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Abstract: The total synthesis of cytotoxic marine natural products possessing tubulin polymerization and
microtubule stabilization properties, sarcodictyins? énd B @), is described. Two related approaches to
these target molecules have been developed, both utilizijgcgrvone 9) as starting material. The first
approach involves a stereoselective construction of acetylenic ald2iy8eheme 2) while the second approach
proceeds through a more direct but less selective sequence to the similar interrBéd&tbeme 3). Both
strategies involve ring closures of the acetylenic aldehyde precursors to 10-membered rings under basic
conditions followed by elaboration and selective reduction of the acetylenic linkagecigodmuble bond.

This promotes bridging to form the required tricyclic skeleton of the sarcodictgins+(37 — 38 — 39 —

4, Scheme 4 an87 — 44— 45— 46 — 47 — 42, Scheme 5) and36 — 48 — 45, Scheme 6). Installation

of the (E)-N(6")-methylurocanic acid residue was achieved by esterification with mixed anhy&s2jdehile

the C-3 ester moieties were installed by standard deprotection, oxidation, and esterification procedures.

1. Introduction

The success of Taxoll( Figure 1) in the clinic as an
anticancer agehtaind the emergence of the epothilones (Figure
1) as potential new chemotherapeutic agértas elevated

tubulin-binding agentsto the forefront of chemical and biologi- o
iti i - 2:R=H :epothilone A

pal researcH. Among the moq gxcmng new tubulin polymgr 1: Taxo™ 5 Ao Me :egom"one B
ization and microtubule stabilizing agents are eleutherofjin ( o o
Figure 1)° eleuthosides A and B5(and 6, Figure 1)¢ and P
sarcodictyins A and B 7 and 8, Figure 1). The latter we, O e = e Me, gm}'"”’
compounds{ and8) are rare natural substances originally found -
by Pietra and his group in the Mediterranean stoloniferan coral ‘@
Sarcodictyon roseurh Their potent antitumor properties and H OR'
Taxol-like mechanism of actiGnwere reported in 1997 by an ~ Me”™ "Me 9 oac Me” “Me  COR

(1) Nicolaou, K. C.; Dai, W.-M.; Guy, R. KAngew. Chem. Int. Ed. motﬁ’
Engl 1994 33, 15-44. oR?

(2) (a) Hdle, G.; Bedorf, N.; Steinmetz, H.; Schomburg, D.; Gerth, K;

Reichenbach, HAngew. Chem. Int. Ed. Engl996 35, 1567-1569. (b)
Bollag, D. M.; McQueney, P. A.; Zhu, J.; Hensens, O.; Koupal, L.; Liesch,
J.; Goetz, M.; Lazarides, E.; Woods, C. @ancer Res1995 55, 2325~
2333. (c) Kowalski, R. J.; Giannakakou, P.; HamelJBEBiol. Chem1997,
272 2534-2541. (d) Su, D.-S.; Meng, D.; Bertinato, P.; Balog, A;
Sorensen, E. J.; Danishefsky, S. J.; Zheng, Y.-H.; Chou, T.-C.; He, S.;
Horwitz, S. B.Angew. Chem. Int. Ed. Endl997, 36, 757—759. (e) Meng,
D.; Su, D.-S.; Balog, A.; Bertinato, P.; Sorensen, E. J.; Danishefsky, S. J.;
Zheng, Y.-H.; Chou, T.-C.; He, L.; Horwitz, S. B. Am. Chem. S0d997,
119 2733-2734. (f) Schinzer, D.; Limberg, A.; Bauer, A.;"Bm, O. M.;
Cordes, M.Angew. Chem. Int. Ed. Engl997, 36, 523-524.

(3) Schiff, P. B.; Fant, J.; Horwitz, S. BNature 1979 277, 665-667.

(4) Nicolaou, K. C.; Roschangar, F.; Vourloumis, Angew. Chem. Int.
Ed.,in press.

(5) (a) Fenical, W.-H.; Hensen, P. R.; Lindel, T. US Pat. 5,473,057, Dec.
5, 1995. (b) Lindel, T.; Jensen, P. R.; Fenical, W.; Long, B. H.; Casazza,
A. M.; Carboni, J.; Fairchild, C. RJ. Am. Chem. S0d.997, 119, 8744~
8745. (c) Long, B. H.; Carboni, J. M.; Wasserman, A. J.; Cornell, L. A.;
Casazza, A. M.; Jensen, P. R.; Lindel, T.; Fenical, W.; Fairchild, C. R.
Cancer Res199§ 58, 1111-1115.

(6) Ketzinel, S.; Rudi, A.; Schleyer, M.; Benayahu, Y.; KashmanJ].Y.
Nat. Prod 1996 59, 873-875.

(7) (a) D’Ambrosio, M.; Guerriero, A.; Pietra, Helv. Chim. Actal987,
70, 2019-2027. (b) D’Ambrosio, M.; Guerriero, A.; Pietra, Rielv. Chim.
Acta 1988 71, 964-976.
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4:R'=Me, R?=H, R®=H : eleutherobin

5:R'=H,R?=Ac, R®=H : eleuthoside A 7:R =Me : sarcodictyin A
6:R'=H,R?=H,R®= Ac :eleuthoside B 8:R=Et :sarcodictyin B
Figure 1. Molecular structures of paclitaxel (tradename Tax9l,
epothilones A 2) and B @), eleutherobin4), eleuthosides Ag) and
B (6), and sarcodictyins A7) and B @) (Ac = acetyl, Bz benzoyl).

Upjohn-Pharmacia group.As part of our program studying
the chemistry and biology of tubulin-binding agents, we have
pursued and accomplished the total synthesis of paclitaxel
(tradename Taxol1),° epothilones A 2)1° and B (),10d11
eleutherobin 4),12 and sarcodictyins AT and B @).14 In

this paper, we describe the details of the total synthesis of
sarcodictyins A7) and B @).

(8) Ciomei, M.; Albanese, C.; Pastori, W.; Grandi, M.; Pietra, F;
D’Ambrosio, M.; Guerriero, A.; Battistini, CProc. Am. Ass. Canc. Res
1997, 38, 5 (Abstract 30).

(9) Nicolaou, K. C.; Yang, Z.; Liu, J. J.; Ueno, H.; Nantermet, P. G;
Guy, R. K,; Claiborne, C. F.; Renaud, J. B.; Couladouros, E. A.; Paulvannan,
K.; Sorensen, E. Nature1994 367, 630-634.
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Scheme 1.Synthesis of Key Intermediatbf®
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Figure 2. Retrosynthetic analysis of the core structure of sarcodictyins
A (7) and B @).

13 12
a Reagents and conditions: a. 1.2 equiv @k 0.3 equiv of NaOH,
MeOH, 2 h, 0°C; b. H;, 0.005 equiv of Pt@ EtOH, 12 h, 25°C, 87%
. . for two steps; c. 1.4 equiv of LDA, 5.0 equiv of GB, THF, —78 —
2. Retrosynthetic Analysis and Strategy 0°C, 2 h; d. 1.2 equiv of TBSCI, 4.0 equiv of &, CH,Cl,, 12 h,

Th | f dictvirls Ei 2 53% for two steps; 3. 1.2 equiv afselectride, THF—78 °C, 2 h,
e general structures of sarcodictyins Figure 2) are 93%; f. 1.2 equiv of MsCl, 2.5 equiv of B, CH,Cl, 0°C, 0.5 h; g.

characterized by a rigid tricyclic framework from which a 50 equiv of sodium naphthalenide, THFG, 0.5 h, 85% for two
number of appendages branch out. Prominent among thesesteps; h. 40 equiv of C}(OEt), 0.1 equiv of PrCOH, 170°C, 72
appendages are the carboxylate group at C-3, the hydroxyl grouph, 74%; i. 1.2 equiv of DIBAL, CHCl, —78°C, 0.5 h, 97%. LDA=
at C-4, and the ester group at C-8 carrying tfg-N(6')- lithium diisopropylamide. TBS= t-butyldimethylsilyl. MsCl= meth-
methylurocanic acid residue. The bridging oxygen involved in anesulfonyl chloride. DIBAL= diisobutylaluminum hydride.

the lactol functionality at C-4 allows a strategic disconnection (Scheme 1) as a key intermediate required for its construction.

that unravel_s the [6.2.1]bicyclic structure ofinto the 10- The appeal of )-carvone ) as a starting material for this
membered rindl . The latter structure is expected to spontane- synthesis was considerably enhanced by the work of Trost
ously collapse back intbin the synthetic directions. Th&>- who described its conversion to compour&{Scheme 1). Thus,

cis double bond inll can be derived from the corresponding  following a modification of the communicated protocaBwas
acetylene moiety whose disconnection at-@56 via a retro prepared as shown in Scheme 1. EpoxidatiorHef¢arvone
acetylide-aldehyde addition leads to open-chain acetylenic under basic hydrogen peroxide conditions followed by hydro-
aldehyddll . Two further disconnections, indicated in structure genation of this exocyclic double bond gal@in 87% overall
[l through retro acetylideketone addition and Knoevenagel yield. Treatment ofOwith LDA (for abbreviations see legends
condensation, furnish intermedidié whose structure is highly  in the schemes) followed by quenching with formaldehyde and
suggestive of-{)-carvone 9). silylation of the resulting alcohol furnished silyl ettt in 53%
This retrosynthetic analysis led to a strategy whose executionoverall yield. Stereoselective-Selectride reduction of the
resulted in efficient total synthesis of both sarcodictyins7A ( ketone functionality in11 led to 12 (93%). Subsequent
and B ). The sequence can be divided in three subse- mesylation followed by reduction with sodium naphthalenide
quences: the construction of the key cyclization precursors, theprovided allylic alcohol13 (85% overall). Finally, exposure
cyclization and formation of the tricyclic framework, and the of 13 to CHC(OEty and n-PrCQH furnished, via Claisen

construction of the remaining side chains. rearrangement, the expected ethyl ester, which was cleanly
reduced with DIBAL to produce aldehydet (72% yield, two
3. Construction of Cyclization Precursors 27 and 36 steps).

The stereoselective conversion & to 27 is shown in
Scheme 2. Thus, olefination of aldehydd with trieth-
ylphosphonoacetate proceeded quantitatively in the presence of
NaH to afford ethyl ested5. DIBAL reduction of 15 gave
allylic alcohol 16 in 91% vyield and subsequent Sharpless

EAlO) (a) Ya;]ng, ZI HE,dYI.E; Vourl;)umisl, D.;l\/allb%rgNH.;lNicolﬁou, K. asymmetric epoxidatidfi (diethylL-tartrate) furnished epoxide
géra%?:"’VF-.;CNﬁ{l‘(‘éV?é; S';-Ya?‘%{92693:\;v. gﬁ;nf'sl-ni' )E d.lclzonzcl)géz '3(6:," 17 (91% yield). The transformation of epoxide to allylic
525-526. (c) Nicolaou, K. C.; He, Y.; Vourloumis, D.; Vallberg, H.; ~ alcohol19 was accomplished via mesylat& in 90% overall
Roschangar, F.; Sarabia, F.; Ninkovic, S.; Yang, Z.; Truijillo, J.1Am. yield. Protection ofl9 as a PMB-ether [PMBOG{NH)CCls,
Chem. So0c1997, 119, 7960-7973. (d) Nicolaou, K. C.; Ninkovic, S.;  PPTS, 89% yield based on ca. 50% conversibfallowed by
gégétx?ﬁ.F(':;r?g?#rlggggé7I,Di;1};,e'7g%;4\—/?g%e1r_g' H.; Finlay, M. R.V.;Yang,  gequential treatment with Hg(OAchnd LbPdCk—CuCh®

(11) Nicolaou, K. C.; Winssinger, N.; Pastor, J. A.; Ninkovic, S.; Sarabia, furnished methyl keton21 (65% yield). Chelation-controlled

F.; He, Y. Vourloumis, D.; Yang, Z.; Li, T.; Giannakakou, P.; Hamel, E. addition of HGGCMgBr (excessy to ketone21, followed by
Nature 1997, 387, 268-272.

The synthetic plan called for the initial construction of
cyclization precursors of general formuldll( Figure 2).
Consideration of protecting groups and possible routes defined
structure 27 (Scheme 2) as a subtarget and compoudd

(12) Nicolaou, K. C.; van Delft, F.; Ohshima, T.; Vourloumis, D.; Xu, (15) Trost, B. M.; Tasker, A. S.; Ruther, G.; Brands, A.Am. Chem.

J.; Hosokawa, S.; Pfefferkorn, J.; Kim, S.; Li, Angew. Chem. Int. Ed. Soc 1991 113 670-672.

Engl. 1997, 36, 2520-2524. (16) Katsuki, T.; Sharpless, K. B. Am. Chem. S0d98Q 102 5974~
(13) Nicolaou, K. C.; Xu, J.-Y.; Kim, S.; Ohshima, T.; Hosokawa, S.; 5976.

Pfefferkorn, J.J. Am. Chem. S0od 997 119 11353-11354. (17) Nakajima, N.; Horita, K.; Abe, R.; Yonemitsu, Detrahedron Lett
(14) Nicolaou, K. C.; Kim, A.; Pfefferkorn, J.; Xu, J.-Y.; Ohshima, T.; 1988 29, 4139-4142.

Hosokawa, S.; Vourloumis, D.; Li, TAngew. Chem. Int. EdL99§ 37, (18) Rodeheaver, G. T.; Hunt, D. B. Chem. Soc., Chem. Commun

1418-1421. 1971 818-819.
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Scheme 2.First Generation Synthesis of
Acetylene-Aldehyde Compoun@72

MeH Me
CHO a. (Et0),P(O)CH,COOEt ¥ N\
- R
§\—0TBS NaH IN—otss
Me” Me Me” “Me
14 15: R = COOEt

b-DIBAL [’ g Z GH,0H

c¢. Ti(O/-Pr)4, diethyl L-tartrate
'BuOOH

e. Na- naphtalenide
B B E——

19:R=H 17:R=H
2 =NH)CCl; d. MsCl
20: R = PMB = I PMBOC(=NH)CCl3 EGN = 18: R =Ms
g. 1. Hg(OAc),

2. LideCI4, CUC|2

Me
H

h. HC=CMgBr
i. TBAF

Me
j.D-M[O] [___

k. NCCH,COOEt
B-alanine

22: R = CH,0H
23: R = CHO

OPMB
Me i Me
H ~OR
m. DIBAL \
N ON
Me” "Me CO,Et
26:R=H 24:R=H
. TIPSOT [ TMSOT!
27 R-TiPs =" (- 25 R-Tms

a2 Reagents and conditions: a. 1.5 equiv of (ER}D)CHCO,EL,
2.0 equiv of NaH, THF, OC for 1 h, then 25C for 4 h, 100%; b. 4.0
equiv of DIBAL, CH,Cl,, —78°C, 2 h, 91%; c. 0.2 equiv of Ti(®r),,
0.24 equiv of diethyl -tartrate, 2.0 equiv dBuOOH, 4 AMS, CHCl,,
—20°C, 8 h, 91%; d. 5.0 equiv of MsCl, 6.0 equiv ofs&t CH,Cl,,
—20°C, 1 h; e. 5.0 equiv of sodium naphthalenide, THF,@ 10
min, 90% for two steps; f. 5.0 equiv of PMBOENH)CCls, 1.0 equiv
of PPTS, CHCI,, 25°C, 48 h, 89% based on ca. 50% conversion; g.
1.1 equiv of Hg(OAc), MeOH, 25°C, 12 h; then 1.0 equiv of LiPdCl,
3.0 equiv of CuG, MeCOH, 55 °C, 3 h, 65%; h. 15 equiv of
HC=CMgBr (0.5 M in THF), CHCl,—THF—(3:1),—78— 25°C, 12
h; i. 4.0 equiv of TBAF, THF, 25C, 1 h, 72% for two steps, ds ratio
ca. 7:1; j. 1.5 equiv of DessMartin periodinane, 20 equiv of pyridine,
20 equiv of NaHC@, CH,Cl,, 0 — 25 °C, 4 h; k. 30 equiv of
NCCH,COOEt, 4.0 equiv of-alanine, 95% EtOH, 25C, 72 h; I. 5.0
equiv of TMSOTT, 10 equiv ofPLNEt, CH,Cl,, —78°C, 10 min, 71%
for three steps; m. 10 equiv of DIBAL, GEI,, —78 °C for 7 h then
-40 °C for 1 h, 80%; n. 10 equiv of TIPSOTf, 20 equiv BfLNEt,
CH,Cl,, —78°C, 1 h, 91%. TBS= ‘butyldimethylsilyl. DIBAL =
diisobutylaluminum hydride. PMB= p-methoxybenzyl. PPTS=
pyridinium p-toluenesulfonate. TMS- trimethylsilyl. TIPS = triiso-
propylsilyl. Ms = methanosulfonyl. TBAR= tetran-butylammonium
fluoride. D-M [O] = Dess-Martin oxidation. Tf= trifluoromethane-
sulfonate. MS= molecular sieves. THFE tetrahydrofuran.

desilylation with TBAF gave acetylenic di@2 as the major
diastereoisomer (72% yield, ca. 7:1 de). Attempted oxidation
of alcohol22 to aldehyde23 with excess DessMartin reageri®
resulted in the formation of lactone A [(Figure 3), mp 120

J. Am. Chem. Soc., Vol. 120, No. 34, 3658

OPMB
Me Me
H \~OH
\\ a. D-M[Q]
H OH
Me Me
22

Figure 3. Synthesis and crystal structure Afproviding evidence of
the absolute stereochemistry of advanced intermed@iita. 3.0 equiv
of Dess-Martin periodinane, 20 equiv of NaHGOCH,Cl,, 0 — 25
°C, 12 h, 70%. D-M [O]= Dess-Martin oxidation.

121 °C (ether-hexanes)] in 60% yield. The serendipitous
preparation of this crystalline compound allowed the assignment
of relative stereochemistry withi22 and subsequent intermedi-
ates (by X-ray crystallographic analysis) (see ORTEP drawing,
Figure 3).

Controlled oxidation o22 with 1.5 equiv of DessMartin
reagert® in the presence of pyridine and NaHg®d to the
desired aldehyd23in good yield. Aldehyd®3was subjected
to Knoevenagel condensation conditions with ethyl cyanoac-
etatélin the presence gf-alanine leading, after silylation with
TMSOTf andi-Pr,NEt, to the E)-a,5-unsaturated cyano ester
25via 24 (in 71% overall yield). The geometry of the cyano
ester bearing double bond was later confirmed by successful
ring closure to intermediat&7 (vide infra, Scheme 4). A highly
regioselective reduction of the cyano ester moiety26fwas
effected with DIBAL to afford hydroxy aldehyd26 in 80%
yield. Finally, protection of the primary alcohol iB6 with
TIPSOTf andi-Pr,NEt gave the targeted protected acetylenic
aldehyde precursd7in 91% vyield.

A second, less stereoselective but more direct, route to a
cyclization precursor acetylenic aldehyd6 was also under-
taken!? as shown in Scheme 3. Thus, aldehyd&was reacted
with 1-ethoxyvinyllithium followed by exposure to acid to afford
a 1.25:1 mixture of C-8 epimeric hydroxy keton28in 82%
overall yield. This mixture was then reacted with excess
HC=CMgBr in a stereoselective manri@raffording a chro-
matographically separable mixture of the two epimeric acety-
lenic diols, 29 (43% vyield) along with its C-7,C-8 diastereoi-
somer (33% yield). Removal of the silyl protecting group from
29 was accomplished by exposure to TBAF furnishing, after
flash column chromatography, the pure trRD (92%). The
identity of 30 was proven by comparison to an authentic sample
obtained from22 (whose structure was unambiguously proven
by X-ray analysis as discussed abo¥#)The conversion 080
to aldehyde33 required a sequence defined by intermediates

(29) still, W. C.; McDonald, J. H., llTetrahedron Lett198Q 21, 1031~
1034.

(20) Dess, D. B.; Martin, J. Cl. Org. Chem1983 48, 4155-4156.

(21) Anderson, N. H.; Golec, F. A., Jfetrahedron Lett1977 3783—
3787.

(22) Evans, D. A.; Kalder, S. W.; Jones, T. K.; Clardy, J.; Stout, . J.
Am. Chem. Sod99Q 112 7001-7031.
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Scheme 3.Second Generation Synthesis of Scheme 4.First Generation Synthesis of the Sarcodictyin
Acetylene-Aldehyde Compoun@6* Tricyclic Core Structuret2
OH QPMB oPMB
M ® 0
I cho % CH12=Ci:i(OEt) W8 o Me P Me Me i Me
BuLi Z H OTMS H -
_ Me a. LIHMDS
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H H I\ -CHO b. D-M[0O]
Me Me Me Me
14 28 Me”™ Me oTIPS
c. =—MgBr 27 c. MeOH, PPTS [ 31 R=[MS
OH )
Me, oi Me oy d. Hp, Lindlar cat.
d.TBAF 72 /X
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\\ Me QPMB Me § Me
THF H\ oTBS i Me H
Me’ Me -— ‘
e. TESOTY, EtgN 22 OR L\
31:R' = R2 = TES % ‘ '3 o
32: R' = TES, R2< H f. PPTS, MeOH, CH,Cl, Me” “Me OTIPS Me” “Me OTIPS
e. MeOH 40: R=H 39
lg. TPAP, NMO PPTS 41: R=Me

OTES OTES
i Me

Me CN Me i Me
H i OTES h. H d i
: <CozEt f. Na-liquid NH4
B-alanine
Me Me
33
OTES
Me P M Me i Me
H, {5 H 5 oTEs

j. TIPSOTS

CHO\ 2 Reagents and conditions: a. 1.5 equiv of LIHMDS, THF,°Z5
Ipr.NE 10 min; b. 2.5 equiv of DessMartin periodinane, 20 equiv of NaHGO
2 CHxCl,, 0 — 25 °C, 4.5 h, 85% for two steps; c. 1.0 equiv of PPTS,
Me”™ Me MeOH, 25°C, 30 min, 94%; d. 0.3 equiv of Lindlar’s cat.,Holuene,
36 35 25°C, 20 min, 75% for40, plus 15% for 5,6-dihydro analog; e. 1.0

- . . equiv of PPTS, MeOH, 28C, 10 min, 100%; f. 10 equiv of Nali
@ Reagents and conditions: a. 2.0 equiv of £l@H(OEt), 1.8 equiv N?'|3, —78°C: then add41 in THF—EtOH, 5 min, 950/? yield, ca. 2:1

of BuLi (1.7 M in THF), THF,~78—~ 0°C, 1 h; then cool to-78°C |t 75 e 80CL. S
; . o, ,6-dihydro analogué3. THF = tetrahydrofuran.
and add14 in THF; then slowly warm to-40 °C; b. conc. HSQ, | jyMps = lithium' bis(trimethylsilyl)amide. PPTS= pyridinium

E.tzo' 25 C.’C’ 2 m.in, 82% for. two steps as a ca. 1251 mixture of p-toluenesulfonate. Lindlar's cat Pd/CaCQ@Pb. D-M [O] = Dess-
diastereoisomers; c. 5.0 equiv of ethynylmagnesium bromide (0.5 M Martin oxidation.

in THF), THF, =78 — 20 °C, 14 h, 76%,29 (43%) plus 7,8-
diastereoisomer (33%); @9, 2.0 equiv of TBAF (1.0 M in THF), L ) . )
THF, 0— 25°C, 1 h, 92%; e. 5.0 equiv of TESOTY, 10 equiv o0&} 4. Cyclization and Formation of Tricyclic Framework

CH,Cl,, 25°C, 2 h, 100%; f. 0.1 equiv of PPTS, MeGHCH.Cl,, (3: ) L . .
1), 25°C, 45 min, 98%: g. 0.05 equiv of TPAP, 1.5 equiv of NMO, The first approach to sarcodictyins involved key intermediate

CH,Cl,, 4 A MS, 1.5 h, 98%; h. 30 equiv of ethyl cyanoacetate, 4.0 2/and had as its initial subtarget tricyclic compouw{Scheme
equiv of 8-alanine, 95% EtOH, 72 h, 5TC, 95%; i. 10 equiv of DIBAL, 4). The ring closure of27 was effected by the action of
hexanes-78 °C for 6 h, then—40 °C for 1 h, then—10 °C for 1 h, LIHMDS in THF at 25°C yielding the expected 10-membered
5190;]’/05]:-% ;-OTES::JN ?ftTIESdOTff’ 10 E?SXFOP?’\:EL %Hicllzy —78°C, ring alcohol (mixture of two isomers) whose oxidation with
, 9570, 1= tetranydroturan. = letran-butylammonium Dess-Martin reagerf® led to eneynon87in 85% overall yield.
fluoride. TESOTf= triethylsilyl trifluoromethanesulfonate. PPT-S
pyridinium p-toluenesulfor){ateYTPA& tetran-propylammonium per- The TMS group was then removed_ froBy by_ exposure to
ruthenate. NMO= 4-methylmorpholineN-oxide. MS = molecular PPTS in MeOH furnishing alcohd8 in 94% yield. Hydro-
sieves. DIBAL= diisobutylaluminium hydride. TIPSOT# triisopro- genation of eneynon@8 in the presence of Lindlar's catalyst
pylsilyl trifluoromethanesulfonate. resulted in the formation of tricyclic systed0 (75% yield),
presumably via spontaneous collapse of the initially formed
31 (persilylation with TESOTFEN, 100% yield) and32 dienone39. Quantitative conversion of hemiketdD to its
(selective desilylation with PPTS in MeOH, 98% vyield), and methoxy derivative41 was effected by exposure to PPTS in
oxidation of the latter compound with TPAMIMO in CH,Cl, MeOH. Removal of the PMB group frodhl for the purposes
(98% yield)2®* The Knoevenagel condensation3&with ethyl of side-chain attachment was carried out by Na in liquidsNH
cyanoacetafd proceeded smoothly as described above3®r  (THF—EtOH) and furnished the targeted tricyclic systéia
furnishing €)-o.,A-unsaturated cyano est4 (95% yield) whose  along with its C-5,C-6 saturated counterpart, compoti95%
DIBAL reduction gave, regioselectively, hydroxy aldehy&e combined yield, ca. 2:1 ratio.). A slightly modified sequence
(90% vield). Silylation o35with TIPSOTf and-PrLNEt finally is presented in Scheme 5. Specifically, removal of the PMP-

led to the desired acetylenic aldehyde precug&in 93% yield. ether from37 was accomplished after its treatment with DDQ
in aqueous CbLCl; resulting in the formation of ynone hydroxy

(23) Griffith, W. P.; Ley, S. V.Aldrichimica Acta199Q 23, 13—19. 44in 80% yield. Liberation of the propargylic hydroxy moiety
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Scheme 5. Alternative Route to Tricyclic Cord2?
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¢. Ha, [Rh(nbd)(dppb)]BF,

OH
Mg, 1. Me
H ﬁ
0
Me™ Me  “otips
d. MeOH — 47: R=H a6
PPTS L» 42 R=Me

aReagents and conditions: a. 2.0 equiv of DDQ,,Ch—H,0 (18:
1), 25°C, 0.5 h, 80%; b. 1.0 equiv of PPTS, MeOH, 25, 1 h, 80%);
c. 0.05 equiv of [Rh(nbd)(dppb)]BFH,, acetone, 25C, 10 min; d.
0.5 equiv of PPTS, MeOH, 28, 10 min, 80% for two steps. DD&
2,3-dichloro-5,6-dicyano-1,4-benzoquinone. PPFSpyridinium p-
toluenesulfonate. nbe= 2,5-norbornadiene. dppb- 1,4-bis(diphe-
nylphosphino)butane.

Scheme 6.Second Generation Synthesis of Alkynof&®

OTES
i Me
‘__OTES

Me
H

a. LiHMDS

cro N\ THF

OH

o}
OTIPS

45

a2 Reagents and conditions: a. 2.0 equiv of LIHMDS, THR20 °C,
20 min; b. 2.0 equiv of DessMartin periodinane, 6.0 equiv of
NaHCGQ;, 6.0 equiv of pyridine, CECl, 0°C, 1 h, 89% for two steps;
c. 5.0 equiv of EN-3HF, THF (1:5), 25°C, 1.5 h, 78%. LIHMDS=
lithium bis(trimethylsilyl)amide. THF= tetrahydrofuran. D-M [O}=
Dess-Martin oxidation.

was performed by the action of PPTS in MeOH furnishing diol

45in 80% yield. The employment of [Rh(nbd)(dppb)]B&s
the hydrogenation catalydt proved to be beneficial since

tricyclic alcohol42 was isolated in 80% yield after the formation

of the methyl ketal functionality (PPTS, MeOH).

J. Am. Chem. Soc., Vol. 120, No. 34, 86&8

conversion to the key dihydroxy ynod&is detailed in Scheme

6. Thus, treatment 086 with LiIHMDS in THF at —20 °C
resulted, as before, in the formation of the 10-membered ring
alcohol48 (mixture of diastereoisomers) which was immediately
oxidized with Dess-Martin reagent to eneynor (89% vyield

for two steps). Selective removal of both TES groups was
achieved by exposure to &-3HF (78% yield) furnishing diol

45 and setting the stage for selective hydrogenation and internal
cyclization. To this end, the experiments summarized in Table
1 were carried out using acetylenic substre8@gScheme 4),

38 (Scheme 4), and5 (Scheme 6) and a variety of hydrogena-
tion conditions. The exploration led quickly to the adoption of
the rhodium complex [Rh(nbd)(dppb)]Bfn acetone solution

as the catalyst of choice (cal0:1 ratio in favor of the desired
product42 which was obtained in 80% yield). With the solution
of the reduction problem at hand, the only remaining task was
the construction of the side chains before the final targets were
reached.

5. Construction of the Side Chain and Completion of the
Synthesis

For the attachment of the C-8 ester functionality, a mixed
anhydride protocol was adopt&#.To this end, ethylE)-N(6')-
methylurocanate5Q, Scheme 7P was sequentially converted
to its sodium salb1 by the action of NaOH (THFH,0, 100%)
and then totert-butyl mixed anhydrides2 by treatment with
t-BuCOCI in THF (75% yield). Reaction af2 with 52 in the
presence of BN and DMAP resulted in the formation of ester
53in 83% yield. For the purposes of completing the side chain
at C-3, a carboxylic acid group was formed at this position as
follows: (i) desilylation with TBAF to afford alcohob4 in
100% yield; (ii) Dess-Martin oxidation to aldehyd®5; and
(iii) further oxidation of 55 with NaCIO, to furnish 56.
Exposure of carboxylic acid to GN, or CH;CHN, furnished
methoxysarcodictyin A g7, 88% overall yield from54) or
methoxysarcodictyin B 58, 86% overall yield from54).
Finally, sarcodictyins A7) and B @) were generated from their
respective methoxy derivatives by treatment with CSA in,CH
Cl,—H20 (80% vyield for7 and 86% for8).

To evaluate the importance of the C-5,C-6 double bond of
sarcodictyins for biological activity, C-5,C-6 dihydrosarcodictyin
A (61) was targeted for chemical synthesis. Scheme 8 sum-
marizes an efficient route t61 from intermediate45. Thus,
hydrogenation ofl5in the presence of 5% Pd/Bagid EtOAc,
followed by exposure to PPTS in MeOH resulted in the
formation of tricyclic compound3 (64% overall yield) in which
the C-5,C-6 bond was completely reduced. The construction
of the two side chains proceeded smoothly as described already
for compound42 (Scheme 5) and via compoun88 and 60
furnishing the desired dihydrosarcodictyin A1 in excellent
overall yield (see Scheme 8).

6. Conclusion

In this paper, we detailed two slightly different approaches
to sarcodictyins A7) and B 8) and C-5,C-6 dihydrosarcodictyin
A (61). Both approaches utilize an intramolecular acetytide
aldehyde addition to construct a 10-membered ring, whose

~ The significant extent of reduction of the C-5,C-6 double bond  elaboration and selective hydrogenation results in the formation
in our first approach, which was observed in the hydrogenation of a transient hydroxy dienone which spontaneously collapses
of 38 to 40, prompted the second general approach to the to the tricyclic ring system of sarcodictyins A and B. Ap-

sarcodictyins which involved intermediate6 (Scheme 6)

carrying different protecting groups for easier removal. Its

(24) Schrock, R. R.; Osborn, J. 8. Am. Chem. So0d.976 98, 2143~
2147.

propriate appendage attachments at C-8 and C-15 then lead to

(25) Viguerie, N. L.; Sergueeva, N.; Damiot, M.; Mawlawi, H.; Riviere,
M.; Lattes, A.Heterocyclesl994 37, 1561-1576.
(26) Numbering is depicted in Figure 2.
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Table 1. Selective Hydrogenation Studies for the Construction of the Sarcodictyin Tricyclic Core

OR OR

Me : Me
e H
OR* Hz
—_—
conditions ‘
o) H (o
oTIPS OTIPS
‘R= 2 ‘R= T=H
Hy, Lindlar's cat. [ Z?: zachs‘ R=TVS a. PPTS, MeOH [ Z?; 2 _ gm:’ 21 — Me 49
47:R=H,R'=H
a. PPTS, MeOH [ 42 R o R - Me
substrate conditions products (ratio) yield (%)
38:R=PMB,RR=H Lindlar's cat., MeOH 40:49(ca. 2:1) 50 (o#40)
38:R=PMB,RR=H Lindlar’s cat., CHCI, 40:49(ca. 3:1) 60 (o#0)
38:R=PMB,RR=H Lindlar’s cat., EtOAc 40:49(ca. 3:1) 60 (0#40)
38:R=PMB,RR=H Lindlar’s cat., toluene; then PPTS, MeOH 41:49(ca. 5:1) 75 (o#1, two steps)
38:R=PMB,RR=H Pd/BaSQ, pyridine 40:49(ca. 3-5:1) 74 (0f40)
45:R=H,R*=H Lindlar’s cat., toluene; then PPTS, MeOH 42:49(ca. 2-3:1) 52 (0f42, two steps)
45:R=H,R?=H [Rh(nbd)(dppb)]BEk, acetone; then PPTS, MeOH 42:49(ca.>10:1) 80 (0f42, two steps)

@ Reagents and conditions. a. 1.0 equiv of PPTS, MeOHC230 min 94%. Lindlar’'s cat= Pd/CaCQ@Pb. PPTS= pyridinium p-toluenesulfonate.
nbd = 2,5-norbornadiene. dppb 1,4-bis(diphenylphosphino)butane.

Scheme 7.Total Synthesis of the Sarcodictyins &)(and B Scheme 8. Synthesis of C5,C6-Dihydrosarcodictyin 81)2
8)?

. 50: R = Et
a. r’\laOH, THEHO [ 20 27
b. 'BUC(0)C!, THF

42 52: R=C(0)Bu a. Pd/BasO,
b. PPTS, MeOH o
@lc. EtsN, DMAP N N7
OH 3
M H M H
H I Me & i Me \ N
o ‘ c. EtN, 4-DMAP ‘ Me
N Z N\
LY Me, 2w LY ) OMe @ H OMe
N.M . ' N.Me Me” “Me oTIPS Me” “Me oTIPS
L G ° s
OMe i. CSA, H,0 H OH
Me” “Me  COOR d. TBAF, THF
§3: R=CH,OTIPS  7: R=Me : sarcodictyin A o o
g: SB,‘? '[:O] E 54:R= CHiOH 8: R=Et :sarcodictyin B 0" \F Ny 0" N\F N
f.NaClO, ggf gfgggH Me, % me \ Y Me, ¥ me \
g.CHN, = 36:R= : N, : N
§7: R=COOMe | h. CH3;CHN, Me "
58: R = COOEt ‘ <-——m— ‘
@ Reagents and conditions: a. 1.05 equiv of Li®LD, THF—H-0, H OMe ?‘, Nacfozl H OMe
1:1, 25°C, 12 h, 100%; b. 1.1 equiBuC(O)Cl, THF, 25°C, 12 h, Me” “Me  CO:Me g-CHNa  me” “Me OH
75%; c. 2.0 equiv 052, 20 equiv of E4N, 1.0 equiv of DMAP, CHCI,, 61 80
25°C, 48 h, 83%; d. 2.0 equiv of TBAF, THF, 2%, 2 h, 100%; e. a T ;
ey ' : o ' N ' ! : Reagents and conditions: a. 1.0 equiv of 5% Pd/Ba&BDAc,
2.0 equiv of DessMartin periodinane, 10 equiv of NaHGOCH,Cl,, 25°C, 1 h; b. 2.0 equiv of PPTS, MeOH, 2%, 6 h, 64% for two

25°C, 0.5 h, 100%; f. 6.0 equiv of NaCl>3.0 equiv of NaHPO,, 50
equiv of 2-methyl-2-butene, THFBUOH, H,0, 2 h; g. excess Ci,,
Et,O, 10 min, 88% for two steps; h. excess {H;N,, ELO, 0.5 h,
89% for two steps; i. 2.0 equiv of CSA, GalI,—H,0 (10:1), 25°C,
48 h, 80% for7, 86% for8. THF = tetrahydrofuran. DMAR= 4-(N,N-
dimethylamino)pyridine. TBAF=tetran-butylammonium fluoride.
D-M [O] = Dess-Martin oxidation. CSA= 10-camphorsulfonic acid.

steps; c. 5.0 equiv @2, 20 equiv of E4N, 2.0 equiv of DMAP, CHCl,,
25°C, 48 h, 83%; d. 2.0 equiv of TBAF, THF, 28, 2 h, 100%; e.
2.5 equiv of DessMartin periodinane, 10 equiv of NaHGOCH,Cl,
25°C, 0.5 h; f. 6.0 equiv of NaClg) 3.0 equiv of NaHPQO,, 50 equiv
of 2-methyl-2-butene, THFBUOH, H0; g. excess of CkN,, EtO,
88% for three steps. PPTS pyridinium p-toluenesulfonate. DMAP
= 4-(N,N-dimethylamino)pyridine. TBAF= tetran-butylammonium

completion of the syntheses. The designed strategy allows forﬂuonde' D-M [0] = Dess-Martin oxidation.

a solid-phase synthesis, specific analogue construction, andy, Experimental Section
combinatorial library generation. The solid-phase synthesis of G | Techni All . ied out und
sarcodictyins A and B and analogues thereof has already been eneral Techniques. Al reactions Were carred out under an argon

lished and will b ted el h in d atmosphere with dry, freshly distilled solvents under anhydrous
accompiished and will be reported eisewhere in due Course'conditions, unless otherwise noted. Tetrahydrofuran (THF), toluene,

These studies should facilitate further investigations of the g ethyl ether (ether) were distilled from sodium benzophenone, and
chemical biology of sarcodictyins and related compounds. In methylene chloride (CKCl,) was from calcium hydride. Anhydrous
the following paper. we describe details of our total syntheses solvents were also obtained by passing them through commercially
of eluetherobin and eleuthosides A and B. available alumina column. Yields refer to chromatographically and
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spectroscopically!d NMR) homogeneous materials, unless otherwise

1R
9B
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the reaction mixture was stirred at the same temperaturk licand at

stated. Reagents were purchased at highest commercial quality and5 °C for 4 h. After the end of the reaction was established by TLC,
used without further purification, unless otherwise stated. Reactions the reaction was quenched by the addition of saturategONgblution

were monitored by thin-layer chromatography carried out on 0.25 mm
E. Merck silica gel plates (60F-254) using UV light as visualizing agent
and 7% ethanolic phosphomolybdic acid panisaldehyde solution

(50 mL), extracted with ether (2 100 mL), dried over Ng50O,, and
concentrated. The residue was purified by flash chromatography (silica
gel, 2% EtOAc in hexane) to furnish thes-unsaturated estds (2.67

and heat as developing agents. E. Merck silica gel (60, particle size g, 100%) as a colorless oilR; = 0.53 (silica gel, EtOAe-hexane,

0.040-0.063 mm) was used for flash column chromatography.

1:10); FT-IR (neatlmax 2956, 1722, 1651, 1465, 1367, 1258, 1159,

Preparative thin-layer chromatography (PTLC) separations were carried1078, 841 cm?; *H NMR (250 MHz, CDC}) 6 7.11-6.97 (m, 1 H,

out on 0.25, 0.50, or 1. mm E. Merck silica gel plates (60F-254). NMR
spectra were recorded on Brucker DRX-600, AMX-500 or AMX-400

C-8), 5.78 (ddJ = 15.2, 6.2 Hz, 1 H, C-7), 5.385.30 (br s, 1 H,
C-12), 4.09 (qdyJ = 7.2, 1.6 Hz, 2 H, OEI,CHy), 3.65 (dd,J = 10.4,

instruments and calibrated using residual undeuterated solvent as arb.7 Hz, 1 H, SIOGIH), 3.55 (dd,J = 10.4, 5.7 Hz, 1 H, C-2) 2.41

internal reference. The following abbreviations were used to explain
the multiplicities: s= singlet, d= doublet, t= triplet, q = quartet,
sept= septet, m= multiplet, br= broad. IR spectra were recorded

2.38 (M, 2H), 2.26-2.23 (m, 1 H), 1.87-1.65 (m, 4 H), 1.64 (dJ =
1.4 Hz, 3 H, C-17), 1.531.47 (m, 1 H), 1.25 (tJ) = 7.2 Hz, 3 H,
OCH,CH3), 0.84 (d,J = 6.7 Hz, 3 H, C-19 or C-20), 0.87 (s, 9 H,

on a Perkin-Elmer 1600 series FT-IR spectrometer. Optical rotations Si-Bu), 0.76 (d,J= 6.7 Hz, 3 H, C-19 or C-20), 0.09 (s, 6 H, 3i6);

were recorded on a Perkin-Elmer 241 polarimeter. High-resolution
mass spectra (HRMS) were recorded on a VG ZAB-ZSE mass
spectrometer under fast atom bombardment (FAB) conditions with NBA

3C NMR (62.5 MHz, CDC{) 6 166.8, 150.4, 136.0, 122.1, 121.1, 62.2,
60.0, 41.3, 39.3, 36.0, 32.6, 26.7, 25.9, 24.2, 23.0, 21.1, 18.2, 15.7,
14.3,—5.4,-5.5; HRMS (FAB) calcd for @Hs,NaG;Si (M + Na')

as the matrix. Melting points (mp) are uncorrected and were recorded 417.2801, found 417.2814.

on a Thomas-Hoover Unimelt capillary melting point apparatus. Full
procedures and data for compounti8&—13 can be found in the
Supporting Information accompanying this paper.

Synthesis of Key Intermediate Aldehyde 14.A mixture of alcohol
13(1.61 g, 5.42 mmol, 1.0 equiv), triethyl orthoacetate (39.6 mL, 216.8
mmol, 40.0 equiv), and propionic acid (0.04 mL, 0.542 mmol, 0.1 equiv)
was heated at 178C for 72 h. The excess triethyl orthoacetate was
removed by vacuum distillation (25 mmHg), and the remaining residue
was purified by flash chromatography (silica gel, 3% EtOAc in hexane)

Synthesis of Allylic Alcohol 16 from Ester 15. A 1.0 M CH.Cl,
solution of DIBAL (12.2 mL, 12.20 mmol, 4.0 equiv) was gradually
added to a solution af,f-unsaturated ethyl est&b (1.20 g, 3.05 mmol,

1.0 equiv) in CHCI, (15 mL) at—78 °C, and the reaction was stirred
for 2 h at thesame temperature. The reaction mixture was quenched
by addition of saturated NI solution (30 mL), stirred vigorously at
ambient temperature for 2 h, extracted with£H (3 x 50 mL), dried
over NaSQ,, and concentrated. The residue was purified by flash
chromatography (silica gel, 10% EtOAc in hexane) to provide allylic

to produce the expected ethyl ester (1.50 g, 74%) which was used foralcohol 16 (980 mg, 91%) as a light-yellow oilR; = 0.21 (silica gel,

the next step without further purification. A 1.0 M GEl, solution of
DIBAL (4.6 mL, 4.60 mmol, 1.2 equiv) was gradually added to a
solution of the ethyl ester (1.41 g, 3.83 mmol, 1.0 equiv) in,Chl
(19 mL) at—78°C, and the reaction mixture was stirred for 30 min at

EtOAc—hexane, 1:10); FT-IR (neatax 3326, 2925, 1464, 1385, 1253,
1106, 1005, 836, 774, 668 cth 'H NMR (250 MHz, CDC}) 6 5.85—
5.68 (m, 1 H, C-7), 5.675.53 (m, 1 H, C-8), 5.355.28 (br s, 1 H,
C-12), 4.04 (d) = 5.6 Hz, 2 H, G1,0H), 3.66 (dd,J = 10.2, 6.9 Hz,

that temperature. Quenching was performed by addition of saturated1 H, C-2), 3.53 (tJ = 10.2 Hz, 1 H, C-2), 2.322.05 (m, 3 H), 2.06-

NH.CI solution (20 mL) and stirring fio2 h atambient temperature.
The organic layer was separated, dried ovesS@, and concentrated.
The residue was purified by flash chromatography (silica gel, 5% EtOAc
in hexane) to provide aldehydkt (1.20 g, 97%) as a colorless oil.
Data for ethyl esterR; = 0.34 (silica gel, EtOAe-hexane, 1:30); FT-
IR (neat)vmax 2929, 2857, 1738, 1470, 1369, 1255, 1156, 1100, 837,
775 cmrt; IH NMR (400 MHz, CDC}) 6 5.38-5.30 (br s, 1 H, C-12),
4.09 (dg,J = 7.2, 1.6 Hz, 2 H, OEl,CHs), 3.65 (dd,J = 10.4, 5.7 Hz,
1H, C-2),3.55(ddJ=10.4,5.7 Hz, 1 H, C-2), 2.862.70 (m, 1 H,
C-10), 2.55 (dd,J = 15.2, 6.2 Hz, 1 H, C-9), 2.22 (dd,= 15.2, 7.0
Hz, 1 H, C-9), 1.971.65 (m, 4 H), 1.62 (dJ = 1.3 Hz, 3 H, C-17),
1.52-1.37 (m, 1 H), 1.22 (tJ = 7.2 Hz, 3 H, OCHCH3), 0.88 (d,J
= 6.7 Hz, 3 H, C-19 or C-20), 0.87 (s, 9 H, ®u), 0.79 (dJ=6.7
Hz, 3 H, C-19 or C-20), 0.06 (s, 6 H, SiG}3C NMR (100.6 MHz,
CDCly) d 173.9, 135.7, 121.9, 62.6, 60.1, 40.6, 36.8, 36.4, 35.0, 26.9,
25.9,24.2,22.3,20.9, 18.2,16.9, 14-8.5,—5.6; HRMS (FAB) calcd
for Cx1H41SiO; (M + HT) 369.2825, found 369.2834(M- H'). For
14: R = 0.32 (silica gel, EtOAe-hexane, 1:30); FT-IR (neat)ax 2956,
2856, 1726, 1467, 1254, 1103, 1079, 838 ¢mH NMR (400 MHz,
CDCl) 6 9.74 (t,J = 2.3 Hz, 1 H, C-8), 5.38 (br s, 1 H, C-12), 3.71
(dd, J = 10.6, 4.6 Hz, 1 H, C-2), 3.45 (f] = 10.6 Hz, 1 H, C-2),
2.85-2.78 (m, 1 H), 2.59 (ddd] = 16.5, 7.3, 2.9 Hz, 1 H), 2.24 (ddd,
J=16.5,4.3, 2.0 Hz, 1 H), 1.931.70 (m, 4 H), 1.66 (s, 3 H, C-17),
1.48-1.40 (m, 1 H, C-14), 0.87 (d] = 6.5 Hz, 3 H, C-19 or C-20),
0.86 (s, 9 H), 0.77 (dJ = 6.8 Hz, 3 H, C-19 or C-20), 0.01 (s, 6 H);
13C NMR (100.6 MHz, CDCJ) 6 203.6, 136.3, 122.3, 62.1, 44.3, 41.0,
35.8,34.9,26.5,25.8,24.1, 22.2,21.1, 18.2, 1555,—5.6; HRMS
(FAB) calcd for GoHss NaO,Si (M + Nat) 347.2382, found 347.2372.
Synthesis of a,f-Unsaturated Ester 15. To a THF (30 mL)
suspension of sodium hydride (60% w/w in mineral oil, 542 mg, 13.55
mmol, 2.0 equiv) was gradually added a solution of triethyl phospho-
noacetate (2.7 mL, 13.55 mmol, 2.0 equiv) in THF (10 mL) via cannula
at 0 °C. After the addition was complete, the reaction mixture was
stirred at 25°C for 30 min before being cooled back down t6©. A
solution of aldehydel4 (2.20 g, 6.78 mmol, 1.0 equiv) in THF (15
mL) was slowly added to the reaction mixture via cannula & Oand

1.50 (m, 6 H), 1.64 (dJ = 1.3 Hz, 3 H, C-17), 0.86 (s, 9 H, 3Bu),
0.83 (d,J = 6.8 Hz, 3 H, C-19 or C-20), 0.76 (d,= 6.7 Hz, 3 H,
C-19 or C-20), 0.01 (s, 6 H, Si-Gj 13C NMR (62.5 MHz, CDC}) 6
136.6, 134.0, 128.9, 121.5, 63.8, 62.2, 41.0, 39.1, 36.3, 32.3, 26.9, 25.9,
24.2, 23.1, 21.1, 18.2, 16.4,5.4; HRMS (FAB) calcd for GiHae
NaGs;Si (M + Na*) 375.2695, found 375.2704.
Synthesis of Epoxide 17 from Allylic Alcohol 16. To a suspension
of diethyl L-tartrate (0.28 mL, 1.50 mmol, 0.2 equiv) and powdered 4
A MS (6.8 g) in CHCI, (90 mL) was added titanium(IV) isopropoxide
(0.40 mL, 1.25 mmol, 0.2 equiv) at20 °C followed by a 5.0 M CH+
Cl, solution oftert-butyl hydroperoxide (2.7 mL, 13.5 mmol, 2.0 equiv).
After the mixture was stirred for 40 min at the same temperature, a
solution of allylic alcoholl6 (2.38 g, 6.75 mmol, 1.0 equiv) in GBI,
(5 mL) was added dropwise via cannula. The reaction mixture was
stirred fa 8 h at thesame temperature, further diluted with &3,
(150 mL), and quenched by addition of a saturated Naki€shution
(100 mL). The mixture was then filtered through a Celite pad eluting
with CH.CI, and the organic phase was separated, washed with water
and brine, dried over N8O, and concentrated. The residue was
purified by flash chromatography (silica gel, 10% EtOAc in hexane)
to furnish epoxy alcohdl7 (2.25 g, 91%) as a colorless oiR: = 0.47
(silica gel, EtOAe-hexane, 1:3); FT-IR (neat)nax 3442, 2927, 1465,
1387, 1253, 1104, 838, 775, 668 cm'H NMR (400 MHz, CDC}) 6
5.34 (br s, 1 H, C-12), 3.84 (br d,= 12.4 Hz, 1 H), 3.72 (ddJ =
10.5, 5.1 Hz, 1 H, C-2), 3.603.45 (m, 2 H, CHHOH, C-2), 3.07, 3.02
(m, 1 H, C-7), 2.922.88 (m, 1 H, C-8), 2.432.33 (m, 1 H), 2.26-
1.98 (m, 1 H), 1.951.70 (m, 5 H), 1.68 (s, 3 H), 1.561.47 (m 1 H),
0.85 (s, 9 H, TBS), 0.84 (dl = 6.7 Hz, 3 H, C-19 or C-20), 0.76 (d,
J=6.7 Hz, 3 H, C-19 or C-20), 0.10 (s, 6 H, TBS{C NMR (100.6
MHz, CDCk) 136.0, 121.8, 62.6, 62.0, 59.4, 55.9, 40.9, 37.5, 36.1,
31.6, 26.8, 25.9, 24.2, 22.6, 21.0, 18.1, 15:8,3,—5.5; HRMS (FAB)
calcd for GiHsoNaGsSi (M + Na') 391.2644, found 391.2657.
Synthesis of Allylic Alcohol 19 through the Corresponding
Mesylate. To a solution of epoxy alcohdl7 (1.05 g, 2.82 mmol, 1.0
equiv) and triethylamine (2.40 mL, 16.9 mmol, 6.0 equiv) in CH
(28 mL) was added dropwise methanesulfonyl chloride (1.4 mL, 18.08
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mmol, 4.9 equiv) at-20°C. After 1 h (TLC monitoring), the reaction
was quenched by addition of saturated JOH solution (20 mL),
extracted with CHCIl, (2 x 50 mL), dried over NgEQ,, and

Nicolaou et al.

J= 6.7 Hz, 3 H, C-19 or C-20), 0.79 (d,= 6.7 Hz, 3 H, C-19 or
C-20), 0.03 (s, 6 H, Si-ChJ; 13C NMR (62.5 MHz, CDC}) 6 212.3,
159.3, 136.8, 130.0, 129.5, 121.3, 113.8, 84.8, 72.7, 62.2, 55.3, 41.1,

concentrated. The residue was filtered through a short silica gel pad 36.6, 34.9, 32.6, 27.0, 26.1, 25.1, 24.3, 22.4, 21.1, 18.5, 50,

eluting with CHCI,, concentrated, and used immediately for the next
step without further purification. A solution of the mesylate in THF
(28 mL) was added via cannula to a 0.3 M THF solution of sodium

—5.2; HRMS (FAB) calcd for GoH4sCsOsSi (M + Cs') 621.2376,
found 621.2404.

Synthesis of Propargylic Alcohol 22. To a stirring solution of

naphthalenide (4.7 mL, 14.1 mmol, 5.0 equiv), generated in the same methyl ketone21 (180 mg, 0.369 mmol, 1.0 equiv) in GBl,—THF

way described for the synthesis of allylic alcoHd, at 0°C. After

10 min, the reaction was quenched by addition of saturategCNH
solution (50 mL), extracted with ether 250 mL), washed with brine,
dried over NaSQy, and concentrated. The residue was purified by flash
chromatography (silica gel, 5% EtOAc in hexane) to produce allylic
alcohol 19 (895 mg, 90%) as a colorless oiR = 0.34 (silica gel,
EtOAc—hexane, 1:10); FT-IR (neatjax 3420, 2955, 1464, 1387, 1254,
1073, 837, 775 cmt; *H NMR (250 MHz, CDC}) 4 5.98-5.80 (m, 1

H, CH=CH,), 5.30-5.20 (m, 2 H, C-12, CHCHH), 5.08 (dd,J =
10.4, 1.6 Hz, 1 H, CHCHH), 4.374.26 (br s, 1 H, OH), 3.75 (dd,
J=10.9, 5.4 Hz, 1 H, C-2), 3.60 (§ = 10.9 Hz, 1 H, C-2), 2.43
2.33 (m, 1 H), 1.971.60 (m, 6 H), 1.62 (s, 3 H, C-17), 1.60.40
(m, 2 H), 0.89 (s, 9 H, SBu), 0.86 (d,J = 6.7 Hz, 3 H, C-19 or
C-20), 0.78 (dJ = 6.7 Hz, 3 H, C-19 or C-20), 0.07 (s, 6 H, Si-gH

BC NMR (62.5 MHz, CDCJ) ¢ 141.8, 137.5, 120.9, 113.6, 71.1, 63.1,
41.4, 37.0, 34.1, 26.9, 25.9, 24.2, 22.7, 21.0, 18.2, 1622, —5.4;
HRMS (FAB) calcd for G;H410,Si (M + HY) 353.2876, found
353.2866.

Synthesis of PMB-ether 20. To a solution of allylic alcohofl9
(445 mg, 1.57 mmol, 1.0 equiv) ar@methoxybenzyl 2,2,2-trichlo-
roacetimidate (2.22 g, 7.85 mmol, 5.0 equiv) in £H (8 mL) was
added pyridiniunp-toluenesulfonate (395 mg, 0.31 mmol, 0.2 equiv)
at 25 °C. The reaction mixture was stirred for 48 h at the same

(3:1, 20 mL) at—78 °C was added ethynylmagnesium bromide (0.5
M in THF, 11.8 mL, 5.40 mmol, 14.6 equiv) via syringe over 15 min.
The reaction was stirred f@& h atthat temperature after which it was
allowed to warm to 28C. The reaction was quenched with saturated
NH4CI solution (10 mL). The aqueous layer was separated and
extracted with ether (3« 20 mL), and the combined organic phase
was dried over N&5O, and concentrated. The residue was taken up
in THF (2 mL) and treated with 1.0 M THF solution of TBAF (1.47
mL, 1.47 mmol, 4.0 equiv) at 25C. After 2 h (TLC monitoring), the
reaction was quenched with water and extracted with ethyl acetate (3
x 20 mL). The combined organic phase was dried oveS®aand
concentrated. The residue was purified by flash chromatography (silica
gel, 50% EtOAc in hexane) to afford di@aR (106 mg, 72%, two steps)

as a colorless oil.Rs = 0.24 (silica gel, EtOAe-hexane, 1:1); FT-IR
(neat)vmax 3305, 2958, 1614,ied by flash chromatography (silica gel,
6% EtOAc, hexane) to afford52(0.12 g, 71%, three stepsRs - 0.27
(silica gel, EtOAe-hexane, 1:3); FT-IR (neathax 2959, 231, 1730,
1614, 1513, 1248, 1078, 2B, 842 cn!; 1H NMR (600 MHz, CDC})
07.83(d,J =118 Hz, 1 H, C-2), 7.19 (dJ = 8.6 Hz, 2 H, ArH),
6.85 (d,J = 8.6 Hz, 2 H, ArH), 5.33 (s, 1 H, C-12), 4.81 (3= 11.3

Hz, 1 H, OCHHAr), 4.47 (dJ = 11.3 Hz, 1 H, OCHHAr), 4.30 (o

= 7.2 Hz, 2 H, OCHCHj), 3.80 (s, 3 H, OCH), 3.16 (d,J = 9.8 Hz);

13C NMR (62.5 MHz, CDC}) ¢ 158.8, 137.5, 130.4, 129.1, 120.3,

temperature, and after the end of the reaction was established by TLC,113.3, 86.5, 83.2, 73.4, 72.3, 71.2, 61.7, 54.9, 40.8, 36.1, 34.7, 31.5,

the reaction was quenched by addition of saturated Naj-Eoition

26.6, 25.7, 23.9, 22.5, 20.8, 16.2.

(10 mL). The organic phase was separated, and the aqueous layer was Synthesis of Cyano Ester 25 through an Oxidatior-Knoevenagel

extracted with CHCI, (2 x 10 mL). The combined organic extracts
were dried over Ng&8O, and concentrated. The residue was purified
by flash chromatography (silica gel, EtOApentane, 1:99) to produce
PMB-ether20 (240 mg, 89% based on 50% conversion) as a light
yellow oil: R = 0.61 (silica gel, EtOAe-hexane, 1:3); FT-IR (neat)
Vmax 2954, 1614, 1514, 1464, 1250, 1080, 837, 775%rH NMR
(250 MHz, CDC}) 6 7.25 (d,J = 11.4 Hz, 2 H, ArH), 6.84 (ddJ =
11.4, 2.8 Hz, 2 H, ArH), 5.855.66 (m, 1 H, ®3i=CH,), 5.30-5.17
(m, 3 H, C-12), 4.49 (dJ = 11.0 Hz, 1 H, GIH—Ar), 4.28 (d,J =
11.0 Hz, 1 H, G{H-Ar), 4.03-3.90 (m, 1 H, C-8), 3.78 (s, 3H, OGH
3.68-3.47 (m, 2 H, C-2), 2.562.40 (m, 1 H, C-10), 2.051.75 (m, 3
H), 1.60 (d,J= 2.4 Hz, 3 H, C-17), 1.651.45 (m, 4 H), 0.89 (s, 9 H,
Si+Bu), 0.86 (d,J = 6.7 Hz, 3 H, C-10 or C-20), 0.82 (d,= 6.6 Hz,

3 H, C-19 or C-20), 0.04 (s, 6 H, Si-G}4*3C NMR (62.5 MHz, CDC})

Condensation-Protection Sequence. A mixture of NaHCQ (504
mg, 5.99 mmol, 20.0 equiv), pyridine (0.485 mL, 5.99 mmol, 20.0
equiv), Dess-Martin periodinane (191 mg, 0.449 mmol, 1.5 equiv),
and diol22 (0.120 g, 0.300 mmol, 1.0 equiv) was stirred at°Z5for

4 h. To the reaction was then added saturated Natko@ition (15
mL), and the product was extracted with etherx325 mL). The
combined organic layers were dried oven8i@, filtered through Celite
eluting with ether, and concentrated to afford aldehg8ethat was
used for the next step without futher purification. To a solution of
aldehyde23 in 95% ethanol (1.8 mL) were added ethyl cyanoacetate
(0.963 mL, 9.00 mmol, 30 equiv) arggtalanine (107 mg, 1.20 mmol,
4.0 equiv). After 72 h at 25C, the reaction mixture was filtered
through a pad of silica gel eluting with ether and concentrated to afford
o,f-unsaturated cyano est@d, which was used for the next step

6 158.9, 139.8, 137.4, 131.0, 129.2, 120.8, 116.6, 113.6, 79.6, 70.1,without further purification. The residue @# was dissolved in CH

62.4, 55.2, 40.7, 36.9, 36.1, 34.6, 27.1, 26.0, 24.2, 22.6, 21.0, 18.3,

17.6,—5.2, —5.3; HRMS (FAB) calcd for GHsCsQ;Si (M + Cst)
605.2427, found 605.2446.

Synthesis of Methyl Ketone 21. A solution of PMB-ethe20 (135
mg, 0.285 mmol, 1.0 equiv) and mercuric acetate (100 mg, 3.4 mmol,
1.2 equiv) in methanol (2 mL) was stirred at 26 for 12 h. The
reaction mixture was then transferred to a solution of LiCl (24.1 mg,
0.568 mmol, 2.0 equiv), Pd&(50.5 mg, 0.285 mmol, 1.0 equiv), and
CuCk (0.115 mg, 0.855 mmol, 3.0 equiv) in methanol (1 mL) via
cannula and was further stirred at 36 for another 3 h. Saturated
NaHCG; (5 mL) was added, and the product was extracted with ether
(20 x 3 mL). The organic extracts were dried over,8@, and

Cl,, andN,N-diisopropylethylamine (0.522 mL, 2.99 mmol, 10 equiv)
was added. The reaction was cooled68 °C, and TMSOTTf (0.288
mL, 1.49 mmol, 5.0 equiv) was added over 15 min. After 2 h, the
reaction was quenched with excess methanol (10 mL) and concentrated.
The resulting residue was purified by flash chromatography (silica gel,
6% EtOAc, hexane) to afforél5 (0.12 g, 71%, three stepsi = 0.27
(silica gel, EtOAe-hexane, 1:3); FT-IR (neat)nax 2959, 2231, 1730,
1614, 1513, 1248, 1078, 1022, 842 ¢imH NMR (600 MHz, CDC})
07.83(d,J=11.8Hz, 1 H, C-2), 7.19 (dJ = 8.6 Hz, 2 H, ArH),
6.85 (d,J = 8.6 Hz, 2 H, ArH), 5.33 (s, 1 H, C-12), 4.81 (d= 11.3

Hz, 1 H, OHHAr), 4.47 (d,J = 11.3 Hz, 1 H, OCHHAr), 4.30 (q,J

= 7.2 Hz, 2 H, O®,CH), 3.80 (s, 3 H, OCH), 3.16 (d,J = 9.8 Hz,

concentrated. The crude product was purified by flash chromatography 1 H, C-8), 3.02-2.97 (m, 1 H, C-10), 2.50 (s, 1 H, C-5), 2:20.05

(silica gel, 6% EtOAc in hexane) to furnish methyl keta2k (90.5
mg, 65%) as a colorless oilR = 0.34 (silica gel, EtOAehexane,
1:15); FT-IR (neatymax 2956, 1714, 1514, 1249, 1081, 836 ¢imtH
NMR (250 MHz, CDC}) ¢ 7.26 (d,J = 6.6 Hz, 2 H, ArH), 6.85 (dd,
J=6.6,2.1 Hz, 2 H, ArH), 5.33-5.25 (br s, 1 H, C-12), 4.41 (s, 2 H,
OCH,Ar), 4.04 (dd,J = 9.7, 3.6 Hz, 1 H, C-8), 3.79 (s, 3 H, OGH
3.70 (dd,J = 9.3, 5.8 Hz, 1 H, C-2), 3.59 (1 = 9.3 Hz, 1 H, C-2),
2.53-2.44 (m, 1 H, C-10), 2.13 (s, 3 H, COQH2.00-1.75 (m, 3 H),
1.65 (s, 3H, C-17), 1.761.40 (m, 4 H), 0.89 (s, 9 H, SBu), 0.84 (d,

(m, 1 H), 1.98-1.82 (m, 3 H), 1.73-1.67 (m, 1 H), 1.63 (dJ = 1.1

Hz, 3 H, C-17), 1.56:1.45 (m, 2 H), 1.47 (s, 3 H, C-17), 1.36 {t=

7.2 Hz), 3 H, OCHCHS3), 0.90 (d,J = 6.8 Hz, 3 H, C-19 or C-20),
0.76 (d,J = 6.7 Hz, 3 H, C-19 or C-20), 0.20 (s, 9 H, ®u); °C

NMR (150 MHz, CDC¥) ¢ 167.9, 161.0, 159.2, 135.8, 130.5, 129.8,
120.8,113.8, 113.7,109.2, 86.2, 83.4, 74.5, 74.3, 73.3, 62.2,55.1, 44.1,
39.7, 39.0, 32.6, 26.0, 23.9, 21.5, 20.9, 17.0, 14.2 1.8; HRMS (FAB)
calcd for G3H47CsNQSi (M + Cs') 698.2278, found 698.228%]%%
—23.3 € 2.58, CHCY).



Total Synthesis of Sarcodictyins A and B

Synthesis ofo,f-Unsaturated Aldehyde 27. To a solution of cyano
ester25 (280 mg, 0.497 mmol, 1.0 equiv) in hexanes (25 mL}-a8
°C was added dropwise a 1.0 M THF solution of DIBAL (5.0 mL, 5.0
mmol, 10.0 equiv). Afte7 h at—78°C and 1 h at-40°C, EtOAc (5
mL) was added, and the reaction mixture was warmed td’Q5
Addition of water (30 mL) and stirring fol h atambient temperature
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3 H, C-19 or C-20), 0.81 (d] = 7.0 Hz, 3 H, C-19 or C-20), 0.05 (s,
6 H, Si-CHy); *C NMR (125.7 MHz, CDGJ) 6 136.5, 121.2, 86.4,
74.6, 72.4, 70.9, 62.5, 40.5, 35.8, 35.0, 30.6, 26.8, 25.8, 24.0, 23.7,
22.2,20.9, 18.7, 17.0;5.4, —5.5.

Synthesis of Triol 30. To a solution of dioR9 (0.63 g, 1.59 mmol,
1.0 equiv) in THF (16 mL) at 0C was added TBAF (1.0M in THF,

completed the workup procedure. The reaction mixture was extracted 3.18 mL, 3.18 mmol, 2.0 equiv), and the reaction mixture was allowed

with ether (3x 50 mL), dried over NgB8O,, and concentrated. The
product was purified by flash chromatography (silica gel, 10% EtOAc
in hexane) to afford alcohd6 (210 mg, 80%). To a solution &6
(50.0 mg, 0.0949 mmol, 1.0 equiv) in GEI, (0.95 mL) was added
N,N-diisopropylethylamine (0.33 mL, 1.90 mmol, 20.0 equiv), and the
resulting mixture was cooled te78 °C, after which TIPSOTf (0.26
mL, 0.95 mmol, 10.0 equiv) was added dropwise. Afteh (TLC
monitoring), the reaction was quenched by the addition of MeOH (0.2
mL). After 10 min, aqueous saturated MH solution (5 mL) was
added, and the mixture was warmed to°25 extracted with ether (10
mL), and concentrated. The residue was purified by flash chromatog-
raphy (silica gel, 2% EtOAc in hexane) to furnish TIPS etP@é(58.8
mg, 91%) as a colorless oilR = 0.33 (silica gel, EtOAe hexane,
1:10); FT-IR (neatlmax 3470, 3300, 2957, 2360, 2337, 1672, 1613,
1513, 1418, 1370, 1302, 1250 cin*H NMR (500 MHz, CDC}) 6
10.10 (s, 1 H, CHO), 7.20 (d] = 8.5 Hz, 2 H, ArH), 7.00 (dJ =
11.5 Hz, 1 H, C-2), 6.81 (d) = 8.5 Hz, 2 H, ArH), 5.34 (s, 1 H,
C-12), 4.86 (dJ = 11.0 Hz, 1 H, OGIHAr), 4.47 (d,J = 14.0 Hz, 1

H, C-15), 4.38 (dJ = 11.0 Hz, 1 H, OGiHAr), 4.33 (d,J = 14.0 Hz,

1 H, C-15), 3.48 (s, 3 H, OC#}, 3.45-3.36 (m, 1 H, C-10), 3.36 (d,
J=10.0 Hz, 1 H, C-8), 2.44 (s, 1 H, C-5), 2.28.17 (m, 1 H), 2.02
1.94 (m, 1 H), 1.921.78 (m, 2 H), 1.721.62 (m, 1 H), 1.61 (s, 3 H,
C-17), 1.60-1.50 (m, 3 H), 1.43 (s, 3 H, C-16), 1.48.05 (m, 3 H,
TIPS), 1.04 (dJ = 7.8 Hz, 18 H, TIPS), 0.90 (d] = 6.8 Hz, 3 H,
C-19 or C-20), 0.72 (dJ = 6.6 Hz, 3 H, C-19 or C-20), 0.18 (s, 9 H,
Si-CHg); *C NMR (125 MHz, CDC{) ¢ 190.2, 159.0, 152.8, 138.3,

136.0, 131.2, 129.4, 120.8, 113.6, 86.6, 84.3, 74.7, 74.6, 73.5, 60.0,
55.2, 425, 38.1, 36.6, 31.7, 28.5, 25.5, 23.9, 21.8, 20.9, 18.0, 17.7,

12.0, 2.0; HRMS (FAB) calcd for £HeeCSNQSI (M + Cst) 815.3503,
found 815.3538;{]%> —10.1 € 0.98, CHC}).

Synthesis of Diastereoisomeric Diols 29To a solution of ethyl
vinyl ether (1.16 g, 16.0 mmol, 2.0 equiv) in THF (70.0 mL)-af8
°C was added 1.7 N+BuLi in hexanes (8.5 mL, 14.4 mmol, 1.8 equiv),
and the solution was warmed to°C. The reaction was followed by
the color change from yellow to colorless. The resulting vinyl anion
solution was then cooled te-78 °C, and a solution of aldehydi&4
(2.60 g, 8.02 mmol, 1.0 equiv) in THF (25 mL) was added dropwise,
after which the reaction mixture was stirred for an additional 30 min
at—78°C. The reaction was quenched by addition of saturateg- NH
Cl solution (40 mL) and extracted with ether 8 150 mL). The
combined organic extracts were dried over Mg$@d concentrated.
The crude product was then dissolved in ether and treated with
concentrated k8O, in a separatory funnel while shaking vigorously.
The progress of the hydrolysis was followed by TLC, and upon
completion, the ether solution was washed with water (20 mL) and
saturated NaHC®solution (20 mL), dried over MgSQand concen-
trated. The residue was purified by flash chromatography (silica gel,
10% to 15% EIO in hexane) to produce hydroxy keton28 as an
inseparable mixture of stereoisomers (ca. 1.25:1 by NMR). To a
solution of mixture28 in THF (78 mL) at —78 °C was added
ethynylmagnesium bromide (0.5 M in THF, 70.8 mL, 35.0 mmol, 4.4
equiv), and the solution was stirred a8 °C for 6 h and then was
allowed to slowly warm to—10 °C. The reaction was quenched by
addition of saturated NI solution (50 mL) and extracted with ether
(3 x 100 mL). The combined organic extracts were dried over MgSO
and concentrated, and the resulting residue was purified by flash
chromatography (silica gel, 10% to 25%@tin hexane) to afford the
desired isomeR9 (1.39 g, 44%) along with its C-7, C-8 stereoisomer
(1.04 g, 33%). FoR9: R:= 0.40 (silica gel, EXO—hexane, 1:3)iH
NMR (500 MHz, CDC}) 6 5.32 (br s, 1 H, C-12), 3.843.79 (m, 1 H,
C-2), 3.72-3.67 (m, 1 H, C-2), 3.64 (ddl = 10.5, 9.5 Hz, 1 H, C-8),
3.02 (d,J = 4.0 Hz, 1 H), 2.95 (br s, 1 H), 2.48.43 (m, 1 H), 2.43
(s, 1H, C-5),1.981.70 (m, 5 H), 1.68 (s, 3 H, C-17), 1.63.44 (m,
2 H), 1.42 (s, 3 H, C-16), 0.88 (s, 9 H, Hu), 0.88 (d,J = 7.5 Hz,

to warm to 25°C over 1 h. After the end of the reaction was established
by TLC, the reaction was quenched by addition of saturatedO\H
(50 mL) and extracted with ether 3100 mL). The combined organic
extracts were concentrated, and the residue was purified by filtration
through silica gel to furnish trioBO (0.45 g, 100%) as a light yellow
oil: Rr= 0.12 (silica gel, EO—hexane, 3:1); FT-IR (neatynax 3385,
2958, 1448, 1368, 1078, 946 cf 'H NMR (500 MHz, CDC}) o
5.38 (br s, 1 H, C-12), 3.83 (dd,= 10.0, 2.5 Hz, 1 H, C-2), 3.81 (dd,
J=10.0, 5.5 Hz, 1 H, C-2), 3.73 (dd,= 11.0, 8.5 Hz, 1 H, C-8),
250 (s, 1 H, C-5), 2.49 (br s, 1 H), 2.61.92 (m, 3 H), 1.89-1.81

(m, 3 H), 1.80-1.71 (m, 1 H), 1.72 (dJ = 1.5 Hz, 3 H, C-17), 1.65

1.56 (m, 3 H), 1.48 (s, 3 H, C-16), 0.92 (@= 6.5 Hz, 3 H, C-19 or
C-20), 0.83 (d,J = 6.5 Hz, 3 H, C-19 or C-20)%3C NMR (125.7 MHz,
CDCls) 6 136.5, 121.3, 86.2, 74.9, 72.9, 71.0, 62.2, 40.4, 36.1, 35.3,
31.2,26.9,24.2,23.5, 22.3, 20.9, 16.7; HRMS (FAB) calcd foHgs
NaG; (M + Na) 303.1936, found 303.1944p]*% +43.5 € 0.2,
CHCly).

Synthesis of Trisilyl Ether 31. To a solution of triol30 (0.45 g,
1.59 mmol, 1.0 equiv) in CkCl, (16 mL) was added triethylamine
(2.3 mL, 16.5 mmol, 10.3 equiv), and the solution was chilled t€0
TESOTf (2.10 g, 8.00 mmol, 5.0 equiv) was then added, and the
reaction mixture was allowed to warm to 26. After the disappear-
ance of the starting triol was established by TLC, the reaction was
quenched by addition of saturated M (50 mL) and extracted with
CH.CI, (3 x 100 mL). The organic extracts were combined, dried
over MgSQ, and concentrated. The residue was purified by filtration
through silica gel (25% EO in hexane) to produce trisilyl eth&l
(0.99 g, 100%) as a light yellow oilR = 0.62 (silica gel, BEXO—
hexane, 1:9); FT-IR (neatynax 3308, 2956, 2876, 1459, 1414, 1378,
1239, 1115, 1006 cm; *H NMR (500 MHz, CDC}) 6 5.30 (br s, 1
H, C-12), 3.77 (dJ = 10.0, 7.5 Hz, 1 H, C-2), 3.60 (dd,= 10.0, 7.5
Hz, 1 H, C-2), 2.43 (s, 1 H, C-5), 2.34 (br s, 1 H), 1-977.75 (m, 6
H), 1.67 (s, 3 H, C-17), 1.641.57 (m, 1 H), 1.39 (s, 3 H, C-16), 1.60
0.94 (m, 27 H, Si-CHCH3), 0.91 (d,J = 7.0 Hz, 3 H, C-19 or C-20),
0.85 (d,J = 7.0 Hz, 3 H, C-19 or C-20), 0.810.57 (m, 18 H, Si-
CH.CHjz); 13C NMR (125.7 MHz, CDCJ) ¢ 137.8, 120.7, 87.2, 78.1,
73.9, 61.6, 42.7, 36.6, 35.1, 34.9, 29.9, 27.2, 25.3, 23.9, 22.0, 21.5,
17.1,7.1, 6.9, 6.8, 6.0, 5.6, 4.3; HRMS (FAB) calcd fagtCsQs-

Siz (M + Cs") 755.3687, found 755.3710¢]*% +19.0 € 0.8, CHC}).

Selective Deprotection of the Primary Hydroxide to Produce
Alcohol 32. To a solution of trisilyl etheB1 (1.48 g, 2.37 mmol, 1.0
equiv) in 3:1 MeOH/CHCI; (20 mL) was added a catalytic amount of
PPTS (45 mg, 0.24 mmol, 0.1 equiv). After its completion (TLC
monitoring), the reaction mixture was worked up by addition of
saturated NaHC@(50 mL) and extraction with ether (8 150 mL).
The combined organic extracts were dried over Mga6d concen-
trated. The residue was purified by filtration through silica gel eluting
with ether to provide alcoh@2 (1.18 g, 98%) as a colorless oiR =
0.12 (silica gel, EO—hexane, 1:9); FT-IR (neat)ax 3490, 3308, 2955,
2876, 1459, 1414, 1378, 1238, 1109, 1072, 1004'citd NMR (500
MHz, CDCk) 6 5.33 (br s, 1 H, C-12), 3.79 (dd,= 9.5, 1.5 Hz, 1 H),
3.79-3.74 (m, 1 H), 3.70 (dd) = 11.0, 4.5 Hz, 1 H, C-2), 2.46 (s, 1
H, C-5), 2.35 (br s, 1 H), 2.04 (ddd,= 15.0, 9.0, 1.5 Hz, 1 H), 1.97
1.72 (m, 5 H), 1.69 (dJ = 1.5 Hz, 3 H, C-17), 1.691.52 (m, 2 H),
1.46 (s, 3 H, C-16), 0.97 (1 = 7.5 Hz, 18 H, Si-CHCHj3), 0.92 (d,

J = 6.5 Hz, 3 H), 0.83 (dJ = 6.5 Hz, 3 H), 0.86-0.65 (m, 12 H,
Si-CH,CH); 3C NMR (125.7 MHz, CDG) 6 137.4, 120.7, 86.4, 78.0,
74.0, 73.4, 62.5, 41.2, 36.9, 35.2, 33.9, 26.9, 26.4, 23.9, 22.3, 21.3,
17.1,7.0, 6.9, 6.7, 6.3, 5.9, 5.6; HRMS (FAB) calcd foslfssCsCs-

Si; (M + Cs') 641.2822, found 641.2852¢]?% +20.4 € 2.0, CHC}).

Synthesis of Aldehyde 33.To a solution of alcohoB2 (1.24 g,
2.43 mmol, 1.0 equiv) and powdered activchteA MS (0.5 g) in CH-

Cl, (16 mL) was added NMO (0.43 g, 3.64 mmol, 1.5 equiv), and the
reaction mixture was stirred for 10 min. TPAP (0.043 g, 0.181 mmol,
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0.07 equiv) was then added, and the reaction mixture was stirred at 252361, 1675, 1462, 1381, 1239, 1167, 1117, 1007, 882, 819, 74% cm

°C for 30 min. The heterogeneous solution was then filtered through
a short pad of silica gel and washed with £Hp.  After concentration,
aldehyde33 (1.20 g, 98%) was obtained as a colorless &{:= 0.42
(silica gel, EtO—hexane, 1:9); FT-IR (neat)max 3309, 2955, 2876,
1719, 1458, 1414, 1378, 1238, 1073, 1004 &mH NMR (500 MHz,
CDCls) 6 9.86 (d,J = 6.7 Hz, 1 H, C-2), 5.37 (br s, 1 H, C-12), 3.41
(d,J=12.0 Hz, 1 H, C-8), 2.472.42 (m, 1 H), 2.43 (s, 1 H, C-5),
2.36-2.29 (m, 2 H), 2.09-1.97 (m 2 H), 1.86-1.67 (m, 2 H), 1.69 (d,

J = 1.7 Hz, 3 H, C-17), 1.571.52 (m, 1 H), 1.39 (s, 3 H, C-16),
1.00-0.85 (m, 24 H), 0.86-0.59 (m, 12 H);**C NMR (125.7 MHz,
CDCly) 6 207.8, 136.2, 121.2, 86.4, 78.7, 74.2, 72.9, 53.5, 37.2, 35.5,
33.9, 28.7, 25.8, 25.7, 23.6, 21.6, 21.1, 16.1, 7.0, 6.8, 6.4, 6.0, 5.6;
HRMS (FAB) calcd for GgHssNaO;Si, (M + Na') 529.3509, found
529.3487; §]?% +18.5 € 0.65, CHC}).

Formation of o f-unsaturated Cyano Ester 34. A solution of
aldehyde33 (1.14 g, 2.25 mmol, 1.0 equiv), ethyl cyanoacetate (7.63
g, 67.0 mmol, 30 equiv), angtalanine (0.080 g, 9.00 mmol, 4.0 equiv)
in EtOH (15 mL) was stirred at 50C for 72 h. The reaction mixture
was then concentrated and purified by filtration through a short pad of
silica gel eluting with 10% EO in hexanes to produce cyano estér
(1.28 g, 95%) as a colorless oiR: = 0.40 (silica gel, EXO—hexane,
1:9); FT-IR (neat)vmax 3308, 2958, 2878, 2201, 1735, 1619, 1461,
1370, 1249, 1117, 1008 crh *H NMR (500 MHz, CDC}) ¢ 7.88 (d,
J=12.0Hz, 1H, C-2),539 (brs, 1H, C-12), 4:36.26 (m, 2 H,
OCH,CHg), 3.34 (d,J = 9.5 Hz, 1 H, C-8), 3.06 (dd] = 7.0, 5.0 Hz,
1H, C-1), 2.47 (s, 1 H, C-5), 2.28.23 (m, 1 H), 2.13 (ddJ = 15.0,

9.0 Hz, 1 H, C-13), 1.991.74 (m, 5 H), 1.69 (s, 3 H, C-17), 1.38 (s,
3 H, C-16), 1.35 (tJ = 7.0 Hz, 3 H, OCHCHg), 1.00-0.91 (m, 6 H,
C-19 and C-20), 0.99 (§ = 8.0 Hz, 9 H, SICHCH3), 0.94 (t,J=7.5
Hz, 9 H), 0.81-0.58 (m, 12 H)*C NMR (125.7 MHz, CDGJ) ¢ 168.3,

160.9, 136.2, 120.9, 113.8, 109.0, 86.4, 78.9, 74.2, 72.7, 62.2, 44.8,
40.1, 38.5, 34.3, 31.4, 30.2, 29.6, 25.8, 23.7, 21.6, 21.1, 15.9, 14.1,

7.1,7.0, 6.1, 5.6; HRMS (FAB) calcd forsgHseCsNQSi, (M + Cs')
734.3037, found 734.3063¢]*%; +46.4 € 1.2, CHC}).

Synthesis of Hydroxy Aldehyde 35. To a solution of cyanoester
34 (101 mg, 0.168 mmol, 1.0 equiv) in hexanes (8.4 mL)}-a8 °C
was added DIBAL (1.0M in toluene, 1.7 mL, 1.70 mmol, 10.0 equiv).
The reaction mixture was stirredrfé h at—78 °C and then slowly
warmed to—10 °C for 2 h. The reaction was then quenched with
ethyl acetate (0.2 mL), saturated NE (10 mL) solution was added,
and the reaction was stirred for 2 h, after which it was filtered through
a short Celite pad eluting with ether and extracted with ethyl acetate
(3 x 10 mL). The combined organic extracts were concentrated and
purified by flash chromatography (silica gel, 10%@&tn hexanes) to
produce hydroxyaldehydgs (79.8 mg, 90%) as a light yellow oilR
= 0.42 (silica gel, B©O—hexane, 1:1); FT-IR (neamax 3447, 3307,
2957, 2877, 1677, 1459, 1414, 1380, 1239, 1117, 1008;cid NMR
(500 MHz, CDC}) 6 10.18 (s, 1 H, C-4), 6.89 (d| = 12.0 Hz, 1 H,
C-2), 5.39 (br s, 1 H, C-12), 4.35 (dd,= 13.0, 5.0 Hz, 1 H, C-15),
4.17 (dd,J = 13.0, 7.0 Hz, 1 H, C-15), 3.47 (d,= 10.0 Hz, 1 H,
C-8), 3.373.29 (m, 1 H, C-1), 2.49 (s, 1 H, C-5), 2.22.12 (m, 3
H), 2.01-1.68 (m, 4 H), 1.68 (dJ = 1.0 Hz, 3 H, C-17), 1.58 (s, 1
H), 1.37 (s, 3 H, C-16), 0.980.88 (m, 6 H, C-19 and C-20), 0.97 (t,

J = 8.0 Hz, 9 H, SiCHCHj3), 0.89 (t,J = 8.0 Hz, 9 H, SiCHCHs),
0.81-0.62 (m, 12 H, Si€l,CHs); 1*C NMR (125.7 MHz, CDGJ) 6

191.2. 154.8, 138.1, 136.6, 120.9, 86.8, 79.3, 74.5, 72.9, 62.8, 40.9,
38.4, 38.3, 34.2, 29.7, 28.5, 25.6, 23.5, 21.7, 21.1, 15.4, 7.1, 7.0, 6.0,

5.6; HRMS (FAB) calcd for G:HsgOSi, (M + Cst) 695.2928, found
695.2951; {t]*> +66.0 € 3.0 CHCE).

Synthesis of Trisilyl Ether 36. To a solution of hydroxy aldehyde
35(930.0 mg, 1.65 mmol, 1.0 equiv) aiRl:NEt (2.8 mL, 16.07 mmol,
9.7 equiv) in CHCI, (8 mL) at—78°C was added TIPSOTf (2.2 mL,

H NMR (400 MHz, CDC}) 6 10.14 (s, 1 H, C-4), 6.98 (d, = 11.6

Hz, 1 H, C-2), 5.37 (br s, 1 H, C-12), 4.52 (dti= 14.0, 1.2 Hz, 1 H,
C-15), 4.21 (ddJ = 14.0, 1.6 Hz, 1 H, C-15), 3.53 (d,= 9.3 Hz, 1

H, C-8), 3.45-3.38 (m, 1 H, C-1), 2.39 (s, 1 H, C-5), 2.28.23 (m,

1 H), 2.04-1.92 (m, 2 H), 1.96-1.82 (m, 1 H), 1.781.70 (m, 1 H),
1.65-1.54 (m, 1 H), 1.67 (dJ = 1.2 Hz, 3 H, C-17), 1.451.38 (m,

1 H), 1.33 (s, 3 H, C-16), 1.631.00 (m, 24 H, TIPS, C19 or C20),
0.93-0.87 (m, 21 H, Si-CHCHz and C19 or C20), 0.720.50 (m, 12

H); 23C NMR (100.6 MHz, CDGJ) 6 190.1, 153.0, 138.4, 136.5, 120.8,
86.9, 78.6, 74.6, 72.8, 60.5, 40.8, 39.2, 37.2, 33.9, 29.7, 28.4, 25.0,
23.7,21.9,21.2,18.0,16.7,11.9,7.1, 6.1, 5.9, 5.6; HRMS (FAB) calcd
for C41H7gNaQySiz (M + Na') 741.5105, found 741.5136x]*% +33.7

(c 1.4, CHCE).

Synthesis of Alkynone 37 by Intramolecular Acetylide Addition
to Aldehyde 27. A solution of LIHMDS (1.0M in THF, 0.037 mL,
0.037 mmol, 1.5 equiv) was added dropwise to a solution of aldehyde
27(17.0 mg, 0.025 mmol, 1.0 equiv) in THF (1.2 mL) at Z5. After
10 min (TLC monitoring), the reaction mixture was quenched by the
addition of aqueous saturated MH solution (5 mL), extracted with
ether (2x 10 mL), dried over Ng50;, and concentrated. The residue
was redissolved in CiI; (1.0 mL) and NaHC® (41.8 mg, 0.497
mmol, 20 equiv) was added to the solution at@. After 40 min,
Dess-Martin periodinane (10.6 mg, 0.025 mmol, 1.0 equiv) was added
to the reaction mixture at the same temperature, and the solution was
warmed to 25°C. After 4 h of stirring at ambient temperature, the
reaction was diluted with ether (5 mL) and quenched by the consecutive
addition of saturated aqueous NaHC€dlution (5 mL) and sodium
thiosulfate pentahydrate (A&Os-5H,O, 65 mg, 0.261 mmol, 10.4
equiv). The resulting solution was extracted with ethex(20 mL),
and the combined organic extracts were dried ovepSi@a and
concentrated. The crude product was purified by flash chromatography
(silica gel, 1% EtOAc in hexane) to provide enyne@¥(14.4 mg,
85%, two steps) as a colorless oiR = 0.46 (silica gel, EtOAe
hexane, 1:10); FT-IR (neathax 2961, 2361, 2197, 1650, 1611, 1512,
1461, 1384, 1461, 1384, 1248, 1175, 1095, 1035, 841, 760, 685 cm
'H NMR (400 MHz, CDC}) 6 7.25 (d,J = 8.3 Hz, 2 H, Ar-H), 6.84
(d,J=8.3Hz, 2 H, AH), 6.27 (d,J = 12.0 Hz, 1 H, C-2), 5.33 (br
s, 1 H, C-12), 4.80 (dJ = 12.0 Hz 1 H OCHH-Ar), 4.65 (d,J = 12.0
Hz, 1 H, OGHH—Ar), 4.34 (d,J = 14.2 Hz, 1 H, C-15), 4.30 (dl =
14.2 Hz, 1 H, C-15), 3.78 (s, 3 H, OGH 3.39 (d,J = 2.8 Hz, 1 H,
C-8), 3.36 (dJ = 12.0 Hz, 1 H, C-1), 2.182.05 (m, 1 H), 1.98-1.80
(m, 2H), 1.67 (s, 3H, C-17), 1.621.53 (m, 1 H), 1.45 (s, 3 H, C-16),
1.20-1.10 (m, 1 H, C-14), 1.080.94 (m, 21 H, TIPS), 0.81 (dl =
6.4 Hz, 3 H, C-19 or C-20), 0.64 (d,= 6.5 Hz, 3 H, C-19 or C-20),
0.24 (s, 9 H, Si-Ch); 1*C NMR (100.6 MHz, CDGJ) 6 181.2, 159.2,
142.0, 139.5, 133.6, 130.9, 129.7, 121.4, 113.7, 103.2, 88.6, 87.2, 73.7,
73.5, 63.5, 55.2, 44.8, 38.3, 37.8, 33.4, 29.6, 25.7, 21.9, 21.9, 21.5,
20.3, 17.9, 11.9, 1.7; HRMS (FAB) calcd fors§ElssCsQSi, (M +
Cs") 813.3347, found 813.3314¢]%% +22.7 € 1.8, CHC}).

Synthesis of Propargylic Alcohol 38. To a solution trimethylsilyl
ether37(3.2 mg, 0.0047 mmol, 1.0 equiv) in MeOH (1 mL) was added,
at 25°C, PPTS (1.18 mg, 0.0047 mmol, 1.0 equiv), and the reaction
mixture was allowed to stir at ambient temperature for 30 min. The
reaction was quenched by addition of saturated Naki€fution (1
mL) and extracted with ether (2 10 mL). The combined organic
extracts were dried over Ma0O, and concentrated. The crude product
was purified by flash chromatography (silica gel, 15% EtOAc in hexane)
to provide alcohoB8 (2.7 mg, 94%) as a colorless oiRs = 0.45 (silica
gel, EtOAc-hexane, 1:3)*H NMR (600 MHz, CDC}) 6 7.22 (d,J =
6.7 Hz, 2 H, AH), 6.85 (dd,J= 6.7, 2.3 Hz, 2 H, AH), 6.28 (d,J =
11.7 Hz, 1 H, C-2), 5.39 (s, 1 H, C-12), 4.70 @= 11.6 Hz, 1 H,
OCHHAY), 4.59 (d,J = 11.6 Hz, 1 H, OCHHAr), 4.34 (s, 2 H, C-15),

8.25 mmol, 5.0 equiv), and the solution was stirred at that temperature 3.78 (s, 3 H, OCH), 3.52 (s, 1 H, C-8), 3.44 (d] = 11.6 Hz, 1 H,

for 1 h. The reaction mixture was quenched by addition of MeOH
(0.5 mL) followed by addition of saturated N@I (10 mL). The
mixture was then extracted with ether (10 mL), and the organic extracts
were combined, dried over M&O;, and concentrated. The resulting
residue was purified by flash chromatography (silica gel, 2% Et©Ac
hexane) to furnish trisilyl ethe36 (1.10 g, 93%) as a light yellow oil:

R = 0.33 (silica gel, hexane); FT-IR (neathax 3309, 2957, 2872,

C-1), 2.48 (br's, 1 H, OH), 2.222.10 (m, 2 H), 2.01 (dJ = 14.1 Hz,

1 H), 1.92 (d,J = 18.3 Hz, 1 H), 1.72 (s, 3 H, C-17), 1.70.66 (m,

1 H), 1.47 (s, 3 H, C-16), 1.401.30 (m, 2 H), 1.16-1.02 (m, 21 H,
TIPS), 0.85 (dJ = 6.7 Hz, 3 H, C-19 or C-20), 0.74 (d,= 6.7 Hz,

3 H, C-19 or C-20)¥C NMR (150 MHz, CDC}) 6 181.0, 159.5, 142.7,
139.3, 133.1, 129.8, 129.5, 122.0, 114.0, 102.2, 87.6, 86.1, 72.5, 71.7,
63.5, 55.3, 45.1, 38.7, 37.8, 32.6, 29.7, 25.7, 21.9, 21.5, 21.4, 20.5,
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17.9, 11.9; HRMS (FAB) calcd for £Hs¢CsGSi (M + Cs') 741.2951,
found 741.2979;d]?% +39.3 € 0.68, CHC}).

Synthesis of the Basic Tricyclic Core 40.To a solution of alkynone
38(6.2 mg, 0.0135 mmol, 1.0 equiv) in toluene (1 mL) was added 5%
Pd on CaS@treated with Pb (Lindlar catalyst, 14.0 mg, 0.00675 mmol,
0.5 equiv) at 25°C under argon. This suspension was then stirred
under a H atmosphere (1 atm) at the same temperature for 20 min,
and the reaction mixture was filtered through Celite and concentrated.
The crude residue was purified by flash chromatography (silica gel,
10% EtOAc-hexanes) to produce hemike®d (6.2 mg, 75%) as a
colorless oil, along with its 5,6-dihydro analogue (1.5 mg, 15%)=
0.55 (silica gel, EtOAe hexane, 1:3); FT-IR (neat)max 3418, 2866,
1615, 1515, 1463, 1248, 1017 cin'H NMR (600 MHz, CDC}) ¢
7.24 (d,J=8.5Hz, 2 H, AH), 6.85 (dd,J = 8.5, 2.3 Hz, 2 H, AH),

6.04 (s, 2 H, C-5, C-6), 5.40 (d,= 9.3 Hz, 1 H, C-2), 525 (s, 1 H,
C-12), 4.89 (s, 1 H, OH), 4.56 (d,= 11.3 Hz, 1 H, C-15), 4.37 (d,
J=11.3 Hz, 1 H, OGiH-Ar), 4.36 (d,J = 11.6 Hz, 1 H, C-15), 4.05
(d,J = 11.6 Hz, 1 H, C-15), 3.953.90 (m, 1 H, C-1), 3.78 (s, 3 H,
OCH), 3.31 (d,J = 7.1 Hz, 1 H, CHG=C), 2.27 (br dJ = 16.4 Hz,

1 H), 2.16 (br dJ = 11.5 Hz, 1 H), 1.98 (br dJ = 17.9 Hz, 1 H),
1.74 (d,J = 13.9 Hz, 1 H), 1.57 (s, 3 H, €CCHg), 1.54 (s, 3 H,
OCCH), 1.48-1.40 (m, 1 H), 1.28-1.20 (m, 2 H), 1.151.05 (m, 3

H, Si-CH(CHs)), 1.03 (d,J = 6.4 Hz, 18 H, Si-CH(El3)), 0.91 (d,J

= 6.7 Hz, 3 H, C-19 or C-20), 0.87 (d, = 6.7 Hz, 3 H, C-19 or
C-20);%3C NMR (150 MHz, CDC}) 6 159.4, 136.2, 134.6, 133.9, 133.4,
131.2, 130.3, 129.8, 121.5, 113.8, 112.2, 91.4, 86.6, 71.3, 68.3, 55.3,
42.0, 39.2, 33.7, 29.5, 29.0, 25.8, 24.4, 22.2, 22.1, 20.3, 17.8, 11.6;
HRMS (FAB) calcd for G/HssCsGSi (M + Cs™) 743.3108, found
743.3132; §t]*> +38.1 (€ 0.28, CHCY).

Synthesis of Methyl Ketal 41. To a solution of hemiketad0 (4.0
mg, 0.0066 mmol, 1.0 equiv) in MeOH (0.5 mL) was added PPTS
(1.65 mg, 0.0066 mmol, 1.0 equiv). After 10 min, the reaction was
quenched by addition of saturated NaHC$blution (5 mL). The
biphasic system was then extracted withCH(3 x 10 mL), and the
organic extracts were combined, dried ovep8l&;, and concentrated.
The product was purified by flash chromatography (silica gel, 5%
EtOAc in hexane) to furnish ketdll (4.5 mg, 100%) as a light yellow
oil: Ry=0.68 (silica gel, EtOAe-hexane, 1:3); FT-IR (neathax 2957,
2866, 1614, 1514, 1463, 1250, 1064 ¢tH NMR (600 MHz, CDCH)
07.24 (d,J=8.5Hz, 2 H, ArH), 6.86 (dJ = 8.5 Hz, 2 H, ArH), 6.06
(d,J=5.8Hz, 1 H, C-5o0rC-6),591 (d =58Hz, 1 H, C-5or
C-6), 5.65 (dJ=9.5Hz, 1 H, C-2),5.22 (s, 1 H, C-12), 4.57 @

11.4 Hz, 1 H, OGIHAr), 4.36 (d,J = 11.4 Hz, 1 H, OGiHAr), 4.17

(d, 3 = 13.5 Hz, 1 H, C-15), 4.12 (d] = 13.5 Hz, 1 H, CHHOSI),
3.83-3.80 (m, 1 H, C-8), 3.79 (s, 3 H, ArOGH 3.28 (d,J = 7.0 Hz,

1H, C-1),3.15(s, 3 H, OC¥), 2.34 (br dJ = 19.4 Hz, 1 H), 2.14 (br
d,J=8.6 Hz, 1 H), 1.95 (br dJ = 17.9 Hz, 1 H), 1.73 (dJ = 14.9

Hz, 1 H), 1.56 (s, 3H, C-17), 1.45 (s, 3 H, C-16), 1-3830 (m, 1 H),
1.25-1.17 (m, 2 H), 1.071.00 (m, 3 H, Si-&I(CHs),), 1.01 (d,J =

6.4 Hz, 18 H, SiBu), 0.90 (d,J = 6.7 Hz, 3 H, C-19 or C-20), 0.85

(d, J= 6.7 Hz, 3 H, C-19 or C-20)**C NMR (150 MHz, CDC})
159.4, 136.5, 135.1, 134.3, 130.3, 129.9, 129.7, 128.5, 121.5, 115.7,
113.8, 91.0, 86.7, 71.1, 64.7, 55.2, 49.4, 42.3, 39.3, 33.2, 29.3, 29.1,
24.6,24.5,22.1,20.4,17.9, 11.8; HRMS (FAB) calcd fasHz,CsO-

Si (M + Cs") 757.3264, found 757.32941]?% +43.9 € 0.20, CHCY).

Synthesis of Alcohol 42 from PMB-ether 41. A solution of ether
41 (5.0 mg, 0.0080 mmol, 1.0 equiv) in THF (1 mL) and EtOH (2
drops) was added to liquid NH2 mL) at—78°C. Sodium (1.8 mg,
0.078 mmol, 9.8 equiv) was then added, and the reaction was stirred
at—78°C for 20 min. After the end of the deprotection was established
by TLC, the reaction was quenched by addition of solid,AH(50
mg), warmed to ambient temperature to evaporate the Ekiracted
with ether (3x 10 mL), dried with NaSO,, concentrated, and purified
by flash chromatography (silica gel, 15% EtOAc in hexane) to provide
alcohol 42 along with its 5,6-dihydro analogué3 as an inseparable
mixture (ca. 2:1, 3.8 mg, 95%).

Synthesis of Alcohol 42 from Hydroxy Alkynone 45. To a solution
of a,B-alkynone45 (26.8 mg, 0.055 mmol, 1.0 equiv) in acetone (3
mL) was added [Rh(nbd)(dppb)]BFL.9 mg, 0.0027 mmol, 0.05 equiv)

i
®
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by addition of saturated NaHG®10 mL), extracted with ether (%

10 mL), dried over Ng5Qy, and concentrated to a crude residue. To
a solution of this residue in MeOH (6 mL) was added PPTS (6.9 mg,
0.027 mmol, 0.5 equiv) at 28C. After 10 min, the reaction was
quenched by addition of saturated NaH{ @0 mL), extracted with
ether (3x 20 mL), dried over Ng5O, and concentrated. The residue
was purified by flash chromatography (silica gel, 15% EtOAc in hexane)
to produce methyl ketad2 (22.2 mg, 80%, two steps) as a colorless
oil: R=0.43 (silica gel, EtOAe hexane, 1:3); FT-IR (neat)ax 3456,
2940 2866, 1466, 1366, 1047, 881 ¢m*H NMR (500 MHz, GDg)

0 6.03 (d,J =5.8Hz, 1 H, C-5 or C-6), 5.95 (d] = 9.5 Hz, 1 H,
C-2),5.92 (dJ =5.8 Hz, 1 H, C-5 or C-6), 5.37 (br s, 1 H, C-12),
4.43 (d,J = 14.0 Hz, 1 H, C-5), 4.41 (d) = 14.0 Hz, 1 H, C-5),
4.20-4.10 (m, 1 H, C-8), 3.53 (d]= 7.0 Hz, 1 H, C-1), 3.16 (s, 3 H,
OCHg), 2.53 (br d,J = 18.5 Hz, 1 H, C-13), 2.34 (br dj = 10.5 Hz,

1 H, C-10), 2.04 (dJ = 18.5 Hz, 1 H, C-13), 1.751.66 (m, 1 H),
1.63 (s, 3 H, C-17), 1.661.53 (m, 2 H), 1.52 (s, 3 H, C-16), 1.36
1.28 (m, 1 H), 1.251.18 (m, 1 H), 1.151.05 (m, 21 H, TIPS), 0.96
(d,J=6.5Hz, 3 H, C-19 or C-20), 0.93 (d,= 6.5 Hz, 3 H, C-19 or
C-20);*C NMR (125 MHz, GDg) 6 137.3, 134.6, 134.5, 130.1, 129.5,
121.9, 116.2, 91.6, 80.8, 65.2, 49.4, 43.2, 39.6, 35.0, 33.8, 29.6, 25.3,
24.9,22.6,22.4,20.7, 18.3, 12.4; HRMS (FAB) calcd fasts,NaOy-

Si (M + Na*) 527.3532, found 527.3548]* +75.7 € 2.3, benzene).

Synthesis of 5,6-Dihydro Analogue 43 from Hydroxy Alkynone
45. To a solution of ketond5 (4.5 mg, 0.0092 mmol, 1.0 equiv) in
ethyl acetate (0.5 mL) was added 5% Pd on Bag8®.6 mg, 0.0092
mmol, 1.0 equiv). This suspension was stirred under a hydrogen
atmosphere (1 atm) at 2% for 1 h. The reaction mixture was then
filtered through Celite and concentrated by evaporation. To a solution
of the crude residue in MeOH (0.5 mL) was added PPTS (4.6 mg,
0.018 mmol, 2.0 equiv), and the mixture was stirred@c at 25°C.
A saturated solution of NaHGQ5 mL) was added, and the reaction
mixture was extracted with ether (8 10 mL), dried over NSO,
and concentrated. The crude residue was purified by flash chroma-
tography (silica gel, 15% EtOA€hexane) to provide 5,6-dihydro
methyl ketal analogud3 (3.0 mg, 64%, two steps)R = 0.50 (silica
gel, EtOAc-hexane, 1:3); FT-IR (neatnax 3422, 2961, 2865, 2361,
1464, 1383, 1122, 1047, 882, 684 thin'H NMR (400 MHz, GDg) &
6.05 (d,J = 9.7 Hz, 1 H, C-2), 5.41 (br s, 1 H, C-12), 4.31 (di=
13.7, 1.0 Hz, 1 H, C-15), 4.26 (dd, = 13.7, 1.5 Hz, 1 H, C-15),
4.16-4.12 (m, 1 H, C-1), 3.38 (d] = 16 Hz, 1 H, C-8), 3.23 (s, 3 H,
OCHg), 2.63-2.52 (m, 1 H), 2.4%2.26 (m, 3 H), 2.19-2.11 (m, 2H),
1.85-1.79 (m, 1 H), 1.76-1.58 (m, 3 H), 1.66 (s, 3 H, C-17), 1.45 (s,
3 H, C-16), 1.35-1.30 (m, 2 H), 1.151.01 (m, 21 H, TIPS), 1.01 (d,
J = 6.6 Hz, 3 H, C-19 or C-20), 0.96 (d,= 6.4 Hz, 3 H, C-19 or
C-20); *C NMR (100.6 MHz, GDg) 6 137.7, 134.5, 130.3, 121.9,
112.9, 87.4, 80.2, 64.7, 49.8, 43.8, 39.7, 38.9, 35.4, 33.8, 29.6, 29.3,
28.9, 25.1, 22.6, 22.3, 20.8, 18.3, 12.3; HRMS (FAB) calcd fotHe:-
NaQ,Si (M + Na') 529.3689, found 529.3708¢]?% +32.6 € 0.83,
1,4-dioxane).

Synthesis of Bicyclic Alcohol 44. To a solution of PMB-etheB7
(31.0 mg, 0.045 mmol, 1.0 equiv) in GEI; (4.6 mL) and HO (0.3
mL) was added DDQ (21.0 mg, 0.091 mmol, 2.0 equiv), and the
reaction was stirred at 28C for 30 min. After the disappearance of
starting ether was established by TLC, the reaction was quenched by
addition of saturated NaHGO3 mL), extracted with ether (X% 10
mL), and dried over Ng&8Os. The crude residue was purified by flash
chromatography (silica gel, EtOAtexane, 1:99) to yield alcohd4
(20.4 mg, 80%) as a colorless ok = 0.57 (silica gel, EtOAe hexane,
1:10); FT-IR (neatlmax 3490, 2959, 2866, 2197, 1651, 1464, 1384,
1252, 1122, 1095, 1021, 864, 843 cimn'H NMR (400 MHz, CDC})
06.32(d,J=12.0Hz, 1 H, C-2),5.41 (brs, 1 H, C-12), 4.37 (s, 2 H,
C-15), 3.66 (dJ = 2.9 Hz, 1 H, C-8), 3.49 (dJ = 12.0 Hz, 1 H, C-1),
2.57 (br s, 1 H, OH), 2.41 (br &= 11.0 Hz, 1 H, C-10), 2.22 (br d,
J=17.0 Hz, 1 H, C-13), 1.89 (br dl = 17.0 Hz, 1 H, C-13), 1.86
(dd,J=14.4,4.1 Hz, 1 H), 1.71 (s, 3 H, C-17), 1:62.52 (m, 3 H),
1.37 (s, 3 H, C-16), 1.111.02 (m, 21 H, TIPS), 0.92 (d, = 6.1 Hz,
3 H, C-19 or C-20), 0.91 (d] = 6.2 Hz, 3 H, C-19 or C-20), 0.24 (s,

at 25°C under argon. The reaction flask was then evacuated and treatedd H, TMS); 1*C NMR (100.6 MHz, CDCJ) ¢ 181.2, 142.5, 139.3,

with hydrogen gas (1 atm). After 10 min, the reaction was quenched

133.6,121.7,102.4, 89.2, 81.8, 72.2, 63.7, 45.0, 38.8, 32.0, 29.8, 25.9,
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21.8, 21.6, 20.8, 20.2,17.9, 11.9, 1.5; HRMS (FAB) calcd feiHes (s, 9 H, Me);*3C NMR (100.6 MHz, CDCJ) 6 174.2, 163.2, 139.4,
CsQSi; (M + Cs') 693.2772, found 693.2745¢]%% +45.2 (€ 0.44, 139.1, 138.0, 125.0, 114.6, 39.9, 33.8, 26.6, 26.6, 26.6.
CHCly). Synthesis of 53 by Attachment of the Aromatic Side Chain.A

Synthesis of Alkynone 49. To a solution of aldehyd&6 (243.0 mixture of alcohok2 (61.0 mg, 0.120 mmol, 1.0 equiv), DMAP (14.7
mg, 0.338 mmol, 1.0 equiv) in THF (17 mL) was added dropwise a Mg, 0.120 mmol, 1.0 equiv), triethylamine (0.3 mL, 2.15 mmol, 17.9
1.0 M THF solution of LIHMDS (0.68 mL, 0.68 mmol, 2.0 equiv) at  €quiv), and mixed anhydridé2 (6.0 mL of 0.2 M solution in CKCly,
—20 °C. The reaction mixture was stirred for 20 min at that 1.22 mmol, 10.0 equiv) was stirred at 26 for 22 h. The reaction
temperature, and the reaction was then quenched with saturated NH mixture was then concentrated and purified by flash chromatography
Cl solution (30 mL), extracted with ether (2 50 mL), dried over (silica gel, 10:10:1, EtOAe CH,Cl,—MeOH) to yield estei53 (75.0
N&:SQ,, and concentrated to a crude residue. A solution of this residue Mg, 98%): R = 0.42 (silica gel, 10:10:1, EtOAeCH,Cl,—MeOH);
in CHxCl, (9 mL) was added to a solution of NaHG(170.0 mg, 2.0 FT-IR (neat)vmax 2940, 2864, 1704, 1639, 1465, 1384, 1269, 1154,
mmol, 5.9 equiv), pyridine (0.16 mL, 2.0 mmol, 5.9 equiv), and Bess 1060, 994 cm*; *H NMR (600 MHz, CDC}) 6 7.51 (d,J = 15.6 Hz,
Martin reagent (286.0 mg, 0.67 mmol, 2.0 equiv) in4CH (9 mL) at 1H,C-3),748(s, 1H,C-5, 707 (s, 1L H C-7, 6.56 (d,J=15.6
0 °C. The reaction was stirred fd. h at thesame temperature and ~ Hz, 1 H, C-2), 6.10 (d,J=5.8 Hz, 1 H, C-5 or C-6), 6.02 (d,= 5.8
then quenched by consecutive addition of saturated NaH@®mL) Hz, 1 H, C-50r C-6), 5.70 (d] = 9.6 Hz, 1 H, C-2), 5.20 (br s, 1 H,
and NaS,055H,0 (1.17 g, 4.7 mmol, 13.9 equiv). The resulting C-12),4.80 (dJ=7.2Hz, 1 H, C-8), 4.20 (4] =13.2 Hz, 1 H, C-8),
solution was stirred for an additional 30 min, extracted with ether (2 412 (d,J = 13.2 Hz, 1 H, C-15), 3.953.92 (m, 1 H, C-1), 3.69 (s, 3
x 50 mL), dried over Ng8Oy, and concentrated. This crude residue H» €-9), 3.19 (s, 3 H, OCH), 2.58 (br d,J = 10.0 Hz, 1 H, C-10),
was then purified by flash chromatography (silica gel, 0.5% EtOAc in 2-33 (br d,J = 18.5 Hz, 1 H, C-13), 1.95 (br dl = 18.5 Hz, 1 H,
hexane) to produce bicyclic alkynod® (216 mg, 89%, two steps) as C-13), 1.571.53 (m, 2 H, C-9), 1.521.49 (m, 1 H, C-18), 1.47 (s, 3
a light yellow oil: R, = 0.74 (silica gel, EtOAehexane, 1:10): FT-IR ~ H, C-17 H2), 1.42 (s, 3 H, C-16), 1.25.18 (m, 1 H, C-14), 1.08
(neat)rma 2957, 2362, 1652, 1460, 1383, 1212, 1114, 1004, 883, 732, 1-00 (M, 21 H), 0.97 (d) = 6.6 Hz, 3 H, C-19 or C-20), 0.90 (d,=

684 chl; 1H NMR (400 MHz, CDCJ;) 0 6.33 (d,\] =118 Hz, 1 H, .4 Hz, 3 H, C-19 or C-ZO)%SC NMR (150 MHz, CDCJ,) o) 166.3,
C-2),5.39 (brs, 1 H, C-12), 4.38 (A= 14.2 Hz, 1 H, C-15), 432 (d, 1391, 136.1, 136.0, 134.1, 134.0, 130.6, 130.4, 122.6, 121.1, 116.2,
J=142Hz, 1 H, C-15), 3.71 (s, 1 H, C-1), 3.55 (4= 11.8 Hz, 1H, 1160, 89.8, 816, 64.9, 40.6, 42.6, 38.7, 33.6, 3L5, 20.1, 24.7, 24.4,
C'8), 2.36 (br d,J =88 HZ, 1 H, C-lO), 2.20 (br d] =18.0 HZ, 1 222, 220, 206, 180, 120, HRMS (FAB) calcd ij’7BsgCSNz055|

H. C-13), 1.98 (br dJ — 18.0 Hz, 1 H, C-13), 1.801.70 (m, 3 1), (M + Cs") 771.3169, found 771.31916]* +5.6 (¢ 1.6, CHC).

1.67 (s, 3 H, C-17), 1.571.50 (m, 1 H), 1.36 (s, 3 H, C-16), 1.67 Synthesis of Alcohpl 54.To a solution of silyl etheb3 (75.0 mg, .
0.90 (m, 45 H), 0.770.53 (m’ 12 H);13C NMR (100.6 MHZ, CDCJ) 0.117 mmol, 1.0 equw) in THF (2 mL) was added 1.0 M TBAF in

) 181.2, 141.9, 139.7, 133.8, 121.8, 103.8, 87.7, 83.3, 72.5, 63.4, 448’THF (022 mL, 0.22 mmol, 1.9 equiv), and the reaction was stirred for
38.9. 38.0. 36.0. 30.0. 25.9. 21.9. 21.5. 21.2. 20.2. 17.9. 11.9. 7.0, 6.9 1 hat25°C. After Completion (thln-layer chromatography monitoring),
58 52 HRMS ’(FAB)’ caled for Q;HmCSlQSis’(M +’CS*) 8494106 the reaction mixture was concentrated and purified by flash chroma-
found 8’49.4139'(1 25, +50.3  3.87, CHCY). tography (silica gel, 10:10:1, EtOAGCH,Cl,—MeOH) to provide

. o ! . alcohol54 (50.0 mg, 89%): R = 0.23 (silica gel, 10:10:1, EtOAe
Synthesis of Diol 45. To a solution of trisilyl ethe#9 (200 mg, CH,Cl,—MeOH); FT-IR (neat)vma 3380, 2961, 2361, 1700, 1636,

0.28 mmol, 1.0 equiv) in THF (1 mL) was added;&{3HF (0.23 mL, 1450, 1382, 1269, 1156, 1036, 731 ¢i*H NMR (500 MHz, CDCH)
1.40 mmol, 5.0 equiv) at 25C. After 1.5 h, the reaction was cooled ¢, o} (d,J=15.6 Hz, 1 H, C-3, 7.42 (s, 1 H, C-5, 7.06 (s, 1 H,

to 0 °C, quenched by addition of NaHG@®10 mL), extracted with ~ _ _ _ )
ether (3x 10 mL), dried over Ng5Q,, and concentrated. The residue (C):r 78:6()3.5; O(T\(Jd 3 E':QHE'; F HCCQ ,56(.)2rOC(_cé,)J 5.250(32’2192' |E|:25
was purified by flash chromatography (silica gel, 25% EtOAc in hexane) 1 C-'2) 5.24 (brs, 1 H 'C-12)’ 479 @= 79 Hz C-8), 4.13 (c'j
to produce diol5 (107 mg, 78%) as a colorless oiR = 0.26 (silica J=12.0Hz 1 H C-i5) 304385 (m, 2 H C-15 C-’l) 368 s, 3 H
gel, EtOAc-hexane, 1:3); FT-IR (neathax 3411, 2941, 2867, 2202, \_cpy 321 (s, 3 H, OCH), 2.67 (br d,J = 8.6 Hz, 1 H, C-10),
1650, 1465, 1385, 1207, 1089, 1018, 883, 757, 685'cAt NMR 257 (br s, 1 H, OH), 2.30 (br d = 10.0 Hz, 1 H, C-13), 1.97 (br d
(400 MHz, CDC) 6 6.32 (d,J = 12.0 Hz, 1 H, C-2), 540 (brs, 1 H,  y_'180 iz, 1 H, C-13), 1.651.50 (m, 3 H, C-, C-18), 1.57 (s, 3 H,
C-12),4.35 (s, 2 H, C-15), 3.75 (s, 1 H, C-1), 3.47J¢s 12.0 Hz, 1 C-17), 149 (s, 3 H, C-16), 1.261.25 (m, 1 H, C-14), 0.96 (d} = 6.6
H, C-8), 2.47 (s, 1 H), 2.42 (brdl = 115 Hz, 1 H), 2.38 (s, L H), " ; 34, C-19 or C-20), 0.90 (d} = 6.4 Hz, 3 H, C-19 or C-20):5C

2.23-2.17 (m, 1 H), 1.98 (dJ = 18.4 Hz, 1 H), 1.88 (dd) = 14.6, NMR (125 MHz, CDCH) 6 166.6, 139.2, 138.4, 136.8, 136.4, 135.6,
4.2 Hz, 1H),1.70 (s, 3 H, C-17), 1.64 (,= 13.1 Hz, 1 H), 1.56 135.0, 134.0, 129.16, 122.7, 121.4, 117.0, 115.8, 90.3, 81.4, 67.3, 49.6,
1.49 (m, 2 H), 1.43 (s, 3 H, C-16), 1.64.03 (m, 3 H), 1.01 (dJ = 42.0,38.7, 33.9, 33.6, 31.5, 29.0, 24.3, 22.2, 22.1, 20.5; HRMS (FAB)
6.5 HZ, 18 H), 0.90 (dJ =6.9 HZ, 3 H, C-19 or C-20), 0.89 (d,: calcd for Q8H38NaN205 (M + Na+) 505.2678, found 505.2661(1]:250

6.9 Hz, 3 H, C-19 or C-20$C NMR (100.6 MHz, CDGJ) 6 181.4, Z44.7 € 0.49, CHCY).

142.6, 139.5, 133.4, 121.8, 102.5, 87.8, 80.6, 71.2, 63.7, 45.0, 38.8,
38.3,33.0,29.8, 25.9, 21.8, 21.6, 20.4, 19.8, 17.9, 11.9; HRMS (FAB)

caled for GeHaeCsQSI (M + Cs") 621.2376, found 621.2345[* (88.0 mg, 0.595 mmol, 10.0 equiv) and Deddartin reagent (84.8

+30.2 € 1.49, CHCY). mg, 0.20 mmol, 2.0 equiv), and the reaction was stirred for 30 min at
Synthesis of Mixed Anhydride of the Aromatic Side Chain 52. ambient temperature, after which 2-propanol (0.1 mL) was added
To a solution of ethyl este§0 (750 mg, 4.16 mmol, 1.0 equiv) in (1:1)  followed by ethyl acetate (10 mL). The precipitate was filtered off,
THF—water (32.0 mL) at 28C was added LiOFHH.0 (192 mg, 4.57 and the filtrate was concentrated and purified by flash chromatography
mmol, 1.1 equiv), and the resulting reaction mixture was stirred at the (silica gel, 10:10:1, EtOAe CH,Cl,—MeOH) to yield aldehyd&5 (49.5
same temperature for 12 h. The solvent was removed under reducedmg, 100%): R = 0.43 (silica gel, 10:10:1, EtOAeCH,Cl,—MeOH);
pressure, and the solid was azeotroped with benzene (X rdL.and FT-IR (neat)vmax 2961, 1694, 1636, 1269, 1156, 1051 ¢mH NMR
finally dried under high vacuum. The acid s&ft was used without (500 MHz, CDC}) 6 9.28 (s, 1 H, C-15), 7.53 (d} = 15.6 Hz, 1 H,
further purification. To a solution d1in THF (40 mL) at 25°C was C-3),7.47(s,1H,C-5,7.09 (s, 1H,C-3,6.56 (d,J=15.6 Hz, 1
added Piv-Cl (0.54 mL, 4.58 mmol, 1.1 equiv), and the reaction mixture H, C-2), 6.48 (d,J= 9.9 Hz, 1 H, C-2), 6.30 (d] = 5.9 Hz, 1 H, C-5
was stirred at the same temperature for 12 h. Once complete by TLC, or C-6), 6.19 (dJ = 5.9 Hz, 1 H, C-5 or C-6), 5.34 (br s, 1 H, C-12),
the reaction mixture was filtered, and the filtrate was concentrated under4.80 (d,J = 7.4 Hz, 1 H, C-8), 4.364.28 (m, 1 H, C-1), 3.70 (s, 3 H,
reduced pressure and dried under high vacuum to give anhydltide C-9), 3.25 (s, 3 H, OCh), 2.77 (br d,J = 9.4 Hz, 1 H, C-10), 2.41
(698 mg, 75%). The anhydride was stored as a 0.2 M solution in CH  (br d,J = 18.8 Hz, 1 H, C-13), 2.10 (br dl = 18.8 Hz, 1 H, C-13),
Cl, and used in this form for the esterificatioAH NMR (400 MHz, 1.67-1.56 (m, 3 H, C-9, C-18), 1.53 (s, 3 H, C-17), 1.46 (s, 3 H,
CDCl3) 6 7.61 (d,J=19.4 Hz, 1 H, C-2, 7.46 (s, 1 H, C-9, 7.14 (s, C-16), 1.38-1.36 (m, 1 H, C-14), 1.01 (d] = 6.6 Hz, 3 H, C-19 or
1H, C-7),6.58(d,J=19.3 Hz, 1 H, C-3, 3.73 (s, 3 H, C-9, 1.27 C-20), 0.96 (dJ = 6.4 Hz, 3 H, C-19 or C-20)**C NMR (125 MHz,

Synthesis of Aldehyde 55.To a solution of allylic alcohob4 (50
mg, 0.104 mmol, 1.0 equiv) in Ci&l, (2 mL) was added NaHCO
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CDCls) 6 193.9, 166.7, 159.4, 142.0, 139.3, 138.3, 136.5, 135.6, 134.1, 1 H, C-5), 6.17 (dJ = 5.9 Hz, 1 H, C-6), 5.28 (br s, 1 H, C-12), 4.79
129.7, 122.8, 121.5, 115.8, 114.5, 89.4, 81.2, 50.2, 41.4, 39.0, 35.6,(d,J=7.4 Hz, 1 H, C-14, C-8), 4.15 (§,= 7.6 Hz, 2 H, OG{,CH),

33.6, 31.6, 28.9, 24.3, 24.3, 22.1, 22.0, 20.5; HRMS (FAB) calcd for
CogH37N20s (M + H™) 481.2702, found 481.27149]?% +72.7 € 0.4,
CHCl).

Synthesis of Methyl Ester 57 with the Intermediacy of Acid 56.
To a solution of aldehyd&5 (14.0 mg, 0.0291 mmol, 1.0 equiv) in
‘BUOH—H,0 (5:1, 1.2 mL total) were added 2.0 M 2-methyl-2-butene
in THF (1 mL, 2.0 mmol, 68.7 equiv), NalRO, (10.5 mg, 0.087 mmol,
2.9 equiv), and NaCl®(15.7 mg, 0.174 mmol, 6.0 equiv) at .

4,14-4.11 (m, 1 H, C-1), 3.69 (s, 3 H, C93.23 (s, 3 H, OCH),

2.67 (br d,J = 8.1 Hz, 1 H, C-10), 2.37 (br d) = 17.4 Hz, 1 H,
C-13), 2.03 (br dJ = 17.4 Hz, 1 H, C-13), 1.63 (dl = 15.0 Hz, 1 H,
C-9), 1.62-1.60 (m, 2 H, C-9, C-18), 1.51 (s, 3 H, C-17), 1.44 (s, 3
H, C-16), 1.36-1.30 (m, 1 H, C-14), 1.26 (tJ = 7.6 Hz, 3 H,
OCH,CH3, 0.97 (d,J = 6.6 Hz, 3 H, C-19 or C-20), 0.93 (d,= 6.4

Hz, 3 H, C-19 or C-20)3C NMR (125 MHz, CDC4) 6 166.8, 166.7,
146.1, 139.2, 138.4, 136.4, 134.8, 134.0, 132.3, 131.1, 122.7, 121.4,

The reaction was stirred at the same temperature for 2 h, after which 115.9, 115.6, 89.53, 81.43, 60.6, 50.1, 41.7, 38.8, 34.7, 33.6, 31.5, 28.9,

an ether solution of CHN, (excess) was added and the reaction was
stirred for an additional 10 min at 28C. The excess Cil, was

removed by an argon stream, the reaction was extracted with ethyl

acetate (3x 15 mL), dried over Ng50O,, and concentrated. The crude
residue was purified by flash chromatography (silica gel, 10:10:1
EtOAc—CH,Cl,—MeOH) to furnish methyl esteb7 (13.1 mg, 88%,
two steps): R = 0.42 (silica gel, 10:10:1 EtOAeCH,Cl,—MeOH);
FT-IR (neat)vmax 3410, 2960, 1711, 1637, 1435, 1384, 1269, 1155,
1048, 732 cm*; *H NMR (500 MHz, CDC}) ¢ 7.51 (d,J = 15.6 Hz,
1H, C-3),7.44 (s, 1 H, C-5,7.07 (s, L H, C-7, 6.72 (d,J = 9.9 Hz,
1H, C-2),6.55(dJ=15.6 Hz,1H, C-2, 6.48 (d,J=5.9Hz, 1 H,
C-5), 6.17 (dJ = 5.9 Hz, 1 H, C-6), 5.28 (br s, 1 H, C-12), 4.78 (d,
J=7.4Hz, 1H, C-8),4.154.12 (m, 1 H, C-1), 3.70 (s, 3 H, OCH
3.69 (s, 3H, C-9,3.22 (s, 3H, OCH), 2.67 (br dJ = 10.8 Hz, 1 H,
C-10), 2.38 (br dJ = 16.4 Hz, 1 H, C-13), 2.03 (br dl = 16.4 Hz,
1H, C-13), 1.66-1.53 (m, 3 H, C-9, C-18), 1.51 (s, 3 H, C-17), 1.44
(s, 3 H, C-16), 1.3#1.28 (m, 1 H, C-14), 0.97 (d] = 6.6 Hz, 3 H,
C-19 or C-20), 0.92 (dJ = 6.4 Hz, 3 H, C-19 or C-20)!3C NMR

24.4,24.3,22.2,22.0, 20.5, 14.1; HRMS (FAB) calcd fagGiCsNOs
(M + Cs") 657.1941, found 657.1959]% —12.0 € 0.4, CHCE).

Completion of the Synthesis of Sarcodictyin B (8).To a solution
of ethyl ester58 (3.5 mg, 0.0067 mmol, 1.0 equiv) in 10:1 @&l,—
H.O (1.1 mL) was added CSA (10.0 mg, 0.043 mmol, 6.4 equiv). The
reaction was then stirred at 2& for 24 h, after which triethylamine
was added and the reaction mixture was concentrated. The crude
mixture was purified by flash chromatography (silica gel, 10:10:1
EtOAc—CH,Cl,—MeOH) to yield sarcodictyin B&) (3.0 mg, 86%)
as a white solid: R = 0.32 (silica gel, 10:10:1 EtOAeCH,Cl,—
MeOH); FT-IR (neatymax 3348, 2926, 2855, 1708, 1637, 1458, 1383,
1299, 1271, 1244, 1156, 1051 NMR (500 MHz, CDC}) 6 7.52 (d,
J=156Hz,1H,C-3,7.44 (s, 1 H, C-H,7.08 (s, 1 H, C-7, 6.81
(d,J=9.8 Hz, 1 H, C-2), 6.55 (dJ) = 15.5 Hz, 1 H, C-2, 6.32 (d,
J=5.8Hz, 1 H, C-5or C-6), 6.09 (d = 5.8 Hz, 1 H, C-5 or C-6),
5.30 (brs, 1 H, C-12), 4.80 (d,= 7.4 Hz, 1 H, C-8), 4.244.15 (m,
3 H, C-1 and OEI,CHy), 4.04 (s, 1 H, OH), 3.69 (s, 3 H, NCHg),
2.71 (br d,J = 11.7 Hz, 1 H, C-10), 2.37 (br dl = 11.0 Hz, 1 H,

(125 MHz, CDC}) 6 167.1, 166.7, 146.4, 139.2, 138.4, 136.4, 134.9, C-13), 2.05 (br dJ = 11.3 Hz, 1 H, C-13), 1.65 (d] = 14.7 Hz, 1 H,
134.0, 132.0, 131.0, 122.7, 121.4, 115.9, 115.5, 89.6, 81.4, 51.8, 50'2vC-9), 1.64-1.55 (m, 2 H, C-9, C-18), 1.52 (s, 3 H, C-17), 1.49 (s, 3
41.7,38.7,34.7, 33.6, 31.5, 28.9, 24.4, 24.3, 22.2, 22.0, 20.5; HRMS  C.16), 1.28 (tJ = 7.0 Hz, 3 H, OCHCH), 1.23-1.21 (m, 1 H,

(FAB) calcd for GgH3sCsNeOs (M + Cs') 643.1784, found 643.1762;
[0]%% —44.7 € 0.5, CHC}).

Completion of the Synthesis for Sarcodictyin A (7). To a solution
of methyl este67 (6.0 mg, 0.0117 mmol, 1.0 equiv) in 10:1 @El,—
H.O (1.1 mL) was added CSA (10 mg, 0.043 mmol, 6.4 equiv) and
the reaction was stirred at 2& for 16 h, after which triethylamine

was added and the reaction mixture was concentrated. The crude

mixture was purified by flash chromatography (silica gel, 10:10:1,
EtOAc—CH,Cl,—MeOH) to yield sarcodictyin A7) (4.6 mg, 79%)
as a white solid: R = 0.32 (silica gel, 10:10:1, EtOAeCH,Cl,—
MeOH); FT-IR (neatymax 2958, 2361, 1711, 1636, 1244, 1153, 1050
cm; *H NMR (500 MHz, CDC}) 6 7.51 (d,J = 16.0 Hz, 1 H, C-3,
7.43 (s, 1 H, C-5, 7.07 (s, 1 H, C-7, 6.80 (d,J = 15.6 Hz, 1 H,
C-5),6.33(dJ=5.6 Hz, 1 H, C-50r C-6), 6.09 (d,)=5.6 Hz, 1 H,
C-5 or C-6), 5.30 (br s, 1 H, C-12), 4.79 (@= 7.3 Hz, 1 H, C-8),
4.20-4.17 (m, 1 H, C-1), 4.03 (s, 1 H, OH), 3.74 (s, 3 H, O4}8.68

(s, 3H, OCH), 2.71 (d,J = 9.9 Hz, 1 H, C-10), 2.37 (brdl = 16.4
Hz, 1 H, C-13), 2.05 (br dJ = 17.2 Hz, 1 H, C-13), 1.681.55 (m, 3

H, C-9, C-18), 1.52 (s, 3 H, C-17), 1.48 (s, 3 H, C-16), £:3530 (m,
1H, C-14), 0.98 (dJ = 6.7 Hz, 3 H, C-19 or C-20), 0.92 (d,= 6.4
Hz, 3 H, C-19 or C-20)}C NMR (125 MHz, CDC4) 6 168.1, 166.7,

147.2, 139.2, 138.4, 136.5, 134.1, 133.3, 132.8, 131.8, 122.7, 121.4,
115.8, 110.9, 90.8, 81.0, 52.1, 41.8, 39.0, 35.0, 33.6, 31.8, 28.9, 25.6,

24.4, 22.2, 22.0, 20.5; HRMS (FAB) calcd fordB36CsNOs (M +
Cs") 629.1628, found 629.1648¢]*% —19.1 € 0.11, EtOH).
Synthesis of Ethyl Ester 58. To a solution of aldehyd&5 (27.8
mg, 0.058 mmol, 1.0 equiv) ilBBuOH-H,O (5:1, 1.2 mL total) were
added 2.0 M 2-methyl-2-butene in THF (1 mL, 2.0 mmol, 34.4 equiv),
NaHPQO, (20.9 mg, 0.174 mmol, 3.0 equiv) and NaGI(31.5 mg,
0.340 mmol, 2.9 equiv) at @C. The reaction was stirred at the same
temperature for 2 h, after which an ether solution of excessOEH,

C-14), 0.98 (dJ = 6.6 Hz, 3 H, C-19 or C-20), 0.93 (d,= 6.4 Hz,

3 H, C-19 or C-20)3C NMR (125 MHz, CDCY) 6 167.8, 166.7, 147.0,
139.2, 138.4, 136.5, 134.1, 133.2, 132.8, 131.9, 122.7, 121.4, 115.9,
111.0, 90.9, 81.1, 61.1, 41.8, 39.1, 35.0, 33.6, 31.8, 28.9, 25.6, 24.4,
22.2, 22.1, 20.5, 14.1; HRMS (FAB) calcd fordEl3sCsN.Os (M +

Cs") 643.1784, found 643.1804¢]*>> —4.0 (€ 0.15, EtOH).

Synthesis of C5,C6-Saturated Analogue 61Analogue6l was
synthesized by the same reaction sequence followed for the two natural
products §3, 54, 55, 56, 57, 58) from alcohol43: R = 0.32 (silica
gel, 10:10:1, EtOAe CH,Cl,—MeOH); FT-IR (neatymax 2959, 1711,
1638, 1451, 1247, 1159, 1043 cin'H NMR (500 MHz, CDC})

7.52 (d,J = 15.6 Hz, 1 H), 7.45 (s, 1 H), 7.07 (s, 1 H), 6.77 (b=

10.2 Hz, 1 H), 6.51 (dJ = 5.6 Hz, 1 H), 5.34 (br s, 1 H, C-12), 4.64
(d,J=8.0 Hz, 1 H, C-8), 4.11 (m, 1 H, C-1), 3.70 (s, 3 H, @),

3.69 (s, 3 H, N-Me), 3.20 (s, 3 H, OMe), 2.62.53 (m, 2 H, C-10,

C-5 or C-6), 2.49 (m, 1 H, C-5 or C-6), 2.35 (br dbs= 16.5, 2.0 Hz,

1 H, C-13), 2.20 (m, 1 H, C-5 or C-6), 2.06 (br dil= 18.7, 2.0 Hz,

1H, C-13), 1.82-1.75 (m, 2 H, C-5 or C-6, C-9), 1.56 (s, 3 H, Me),
1.55-1.46 (m, 1 H, C-9), 1.35 (s, 3 H, Me), 20 (m, 1 H, C-14), 0.95
(d,J=6.6 Hz, 3 H, C-19 or C-20), 0.92 (d,= 6.4 Hz, 3 H, C-19 or
C-20);*3C NMR (125 MHz, CDC}) ¢ 167.5, 166.8, 148.0, 139.1, 138.4,
136.1, 133.9, 132.7, 122.6, 121.6, 116.3, 112.0, 85.4, 80.9, 51.8, 50.4,
42.4, 39.5, 37.9, 34.9, 33.6, 32.1, 30.6, 28.6, 28.1, 24.1, 22.1, 22.1,
20.6; HRMS (FAB) calcd for @H1oCsN.Og (M + Cs") 645.1941,
found 645.1962; [g&}> +41.7 € 0.2, CHC}).
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