, 0.082 mmol) in anhydrous THF (1.6 mL) was treated with
spectrum (FAB, NBA) m/z 754.3035 [(M + Na)"; calcd for KH (65 mg, 1.63 mmol, washed with THF). After 5 min chloromethyl
CaoHs3NOesSSiNa: 754.3030]. Anal. Calcd for fgHssNOsSSk: C, 2,2,2-trichloroethyl ether (1&L, 0.12 mmol) was added, and the
65.66; H, 7.25; N, 1.92. Found: C, 65.58; H, 7.36; N, 1.73. reaction mixture was then warmed to ambient temperature, stirred for

Coupling Product 47. A solution of sulfone {)-46 (700 mg, 0.96 20 min, cooled to OC, and slowly quenched with saturated agueous
mmol) in anhydrous THF (10 mL) was cooled+&8 °C, and sodium NaHCG; (5 mL). The biphasic mixture was extracted with ether (20
bis(trimethylsilyl)amide (0.8 M in THF, 2.6 mL) was added dropwise. mL), and the organic phase was washed with brine (5 mL), dried over
The resultant deep yellow solution was stirred-at8 °C for 10 min, MgSQ,, filtered, and concentrated in vacuo. Flash chromatography
and then freshly prepared iodide }-38 (310 mg, 0.66 mmol) in THF (15% ethyl acetate/hexanes) furnisheg-49 (83.2 mg, 93% yield) as
(2.5 mL plus 2-mL rinse) was introduced via a cannula. After 10 min a colorless oil: {1]?,3 +4.0° (c 1.03, CHCY); IR (CHCIs) 2920 (s),
at —78°C, the reaction mixture was transferred by cannula into a cold 2850 (s), 1720 (w), 1655 (m), 1585 (s), 1450 (s)&mH NMR (500
(0 °C), vigorously stirred mixture of pH 7 buffer and ether (1:1, 100 MHz, CDCk) 6 7.68-7.66 (m, 4 H), 7.4%+7.33 (complex series of m,
mL). The mixture was warmed to room temperature, the layers were 6 H), 6.60 (m, 1 H), 6.58 (m, 1 H), 6.39 (m, 1 H), 5:16.08 (complex
separated, and the aqueous phase was extracted with ethe5(2 series of m, 3 H), 4.63 (d = 5.7 Hz, 1 H), 4.14 (m, 2 H), 3.683.65
mL). The combined organic solutions were dried over MgSi@ered, (complex series of m, 3 H), 3.54 (m, 1 H), 348.47 (m, 2 H), 3.32
and concentrated in vacuo. Flash chromatography (20% ethyl acetate/(s, 3 H), 2.44 (tJ = 7.8 Hz, 2 H), 2.19-2.10 (complex series of m,
hexanes) provided7 (645 mg, 91% vyield) as a white foam. Further 4 H), 1.771.58 (complex series of m, 3 H), 1.64 (s, 3 H), 1.30 (s, 6
elution (30% ethyl acetate/hexanes) gave recovet§ed6 (123 mg). H), 1.09 (s, 9 H), 0.89 (s, 9 H), 0.84 (s, 9 H), 0.76 Jd+ 6.9 Hz, 3
NMR analysis revealed a 1.5:1 diastereomer ratio: IR (GH8440 H), 0.04 (s, 3 H), 0.01 (s, 3 H), 0.00 (s, 3 H{C NMR (125 MHz,
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CDCly) 6 172.5, 156.3, 144.7, 141.6, 135.5, 134.9, 132.4, 130.1, 127.9, series of br m, 2 H), 4.87 (br s, 1 H), 4.58 (brd= 5.4 Hz, 1 H),
124.7, 121.2, 119.9, 117.3, 100.5, 97.0, 81.6, 78.7, 78.4, 71.0, 69.5,4.32-4.20 (complex series of br m, 3 H), 3.55 (br m, 1 H), 3.26 (br s,
64.3, 59.5, 58.1, 41.1, 37.8, 36.5, 35.8, 28.9, 26.5, 25.9, 24.6, 24.1,3 H), 2.72 (br m, 1 H), 2.55 (br m, 3 H), 2.40 (br s, 1 H), 2.27 (br s,
20.9,19.4, 18.2, 12.2;5.3,—5.4; high-resolution mass spectrum (FAB, 1 H), 2.10 (br apparent 1 = 11.5 Hz, 1 H), 1.96-1.92 (br m, 2 H),

NBA) m/z 1034.4162 [(M — t-Bu)*; calcd for GaHzoClsNOgSis: 1.70 (brs, 3 H), 1.34 (br s, 3 H), 1.31 (br s, 3 H), 0.83 (bdcs 6.7
1034.4179]. Anal. Calcd for HesClsNOsSis: C, 61.57; H, 8.13;  Hz, 3 H); °C NMR (125 MHz, CDCY) 6 171.7, 156.4, 145.9, 142.4,
N, 1.28. Found: C, 61.59; H, 8.39; N, 1.25. 135.6, 134.1, 133.0, 131.4, 130.9, 130.0, 125.0, 119.3, 115.9, 112.3,

Dihydroxy Phenol (—)-50. Tris(silyl ether) ¢+)-49(59.2 mg, 0.054 100.7, 96.8, 82.0, 79.9, 79.1, 73.8, 68.2, 56.4, 40.3, 37.3, 36.3, 35.2,
mmol) was dissolved in anhydrous THF (1.1 mL) and TBAF (1.0 M  29.7, 24.9, 23.9, 20.5, 12.6; high-resolution mass spectrum (FAB, NBA)
in THF, 0.18 mL, 0.18 mmol) was added. The mixture was stirred for m/z664.1978 [(M+ Na)*; calcd for G,H4.ClsNOgNa: 664.1975].

3 h at ambient temperature, diluted with ethyl acetate (10 mL), and  1Bg Ether (+)-53. A solution of macrolactam phenok{)-52 (2.6
washed with water and brine (5 mL each). The combined aqueous mg, 4.0umol) in CH,Cl, (0.3 mL) was treated with 2,6-lutidine (&,
phases were extracted with ethyl acetate (20 mL), and the combined  40,mql) followed bytert-butyldimethylsily! trifluoromethanesulfonate

_organic solutions were dried over Mg$_0iltered,_and concentrated (5 uL, 20 umol). After 30 min at ambient temperature, a second equal
in vacuo. Flash chromatography (gradient elution, 0% ethyl portion of silyl triflate was added and the solution was stirred 30 min

acetate/hexanes) affordedt50 (31.7 mg, 94% yield) as a colorless  f,yher  The reaction mixture was then quenched with aqueous

oil: [a]g’ ~1.9 (c 0.36, CHIC&); IR (CHCI;) 3560-3100 (br), 2930 NaHCGQ; (5%, 3 mL) and extracted with ether (10 mL). The organic
(s), 1660 (s), 1595 (s) cny *H NMR (500 MHz, CDCH) ¢ 6.68 (m, phase was washed with saturated aqueous Gas@brine (3 mL each),
1H), 6.60 (m, 1H) 6.58 (m, 1H) 529 (d=104Hz, 1H). 525 5,4 the combined aqueous layers were extracted with ether 1@
(d,J=10.4 Hz, 1 H), 5.22 (t) = 6.4 Hz, 1_H)' 4.69 (d) = 5.6 Hz, mL). The combined organic solutions were dried over MgSi@ered,
1 H), 429 (s, 2 H), 3.823.69 (complex series of m, 4 H), 3.5 (ddd, ;4 concentrated in vacuo. Flash chromatography (15% ethyl acetate/
%;)825523 J3'__O7H;'|_|12H%'|_?)'4g é%d(n: lllHG; ‘215 GH(Zd’ dl=H1’53£.33§ gs hexanes) afforded+)-53 (2.4 mg, 80% yield) as a colorless oil:
Hz, 1 H), 2.27 (m, 2 H), 1.881.69 (complex series of m, 3 H), 1.66 [0]5" +305 (€ 0.11, CHCY); UV (CHiOH) Zmax 282 (25 500), 271

L) eef (m, 2 1), 156 > 2 (33 000), 262 (25 300), 210 (31 100) nm: IR (CH)C2930 (s), 1660

s, 3 H), 1.34 (s, 3 H), 1.30 (s, 3 H), 0.77 @= 6.9 Hz, 3 H);13C
g\lMR (125 MH(z CD(%{;) P 17(2 6 15)7 4 14é 3, 141.9 134§ 124.9, (8). 1590 (s), 1460 (s) cry *H NMR (500 MHz, CDC) complex
: o - o o . '~ , rotamer mixtureg 6.60 (br s, 1 H), 6.56 (br s, 1 H), 6.3%.32 (br m,

119.9,115.7, 113.1, 100.9, 96.9, 82.0, 78.8, 78.3, 74.9, 6.3, 63.1, 61.4, D,
57.6,406, 36.0,35.9, 35.6, 295, 24.6, 24.1, 20.7, 124; high-resolution 2 1), 817 (Or 5, 1 H). .03 (dd~ 15.3, 0.2 Hz, 2 H), 5.87 (dda.
mass spectrum (FAB, NBAJn/z 648.1892 [(M+ Na)*; caled for . 19-2,10.3,4.9 Hz, 1 H), 5.60 (br's, 1 H), 5:28.22 (complex series

CasHaClNOgNa:  648.1874]. Anal. Caled for GHuClNOg: C, of brm, 2 H), 4.88 (br s, 1 H), 4.58 (br d,= 5.3 Hz, 1 H), 4.3+
53.74: H, 6.77: N, 2.24. Found: C, 53.65: H, 7.18: N, 2.14. 4.21 (complex series of br m, 3 H), 3.55 (br m, 1 H), 3.26 (s, 3 H),

Dialdehyde (+)-51. A solution of diol ()-50 (25.3 mg, 0.040 266 (orm. 1 H), 2.54 (br m, 3 H), 2.40 (brs, 1 H), 2.27 (br s, 1 H),

mmol) in DMSO (0.8 mL) was treated with & (0.28 mL, 2.02 mmol) 2.10 (br apparent § = 11.5 Hz, 1 H), 1.98-1.92 (complex series of
followed by pyrSOs (96.5 mg, 0.61 mmol). The resultant mixture ™ 2 H), 1.70 (s, 3 H), 1.34 (s, 3 Hz’ 1.31 (s, 3H), 0.96 (s, 9 H), 0.83
was stirred for 45 min at room temperature, diluted with ethyl acetate (d, J = 6.9 Hz, 3 H), 0.18 (s, 6 H)}*C NMR (125 MHz, CDC}) 6

(10 mL), and washed with water and brine (5 mL each). The combined 171.5, 156.1, 145.6, 142.3, 135.6, 134.1, 132.8, 131.2, 130.9, 130.1,
aqueous phases were extracted with ethyl acetate (20 mL), and thel25.0, 120.5, 117.0, 100.7, 96.9, 82.0, 79.8, 79.0, 73.9, 68.2, 5_6.4, 40.3,
combined organic solutions were dried over MgS@itered, and 37.3, 3_6'3' 35.1,29.7, 25.6, 24.9, 23.9, 20.5, 18.2, 1244; high-
concentrated in vacuo. Flash chromatography (gradient elutior; 50 ~ 'esolution mass spectrum (FAB, NBAY2778.2823 [(M+ Na)"; calcd

75% ethyl acetate/hexanes) gave)G1 (20.1 mg, 80% yield) as a  fOr CasHseClsNOeSiNa: 778.2841].

colorless oil: f]3* +29° (c 0.28, CHCY); IR (CHCly) 3580 (w), Secondary Amide (+)-45. At —35 °C a mixture of N-protected
3500-3180 (br), 1730 (s), 1670 (s), 1600 (s) TmH NMR (500 amide (+)-53 (2.4 mg, 3.1umol), NaHPQ; (1.8 mg, 13umol), and
MHz, CsDg) 6 9.57 (s, 1 H), 9.49 (m, 1 H), 6.56 (br s, 1 H), 6.53 (br anhydrous methanol (0.4 mL) was treated with excess 5% NagHf) (

s, 1H), 6.48 (brs, 1 H), 5.85 (brs, 1 H), 5.14 (m, 2 H), 5.05 (m, 1 H), mg) and stirred vigorously for 50 min. The reaction mixture was then
4.73 (d,J = 5.7 Hz, 1 H), 4.33 (br s, 2 H), 3.80 (apparenit= 5.6 filtered through a pad of silica gel with ethyl acetate as eluant. The
Hz, 1 H), 3.68 (ddd,) = 8.5, 8.5, 3.4 Hz, 1 H), 3.09 (s, 3 H), 2.52 filtrate was washed with water and brine (3 mL each), the combined
2.07 (complex series of m, 8 H), 1.77 (s, 3 H), 1.63 (m, 1 H), 1.30 (s, aqueous phases were extracted with ethyl acetate {® mL), and

3 H), 1.26 (s, 3 H), 0.62 (d] = 6.9 Hz, 3 H);:3C NMR (125 MHz, the combined organic solutions were dried over MgSiliered, and
CsDe) 6 202.1, 200.8, 170.8, 157.8, 145.4, 142.5, 135.0, 125.3, 120.5, concentrated in vacuo. Flash chromatography (gradient elutior; 30
115.9, 113.3,101.2, 97.7, 82.5, 82.4, 79.1, 70.5, 69.6, 58.4, 47.5, 40.8,50% ethyl acetate/hexanes) gave)45 (1.2 mg, 67% yield) as an
36.4, 36.0, 29.8, 24.4, 24.0, 21.1, 12.2; high-resolution mass spectrumamorphous colorless solfd.

(FAB, NBA) m/z644.1567 [(M+ Na)*; calcd for GgH3sClsNOgNa:
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