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Abstract

A synthetic strategy for the synthesis of olivin has been developed which features a benzannulation reaction of a
Fischer carbene complex in the assembly of the tricyclic core of the molecule containing the acyclic
carbohydrate side chain and the phenol functions differentiated. In this work, a synthesis of a key alkyne is
developed to be used in a benzannulation reaction that constructs the B-ring of olivin. This alkyne incorporates
four of the five asymmetric centers in the aglycone of olivin. The synthesis of this alkyne begins with the
exclusively syn selective Mukaiyama aldol reaction of 2-trimethylsiloxyfuran with the 2S,3R-dihydroxybutanal
protected as its acetonide. Conjugate addition of a vinyl cuprate to the butenolide obtained from this reaction
gives a singie stereoisomer of an intermediate that has ail of the chiral centers of the acyclic carbohydrate side
chain. The final carbon in the alkyne is introduced by a Corey-Fuchs reaction which is used to install the alkyne
function. The synthesis of the alkyne is accomplished in 15 steps (6 % overall yield) and can provide gram
quantities of material. Initial evaluation of the key benzannulation step was performed with alkyne 45 and
carbene complex 44 which demonstrates the viability of a synthetic strategy that employs the reaction of an aryl
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Fischer carbene complex with a compiex alkyne containing the functionality needed for the synthesis of olivin.
© 1999 Elsevier Science Ltd. All rights reserved.
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The aureolic acids consist of the olivomycins, the chromomycins and the mxtnramymm
all of which are clinically active '"‘lt:t"ﬁ‘(—)f antibiotics and potent iﬁhibito rs of DNA-dependent
RNA polymerase ' Studies on the structure-activity relationships of these compounds have thus
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shown that the closely related mithramycin inhibits transcription of the c-myc protooncogene by

binding to a GC rich promoter region and blocking gene transcription.” More recently, studies
by Kahne et al. have shown that the trisaccharide moiety is critical for stable dimer formation in
memanol solution while the disaccharide and acyclic side chains appear to play less lmportant
roles.* mterestmgly, the less hindered chromomycin A, aglycone forms a 1:1 drug- Mg“

complex.” In addition, Kanne has shown that a sxmphned TEG-chromophore conjugate 3 forms
a 2:1 complex with Mg which interacts with DNA.° While active against a variety of tumors,

the aureolic acids often do not discriminate between cancerous and non-cancerous cells resulting
in palntul side effects such as anemia and internal bleeding thereby limiting their application as
drugs.’

RLO, 67:]9 J

1 Chromomycin Az, R1=Ra= CH3
2 Olivomycin A, Ry = H, Rg = jPr
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Our interest in the synthesis of the aureolic acid aglycones derives from our previous wor
on the benzannulation reaction of Fischer carbene complexes with alkynes as a general method
. : : srhetd 13 ov
for the synthesis of a variety of highly substituted phenols and naphthols.” This methodology
appeared to us to be amenable to the synthesis of the aureolic acid aglycones since the anthrone
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portion of these molecules could be synthesized in a highly convergent manner from an aryl
carbene complex 9, and a fully functionalized alkyne 10. In addition, due to the generality of the
benzannulation reaction, many types of olivin analogs could be synthesized using this
methodology since many kinds of functionality on both the carbene compiex and the alkyne are
tolerated by the benzannulation reaction. Previous model studies from our laboratories have
shown that the hydroxyl group in an olivin tricyclic core (R*in 7) could be removed via its
triflate using a Pd-catalyzed procedure that had been developed for this purpose.” While this
model study showed the viability of our strategy towards 3, an efficient synthesis to give gram
quantities of a highly functionalized alkyne 10 was still needed. Therefore, we present our
recent work directed towards this goal.
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unsaturated y-lactones having an S configuration at C-4 always are levorotatory while those with
an R configuration at C-4 always are dextrorotatory, thus providing further structural and
stereochemical proof for 16 and 16a."

Protection of the alcohol in 16 proved to be problematic due to steric hindrance as well as
the easy epimerization of the hydrogen at C-4. It was eventually found that using the p-
methoxybenzyl trichoroacetimidate'® and 10 mol % CSA in CH,Cl, gave 17 in 75% yield. The
use of other acid catalysts (PPTS, BF,-Et,0, and TfOH) either causes epimerization of C-4 or
leds to poor conversions. The only drawbacks of this imidate/CSA procedure are long reaction
times (69 h), and some epimerization at C-4 is seen when the reaction is run on a larger scale
than reported in the experimental section. Introduction of the tert-butyl acetyl group as the 5th
contiguous stereocenter is accomplished via a diastereoselective Michael addition of the anion of
tert-butyl acetate in THF at -78 °C, to give 18 as a single diastereomer. While the

stereochemistry of the conjugate addition was not rigorously proven at this point, ample

Scheme I
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4 HF -pyridine, pyridine, 0 °C, 10 min. b CI3CC(NH)OCH32CgHyg-p-OCH3, 10 mol % (3)-CSA, CH2Cl,25°C , 69 h. €
LDA, tert-butyl acetate, THF, -78 °C, 30 min; 17, THF, -78 °C, 15 min. di13 equiv. DIBAL, Et70,-78 °C, 1.75 h. ¢
PhI(OAc), I, hv, cyclohexane, 25 °C, 1 h. f KHCO3, MeOH, H20, 25 °C, 5 h. & Me30BF4, Proton Sponge, CH2Clp,
25°C, 18 h, h Trimethylsilylacetylene, n-BuLi/hex, THF, 0 °C; 23, THF, HMPA, -20 °C to 0 °C, 1.25 h.
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literature precedent shows that a variety of nucleophiles undergo conjugate addition anti to the
side chain substituent at C-4 in y-lactones such as 17."”

Lactone 18 may be chemoselectively reduced to lactol 19 as a 1:1 mixture of epimers at
C-1 in 50 % (unoptimized) yield with DIBAL-H in Et,0, leaving the tert-butyl ester moiety
intact. All attempts to olefinate the keto isomer lactol 19 using standard Wittig and Horner-
Emmons reagents failed, possibly because 19 only exists in the lactol form. We felt that opening
of the lactol in 19 could be carried out using a Sudrez-type fragmentation® to produce a
secondary hydroxyl group at C-4 and an electrophilic center at C-2 where an acetylene group
could be attached. According to this plan, lactol 19 undergoes Sudrez lactol fragmentation
(Phi(OAc),, 1,, hv, cyclohexane), to give iodoformate 20 in 55 % yield. Hydrolysis of the
formate moiety is accomplished using KHCO,, MeOH/H,0 to give 21 (quantitative yield), and
the hydroacyl group in 21 is methylated using Meerwein’s salt/Proton Sponge®' to give 22 in 89
% yield. Methylations using NaH/CH,I or Ag,0/CH,I appear to give a 5-membered ring
lactone and a 4-membered ring oxetane, resulting from intramolecular attack of the alcohol on
the tert*butyl ester and the primary todide respectively

Unfortunately, excess lithium trimethylsilylacetylide in THF/HMPA?® fails to give SN2
type displacement at the primary iodide in 22. Instead cyclopropane 23 is produced in 78 %
yleld by abstraction of a proton alpha to the ester moiety of 22 to give the ester enolate, followed
by intramolecular displacement of the iodide. In addmon to H NMR IR and mass spectroscopy
which confirm the structure of 23, the 75 MHz 'H- -coupled C NMR spectrum of 23 clearly
shows three aliphatic carbon resonances (8 15.3 (t, JC-H = 163.1 Hz), § 17.3 (d, JC-H = 166.6
Hz), and & 22.6 (d, JC-H = 163.0 Hz)) where the JC-H coupling constants indicate that these
aliphatic resonances must be cyclopropyl carbons. Substitution of the iodide in 22 for an
acetylene using a SmI2-mediated radical addition gives a complicated mixture of products that
were not characterized.” Finally, several attempted openings of 23 with lithium
trlmeth?llsﬂylacetyhde at the least substituted position of the cyclopropane gives a compound
whose '"H NMR, IR and °C NMR spectra are consistent with alcohol 24. To our knowledge, the
opening of singly activated (one-electron withdrawing group) cyclopropanes of type 23 with
nucleophiles has not been published. The nucleophilic opening of doubly activated
cyclopropanes however is known.**

The Synthesis of the Fully Functionalized Olivin Alkyne 10

Since we were unable to use the Sudrez fragmentation route to synthesize alkyne 10, we
opted to explore a more straightforward strategy that is presented in Schemes II-1V. Due to
epimerization problems at C-4 in 16, we decided to attempt a nucleophilic conjugate addition to
butenolide 14. We decided not to use the anion of rert-butyl acetate in this reaction, as in
Scheme I, since we felt the that the resulting terz-butyl ester would not be stable to reducing
conditions that we anticipated using to open up the resulting lactone at a later stage in the
synthesis. Using a vinyl group as the nucleophile appeared to be a good choice since this moiety
could be converted to a tert-butyl acetyl group via hydroboration, oxidation to the carboxylic
acid and esterification.
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a (viny)2Cu(CN)Li2, Et20, -78 °C, 30 min. P HF-pyridine, THF, 0 °C, 30 min. € TBSOTY, 2,6-lutidine, CH2Cly, 25 °C,
72 h. 4 LiBH4, Et20, 0 to 25 °C, 3.5 h. © TBSCI, Et3N, cat. DMAP, CH)Cly, 25 °C, 14 h. f NaH, CH3I, THE/DMF
(4/1),0t0 25 °C, 14 h. & Me3OBFj4, Proton Sponge, CH2Cl3, 25 °C, 20 h.

After unsuccessfully trying a number of vinyl cuprate reagents (vinyl-MgB1/10 mol %
CuBr,-Me,S, (vinyl),CulLi, (vinyl),CuLi/TMSCI), we found that the more reactive higher-order
vinyl cuprate (vinyl),Cu(CN)Li,” gives an excellent yield of lactone 25 as a single dlastereomc
(Scheme II). Surprisingly, the TMS ether remains intact in the presence of (vinyl)
an important point since conjugate additions of all vinyl cuprate reagents to alc hnl 1 6 ;aﬂgd.
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Selective protection of the primary hydroxyl group with TBSCI/Et;N/catalytic DMAP?” gives 29

in 85 % yield and methylation of the secondary hydroxyl group of 29 with NaH/CH;] gives an
excellent yield (97 %) of a compound that we at first assumed to be 31. In fact the compound
obtained from this reaction is 30 where the TBS ether has migrated from the C-5 to the C-4
hydroxyi group and the C-5 'nydroxyi is methylated. This silyl migration was proven as follows
mcneme III): aeprorecuon of the prlmary TBS ether in the presence of a secondary TBS ether
using HF-pyridine " gives alcohol 32 (88 % yield), Swern oxidation?® produces aldehyde 33 (96
% yield), removal of the secondary TBS group with excess TBAF, and oxidation of the resulting
lactol with PCC/NaOAc” gives the 5-membered ring lactone 34 (91 % yield, two steps). That
the expected six-membered ring lactone derived from 30 did not form was proven by the lactone

carbonyl IR stretch of 1782 cm  for 34. We found it surprising that the TBS migration from the
C-5 to the C-4 hydroxyl group was complete and that a mixture of products was not obtained.

Scheme II1
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a HF-pyridine, THF, 0 to 25 °C, 3h. b DMSO, (COCl)2, CHaClp, -78 °C, 15 min; Et3N, -78 t0 25 °C, 2 h. © TBAF, THF,
25°C 1 h PO aYA~r CHAClA 259 18§
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stereochemistry were determined by converting it to lactone 37 via the same sequence used to
convert 30 to lactone 34 (Scheme V - HF-pyridine desilylation, Swern oxidation, TBAF
R JEUEEE T TRPL I B 7 Fa SRS BIPLJEY T nmbmims M Lo e bl Il D1 el T o hs e D
acsliyldiion ana ruie ualdaiivll). LaClulliC o7 I1ldas placiulatiy IUCIlllbdl SpeECroscopic
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-1
1748 cm™. The 500 MHz 'H NMR (CDCl,) spectrum shows a large diaxial coupling between

H,, (d, 2.70) and H, (d, 2.60-2.68) of J = 12.5 Hz, and this data taken together with the fact
that H, appears as a triplet is only consistent with the structure and stereochemistry of 37.

The final steps to the olivin alkyne 10 were completed as follows (Scheme IV). Aldehyde
36 is converted to the dibromoolefin 38 in 90 % yield using the procedure of Corey and Fuchs™
Treatment of 38 with n-Buli gives the corresponding enyne which fails to undergo
regioselective hydroboration/oxidation at the terminal olefin even using 9-BBN which is known
to preferentially hydroborate olefins in the presence of acetylemes.’ A regioselective
hydroboration/oxidation of the terminal olefin of 38 is possible however using excess
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BH,- THF/basic H,0, to give alcohol 39 in 56 % yield. Presumably the monosubstituted olefin is
more reactive to BH; THF than the more hindered and deactivated trisubstituted dibromoolefin.
Other more hindered hydroboration agents (Sia,BH, 9-BBN) were also tried in attempts to give
higher yields of 39, but instead they gave lower product yields and more complex product
mixtures.

Scheme IV
Me Me Me
OMe 0-\-Me B QMeo-\Me Br QMe 9 \-Me
/\/?\/&p o )W?\/k‘p e Wp -
OHC ; l" 90 % Br ; ) 56% Br ; "‘ 8%
EOM EOM
Arash Me Arass Mo ‘/‘TBSO Me
HO
% 3 »
Me Me‘ Me
OMe O—-Me OMe 0 —~~Me OMe 0 ~-Me
- A - R A : 1_\2
-~ 0, -~ o, o~
A N9 % % T %% ,//c,) )
rese Me TBSO TBSO °
HO H RO
0 41 r~4&R=H
f Lea3R=CH;

79 %

a CBr4, Ph3P, CH2Cla, CH2Cly, 25 °C, 35 min. b 2.0 equiv. BH3-THF, THF, -15 °C, 26 h; CH30H; 3 N NaOH; 30 %
H202,25°C, 2 h. €3 equiv. n-BuLi/hexanes, THF, - 78 °C, | h; 25°C, 1 h. d Dess-Martin periodinane, CH2Cl, 25 °C,
1.25 h. € NaClO2, NaH2PO4, 2-methyl-2-butene, +-BuOH, H20, 25 °C, 1.5h. f CH2N»2, Et0, 0 °C, 15 min.

Alcohol 39 may then be converted to alcohol 40 in excellent yield (85 %) using the
conditions of Corey and Fuchs.” Oxidation of alcohol 40 to acid 42 is best accomplished in a
two-step procedure by first oxidizing 40 to aldehyde 41 using the Dess-Martin periodinane (99
% yield),” and oxidizing 41 to carboxylic acid 42 using buffered NaClO,/2-methyl-2-butene® in
practically quantitative yield (96 %). Esterification of 42 to the methyl ester 43 is accomplished
using CH,N, (79 % yield) which completes the synthesis of the fully functionalized olivin
alkyne 10. Using the procedures presented above, gram quantities of acid 42.

In a preliminary study on the benzannulation of the alkynes of the general structure 10, the
reaction of carbene complex 44 with the methyl ester 45 was carried out in methylene chloride
and after the reaction was complete the phenol product was acetylated” to give the desired
penta-substituted naphthalene 46 which contains all of the carbons of olivin. Four other minor
products were observed for this reaction but the identity of these compounds has not yet been
determined. It is known that the success of the benzannulation reaction can be highly dependent
on the reaction conditions and on the substituents on the carbene complex and on the alkyne."*

Scheme V
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ase of a highly oxygenated alkyne, the reaction failed to give any of the normal phenol
his seems to be related to the presence of methoxy groups in the 2 and 5-positions
of the aryl ring of the carbene compiex.™ It is likely that once the minor products of the reaction
of carbene complex 44 with alkyne 45 are determined, improved yields of the naphthalene 46

from this reaction will be possible with proper choice of reaction conditions.*
CONCLUSION

We have presented a stereoselective route to alkyne 43, a key intermediate in our
approach towards the total synthesis of olivin 4 using the benzannulation reaction. The synthesis
starts with commercially available 2-trimethylsiloxyfuran 12 and the threonine derived aldehyde
13 and requires 15 steps (overall yield of 6 %). The synthesis of 43 features a completely
diastereoselective Mukaiyama reaction between 12 and aldehyde 13 which establishes 4 of the 5
stereocenters in 43, a diastereoselective vinyl cuprate addtion with (vinyl),Cu(CN)Li, which
establishes the fifth stereocenter in 43, and a regioselective hydroboration/oxidation of 38 with
BH,-THF which distinguishes the two differentially substituted olefins of 38 to give alcohol 39.
Prehmmarv studies of the reaction of alkyne 45 with carbene complex 44 demonstrates that the

benzannulation reaction of highly functionalized alkvne of the tvpe 10 will prgyjdg for a viable

TOTETTEREE TR TR As sE AT EE S TR RTINSy T Eas T e asTmaaTmE e, memng T oS BT Sl

approach to the synthesis of olivin.

General Information. The atmosphere under which synthetic reagents were combined
was argon. Unless otherwise indicated, all common reagents and solvents were used as obtained
from commercial suppliers without further purification. Prior to use, tetrahydrofuran and diethyl
ether were distilied from Na/benzophenone ketyl, methylene chioride, pyridine, triethylamine,
2,6-lutidine and diisopropylamine were distilled from CaH,, and N,N'-dimethylformamide was
stirred for 12 h over BaO, decanted and distilied under reduced pressure.” All of the above
compounds were stored under N, after distiilation. Hexamethylphosphoramide was distilled
under reduced pressure onto activated 4A molecular sieves and stored under Ar. All other
reagents obtained from commercial suppliers were used as received. Flash chromatography was
carried out according to Still*> using 230-240 mesh silica gel. Routine 'H NMR spectra were
recorded on a DS 1000 (Chicago built) 500 MHz spectrometer, a 400 MHz Varian XL
spectrometer or a General Electrlc QE 300 MHz spectrometer with tetramethylsilane (8 0.0) as
an internal reference. Routine '>°C NMR spectra were recorded on General Electric QE-300
spectrometer at 75 MHz with the central peak of the CDCl, triplet (6 77.0) as an internal
reference. Infrared spectra were recorded on a Nicolet 20SXB FTIR spectrometer. Low-
resolution mass spectra were recorded on a Finnigan 1015 instrument, and high-resolution mass
spectra were recorded on a VG 70-250 mass spectrometer. Elemental Analyses were performed
by Galbraith Inc, Knoxville, TN.

TMS Butenolide 14. To 14.98 g (104 mmol) of aldehyde 13* 11.7 mL (10.87 g, 69.3
mmol) of 2-trimethylsiloxyfuran 12, and 200 mL of CH,Cl, at -78 °C was added 0.24 mL (534
mg, 2.05 mmol) of freshly distilled SnCl,. After stirring at -78 °C for 15 min, the mixture was

oo 1LALAVLY VL ALE0R1 ) MM I8 aitl o222 Al 14 222IAL3L
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the organics were washed with 300 mL of H,O, 300 mL brine, dried over MgSO,, filtered and
evaporated to an oil. Flash chromatography on silica gel, eluting with hexanes/CH,Cl,/Et,0
(10/1/1 to 2/1/1), gave 14.85 g (49.43 mmol, a 71 % yield) of 14 as a clear oil which solidifies to
a wax in a -20 °C freezer. Rf = 0.18 (4/1/1 hexanes/ CH,Cl,/Et,0); [a], = -63.5° (c. 0.0026,
CH,Cl,); 'H NMR (500 MHz, CDCl5): 60.16 (s, 9 H), 1.35 (s, 3 H), 1.37 (d, J = 6.0 Hz, 3 H),
1.42 (s, 3 H), 3.65-3.75 (m, 2 H), 4.01 (pent, J = 6.0 Hz, 1 H), 5.05-5.11 (m, 1 H), 6.12 (dd, J =
2.0, 6.0 Hz, 1 H), 7.49 (dd, J = 1.0, 6.0 Hz, 1 H); IR (NaCl, thm f11m. cm-1): 2986m, 1760s,
1300m, 1253s, 1162s, 1148m, 1094s, 1061s, 1039m, 907m, 845s; Bc NMR (75 MHz, CDCl,):
0 0.5, 19.8,26.8,27.2,75.5,76.4,81.4,85.1, 108.7, 122 2, 153.7, 172.5.
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(16.64 mmol) of 14 in 75 mL of pyridine at 0 C. After stirring at 0 °C for 10 min, the reactio
was carefully quenching by slowly adding 200 mL saturated aqueous NaHCOQ,. After pouring
into 200 mL of H,O and extraction with 6 x 75 mL of Et,0O, the combined organics were washed
with 1 x 200 mL of brine, dried over MgSQ,, filtered and evaporated to leave an oil. Excess
mrreridicmn wrrao raminugad ke arramoen 4....,. i+l 2 1NN .Y ~f Lo .1
pyrainc wad iCinouved vy Cvapoidiiilg ult: Uu Wil 5 X 1uUU IiiL O Denzene ridasii
1 ’e wvnmao ml /m 'aYWieYalWal PR B e B e O N 2
chromatography on silica gel, eluting with heAalleil CHZUZILtzu (2/1/1 to 1/1/1), gave 3.03 g
0,

a wh val of solvents in

% yleld) of 16a as a white solid. 16 Rf = 0.11 (1/1/1
hexanes/ CH,Cl1,/Et,0); [0y =-4 (c. 0. ; Cuu3) 0 1.35
(s,3H),1.39(d,/J=6.0Hz,3H), 1.42 (s, 3 d,J=70 , exchanges with
2()),5.52 3.40 (m, 2 H), 4.10 (pent J=60Hz, 1 H),523(, J=15Hz, 1 H), 6.12 (dd, J =
2.0, 6.0 Hz, 1 H), 7.54 (dd, J = 1.5, 6.0 Hz, 1 H); B NMR (75 MHz, CDCL): 8 19.8, 27.3,
27.8, 74.2, 717.5, 81.5, 85.3, 109.3, 122.5, 155.1, 173.8; IR (CHCI, solution, cm'i): 3610-
3425brw, 2988e, 2879w, 1755s, 1373w, 1096w; MS (EI) m/z (relative intensity) 213 (M - CH3,
42), 171 (12), 153 (11), 145 (9), 115 (53), 101 (19), 97 (10), 84 (14), 83 (12), 69(11), 59 (100);

HRMS (EI) calcd for C,3H,,04 M - CH,) 213.0763, found 213 0767. 16a: Rf = 0.14 (1/1/1

~

N

' e
o '.I‘
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hexanes/ CH,Cl,/Et,0); mp 86-89 °C; [al, = 86.4° (¢ 0.003); 'H NMR (500 MHz, CDCl,): &
138 (d, 7 = 6.0 Hz, 3 H), 1.40 (s, 3 H), 1.42 (s, 3 H), 2.80 (d, J = 4.5 Hz, 1 H - OH, exchanges
with D,0), 3.57 (t, /=7.5 Hz, 1 H), 3.98-4.06 (m, 1 H), 4.15 (pent, J = 6.0 Hz, 1 H), 5.18-5.26
13
(m, 1 H),6.18 (dd, J=2.0,60Hz, 1 H),7.58(dd, J=1.5,6.0Hz, 1 H); "C NMR (75 MHz,
CDCl3): & 19.0, 26.8, 27.3, 72.0, 76.4, 81.4, 84.2, 109.0, 122.9, 153.5, 173.3; IR (CHCI,
'1\ SS1MN DYANNL NANOO__ NN 177 1y 1NN nnn . R A /TOTN 4
SOIU[IOH CIn ). J01U-3405UDIW, 2ZY88W, L8 /YW, L/JYS, 15/0W, 1UYLW, JUZW, MDD (1) n/
+
(relative intensity) 213 (M"™ - CH;, 51), 153 (14), 115 (38), 101 (22), 84 (17), 83 (18), 69(15),
rTL R o~ v e ~ ~ ~AsAa o~

59(100); HRMS (EI) calcd for C,jH,;;05 (M" - CH,) 213.076 3, found 213.0765.

PMB Butenolide 17. To 21 mg (0.71 mmol) of 80 % NaH/mineral oil in 10 mL of Et,O
at room temperature was added 0.88 mL (975 mg, 7.05 mmol) of p-methoxybenzyl alcohol in
drops over 3 min. After stirring at room temperature for 30 min, the reaction mixture was
cooled to 0 °C and 0.71 mL (1.02 g, 7.05 mmol) of CI;CCN was added dropwise. After slowly
warming to room temperature over 4 h, the resulting orange solution was evaporated to an oil,
dissolved in 10 mL of hexanes/3 drops of CH,OH, filtered through Celite and evaporated to a

yellow oil to give to the crude trichloroacetimidate. To this oil were added 20 mL of CH,Cl,,
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805 mg (3.53 mmol) of 16, 82 mg (0.35 mmol) of (+)-camphor sulfonic acid and the resulting
solution was stirred at room temperature. The reaction was most conveniently followed by 1
NMR by monitoring the disappearance of the & 7.54 (dd, 1 H) for 16 and the appearance of the 8
7.45 {(dd, 1 H) for 17. After 69 h, the reaction mixture was quenched with 5 mL of saturated
aqueous NaHCQO;, extracted with 3 x 30 mL of Et,0, and the combined organics were washed
with 1 x 50 mL of H,O, 1 x 50 mL of brine, dried over MgSQO,, filtered and evaporated to a
while solid. Flash chromatography on silica gel, eluting with hexanes/ CH,Cl,/Et,O (4/1/1 to
2/1/1), gave 1.17 g (3.36 mmol, a 95 % yield) of a white solid. 'H NMR indicated
contamination by a polymeric material (d, 6.1 br s; d, 6.6 br s). Repeated flash chromatography
on silica gel, eluting with hexanes/ CH,Cl,/Et,O (4/1/1 to 2/1/1), gave 923 mg (2.65 mmol, a 75
% yield) of 17 as a colorless oil. Rf = 0.14 (2/1/1 hexanes/ CH,Cl,/Et,0); 'H NMR (500 MHz,
CDCl,): 8 1.31 (s, 3 H), 1.32 (d, J = 6.0 Hz, 3 H - partially obscured by the s at 8 1.31), 1.39 (s,
3 H), 349 (q, J=4.6 Hz, 1 H), 3.71 (t, J = 8.0 Hz, 1 H), 3.80 (s, 3H), 3.87-3.95 (m, 1 H), 4.51
(AB quartet, J = 11.0 Hz, 2 H), 5.16-5.22 (m, 1 H), 6.10 (dd, J = 1.7, 60Hz 1H), 682, J=
8.5 Hz, 2 H), 7.20 (d, J = 8.5 Hz, 2 H), 7.45 (dd, J = 1.7, 6.0 Hz, lH), ’C NMR (75 MHz,
CDCl,): 6 19.5, 26.8, 27.3, 55.3, 74.5, 80.5, 80.7, 85.0, 102.2, 108.8, 113.9, 122.0, 128.9, 130.0,

15’%4 159.6, 172.8; IR (NaCl plate, thin film, cm'h 2985m, 2933m, 1750s, 1612m, 1513s

1248s, 1162m, 1078s, 1033s, 822m; MS (EI) m/z (relative intensity) 348 (M+, 5), 333 (M+ -
CH,, 20), 290 (25), 207 (15), 166 (90), 153 (40), 137 (85), 121 (100); HRMS (EI) calcd for
C,oH,,0,4 348.1573, found 348.1548.
DPMR tort . hntavvacatyl T antana 18 T 108 mT (140 o 12 2R mmaly af Ai_
A AVARF ST I VT U“IvUAJaL\alJI RICGALLULIL AU AV L./ AllAu \LA""U 5, LI2.00 utu.u}l} vl Ul
1sopropylamme in 25 mL of THF at -78 °C was added 5.55 mL (13.88 mmol) of a 2.50 M
Af 2 DT s havanas imn denmo Avasr & main AfFtne ctireimnea at 7O Ot £ T& tanisn 1 Q0 T
b\nuuuu 01 7fi-DUL/EXaiics i ULUPD UVCL U 11i11l. MAlLWwl bllllllls at ~/0 O 1U1 10 L, 1.00 1L,
1 £1 ammamn BN ol 24 Lessbur] A antbnds rzroo AL Seh Heemian ez . Lo AN

{1.01 &, 13 00 mimnoi ) Ul teri- UUL)’I dCCLldalC wdas dUUCU .l[.l UlUpb 0vCl J llllll hll 1 OV [Ilir
°C, a pre-cooled -78 °C solution of 1.21 g (3.47 mmol) of 17 in 8 mL of THF was added in
drops via cannula over 5 min. After 15 min at -78 °C, the reaction mixture was poured into 100
mL of brine, extracted with 1 x 100 mL of bIQU, and the orgamcs were washed with 1 x 100 mL
of H,O, 1 x 100 mL of brine, dried over MgSQ,, filtered and evaporated to an oil. Flash
chromatography on silica gel, eluting with hexanes/ CH,Cl,/Et,0 (4/1/1 to 2/1/1), gave 1.18 g
(2.54 mmol, a 73 % yield) of 18 as a off white wax. Rf =0.29 (2/1/1 hexanes/ CH,Cl,/Et,0); 'H
NMR (400 MHz, CDCl,): 8 1.35 (d, J = 5.7 Hz, 3 H), 12.37 (s, 3 H), 1.39 (s, 3 H), 1.45 (5, 9 H),
2.09-2.17 (m, 1 H), 2.34-2.42 (m, 2 H), 2.68-2.76 (m, 2 H), 3.65 (dd, J = 2.0, 8.0 Hz, 1 H), 3.78
(g, J =7.2 Hz, 2 H), 3.81 (s, 3 H), 4.38-4.44 (m, 1 H), 4.65 (AB quartet, / = 11.4 Hz, 2 H), 6.87
(d, J = 8.9 Hz, 2 H), 7.22 (d, J = 8.9 Hz, 2 H); IR (NaCl plate, thin film, cm-1): 2981w, 2935w,
1775m, 1725s, 1611w, 1514m, 1369m, 1250m, 1172m, 1156m, 1032m, 826m; MS (EI) m/z
(relative intensity): 464 (M*, 5), 449 (M*- CH,, 10), 407 (5), 349 (100), HRMS (EI) calcd for
C,H;,0, 464.2410, found 464.2408.

" PMB tert-butoxyacetyl Lactol 19, To a -78 °C solution of 961 mg (2.07 mmol) of 18 in
30 mL of Et,0 was added 2.69 mL (2.69 mmol) of a 1.0 M solution of DIBAL/hexanes in drops
over 5 min. After stirring at -78 °C for 1.75 h, TLC indicated that no starting material remained.
The reaction mixture was quenched with 10 mL of a saturated aqueous Rochelle’s salt solution,

b

warmed to

arm room temperature and stirred at room temperature 1 nin un X va
was clear. After extraction with 3 x 50 mL of Et.Q, the combined oreganics were washed with 1
r extraction with 3 X 5U mL of Ef,), the combinea organics were wasnea with 1
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x 100 mL brine, dried over MgSO,, filtered and evaporated to an oil. Flash chromatography on
silica gel, eluting with hexanes/ CH,CL,/Et,0 (4/1/1 to 1/1/1) gave 480 mg (1.03 mmol, a 50 %
yield) of 19 (1:1 mixture of diastereomers by '"H NMR) as a colorless oil. Rf = 0.25 (1/1/1
hexanes/ CH,Cl,/Et,0); IR (NaCl, thin film, cm): 3520-3340brw, 2981m, 2934m, 1726s,
1613w, 1515s, 1368m, 1250s, 1152s, 1037m, 978w, 824w; MS (EI) m/z (relative intensity) 466
(M, 2), 448 (M+ - H,0, 20), 392 (60), 351 (20), 334 (40), 248 (25), 183 (60), 145 (80), 121
(100).

tert-Butoxyacetyl formyl Iodide 20. In a 250 mL single-neck round-bottom flash were
combined 471 mg (1.01 mmol) of 19 in 100 mL of cyclohexane, 358 mg (1.11 mmol) of
PhI(OAc),, and 260 mg (1.01 mmol) of I,. The flask was fitted with a water-cooled reflux
condenser, degassed by bubbling Ar through it with vigorous stirring for 15 min, and irradiated
with a 250 Watt sun lamp for 1 h. The reaction mixture was poured into a separatory funnel
containing 50 mL Et,0, 50 mL of saturated aqueous NaHCO,, 50 mL of saturated aqueous
Na,S,0,, and extracted. The aqueous layer was washed with 1 x 50 mL of Et,0O, and the
combined organics were washed with 1 x 100 mL of brine, dried over MgSO,, filtered and
evaporated to a red oil. Flash chromatography on silica gel, eluting with hexanes/CH,Cl,/Et,0
(10/1/1 to 2/1/1), gave %29 mg (0.56 mmol, a 55 % yield) of 20 as a clear oil. Rf =0.54 (2/1/1
hexanes/ CH,Cl,/Et,0); 'H NMR (400 MHz, CDCl5): 3 1.33 (d, J = 6.0 Hz, 3 H), 1.36 (s, 3 H),
1.39 (s, 3 H), 1.46 (s, 9 H), 2.34-2.42 (m, 1 H), 2.52-2.60 (m, 2 H), 3.11-3.19 (m, 1 H), 3.52 (dd,
J=29,102Hz 1H),361(t J=76Hz, 1H),3.68(dd,J=52,7.6Hz, 1 H),3.81 (s, 3H),
3.95-4.02 (m, 1 H), 4.59 (AB quartet, J = 10.8 Hz, 2 H), 5.10-5.16 (m, 1 H), 6.87 (d, / = 7.8 Hz,
2 H), 7.24 (d, J = 7.9 Hz, 2 H), 8.10 (s, 1 H); IR (NaCl plate, thin film, cm-1): 2980w, 2935w,
1728s, 1609w, 1515m, 1368m, 1249s, 1165s, 1038m.

tert-Butoxyacetyl hydroxy lodide 21. To 329 mg (0.56 mmol) of 20 in 14 mL of
CH,0H and 5.5 mL of H,0 was added 334 mg (3.33 mmol) of KHCO,. After stirring at room
temperature for 5 h, the reaction mixture was poured into 50 mL of brine, extracted with 3 x 25
mL of Et,0, and the combined organics were washed with 1 x 50 mL of H,0O, 1 x 50 mL of
brine, dried over MgSO,, filtered and evaporated to give 315 mg (0.56 mmol, a quantitative
yield) of 21 as a colorless oil which was pure by 400 MHz "HNMR. Rf=044 (2/1/1 hexanes/
CH,CL,/Et,0); 'H NMR (400 MHz, CDCl,): 6 1.34 (d, J= 6.0 Hz, 3 H), 1.40 (s, 3 H), 1.41 (s, 3
H), 1.45 (s, 9 H), 1.89-1.94 (m, 1 H - OH, exchanges with D20), 2.29-2.37 (m, 2 H), 2.78 (d, J =
7.8 Hz, 1 H), 3.50 (dd, J = 3.2, 9.9 Hz, 1 H), 3.55-3.65 (m, 3 H), 3.74-3.79 (m, 1 H), 3.80 (s, 3
H), 4.00-4.06 (m, lH) 4.62 (AB quartet, J=11.0 Hz, 2 H), 6.89 (d, J = 6.7 Hz, 2 H), 7.27 (d, J
= 6.8 Hz, 2 H),1 C NMR (75 MHz, CDCI3): 6 12.3, 18.9, 26.9, 27.2, 28.1, 29.7, 37.1, 38.9,
55.3,72.0, 73.5, 75.1, 78.0, 80.9, 82.3, 108.5, 114.0, 129.2, 130.0, 171.1; IR (NaCl plate, thin
film, cm'l): 3600-3400brw, 2980m, 2934m, 2911w, 2875w, 1726s, 1612m, 1515s, 1456m,
1386s, 1251s, 1155s, 1036s, 849m; MS (EI) m/z (relative intensity) 564 (M+, 3), 549 M+ -
CH3, 3), 535 (5), 508 (40), 432 (15), 410 (5), 366 (70), 310 (30), 296 (20), 243 (35), 225 (25),
207 (75), 167 (45), 148 (85), 137 (100).

tert-Butoxyacetyl methoxy Iodide 22. To 36 mg (0.064 mmol) of 21 in 3 mL of THF
was added 65 mg (0.30 mmol) of Proton Sponge followed by 38 mg (0.26 mmol) of
(CH3)3O+BF4'. After stirring at room temperature for 15 h, TLC indicated that some starting
material remained. An additional 65 mg (0.30 mmol) of Proton Sponge and 38 mg (0.26 mmol)
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AF (O Y NYRE o vare 2104 exrom txrae ot o oadAiilaw sl A L oa?
Ui (L3 jsv Dy WEIC aaaca and this mixture was stirred an additional 2 h until TLC indicated
that all starting material had been consumed. After pou 'ng nto brine and extraction with 2 x 10

s
mL of Et,0, the combined organics were washed with 1 x 20 mL of 0.5 N HCI, 1 x 20 mL of

n

H,0, 1 x 20 mL of brine, dried over MgSO,, filtered and evaporated to an oil. Flash
chromatography on silica gel, eluting with hexanes/ CH,Cl,/Et,O (10/1/1), gave 33 mg (0. 057
mmol, an 89 % yield) of 22 as a coloriess oil. Rf = 0.41 (4/1/1 hexanes/ CH,Cl1,/Et,0); ‘H
NMR (500 MHz, CDCl,): & 1.34 (d, J/ = 6.0 Hz, 3 H), 1.37 (s, 3 H), 1.39 (s, 3 H), 1.45 (s, 9 H),
2.23-2.30 (m, 1 H), 241 (d, J = 6.7, 16.1 Hz, 1 H), 2.50 (dd, J = 6.8, 16.1 Hz, 1 H), 3.30-3.38
(m, 2 H), 3.50-3.54 (m, 1 H), 3.53 (s, 3 h),3.57(dd, J=4.4,76 Hz, 1 H), 3.66 (t, J = 7.6 Hz, 1
H), 3.77 (s, 3 H), 4.04 (pent, J = 6.7 Hz, lH) 4.56 (AB quartet, / = 10.7 Hz, 2 H), 6.82 (d, J =
8.5 Hz, 2 H), 7.21 (d, J = 8.4 Hz, 2 H); 3¢ NMR (75 MHz, CDCl,): § 1.0, 10.7, 19.4, 26.9,
27.2,28.1,29.7, 37.5, 39.3, 55.3, 61.4, 74.3, 75.6, 80.8, 81.0, 82.9, 108 1, 113.8, 120.8, 129.9,
171.3; IR (NaCl plate, thin film, cm'l): 2979m, 2934m, 2906m, 2835w, 1727s, 1613w, 1515s,
1456w, 1368s, 1303w, 1250s, 1179s, 1161s, 1084s, 1065s, 1037m, 847w, 822w; MS (EI) m/z
(relative intensity) 578 (M+, 1), 563 (Mt - CH3, 2), 521 (10), 465 (5), 366 (5), 313 (5), 257
(20), 129 (20), 121 (100).

Cyclopropane 23. To a 0 °C solution of 0.08 mL (56 mg,

tnmcthylsﬂylacetylene and 1 mL of THF was added 40 mL (0.086 mmol) of a 2.53 M s
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It II
3 as a colorless oil. Rf = 0.1
H,C1,/Et,0); 'H NMR (5 L): 6 1.03-1.07 (m, 1 H), 1.27 (d, J = 5.9 Hz, 3 H),
1.32 (s, 3 H), 1.36 (s, 3 H), 1.37-1.47 (complex m, 2 H - partially obscured by the d 1.42
singlet), 1.42 (s, 9 H), 1.69-1.75 (m, 1 H), 2.86 (dd, /= 2.1, 8.4 Hz, 1 H), 3.44 (s, 3 H), 3.51 (dd,
J=19,7.7Hz, 1 H),3.74 (t, J = 7.7 Hz, 1 H), 3.77 (s, 3 H), 3.83 (pent, J = 6.1 Hz, qu) 4.54
(AB quartet, J = 10.7 Hz, 2 H), 6.80 (d, J = 8.5 Hz, 2 H), 7.20 (d, J = 8.5 Hz, 2 H); ""C NMR
(75 MHz, CDCl,): 8 15.3 (t, J.;; = 163.1 Hz), 17.3 (d, J -y = 166.6 Hz), 19.6 (q, J- 4 = 126.3
Hz), 22.6 (d, J-y = 163.0 Hz), 27.0, 27.3, 28.1, 28.2, 55.2, 58.3, 750 75.8, 80.4, 80.7, 82.5,
82.8, 107.8, 113.7, 129.8, 130.2, 172.8; IR (NaCl plate, thin film, cm ) 2980m, 2935w, 2909w,
2837w, 1720s, 1613w, 1515m, 1457w, 1368m 1250s, 1214w, 1173m, 1152s, 1087s, 1058 m,
853w, 824w; MS (EI) m/z (relative intensity) 450 (M+, 10), 435 (M* - CHj;, 10), 393 (45), 335
(35), 218 (15), 207 (30), 185 (100).

Cyclopropane alcohol 24. To a 0 °C solution of 0.06 mL of trimethylsilylacetylene in 1
mL of THF was added 60 mL (0.13 mmol) of a 2.53 M solution of n-BuLi/hexanes. After
stirring at 0 °C for 15 min, this solution was added via cannula to a room temperature solution of
20 mg (0.044 mmol) of 23, 2 mL of HMPA, and 0.5 mL of THF. The reaction mixture
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immediately becomes dark red and then black after several minutes. After stirring at room
temperature for 4 h, the dark solution is quenched with 5 mL of H,0, extracted with 3 x 25 mL
of Et,0, and the combined organics were washed with 3 x 50 mL of H,0, 1 x 40 mL of brine,
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dried over MgSO,, filtered and evaporated to an oil. Flash chromatography on silica gel, eluting
with hexanes/ CH,Cl,/Et,0 (4/1/1 to 2/1/1) gave 8 mg (0.021 mmol, a 48 % yield) of 24 as a
light yellow oil. Rf = 0.45 (1/1/1 hexanes/ CH,Cl,/Et,0); ;H NMR (500 MHz, CDCly): 6 0.82-
0.90 (m, 2 H), 1.03 -1.08 (m, 1 H), 1.30 (d, J = 6.0 Hz, 3 H), 1.36 (s, 3 H), 1.41 (s, 3 H), 1.42-
1.47 (m, 1 H), 1.50-1.56 (m, 1 H), 2.53 (d, J = 26.9 Hz, 1 H), 2.79 (dd, J = 4.4, 9.3 Hz, 1 H),
346 (s,3H),3.57(dd,J=4.4,78Hz, 1 H),3.70 (t, J=7.7THz, 1 H), 377 (s,3H),3.99 (s, 1 H
- OH, exchanges with D,0), 4.07 (pent, J = 6.3 Hz, 1 H) 4.69 (AB quartet, J = 10.9 Hz, 2 H),

6.81 (d, J = 8.4 Hz, 2 H), 7.23 (d, J = 8.5 Hz, 2 H); 1° C NMR (75 MHz, CDCl,): 4 8.9, 17.8,

19.4, 26.1, 26.6, 27.2, 55.3, 58.6, 71.5, 72.5, 74.8, 75.7, 81.0, 83.0, 85.9, 108.6, 113.8, 130.0,

130.2; IR (NaCl plate, thin film, cm-1): 3381w, 3283w, 2985w, 2931w, 1617w, 1514m, 1380w,
1249s, 1174m, 1083s, 1036m.

TMS Vinyl Lactone 25. To 1.67 mL (2.54 g, 23.74 mmol) of vinyl bromide and 45 mL
of Et,0 at -78 °C was added 27.9 mL (47.48 mmol) of a 1.7 M solution of ¢-BuLi/pentanes
dropwise over 8 min. After stirring at -78 °C for 20 min and 0 °C for 30 min, the resulting
yellow solution was added to a -78 °C slurry of 1.06 g (11.87 mmol) of CuCN (previously dried
by evaporating in vacuo with 3 x 5 mL of toluene) and 45 mL of Et,O. The resulting yellow
slurry was stirred at -78 °C for 10 min, 0 °C for 15 min where the slurry turns green, recooled to
-78 °C where a solution of 2.74 g (9.13 mmol) of butenolide 14 and 10 mL of Et,O was added
via cannula over 5 min. After stirring at -78 °C for 30 min, the reaction mixture was quenched
with 50 mL of 10 % aqueous NH,OH and warmed to room temperature. The layers were
separated, the blue aqueous layer extracted with 3 x 75 mL of Et,0, and the combined organics
were washed with 200 mL of brine, dried over MgSO,, filtered and evaporated to an oil. Flash
chromatography on silica gel, eluting with hexanes/ CH,Cl,/Et,0 (4/1/1 to 2/1/1), gave 2.15 g
(6.55 mmol, a 72 % yield) of 25 as a colorless oil. Rf = 0.38 (2/1/1 hexanes/ CH,Cl,/Et,0);
[alp = +23.5° (c. 0.00304, CH,Cl,); '"H NMR (500 MHz, CDCl,): $0.19 (s, 9 H), 1.35 (s, 3 H),
1.35 (d, J = 6.0 Hz, 3 H, overlaps with singlet at § 1.35), 1.38 (s, 3 H), 2.40 (dd, J = 8.1, 17.6
Hz, 1 H), 2.72 (dd, /= 9.0, 17.6 Hz, 1 H), 3.06 (m, 1H), 3.70 (t, / = 7.1 Hz, 1 H), 3.73 (m, 1 H),
4.03 (pent, J = 6.3 Hz, 1 H) 4.35 (m, 1H), 5.12-5.18 (m, 1 H), 5.16 (d, J = 6.3 Hz, 1 H), 5.72-
5.82 (complex m, 1 H); 3¢ NMR (75 MHz, CDCl,): 6 0.8, 20.1, 27.0, 27.2, 34.9, 40.2, 74.1,
75.7, 81.6, 84.8, 108.5, 117.4, 136.3, 175.4; IR (NaCl, thin film, cm-l) 2985w, 2870w, 1786s,
1379w, 1253m, 1209m, 1168m, 1133w, 1059w, 888w, 843s; MS (EI) m/z (relative intensity)
328 (M+, 10), 313 (Mt - CHj;, 20), 255 (10), 214 (20), 185 (10), 173 (20), 159 (20), 143 (20),
128 (25), 116 (45), 115 (100).

Vinyl Lactone 26. To 3.36 g (10.23 mmol) of 25 in 100 mL of THF at 0 °C was added
3.0 mL of HF-pyridine. After 30 min at 0 °C TLC showed that no starting material remained.
The reaction mixture was carefully quenched via dropwise addition of 100 mL of a saturated
NaHCO; solution, extracted with 4 x 50 mL of Et,0, and the combined organics were washed
with 1 x 200 mL of brine, dried over MgSO,, filtered and stripped of solvent to give 2.23 g (8. 70
mmol, an 85 % yield) of 26 as a while solid (mp 122-124 °C) which was pure by 400 MHL 'H
NMR. Rf = 0.10 (1/1/1 hexanes/ CH,Cl,/Et,0); [a], = +49.7° (¢ 0.003, CH,Cl,); "H NMR
(400 MHz, CDCl;): 6 1.35 (s, 3 H), 1.39 (d, /= 6.1 Hz 3 H), 1.41 (s, 3H), 1.78 (d J=10.5Hz,
1 H - OH, exchanges with D,0), 2.50 (dd, / = 10.9, 17.5 Hz, 1 H - H2a), 2.76 (dd, J = 8.6, 17.6
Hz, 1 H - H2p), 3.30 (pent, J = 8.8 Hz, 1 H - H3), 3.55-3.63 (m, 2 H - Hg and H7), 4.12 (pent, J
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— A A > T _Hey AAA A T —QQ Il 1 IT _ IT4Y § 10 &£NVE (s N TIN & ML frmammsnd oo 1 1T\
= VUS4, L 11 - X)), 4490 1\U, J = 6.0 112, 1 11 -114), J.15-3.20 \IIl, < 1), J3./5 (COMpIeX I, 1 1),
13(‘\T\l‘D (I AALT, AT Y. S 10 & N O '\"l A N~ Al\o "11 c f"lrf-r 0173 0N " 1Nn0 -~ 110 ~@

U ONIVER (/0 MINZ, LIS ) O 15,0, LI.U.7, L1y D0.4, 4U0, /1.0, /0.7, 01.3, 83.3, 1UB.0, 118./,
135.2, 176.2; IR (NaCl, thin film, cm ): 3420w, 2985w, 2870w, 1771s, 1370w, 1214m, 1167m,
1048m, 1018m, 930w, 856w; MS (EI) m/z (relative intensity) 241 (M+ - CH;, 100), 199 (40),
149 (35), 115 (95), 83 (20), 59 (80); Anal. Calcd for C,;H,,04: C, 60.92; H, 7.87. Found: C,
60.91; H, 7.87.

TBS Lactone 27 To 2.20 g (8.58 mmol) of 26 in 80 mL of CH,Cl,at 0 °C was added
4.02 mL (3.69 g, 34.48 mmol) of 2,6-lutidine and 3.96 mL (4.58 g, 17.25 mmol) of TBSOTT and
the resulting solution was allowed to warm to room temperature. After 72 h at room
temperature, the reaction mixture was quenched with 50 mL of a saturated NaHCOj; solution,
extracted with 2 x 100 mL of Et,0, and the combined organics were washed with 2 x 100 mL of
1 N aqueous HCI, 1 x 100 mL of H,O, 2 x 100 mL of brine, dried over MgSO,, filtered and
evaporated to a yellow oil. Flash chromatography on silica gel, eluting with hexanes/
CH,Cl,/Et,0O (10/1/1 to 1/1/1), gave 2.91 g (7.85 mmol, a 91 % yield) of 27 as a colorless oil.
Rf = 0.71 (1/1 hexanes/ethyl acetate); [a]y, = +12.7° (c. 0.045, CH2Cl12); "H NMR (500 MHz,
CDCl,): 8 0.13 (s, 3 H), 0.15 (s, 3 H), 0.90 (s, 9 H), 1.36 (d, J] = 6.0 Hz, 3 H), 1.36 (s, 3 H,
overlaps with doublet at 8 1.36), 1.37 (s, 3 H), 2.39 (dd, J=8.2, 17.7 Hz, 1 H), 2.73 (dd, J =9.3,

17.7 Hz, 1 H), 3.15-3.23 (m, 1 H), 3.69 (t, J = 7.0 Hz, 1 H), 3.81 (dd, J = 2.8, 6.7 Hz, 1 H), 4.08
(pent, J = 6.4 Hz, 1 H), 4.30 (dd, J = 2.8, 6.7 Hz, 1 H), 5.13 (brs, 1 H), 5.15 (d, J = 9.6 Hz, 1 H),
5.72-5.82 (complex m. 1 H); '°C NMR (75 MHz, CDCLy): §-4.1, -3.6, 18.2, 20.2, 25.6, 25.8,
’)‘70 277 27 24 R 20 § 22 787 71 81 11772 1G 7T 1758 4- TR (Nar™ thin film f\m-l\‘
et 1 o s Hl-‘d’ J_T.U, -t A J, I .ﬂ.l, IJ»J-’, Ul—luL, UJ-_l, LLI-H, JJU-I, llJ-_l', AEAN \L‘u\yl, Liiiil llllll’ Wikl ,.
2955w, 2933m, 2858w, 1786s, 1379w, 1255m, 1209m, 1170m, 1092br w, 839m, 778w; MS (ED)
taa frr fralativia sntancito) 27N I\J-!- 1\ 28485 {Kﬁ-!- ML 2NN 212 /9N 07 718\ DVLQ /&Y N&ELE 71NN,
1iM L \l 1altlve llllcllbll.y} AV \J.Vl ) 1}, JJIJ \1\’1 - \/113, JU}, J1D \LU}, 71 \1.)}, P20 b4 \J}, LI \lUU},
Al M1 1 £ T M C:. " £1 £0. 1T O YK LlaassaAde £V £1 OL. LT O £2
Anal. Calcd 101 L gh13,U4d10 L, 01,3065 1, V.25, Founa: L, 061.85; N, 5.53.

T™:_1 20 . 10N A_‘.; ™ Q) e 1IN L ONE 07 T MmNIY © _T £ Tla

D101 4O 10 18U Ilg (/.00 IIHIIVL) OL FJO 70 lDl‘l4 1Il OU ML 01 DIQU d[ U L was auuea

2.90 g (7.83 mmol) of 27 in 20 mL of Et,O dropwise via a cannula. The reaction mixture was
warmed to room temperature and additional portions of 50 mg (2.18 mmol) of LiBH 4 were
added after 1.5 h, and 2.5 h. After a total of 3 1/2 h, the reaction mixture was quenched with 5
mL of ethyl acetate, and stirred with 50 mL of a saturated aqueous Rochelle’s salt solution at
room temperature until the organic/aqueous layers cleared. After extraction with 3 x 50 mL of
Et,O, the combined organics were washed with 1 x 100 mL of brine, dried over Na,SO,, filtered
and evaporated to an oil. Flash chromatography on silica gel, eluting with hexanes/ethyl acetate
(2/1 to 1/1), gave 1.93 g (5.15 mmol, a 66 % yield) of 28 as a colorless oil. Rf = 0.34 (1/1
hexanes/ethyl acetate); [o] = -6.7° (c. 0.0038, CH,Cl,); "H NMR (500 MHz, CDCl,): 8 0.14 (s,
6 H), 0.92 (s, 9 H), 1.32 (d, / = 6.0 Hz, 3 H), 1.37 (s, 3 H), 1.38 (s, 3 H), 1.55-1.65 (complex m,
2 H), 2.01-2.09 (m, 1 H), 2.32-2.40 (m, 1 H), 2.92 (d, J = 10.3 Hz, 1 H - OH, exchanges with
D,0), 3.43 (t, J = 9.5 Hz, 1 H), 3.56-3.60 (m, 1 H, exchanges with D,0), 3.61-3.65 (m, 1 H),
3.70 (pent, J = 4.9 Hz, 1 H), 3.91 (d, J = 4.0 Hz, 1 H), 3.99 (pent, J = 67Hz 1H),507d,J=
17.5 Hz, 1 H), 5.10 (d, J = 10.6 Hz, 1 H), 5.52-5.62 (complex m, 1 H); B¢ NMR (75 MHz,
CDCl,): 8-4.0, -3.6, 18.2, 19.5, 26.1, 271 27.2,34.6,45.4,61.1, 71.8, 73.3, 73.7, 84.3, 108.2,
117.0, 139.5; IR (NaCl, thin film, cm™'): 3550-3380br m, 2959s, 2927 s, 2857s, 1462w, 1378m,
1255m, 1085-1052brm, 918 w, 859m, 777m; MS (EI) m/z (relative intensity) 359 (Mt - ("HA

LSl AVQIST IV LU0, 210 OQJ A28 2235 b =i/ AL ALIGLIVEL JLAALANALL) SIS
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(573 mg, 5.67 mmol) of Et;N, a few crystals of ULViAP and 60 mL of CH,Cl, were COmbmed
and stirred at room temperature. After 14 h, the reaction mixture was poured into 100 mL of
brine, extracted with 2 x 100 mL of Et,O, and the combined organics were washed with 1 x 100
mL of 1 N aqueous HC], 1 x 100 mL of H,O, 1 x 100 mL of brine, dried over MgSO,, filtered
and evaporated to an oil. Flash chromatography on silica gel, eluting with hexanes/
CH,CI,/Et,0 (20/1/1 to 10/1/1), gave 2.13 g (4.36 mmol, an 85 % yield) of 29 as a colorless oil.
Rf = 0.31 (10/1/1 hexanes/ CH,Cl,/Et,0); [a]y = -5.3° (c. 0.0028, CH,Cl,); 'H NMR (400
MHz, CDCl,): 6 0.03 (s, 3 H), 0.04 (s, 3 H), 0.13 (s, 6 H), 0.89 (s, 9 H), 0.92 (s, 9 H), 1.25 (m, 1
H), 1.33 (d, J = 6.0 Hz, 3 H), 1.38 (s, 3 H), 1.39 (s, 3 H), 2.08-2.16 (complex m, 1 H), 2.39 (dq,

J=3.0,10.1 Hz, 1 H), 2.67 (d, J = 8.9 Hz, 1 H - OH, exchanges with D,0), 3.39 (dt, J = 1.6,9.0
Hz, 1 H), 3.53-3.59 (m, 1 H), 3.67 (sextet, J = 6.8 Hz, 2 H), 3.96 (dd, J = 1.8, 4.8 Hz, 1 H), 4.03
(ment. J=62Hz. 1H). 5.06(dd. J=19 172Hz. 1 H). 512(dd J=19 104 Hz 1 H) 557
\p oAty NMede madiy 4 LRy JOAANT (RN, W Aoy 274 RAdy 2 A1)y Vol KR, 1.7, a5 ARd, 1 diiy, D04
(ddd 7 =19 104. 172 Hz. 1 \-13(" MR (7S MHz. CDC1.y: 8 -53 40 -36 183 197
Tunals, o 1.7, LU, 17 .4 B34, 1 A1), N ANAVAAR /0 AVRERL, ReksRedg). U OTUL S, TTLU, TOWU, 100D, LT,
M€©0 %1 271 2792 2707 2D A0 0K 720 728 Q41 1070 111Q 1171 12Q9- 1R
LTy b Tedy bl by b logy dudoly TIuduy TITy UV Uy [ &Uy T1JJy OFely AUT .7y 111.0, L1/.1y, 107 .4y 1IN
NIl thin filaa r\m_l\- 2841w NQ85Lc 702Ng NI20T 0 V285Q0 1AAQg; 12700 178&« 1NQAOL- o
\iva 1, U1k 11111, L1l p ool y L7IUD, LT7IUD, 407 /111, L4O0J0Dd, 1FTUITW, LI/, 1LI3Ud, 1UOFUL D,
TNNAs: 01 Tee; Q2 TTLGe AMAQ (TITY sanfer fonlatitia intancitu A7TE /AA4 MY AN A1 &N A1L (O
1UUSGW, 71 /W, 0345, / /705, IVID (1) LIV 4 \1CTLAUI VO HHIWIISILY ) 470 (Uvl* - L,ﬂ3, “4), 431 (J), 410 (L),
N AN 1L FTMANY NN 1IN MNAT FAZNY AN AN 1711 73NN 1T AD 73NN 11 E BN\ IDWVY AN ML 710NN
373 (20), 315 (10), 299 (10), 241 (45), 232 (40), 171 (30), 149 (B0), 115 (50), 97 (45), 75 (100);
Anal. Calcd for C,sHs,04Si,: C, 61.42; H, 10.72. Found: C, 61.18; H, 10.32.

0 °C solution of 2.12 g (4.34 mmol) of 29 and 80 mL of
THF was added 20 mL of DMF, 2.70 mL (6.16 g, 43.4 mmol) of CH,l, and 434 mg (10.84
mmol) of a 60 % NaH/mineral oil dispersion. After stirring at room temperature for 16 h, the
reaction mixture was carefully quenched by adding 25 mL of a saturated aqueous NH,CI
solution, extracted with 2 x 100 mL of Et,0, and the combined organics were washed with 2 x
100 mL of brine, dried over MgSQ,, filtered and evaporated to an oil. Flash chromatography on
silica gel, eluting with hexanes/ CH,Cl,/Et,0 (20/1/1), gave 2.12 g (4.22 mmol, a 97 % yield) of
30 as a colorless oil. Rf = 0.52 (10/1/1 hexanes/ CH,Cl,/Et,0); [a], = -7.8° (c. 0.0020,
12); HNMR (400 MHz, CDCl,): 8 0.03 (s, 3 H), 004(s 3 H), 0.06 (s, 3 H), 0.10 (s, 3
0.92 (s, 9 H), 1’3?(d J=6.1Hz, 3 H), 1.39 (brs, 6H) 1.48-1.54 (m, 1 H),
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Hydroxy Methyi Ether 32. Toa 0 °C
THF was added 2.4 mL of HF-pyridine. After 3 h, TLC showed the disappearance of starting
material, The reaction mixture was carefully quenched with 100 mL of a saturated aqueous
NaHCO; solution, extracted with 3 x 100 mL of Et,0, and the combined organics were dried

over Na,SO,, filtered and evaporated to an oil. Flash chromatography on silica gel, eluting with
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hexanes/ CH,Cl,/Et,0 (2/1/1 to 1/1/1), gave 1.45 g (3.73 mmol, an 88 % yield) of 32 as a
colorless oil. Rf = 0.21 (2/1/1 hexanes/ CH,Cl,/Et,0); [a]p = -11.4° (c. 0.00272, CH2Cl2); 'H
NMR (400 MHz, CDCl,): 6 0.07 (s, 3 H), 0.10 (s, 3 H), 0.93 (s, 9 H), 1.34 (d, / = 5.9 Hz, 3 H),
1.38 (s, 3 H), 1.40 (s, 3 H), 1.60-1.66 (m, 1 H), 1.67-1.75 (br m, 1 H - OH, exchanges with
D,0), 1.83-1.89 (m, 1 H), 2.42-2.50 (m, 1 H), 3.31 (t, / = 6.4 Hz, 1 H), 3.46 (s, 3 H), 3.59 (dt, J
=2.4,8.2Hz, 1 H), 3.65 (m, 2 H), 3.70 (sextet, /= 5.4 Hz, 1 H), 4.14 (m, 1 H), 5.05(d, / = 15.4
Hz, 1 H), 5.08 (d, J = 10.2 Hz, 1 H), 5.82 (m, 1 H); 13 C NMR (75 MHz, CDCl,): $ -4.0, -3.9,
18.4, 19.0, 26.2, 26.8, 27.4, 29.9, 31.9, 44.2, 60.9, 74.7, 81.4, 83.0, 108.0, 116.0, 140.5; IR
(NaCl, thin film, cm™"): 3520-3350br m, 2955s, 2931s, 2857s, 1473m, 1369m, 1252s, 1120-
1036br s, 916m, 860m, 833s, 775s; MS (EI) m/z (relative intensity) 373 (M+ - CH,, 10), 303 (5),
273 (30), 241 (35), 229 (95), 215 (20), 183 (30), 171 (100).

Aldehyde Methyl Ether 33. To a -78 °C solution of 0.37 mL (519 mg, 4.09 mmol) of
oxalyl chloride and 25 mL of CH,Cl, was added 0.58 mL (639 mg, 8.18 mmol) of DMSO.
After stirring at -78 °C for 10 min, a solution of 1.44 g (3.72 mmol) of 32 in 20 mL of CH,Cl,
was added dropwise via a cannula. After stirring at -78 °C for 15 min, 2.59 mL (1.88 g, 18.6
mmol) of Et;N was added, the reaction mixture was stirred at -78 °C for 5 min, and allowed to
warm to room temperature over 1 h. After partitioning between 50 mL CH,Cl, and 50 mL brine
and further extraction of the aqueous layer with 2 x 50 mL of CH,Cl,, the combined organics
were dried over MgSQO,, filtered and evaporated to an oily yellow solid. This solid was
dissolved in 5 mL of Et,0 and filtered through a pipette containing glass wool. The resulting
yellow solution was evaporated to give 1.41 g (3.65 mmol, a 98 % yield) of 33 as a light yellow
oil which was pure by 500 MHz IH NMR. Rf = 0.63 (2/1/1 hexanes/ CH ,CL/Et,0); [a]p =
+4.6° (¢. 0.00657, CH,Cl,); 'H NMR (500 MHz, CDCl,): 6 0.07 (s, 3 H), 0.09 (s, 3 H), 0.93 (s,
9H), 1.34 (d, J=6.0 Hz, 3 H), 1.35 (s, 3 H), 1.37 (5, 3 H), 2.50 (dd, J = 5.8, 16.0 Hz, 1 H), 2.75
(dd, J=5.3, 16.1 Hz, 1 H), 2.97-3.05 (m, 1 H), 3.20 (dd, J =4.0,7.5 Hz, 1 H), 3.43 (s, 3 H), 3.66
(t, J=6.5Hz, 1 H), 3.79 (t, /= 7.0 Hz, 1 H), 4.09 (pent, J = 6.5 Hz, 1 H), 5()7(d J=10.2Hz, 1
H), 5.08 (d, /= 17.2 Hz, 1 H), 5.80-5.90 (complex m, 1 H), 9.70 (br s, 1 H); B¢ NMR (75 MHz,
CDCl,): 6 -4.0, 1.0, 18.4, 19.1, 26.2, 26.9, 273 29.7, 41.6, 43.8, 60.8, 75.4, 75.7, 80.9, 83.6,
116.6, 139.2, 202.4; IR (NaCl, thin film, cm ) 2954s, 2931s, 2858s, 2714w, 1727s, 1473w,
1379m, 1255s, 1152-1054br s, 920w, 837s, 776s; MS (EI) m/z (relative intensity): 371 (Mt -
CH,, 15), 303 (10), 271 (30), 239 (75), 227 (100).

Lactone 34. To a room temperature solution of 35 mg (0.089 mmol) of 33 and 5 mL of
THF was added 1.3 mL (1.34 mmol) of a 1.0 M solution of TBAF/THF. After stirring at room
temperature for 1.3 h, the reaction mixture was partitioned between 10 mL H,O and 10 mL
CH,Cl,, extracted and the combined organics were dried over MgSQ,, filtered and evaporated to
a yellow oil. This oil was dissolved in 8 mL of CH,Cl, and 51 mg (0.623 mmol) of NaOAc
followed by 192 mg (0.891 mmol) of PCC were added. After stirring at room temperature 15 h,
the brown mixture was filtered through Celite and evaporated to a brown oil. Flash
chromatography on silica gel, eluting with hexanes/ CH,Cl,/Et,0, gave 22 mg (10 .081 mmol, a
91 % yield) of 34 as an orange oil. Rf = 0.54 (2/1/1 hexanes CH,Cl,/Et,0); "H NMR (500
MHz, CDCl,): 31.37 (s, 3 H), 1.38 (d, / = 6.2 Hz, 3 H - overlaps with the singlet at 6 1.37), 1.39
(s, 3 H), 2.40 (dd, 7 =9.0, 17.4 Hz, 1 H), 2.75 (dd, J = 8.8, 17.5 Hz, 1 H), 3.15 (pent, J = 8.4 Hz,
1 H),327(dd,J=1.4,7.6 Hz, 1 H), 3.53 (s, 3 H), 3.72 (t, J = 7.7 Hz, 1 H), 4.10 (pent, J = 6.3
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Hz, 1 H), 4.36 (dd, J = 1.4, 76Hz 1 H), 5.17 (d,J=10.1 Hz, 1 H), 5.19 (d, J = 17.1 Hz, 1 H),
5.72-5.80 (complex m, 1 H); 13C NMR (75 MHz, CDCl,): & 19.1, 26.9, 27. 2 35.1, 41.1, 61.5,
75.7, 81.0, 81.3, 83.9, 108.3, 118.1, 136.0, 175.4; IR (NaCl, thin film, cm™): 2984m, 2932w,
2913w, 2898w, 1782s, 1378w, 1210m, 1163m, 1084m, 1068m, 1033w; MS (EI) m/z (relative
intensity): 270 (M, 2), 255 (M+ - CH,, 35), 195 (5), 167 (3), 156 (20), 135 (5), 115 (100).

TBS Methyl Ether 31. To a room temperature solution of 4.28 g (8.76 mmol) of 29 and
100 mL of CH,Cl, was added 7.52 g (35.0 mmol) of Proton Sponge followed by 5.17 g (35.0
mmol) of Me;OBF,. The resulting orange slurry was stirred at room temperature for 18 h, after
which an additional 1.5 g (7.00 mmol) of Proton Sponge and 1.0 g (6.76 mmol) of Me,OBF,
were added. After stirring for an additional 2 h, TLC indicated that all starting material had been
consumed. The reaction mixture was diluted with 300 mL of Et,0O, washed with 2 x 200 mL of
1 N HCI, 1 x 200 mL of H,0, 1 x 200 mL of brine, dried over MgSO,, filtered and evaporated to
an oil. Flash chromatography on silica gel, eluting with hexanes/CH,Cl1,/Et,0 (20/1/1 to 10/1/1)
gave 4.12 g (8 19 mmol, a 94 % yield) of 31 as a colorless oil. Rf = 0.53 (10/1/1 hexanes/
CH,Cl,/Et,0); 'H NMR (500 MHz, CDCl,): § 0.03 (s, 6 H), 0.11 (s, 6 H), 0.89 (s, 9 H), 0.91 (s,
9 H), 1.32 (d, J = 6.0 Hz, 3 H), 1.36 (s, 3 H), 1.37 (s, 3 H), 1.44-1.53 (m, 1 H), 1.79-1.86 (m, 1
H), 2.45-2.53 (br m, 1 H), 3.05 (t, J = 5.6 Hz, 1 H), 3.41 (s, 3 H), 3.46-3.53 (complex m, 1 H),
3.59-3.64 (m, 1 H), 3.69 (dd, J=4.5,69Hz, 1 H),3.91 (t, /=54 Hz, 1 H), 4.13 (pent, J = 6.4
Hz, 1 H), 5.00 (d, /= 16.7 Hz, 1 H), 5.02 (d, / = 9.6 Hz, 1 H), 5.62-5.71 (complex m, 1 H); Be
NMR (75 MHz, CDCl,): & -5.3 (2 carbons), -3.8 (2 carbons), 18.3, 20.0, 26.0, 26.2, 27.2, 27. 3
31.3, 42.1, 60.6, 61.1, 73.1, 73.4, 75.2, 82.3, 85.7, 107.8, 116.0, 140.3; IR (thin film, cm™):
2955s, 2931s, 2895m, 2858s, 1472w, 1463w, 1377w, 1254m, 1097s, 900w, 834s, 776s; MS (EI)
m/z (relative intensity): 487 (M* - CHj;, 10), 445 (5), 3.87 (25), 355 (35), 281 (15), 243 (100).

Hydroxy Methyl Ether 35. To a 0 °C solution of 4.10 g (8.15 mmol) of 31 and 80 mL of
THF was added 4.1 mL of HF-pyridine. After stirring at room temperature for 3 h, the reaction
mixture was carefully quenched by slowly added 200 mL of a saturated NaHCO; solution,
extracted with 5 x 50 mL of Et,0, and the combined organics were dried over Na,SO,, filtered
and evaporated to an oil. Flash chromatography on silica gel, eluting with hexanes/
CH,CI1,/Et,0 (2/1/1 to 1/1/1) gave 3. 03 g (7.80 mmol, a 96 % yield) of 35 as a colorless oil. Rf
= 0.20 (2/1/1 hexanes/ CH,Cl,/Et,0); 'H NMR (500 MHz, CDCl;): 8 0.11 (s, 3 H), 0.12 (s, 3
H), 0.91 (s, 9 H), 1.33 (d, /= 6.1 Hz, 3 H), 1.37 (s, 3 H), 1.38 (5, 3 H), 1.60-1.68 (m, 1 H), 1.82-
1.91 (m, 2 H - 1 H exchanges with D,0O, OH proton), 2.48-2.55 (m, 1 H), 3.08 (t, / = 5.6 Hz, 1
H), 3.44 (s, 3 H), 3.53-3.59 (m, 1 H), 3.63 (t, /= 6.3 Hz, 1 H), 3.68 (sept, / = 5.5 Hz, 1 H), 3.88
(t, J=5.9Hz, 1 H), 4.12 (pent, J = 6.5 Hz, 1 H), 5.05 (d, J=10.1 Hz, 1 H), 5.06 (d, J = 17.1 Hz,
1 H), 5.72-5.81 (complex m, 1 H); 13C NMR (75 MHz, CDCL,): & -3.8, 18.3, 20.0, 26.2, 27. 1
27.4, 322, 43.0, 60.7, 61.1, 73.6, 74.1, 82.6, 85.9, 108.2, 116.0, 140.3; IR (thin film, cm h:
3537-3323brw, 3069w, 2974m, 2954s, 2858m, 1472w, 1462w, 1378w, 1253m, 1120m, 1084s,
1052s, 835s, 776m; MS (EI) m/z (relative intensity) 388 (M*, 5), 373 (M+ - CH;, 15), 331 (20),
313 (10), 299(10), 273 (20), 259 (10), 241 (70), 215 (55), 201 (30), 187 (65), 187 (65), 167 (25),
145 (100).

Aldehyde Methyl Ether 36. To a -78 °C solution of 0.75 mL (1.08 g, 8.54 mmol) of
(COCl), and 40 mL of CH,Cl, was added 1.21 mL (1.33 g, 17.07 mmol) of DMSO in drops.
After stirring at -78 °C for 10 min, a solution of 3.0 g (7.72 mmol) of 35 and 35 mL of CH,Cl,
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was added dropwise via a cannula. After 20 min at -78 °C, 5.41 mL (3.93 g, 38.8 mmol) of Et,;N

xrns A U I PR

was added and the reaction mixture was allowed to warm to room temperature over 1.5 h. After
pouring inio 100 mL brine and exiraction with 3 x 75 mL of CH,Cl,, the combined organics
were washed with 1 x 150 mL of brine, dried over MgSO,, filtered and evaporated to a yellow
slurry. Filtration of this slurry through a glass wool plug using Et,O as solvent gave 2.74 g (7.09
mmol, a 92 % yield) of 36 as a yellow o1l which was pure by 500 MHz '"HNMR spectroscopy.
Rf = 0.63 (2/1/1 hexanes/ CH,Cl,/Et,0); 'H NMR (500 MHz, CDCl,): § 0.11 (s, 3 H), 0.12 (s, 3
H), 0.91 (s, 9 H), 1.34 (d, /= 6.0 Hz, 3 H), 1.35 (s, 3 H), 1.39 (s, 3 H), 2.47 (td, J = 15.8, 6.9 Hz,
1 H), 2.54-2.61 (m, 1 H), 3.05 (pent, J =7.1 Hz, 1 H), 3.15(dd, J=4.4,7.0 Hz, 1 H), 3.37 (s, 3
H), 3.66 (t, J= 6.8 Hz, 1 H), 3.80 (dd, J =4.1, 6.8 Hz, 1 H), 4.08 (pent, J = 6.2 Hz, 1 H), 5.06 (d,
J=10.1Hz, 1 H), 5.09 (d, J = 17.5 Hz, 1 H), 5.71-5.81 (complex m, 1 H), 9.59 (br s, 1 H); 1°C

NMR (75 MHz, CDCl,): 3 -3.5, -3.4, 18.4, 20.5, 26.2, 274 27.7, 40.8, 45.4, 60.3, 73.9, 754
82.7, 84.9, 108.6, 116.6, 138.9, 201.5; IR (thin film, cm™): 3080w, 2981m, 2932s, 2896m,
2858m, 2730w, 1726s, 1472w, 1378m, 1254s, 1118m, 1086s, 1054m, 919w, 836s, 776m; MS

(EI) m/z (relative intensity): 371 (M* - CHj;, 25), 271 (60), 259 (25), 239 (90), 227 (20), 215

(700 201 (55) 1R5 (6N 145 (55). 127 (10O
NIV )y LUL Py 20T UV ), AT Iy 1&i 12UV
T antana 7 T a ronm tamnaratnire enliitinn of 0N mo (0 22 mmal) af & and 19 mT AfF
LAaCROne J/ 10U da TOUI CIIpPCiatuic SO1UU0ON O FyU g (V.40 HIIG1) Of 5O 4l 14 i Ol
TUL «x;jag addad 2 AQ 1T (2 AQ v~ Af a0 1T N A cnliibinn ~F TD AL/TLID Aftne 1 & 1 ¢l
111l wad auucyu J.97 1L (J.97 HUIIUL) Ul a 1.U 1Vl dULUUVLL V1 1 DAL/ 1L, ~MAlwer 1,0 1, LIc
s mam i imedrian sxrac tvmrtitimrnd lhodizrame AN cnT € ITALY nend AN T L IT £ T M
1CACLIUIL TIIXLUIC wdad Pa LILIVHCU DCLWCCLL LU 111 Ul NV aul LU 1L UL \/n2\_112fcl2\) 411

extracted. The aqueous layer was washed with 1 x 20 mL of CH,Cl, and the combined organics
were dried over MgSO,, filtered and evaporated to an oil. This oil was dissolved in 15 mL of
CH,Cl,, and 134 mg NaOAc (1.63 mmol) followed by 502 mg of PCC (2.33 mmol) were added.
After stirring at room temperature for 15 h, the brown mixture was filtered through Celite, and
the filtrate was evaporated to give a brown oil. Flash chromatography on silica gel, eluting with
hexanes/ CH,Cl,/Et,0 (2/1/1 to 1/1/1), gave 61 mg‘(0.22 mmol, a 96 % yield) of 37 a light
yellow oil. Rf = 0.36 (2/1/1 hexanes/ CH,CL,/Et,0); H NMR (500 MHz, CDCl,): 8 1.37 (s, 3
H), 142 (s, 3 H), 1.43 (d, J = 6.1 Hz, 3 H), 2.52 (dd, / = 4.4, 16.2 Hz, 1 H - Heq), 2.60-2.68
(m, 1 H- H3), 2.70 (dd, J = 12.5, 16.2 Hz, 1 H - H2ax), 3.51 (s, 3 H), 3.65 (br t, 1 H - Hq), 3.77
(t,/J=8.2Hz, 1 H),4.10 (pent, /=69 Hz, 1 H),4.13(d,J = 92Hz 1 H), 5.13 (d, J = 18.2 Hz,
1 H), 5.14 (d, J=9.4 Hz, 1 H), 5.82-5.89 (complex m, 1 H); 'H NMR (300 MHz, C,Dy): 6 1.28

(s,3H), 1.34 (s,3H), 1.47 (d, /=59 Hz, 3 H), 1.84-1.95 (m. 1 H- H3), 2.24 (dd, J = 60 17.9
Hz, 1 H - Hznq)i 2.59 (dd, J = 12.8, 17.8 Hz, 1 H - H2ax), 3.25 (s, 3 H), 3.35 (br s, 1 H), 3.63
(dd, J= 1.0, 89 Hz, | H), 3.82 (t, J = 8.9 Hz, 1 H), 4.05 (pent, J = 7.0 Hz, | H), 4.74 (d,J = 17.3
Hy 1H) 484 (d J =103 Hz 1 H). 5.42-5.55 (m. 1 H): 13C NMR (75 MHz. CDCL): § 192
KALy 2 ARJy TFUT (g v ANZend HAddiy k2 ABJy JSTETU ST \L2Ry 2 AR ), S ANAVA \ 7o aYax E e ¥ it
2% 0 2772 ANA AN0RR A1 2 751 770 780 K42 1087 114 1270 160 0O IR (thin film cm
LN\J. Ty L] Ty JULT, "TU.O, ULl.Jy 1 Judy 11Uy 1OV, UTTelwy LUUT, L1IWULTy LJT.Uy, LUJ. U,y LE% \UILLUL L1111, Vil
1\ 2N0V: NMIQ&xsr V02K exy IR0y 17400 1A82xy 1271w 1270 11720 10Q7¢ 11K T NQ
Jo JUOCLW, LTOIOW, LTIJIW, LO0TFW, 175905, 15I0W, 1I71W, Loz, 11701, 1UG/S, 1UJ /1M, Vio
/2 ) & SNy SIS TSI SR, P N A0 R I's 21 /7Y 1Q1 719Y 182 712y 124 r1QY 118
(E1) m/Z \rcmu { LYl i), 101 \U4), 133 (15}, 135 (18), 11D

Dibromodiene 38. To a ( °C solution of 4.52 g (13.66 mmol) of CBr, and 60 mL of
CH,CI, was added 7.17 g (27.32 mmol) of Ph,P followed by a solution of 2.64 g (6.83 mmol) of
36 and 35 mL of CH,Cl, in drops via a cannula. After stirring at 0 °C for 1.5 h, the reaction
mixture was diluted with 200 mL hexanes, filtered through Celite and evaporated to give an

orange solid. Flash chromatography on silica gel, eluting with hexanes/ CH,Cl,/Et,O (20/1/1),
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gave 3.33 g (6.14 mmol, a 90 % yield) of 38 as a colorless oil. Rf = 0.50 (10/1/1 hexanes/

x,nZCIZ;’EtZU), H NMR (500 MHz, CDCLy): 6 0.11 (s, 3 H), 0.12 (s, 3 H), 0.91 (s, 9 H), 1.33 (d,
J=06.1Hz, 3 H), 1.30 (s, 3 H), 1.38 (s, 3 H), 2.15-2.23 (m, 1 H), 2.38-2.45 (m, 1 H), 2.45-2.50
(m, 1 H),3.10(t,J=5.6 Hz, 1 H),3.43 (s,3H),3.64 (t, J=66Hz,1H),3.84(,J=57Hz 1
H), 4.09 (pent, J = 6.4 Hz, 1 H), 5.03 (d, J=17.4 Hz, 1 H), 5.06 (d,J = 10.4 Hz, 1 H), 5.64-5.73
(complex m, 1 H), 6.33 (t, J=7.1 Hz, 1 H); Be NMR (75 MHz, CDCl,): 6 -3.7, -3.6, 18.3, 20.2,
26.1, 27.2, 27.5, 33.4, 44.8, 60.7, 73.6, 74.7, 82.6, 84.8, 88.8, 108.3, 116.7, 137.3, 139.1; IR
(thin film, cm™): 3078w, 2980m, 2954m, 2932s, 2896m, 2857m, 1472w, 1377m, 1253s, 1119s,
1087s. 1053s, 919w, 836s, 776s; MS (ED) m/z (relative intensity): 542 (M*, 1), 527 (M* - CH,,
10), 485 (10), 427 (35), 395 (40), 321 (20), 283 (35), 259 (60), 241 (25), 215 (90), 201 (90), 185
(90), 143 (65), 115 (100).

Dibromoalcohol 39. To a -15 °C solution of 3.27 g (6.03 mmol) of 38 and 80 mL of THF
was added 12.06 mL (12.06 mmol) of a 1.0 M solution of BH,- THF via a syringe. After stirring
at -15 °C for 11 h, 4 mL of FH OH was added followed by the simultaneous addition of 15 mL

of 3 M NaOH and 15 mL of 30 % H 02, and the resulting mixture was stirred at room

temnerature for 2 h. After nourine into 100 ml, of brine and extraction with 3 x 100 ml, of
tvlnnyvl“vulv ANJL Ls 11 4 RIwi tl\.l L E1K b lllll PR VAN H A111W RRLEWE W ALBLGANULIVULAL VY IWL O A JRVAV) lll_l AW SR
B+t Y the ramhinad Aarganire wara Ariad avar Na QN fltarad and avannratad ta an il Hlach
iy, uiC COMoHICu OIgaics WOIC GIiCh OVEL INa,5U,, ICICh anG €vaporaiCa 1o ai Oi1. ridsn
Ahenmmntageambicr Al cilingn gal Alatinae vtk havanaco O M e Y DIV caxr A 1T 0ON ~ 2 20
bluUlllalUgldPlly ULl SlLIC ECI, Ciuliil WILI1 LICAALICY/ \4112\412’ L:-Lz\_l \&/171), gdvc 1.2V g \3.97
el o ELOT <iaT AN € A o o riommiie alane il Do N N0 A1 L] LY 1 Te Y. Ly
11111101, 4 QU770 yICIU) UL J7 ad a vIdCOUDd (IO Ull. INT = U.L0 (&/1/1 1ICAAUCYS/ an\/l2lﬂl2U), rn
NMR (500 MHz, CDC13): 60.12 (s,3 H), 0.14 (s, 3 H), 0.92 (s, 9 H), 1.34 (d, J = 6.0 Hz, 3 H),
1.38 (br s, 6 H), 1.60-1.77 (m, 3 H - one H exchanges with D,0 - OH proton), 1.96-2.05 (br m, 1
H), 2.17 (pent, J=77Hz, 1 H),2.23-230 (m, 1 H), 3.12(dd, /=2.8,72 Hz, 1 H), 3.43 (s, 3

H), 3.54 (dd, J = 6.0, 7.2 Hz, 1 H), 3.67-3.76, (m, 2 H), 3.83 (1, J = 5.8 Hz, 1 H), 4.10 (pent, J =
7.0 Hz, 1 H), 6.43 (1, J = 7.2 Hz, 1 H); 1>°C NMR (75 MHz, CDCL,); § -3.9, -3.7, 18.2, 19.9,
262,270,272, 32.8, 34.5, 36.0, 60.5, 61.3, 73.7, 74.5, 83.6, 84.1, 89.1, 108.2, 137.9; IR (thin
film, cm'}): 3521-3300brw, 2980w, 2954m, 2931s, 2897m, 2856m, 1472w, 1377w, 1253m,
1118m, 1084s, 1049m, 836s, 777s; MS (EI) m/z (relative intensity) 547 M* - 15 (1.0, *'Br), 545
(2.0, 8‘Br 79Br), 543 (1.0, 79Br) 515 (1.0, ¥'Br), 473 (3, ¥'Br), 415 (12, *'Br), 357 (8, ¥'Br), 271
(12, %'Br), 215 (32), 199 (30), 198 (37), 196 (20), 107 (45), 105 (35), 145 (95), 115 (100), 89
(97), 75 (98), 73 (92), 59 (95).

Alcohol 40. To a -78 °C solution
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IRERm 1472w 1A4AA27w 127Qw; 198A4Am 1NQT7c Q2Ta 17T MC (TITN snfu Fonlativia temtamaie:) 208
SOJOL, PTIIW, LTFUIW, 1JI0W, LLITIL, LVOTD3, 0075, /7 71, VLD \L21) Ty G (1C1al Ve HILCIISILY ) 500
NAL 18 /2% NO0K (11N D2 /1NN TAK /&8N 11& (LAY OVT 7Q1N OD FALN FIE FATIN ™17 771N &N 10N
VIT = 1J\J), £0J ({11 ), LIO LUV, 190 JJ), 110(UF), F/ (01}, 07 {40), 124/}, 1D 74}, IF (D).
AL R ... At L 2P OISRV U P S L1 ™ Vo B ¥ & RS N Poly | e~ - N
AIENnYac€ 41. 10 11 leinperature SO1ullon o1 1.52 g (3.1V mmol) oI ine pess-viartun
3

e
-
)

I

periodinane™ and 40 mL of CH,Cl, was adde {2.70 mmoi) of 40 and 20 mL of CH,Ci,
in drops via a cannuia. After stirring at room temperature for i.25 h, the reaction mixture was
poured into 50 mL of saturated aqueous NaHCO,, containing 50 mL H,O and 10 g Na,S,0, and
stirred vigorously until both the organic and aqueous layers became clear (~ 5 min). The organic
layer was separated, the aqueous layer extracted with 2 x 50 mL of CH,Cl,, and the combined
organics were washed with 1 x 100 mL saturated aqueous NaHCO,, 1 x 100 mL H,O, dried over
MgSO,, filtered and evaporated to give 1.07 g (2.68 mmol, a 99 % yield) of 41, as a light yellow
oil which was pure by 500 MHz IH NMR. Rf=0.40 (2/1/1 hexanes/ CH,CL,/Et,0); TH NMR
(500 MHz): 6 0.12 (s, 3 H), 0.13 (s, 3 H), 0.92 (s, 9 H), 1.33 (d, J = 6.0 Hz, 3 H), 1.375 (s, 3 H),
1.381 (s, 3 H), 1.98 (t, J = 2.2 Hz, 1 H), 2.45 (m, 2 H), 2.53 (m, 1 H), 2.73 (dd, J = 6.2, 16.8 Hz,
1 H), 2.77 (dd, J=6.2, 16.8 Hz, 1 H), 3.17 (t. /= 5.9 Hz, 1 H), 3.41 (s, 3 H), 3.61 (t, /= 5.8 Hz,
1 H),3.88 (t, J=5.5Hz, 1 H), 4.11 (pent, J = 6.9 Hz, 1 H), 9.74 (s, 1 H); 1°C NMR (75 MHz,

4 2425 ) o4

Q.

:-—d

=

o0 =
0 o

CDCL,): §-3.9, -3.8, 183, 18.8, 19.9, 263, 27.2, 27.4, 34.1, 45.0, 60.6, 70.7, 73.1, 74.5, 82.4,
82.9. 83.2, 108.3, 201.4; IR (thin film, cm™): 3309w, 3282w, 2984m, 2955s, 2913s, 2885m,
NIA8Rm 179&8¢c 14AT1w 1277w 17R84c 1NRSe RATc 777c- Q (FN m/r (ralativa intancitv) 2872
‘IUJUI“, ri7 LIJO’ ATV L \’V, p e oyl VV’ AH-IT\]’ LUUJD, IS u’ rroua Q, AVALY \Lll/ I &, \1\11“'.1'\/ LA3A0W 110140 I P A P
AL+ 1K /Q\ NQ2 (MDN DKAT 22Y 120 &M 118 7N QO /7MY 78 /80 72 /QRQY SQ r1NM
VI - 13,10, &05 \ai)j, £I31\I0), 1IT\JU), L1I iU}, OT\IVUJ, iI\IJ7), 13\ F0), JT (1UU).
y @\ PN Sy e iy 0 ] M n wnnn tammasmavantiiens ondibine ~AF 1T NA ~ /DY LT civennas NV AT 1N can T A F
wal UUAyllL alil 24 10U a4 1VUVlll ICTL IPClaI, 1C dDUiluuiull vt 1.4 5 (&.Ul 1iVUL) =1, 1V 1L UL
Al 1A L e 4 AN ¥ L e a1 me aAdd T oot L1 1Q 1O AA 1N € QN
L-IIlt:Ulyl-L—UU C11C allQ 4V 111 Ol [€71-DUiladilul wad 4dulcd 4 >UIULIVIL VUL 1.10 g (1U.94 II1I1101) O1 oU
1 T T ™ 1 AN h g r Y £,

% NaClO,, 626 mg (5.22 mmol) of NaH,P0,, and 20 mL of H,0. After stirring at room
temperature for 1.5 h, 50 mL of H,O was added, the resuiting mixture was extracted with 3 x 50
mL of Et,O. The combined organics were dried over Na,SO,, filtered and evaporated to give
1.04 g (2.51 mmol, a 96 % yield) of 42 as a cloudy, colorless oil which was pure by 500 MHz
'H NMR except for a small amount of rert-butanol (6 1.27 s). [a], = -6.2° (¢. 0.0193, CHCL,),
Rf = 0.57 (1/1/1 hexanes/ CH,CL/Et,0); 'H NMR (500 MHz, CDCl,): 8 0.12 (s, 3 H), 0.13 (s, 3
H), 0.91 (s, 9 H), 1.33 (d, / = 6.0 Hz, 3 H), 1.38 (br s, 6 H), 1.99 (br t, J = 2.4 Hz, 1 H), 2.36-
2.50 (m, 3 H), 2.67 (dd, J = 6.8, 17.1 Hz, 1 H), 2.72 (dd, /= 6.4, 17.4 Hz, l H), 3.21 (t, J=5.5
Hz, 1 H), 3.44 (s, 3 H), 3.65 (t, /= 6.7 Hz, 1 H), 3.91 (t, J = 5.3 Hz, 1 H), 4.12 (pent, J = 6.6 Hz,
1 H) (No carboxylic acid proton visible); >C NMR (75 MHz, CDCl,): & -4.1, -4.0, 18.6, 19.6,
26.0, 27.1, 27.2, 31.2, 34.6, 35.9, 60.7, 70.4, 73.0, 74.1, 82.1, 82.4, 82.7, 108.3, 177.9; IR (thin

) w, 3310w, 3273w, 2983m, 2955s, 2932s, 2897m, 2858m, 1735m,
1254m, 1169-1059brs, 837s, 777m; MS (EI) m/z (relative intensity) 399
105 (27), 145 (92), 123 (47), 115 (100)
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KOH, stirring at § °C f
drying over soiid KOH

mg (0.23 mmol) of 42 and 10 mL of Et,O. After 15 min, the excess CH,N, was destroyed by
adding 3 mL of a 3:1 mixture of giacial acetic acid/H,O. The resuiting solution was extracted
with 2 x 15 mL of a saturated aqueous NaHCO3, 1 x 15 mL of H,O, 1 x 15 mL of brine, dried
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over MgSO,, filtered and evaporated to an oil. Flash chromatography on silica gel, eluting with

havanag FOLY M /O DY MINITITY gavun TQ ey () P s T2 Y ial A\ AF aa o [
HEAALTS, Uy ly/ DU (11U 171 ), BAVe /0 1lig \U 18 Iiino1, a /7 /0 Yi€ia) o1 ‘OJ as d llglll. ycuuw

oil. Rf 0.70 (2/1/1 hexanes/ CH2C1 /ELZO) 'H NMR (500 MHz, CDCIS) 50.12 (s

71 T 2 TIN 1 270 /L. .. £ 1Y

33({d, J=6.1 Hz, 3 H), 1.38 (br s, 6 H)

1 Ny IL &
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z, 1 3

. (t J= H l H), 4 IZ (pent
J = 6.6 Hz, 1 H); CNMR(75 MHZ,CDC] )6 -4.1, -40 181 185 197 26.1, 27.1, 27.2,
34.8, 36.2, 51.6, 60.7, 70.2, 73.1, 74.0, 82.3, 82.5, 83.8, 108.0, 173.0; IR (thin film, cm™):
3307w, 3271w, 2983w, 2954m, 2930s, 2895w, 2857m, 1738s, 1472w, 1369w, 1254s, 1213m,
1162m, 1118m, 1087s, 1059m, 836s, 777m; MS (EI) m/z (relative intensity) 413 (19), 353 (38),
313 (90), 282 (88), 281 (100), 221 (92), 206 (85), 201 (920, 185 (93), 169 (97), 147 (92), 141
(95), 115 (85), 109 (100), 97 (86), 89 (92), 75 (91), 73 (94), 59 (88).

Benzannulation of Carbene Complex 44 with Alkyne 45. Alkyne 45 was prepared
from 17 via the procedures outlined in Schemes II - IV. A solution of 37 mg of complex 44°
(0.100 mmol) and 45 mg of alkyne 45 (0.104 mmol) in 0.20 mL of methylene chloride was
deoxygenated by the freeze-thaw method (-196 °/25 °C, 3 cycles) in a 10 mL heavy-walled test-
tube that was modified with a threaded teflon high vacuum stopcock. The flask was back-filled
with argon at room temperature, sealed and then heated at 45 °C for 22 h. To this was added 3
mL of methylene chloride, 0.02 mL of acetic anhydride, 0.04 mL of ethyl(diisopropyl)amine, a

LI VILLIIL LIRS L ML, U1 L1581 VAL IWib 1118, 2 SISV LYY N A\

few crystals of 4-dimethylamino pyrldme After 5 hours at room temperature the reaction

tnat the most p10uuuat
compound by silica gel chrom
identified as the naphthalene 46. S ‘ N

= 6.0 Hz, 3H), 1.37 (s, 3H), 1.41 (s, 3H), 2.18 (dd, J = 16.0, 3
= 6.8 Hz, 1H), 2.46 (s, 3H), 2.67 (m, 2H), 2.82 (d,J = .

3.54 (s, 3H), 3.73 (m, 1H), 3.79 (s, 3H), 3.89 (m, 1H), ,3.94 (%, 3H), 4 18 (m 1H),
4.69 (ABq, J = 10.4 Hz, 2 H), 6.60 (d, J = 2.1 Hz, 1H), 670 (s IH) 6.87 (d, J = 8.6 Hz, 2H),
6.96 (d, J = 1.9 Hz, 1H), 7.29 (d, J = 8.6 Hz, 2H); IR (thin film, cm™): 2934w, 1765m, 1734m,
1611w, 1586m, 1513w, 1376m, 1249m, 1208s, 1142m, 1112m, 1082m, 1039m: "“C NMR
(CDCl,) 8 19.4, 20.7, 21.2, 22.6, 27.0, 27.4, 29.7, 34.7, 37.6, 51.2, 55.3, 56.6, 57.1, 61.2, 74.6,
74.8, 80.9, 82.6, 84.1, 102.1, 104.7, 108.0, 108.5, 113.9, 129.6, 130.4, 130.5, 130.6, 138.6,
150.0, 155.4, 158.8, 159.5, 168.9, 169.4, 173.3; MS (EI) m/z (relative intensity) 712 M* (1.5),
670 (10), 549 (10), 518 (5), 491 (5), 373 (20), 275 (10), 232 (30), 121 (100), 77 (15); HRMS
(EI) calcd for C3gH 30,5 712.3095, found 712.3132.

mixture of et her/methyle ne chlonde/hexane Development with phosphomolybdic acid rev
am co ‘ : [
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