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Peter Wipf,*! Yuntae Kim, Heike Jahn

Department of Chemistry, University of Pittsburgh, Pittsburgh, Pennsylvania 15260, USA

Fax +1(412)6240787; E-mail pwipf+ @pitt.edu
Received 15 August 1995

Starting with N-allyloxycarbonyl-protected 2,5-dimethoxyaniline,
hypervalent iodine oxidation protocols and selective enone epoxi-
dation provides the Streptomyces metabolite LL-C10037« in nine
steps and 7-10% overall yield. In an asymmetric variant of this
strategy, (R,R)-pentane-2,4-diol is used as a chiral acetalization
agent. The resulting semiquinone spiroacetal, due to an ortho-acyl-
amino substituent that restricts the 1,3-dioxane ring conformation,
undergoes face-selective epoxidation and is further functionalized
to give (—)-LL-C10037« in 94 % eec. These pathways represent the
first syntheses of the highly functionalized mC,N core of the ma-
numycins and have been further extended toward the preparation
of analogs for SAR studies of this class of antitumor antibiotics.
Manumycins inhibit the farnesylation of Ras-protein by PFTase
(protein farnesyltransferase).

The meta-substituted aniline core (mC,N) is a common
structural feature in many natural products. Itis generally
observed in the aromatized or quinone form found in
the antitumor antibiotics mitomycin,? rifamycin,> and
maytansine.* Alternatively, the mC,N-unit can also be
derived from the condensation of succinyl-CoA and di-
hydroxyacetone, resulting in the highly oxygenated ep-
oxyquinol unit 1 typical for the manumycin family of
antibiotics.®

The latter group of antitumor antibiotics is represented
by manumycin A (2),° asukamycin (4),” U-56,407,% U-
62,162,° alisamycin,'® colabomycin,!* nisamycin,'? and
other!? Streptomyces metabolites. In addition to the ma-
numycins, a variety of smaller mC,N antibiotics and
related structures have been identified in recent years.
Some representative examples include the broad-spec-
trum antibiotic MM-14201 (5),'* the mold metabolites
chaloxone!® and terremutin,'® and the antimitotic com-
pounds epoxydon,'” bromoxone!® and panepoxydon.®
The Streptomyces metabolite LL-C10037x (3)2° has anti-
tumor activity and was shown to derive from 3-hydr-
oxyanthranilic acid via the shikimic acid pathway.?!

The presence of electrophilic oxiranyl ketone, nucleophi-
lic enamide, and acid-sensitive allylic alcohol moieties on
the cyclohexane ring in 1 represents a formidable chal-
lenge to synthetic strategy and methodology. Indeed, with
the exception of the non-nitrogenous metabolites (+)-
chaloxone?? and bromoxone,?® no successful synthesis
within the manumycin class of mC,N antibiotics has been
reported to date. The biosynthesis of these compounds,
however, as well as the isolation of manumycin analogs
by feeding of aminobenzoic acids as C,N starter units,
has extensively been addressed by the groups of Floss
and Zeeck.?*+%5

Manumycins have recently been identified as potent and
selective inhibitors of Ras farnesyltransferase,?®%” and
the epoxyquinol core and its aminoacyl side chain re-
sembling a farnesyl group were proposed as pharmaco-
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phores.?8 A significant variation!3® of the inhibitory ac-

tivity of manumycins with slightly different aminoacy!
side chains toward Ras farnesyltransferase supports this
theory. The fact that the Ras oncogene may contribute
to as many 30 % of all human cancers has triggered an
intensive search for specific inhibitors of Ras p21 pro-
cessing.2%3% A synthetic route to the manumycin core
would considerably facilitate structure—activity studies
with Ras farnesyltransferase. In this paper, we describe
the first syntheses of (4/—)- as well as (—)-LL-C10037«
and an extension of this synthetic pathway for the pre-
paration of analogs of manumycin A.?!
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Synthesis of (+/—)-LL-C10037«

Antibiotic LL-C10037« (3) was first isolated in 1984 from
the fermentation broth of Streptomyces LL-C10037 by
Lee and co-workers.?? Independently, Box et al. from
Beecham Co. reported 3 as an acetylated product of MM-
14201 (5), produced by Streptomyces sp. NCIB 11813.32
The structure of LL-C10037« was initially proposed as

SYNTHESIS

ration of the key synthetic intermediate of LL-C10037«

{Scheme 2). Treatment of hydroquinone 8, obtained by
N-acetylation and demethylation of commercially readily
available 2,5-dimethoxyaniline (7), with iodobenzene di-
acetate®> gave quinone 9 in high yield. However, subse-
quent addition of organolithium and -magnesium rea-

6 by Lee et al.,*® and was subsequently revised by Shen OCHa 1. AcCl, NEt,,
etal.?? to 3 based upon an X-ray analysis and CD studies. Ol 9% \[(
2. BBI’Q, CH2C|2
0 -78-521°C,
OH OCHjs 78%
o 7
6
O H
HN\n/ y R_ O H
PhI(OAG), \n/ R-Li \n/
(o) —— —6L>
CH,Clp, 92% o Q/ s}

In a strategy related to our recent synthesis of the anti- o 5
fungal antibiotic aranorosin,* we selected a hypervalent .

iodine oxidation of an electron-rich arene for the prepa-

Scheme 2
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gents failed to provide the desired alcohol 10.*¢ Epoxi-
dation of the quinone monoacetal 12 was similarly un-
successful, resulting in extensive N-deacylation and poor
conversion (Scheme 3). Consequently, the enamine func-
tion in 12 had to be protected with a less base-labile
carbamate group.

OCHg H,CO, OCH3

NHA NHA
¢ Phi(OAC), © H0,

—— —_—
MeOH, 62% K>CO3

OCH3 o}
" 12
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Scheme 3

N-Allyloxycarbonyl-(Alloc) protected quinone monoace-
tal 15 was obtained from 2,5-dimethoxyaniline (7) in
61 % vyield (Scheme 4). Similar to the corresponding N-
acetyl substrate 12, considerable deacylation was expe-
rienced when a mixture of 15 and H,0, in aqueous THF
was treated with 1.2 equivalents of K,CO; in a single
portion. When, however, the pH of the reaction medium
was carefully maintained at 8, the epoxidation proceeded
smoothly to give a partially separable mixture of the
desired epoxy enone 16 and a small amount of the un-
reacted starting material 15. Subsequent Luche reduction
of 16 with NaBH, in the presence of CeCl, in methanol
at —20°C afforded the syn- and anti-epoxy alcohols 17
and 18 in a 3:1 ratio. In contrast, reduction without
CeCl, at — 20°C resulted in an improved 5.3: 1 mixture
of 17 and 18 (60 % from 15). After silylation of the allylic
alcohols with tert-butyldiphenylsilyl chloride
(TBDPSCD), the syn-silyl ether 19 could be separated
from the anti-isomer 20 by column chromatography on
silica gel. With each isomer available in diastereomeri-
cally pure form, both C-4 epimers of the target structure
3 could be synthesized and compared to the natural LL-
C100370.

The major ketal 19 was deprotected in the presence of
4-toluenesulfonic acid and PPTS in aqueous acetone to
give the epoxy ketone 21 in 81 % yield (Scheme 5). De-
protection of the N-Alloc group of 21 was not considered
at this stage because of the known instability of this
functionality, as experienced with MM-14201.1* Accord-
ingly, our strategy involved direct N-acetylation of 21
followed by successive low-temperature N- and O-depro-
tection reactions with Pd(0)/Bu;SnH?*" and HF /acetonit-
rile, respectively. Desilylation with tetrabutylammonium
fluoride was not successful due to the base sensitivity of
the product. Addition of a solution of 23 in CH;CN to
48 % aqueous HF at 0°C, however, resulted in smooth
desilylation and provided (4)-LL-C10037« in 58 % yield
(a 7% overall yield from 7). The extremely broad func-
tional group tolerance of the palladium-catalyzed N-de-
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Scheme 5 (£)-LL-C100370

protection reaction was crucial for the successful com-
pletion of this synthesis.

In an analogous sequence of reactions starting with the
anti-epoxy silyl ether 20, C-4-epi-(+)-LL-C10037a (27)
was obtained in 25 % yield (Scheme 6). Comparison of
the 'H and '3C NMR of both synthetic epimers to those
of the natural compound revealed that 3 was identical
in all regards, whereas 27 was clearly different.
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Synthesis of Analogs of L1-C10037« and Manumycin

The close structural resemblance between 3 and the cyclic
core (mC,N unit) of manumycin (2) provided the basis
for a straightforward extension of our synthetic strategy
toward the preparation of analogs of the PFtase inhibitor
manumycin for structure—activity studies. Specifically, we
have probed the replacement of the N-acetyl group of
LL-C10037x with aliphatic carboxylates more closely re-
lated to the polyunsaturated side chains of manumycins.

In a model study, decanoic anhydride (R = C,H,,) was
used as an acylating species in place of acetic anhydride.
Due to the decreased reactivity of anhydrides with longer
aliphatic chains, however, the second acylation on the
amide nitrogen in 21 did not occur in reasonable rate.
Thus, the removal of N-Alloc prior to the acylation was
investigated in spite of the instability of the N-unprotec-
ted enamine 5. Treatment of carbamate 21 with Bu,;SnH
and AcOH in the presence of Pd(0) catalyst at room
temperature led to a rapid consumption of starting ma-
terial, presumably affording the enamine 28, e.g. the O-

SYNTHESIS
1. (RCO),0, DMAP, or
o RCO;H, PhoP(0)CI,
DMAP, NMM
Pd(PPhy) ) NH; THF/hexanes, -10-0 °C
2 o,
BugSnH 2. HF, Hz0, THF, 0°C
CHClp, 10 °C :
OTBDPS
28
o hig
o
OH

29a, R= CsH11, 22%
29b, R =CgH,q, 56%

29¢, R = (£, B)-CHyCH(CH3)CH,CH,CH=C(CH3)CH,CHyCH=C(CHg)s, 28%
1. (RCO),0, DMAP, or
o RCO,H, PhyP(0)C,
DMAP, NMM
i . NH, THF/hexanes, -10-0 °C
— | o
BusSnH 2. HF, Hp0, THF, 0 °C
CHCly, -10 °C
OTBDPS
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o b
o]
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31a, R =CgHyo, 18%
31b, R = (E,E)-CHoCH(CH,)CHoCHoCH=C(CHa)CHoCHaCH=C(CHg)s, 25%
Scheme 8

silyl derivative of MM-14201 (Scheme 7). Without any
purification, the crude intermediate was immediately
reacted with acetic anhydride and DMAP in CH,CI,.
After desilylation of 23 with HF, (+)-LL-C10037a was
obtained in 39 % yield from 21. This modified route in-
volved fewer purification steps and provided an increased
overall yield of 10 % for (4 )-3. Based upon this modified
synthetic scheme, the analogs 29a, b, ¢ and 31a, b were
readily prepared from 21 and 24, respectively (Scheme
8).3® A mixed anhydride protocol with diphenylphosphi-
nic chloride was advantageous in the acylation of ena-
mines 28 and 30 with acids that were not directly available
as their anhydrides.

Synthesis of (—)-LL-C10037«

The optically active natural product was prepared by a
diastercoselective epoxidation of a chiral acetal derivative
of 15. For this purpose, optically pure pentane-2,4-diol
appeared to be an appropriate chiral auxiliary.*® Accord-
ing to energy minimization of the chiral ketal 32,*° the
two possible conformers 32a and 32b form an equili-
brium in favor of 32a.
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2%

6 : NH-Alloc AE = 2.4 kcal/mol

o}
32a 32b

The major conformer 32 a shows different steric environ-
ments around C-6, the site of nucleophilic attack in the
epoxidation reaction. The axial methyl group extending
over the f-face of the planar dienone should hinder the
approach of the incoming hydrogen peroxide, while
either face of the minor conformer 32b is open to the
nucleophilic attack.

Since direct acetal exchange*! between 15 and (2R,4R)-
pentane-2,4-diol failed, N-protected dimethoxyaniline 33
was oxidized and reduced to yield the selectively depro-
tected phenol 36 in 60 % yield (Scheme 9). Subsequent
renewed hypervalent iodine oxidation in the presence of
pentanediol (97% ee, Aldrich) gave a mixed acetal 37
that was cyclized to the spiroacetal 32 with PPTS in
benzene/THF. Acetal 32a was indeed strongly favored
in the equilibrium with conformer 32b, as confirmed by
NMR by the observance of positive NOE effects in 32
between the dienone hydrogen at C-6 and the axial CH,-
group (2.3 %) as well as the methine proton (2.3 %).

PCHs HsCO OCHj
NH-Alloc PhI(OAG), NH-Alloc NaBH,, 0 °C
—_— - -
CH4OH MeOH, 10 min
OCHj
33 34
H3CQ  OCH, OCHj
NH-Allog NH-Alloc
—_—
60% from 33
OH OH
35 -
; HO  O_ OCHg |/\(
; NH-Allo .,
HO OH c| PPTs,65°C
—_— |- =~
PhI(OAC), PhH/THF, 3 h
CH,Cly
el
- 37 - 32
HzOg, KzCO3 NH-Alloc
_— +
THF / H,0 (3: 1)
(45:1)
Scheme 9 38 (21% from 36) a9
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Addition of basic hydrogen peroxide to 32 resulted in a
4.5:1ratio of the desired epoxy ketone 38 and its (55,6 R)-
stereomer 39. As expected for conformer 32a, the axial
methyl group restricted the access from the sterically
more hindered S-face and thus promoted a-epoxidation.
The major isomer 38 was reduced with NaBH,, in meth-
anol at — 20°C to provide a 3.1:1 mixture of the two
epimeric alcohols 40 and 41 (Scheme 10). Subsequent
treatment of the crude alcohols with TBDPSCI and imi-
dazole afforded the syn-epoxy silyl ether 42 and its anti-
isomer 43 in 56 % and 18 % yield from 38, respectively,
after column chromatography on silica gel. The drop in
the selectivity in the reduction of 38 compared to 16 is
probably a consequence of the long-range shielding effect
of the axial methyl group in 38 on the S-face of the
carbonyl group.

, (\(
o,
',

o

o, O
> NH-Alloc

NaBH,, MeOH ) .
3y ——» o + O
-20 °C, 30 min. "
OH (3.1:1)
40 M
0., O
TBDPSCI, 4 h NH-Alloc .
—_— ——— o + O\\‘
imidazole, CH,Cl,
OTBDPS OTBDPS
42 (56% from 38) 43 (18%)

Scheme 10

The desired major isomer 42 was deprotected with a
mixture of TsOH/PPTS in acetone to give 78 % of the
optically active ketone (+)-21. The slight destabilization
of the acetal 42 by the axial methy! substituent on the
1,3-dioxane ring was crucial for a successful hydrolysis
step: Attempted deprotection of the all-equatorial isomer
44 under identical or milder conditions failed and led to
complete decomposition of the substrate under more vi-
gorous treatment (Scheme 12). This illustrates the sensi-
tivity of the nucleophilic and electrophilic sites of the
manumycin core structure.

Epoxyenone (+)-21 was subsequently converted to the
natural (—)-isomer of 3 in three steps analogous to the
earlier transformations for racemic natural product
(Scheme 11). Synthetic (— )-LL-C10037« was identical in
all regards (NMR, CD) with reported data. Its optical
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purity was determined to be 94 %,*? in close correlation
with the enantiomeric excess of commercial (R,R)-pen-
tane-2,4-diol, the chiral auxiliary in this synthesis.

Conclusion

Our synthetic studies toward LL-C10037« represent the
first preparation of the biologically important manumy-
cin core. Noteworthy features of this approach are the
use of selective arene oxidation protocols for the prepa-
ration of quinone monoketals, a chiral acetal for achiev-
ing face-selective enone epoxidation, and a protective
group strategy that successfully unmasks the challenging
functional group arrays found in these natural products.
Since the acyl side chains at the enamine moiety of 3 are
introduced in the very last steps of the synthesis, this
methodology provides a general entry toward aminoacyl
epoxyquinols and SAR studies of Ras farnesyltransferase
inhibitors. The synthesis of (—)-LL-C10037« establishes
a basic strategy toward the enantioselective total synthe-
sis of antibiotics of the manumycin family.

o]
pTSOH/PPTS NH-Alloc  Ac,0, DMAP
2 ———— O
acetone/H,0 CH,Cly, 8h, 54%
pH 3, 38 °C, 78%
OTBDPS
(+)-21
Alloc
PdClz(PPhg)z Y
Buaan AcOH
CHxCly, -20 °C
OTBDPS 77% OTBDPS
(#)22 (+)-23
e H
HF,0°C N\"/
—— 0.,
CH3CN/H,0 “ o)
58% (E)H )3
(-)-LL-C10037x
Scheme 11
CHy
CHj
Qo
NH-All
Alloc  pTSOH/PPTS no reaction or
0. acetone/H,0 decomposition
o) 44
Scheme 12

All glassware was dried in an oven at 150°C prior to use. THF and
dioxane were dried by distillation over Na/benzophenone under
N,. Dry CH,Cl,, DMF and CH,CN were obtained by distillation
from CaH,. Other solvents or reagents were used as required expect
when otherwise noted. Analytical TLC was performed on pre-coat-
ed silica gel 60 F-254 plates available from Merck. Column chro-
matography was performed using silica gel 60 (particle size

SYNTHESIS

0.040-0.055 mm, 230—400 mesh) available from Baker. Visualiza-
tion was accomplished with UV light or by staining with a basic
KMnO, solution (1.5 g of KMnOy,, 10 g of K,CO;, and 2.5 mL of
aq NaOH in 150 mL of distilled water) or Vaughn’s reagent (4.8 g
of ammonium molybdate, 0.2 g of CeSO,, and 10 mL of H,80, in
90 mL of water). NMR spectra were recorded in CDCl; unless
otherwise noted at either 300 MHz (*HNMR), or 75 MHz
(13C NMR) using either a Bruker QM-300 MHz, Bruker WH-300
MHz or IBM-Bruker AF-300 MHz spectrometer at 21 °C. Chemical
shifts (5) were expressed as ppm relative to TMS. Multiplicities are
expressed as follows: singlet =s, doublet = d, triplet =t, quar-
tet = q, b = broad, AB system = AB, and muitiplet = m. IR spect-
ra were obtained on an IBM IR/32 FT IR spectrometer. Optical
rotations were measured on a Perkin-Elmer 241 polarimeter. Mass
spectra was obtained on a VG-70-70 HF. CD spectra were obtained
on a Jasco-710.

2-Acetamido-1,4-benzoquinone (9):*1°

To a stirred solution of 8 (830 mg, 5.0 mmol) in CH,Cl, (20 mL)
was added at r.t. PhI(OAc), (1.94 g, 6.0 mmol) in a single portion.
After 5 min, the reaction mixture was partitioned between EtOAc
(50 mL) and H,O (50 mL). The organic layer was separated, dried
(Na,SO,) and concentrated in vacuo. The resuiting yellow solid
was chromatographed on silica gel (EtOAc/hexanes, 2 : 1) to give
9 as a deep yellow solid; yield: 755mg (92%); R; 0.6 (EtOAc/
hexanes, 2:1).

HNMR (CD,0OD). § =747 (d, 1H, J=24Hz), 681 (d, 1H,
J=10.0Hz), 6.72 (dd, 1 H, J = 10.1, 2.4 Hz), 2.20 (s, 3H).

MS (EI): m/z (%) = 165 (M ™", 40), 137 (10), 123 (30), 95 (25), 82
(15), 68 (20), 54 (10).

HRMS (EI) calc. for C;H,NO;: 165.0426, found: 165.0420.

3-Acetamido-4,4-dimethoxycyclohexa-2,5-dienone (12):

A stirred solution of 11 (24.6 mg, 0.13 mmol) in MeOH (2 mL) was
treated at 21 °C with PhI(OAc), (50 mg, 0.15 mmol). After 2 h, the
reaction mixture was diluted with EtOAc, washed with H,O and
brine, dried (Na,S0O,), and concentrated in vacuo. The yellow solid
was chromatographed on silica gel (EtOAc/hexanes, 1:1) to give
12 as a yellow solid; yield: 16 mg (62 %): R, 0.4 (EtOAc/hexanes,
2:1); mp 152°C.

'HNMR (CDCl,): 6 =7.51 (bs, 1H), 7.35 (d, 1H, J =2.0Hz),
6.53(d, 1H, J=10.4Hz), 6.41 (dd, 1 H, J = 10.4, 2.0 Hz), 3.25 (s,
6H), 2.19 (s, 3H).

I3CNMR (CDCly): & = 186.0, 169.7, 147.0, 138.4, 133.4, 114.0,
94.3, 51.6, 25.0.

MS (ED): m/z (%) =211 (M™*, 15), 196 (10), 179 (85), 164 (100),
152 (75), 140 (20), 136 (25), 128 (15), 122 (35), 110 (35), 99 (10),
95 (30), 80 (15), 68 (30), 55 (15).

HRMS (E]) calc. for C,H,;NO,: 211.0831, found: 211.0845.

Epoxidation of 12.

A solution of 12 (14 mg, 0.07 mmol) in THF (2 mL) was treated at
21°C with 30% H,0, (0.5mL) and 04N K,CO, (0.1 mL). The
reaction mixture was stirred for 1 h, diluted with EtOAc (10 mL),
washed with brine and dried (Na,S0O,). Chromatography of the
residue on silica gel (EtOAc/hexanes, 3:1) gave an inseparable mix-
ture of 13 and 14 as a white solid:

13: R, 0.2 (EtOAc/hexanes, 3:1).

'HNMR (CDCl,): 6 = 5.17 (bs, 1H), 513 (d, 1H, J=2.0Hz),
3.76 (d, 1H, J=4.1Hz), 3.61 (s, 3H), 3.43 (dd, 1 H, J=4.1,
2.1 Hz), 3.34 (s, 3H).

14:

'HNMR (CDCl,): 6 = 6.40 (d, 1H, J = 10.2 Hz), 6.34 (dd, 1 H,
J=102, 1.8 Hz), 5.53 (d, 1 H, J = 1.8 Hz), 4.94 (bs, 1 H), 3.25 (s,
6H).

3-[(Allyloxycarbonyl)amino]-4,4-dimethoxycyclohexa-2,5-dienone
(15):

2,5-Dimethoxyphenylcarbamic Acid Allyl Ester (33):

A stirred solution of 7 (1 g, 6.54 mmol) in THF (10 mL) and H,O
(2mL) was successively treated at 0°C with Alloc-Cl (1.18 g,
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9.81 mmol) followed by Et;N (1 mL). The reaction mixture was
stirred for 10 h at 21°C, diluted with EtOAc (30 mL) and washed
with a mixture of brine (20 mL) and 1 N HCI (20 mL). The organic
layer was dried (Na,SO,) and concentrated under reduced pressure.
The resulting dark brown oil was chromatographed on silica gel
(EtOAc/hexanes, 1:10) to give 33 as a pale yellow oil; yield: 1.62 g
(95%); R, 0.6 (EtOAc/hexanes, 1:4).

IR (neat): v = 3426, 3000, 2944, 2836, 1734, 1605, 1536, 1482, 1231,
1051 cm 1.

"HNMR (CDCl,): 6 = 7.80 (bs, 1H), 7.33 (d, 1H, J = 3.0 Hz),
6.72(d, 1H, J =89Hz), 6.49 (dd, 1 H, J = 8.9, 3.0 Hz), 5.95 (ddt,
1H, J =173, 104, 5.6 Hz), 5.35 (dq, 1H, J = 17.3, 1.4 Hz), 5.23
(dq, 1H, J =10.4, 1.4 Hz), 4.65 (dt, 2H, J = 5.6, 1.4 Hz), 3.76 (s,
3H), 3.74 (s, 3H).

I3CNMR (CDCl,): § = 153.9, 152.9, 141.7, 132.4, 128.2, 118.0,
110.7, 107.2, 104.5, 65.6, 56.0, 55.5.

MS (EI): m/z (%) =237 (M™, 100), 222 (25), 179 (30), 164 (30),
146 (5), 136 (10), 124 (15), 109 (10), 92 (10), 79 (5), 65 (5), 57 (9),
52 (5).

HRMS (EI) calc. for C,,H, ;NO,: 237.1001, found: 237.0985.

3-[( Allyloxycarbonyl)aminol-4,4-dimethoxycyclohexa-2,5-dienone
1s): B

To a stirred solution of 33 (614 mg, 2.59 mmol) in CH,OH (10 mL)
was added at 0°C PhI(OAc), (1.05g, 3.11 mmol). The reaction
mixture was stirred for 1 h at r.t., diluted with EtOAc, and washed
with sat. aq NaHCO, (2 x 40 mL) and brine. The organic layer was
dried MgSO,) and concentrated under reduced pressure to give a
dark brown residue which was chromatographed on silica gel
(EtOAc/hexanes, 1:4) to give dienone 15 as a white solid; yield:
417 mg (64 %); R, 0.25 (EtOAc/hexanes, 1:2); mp 102-103°C.
IR (neat): v = 3260, 1742, 1611, 1551, 1206, 1098, 1036, 963 cm ™ !.
'HNMR (CDCL,): § = 7.07 (bs, 1H), 7.01 (d, 1H, J= 2.0 Hz),
6.53 (d, 1H, J =10.4Hz), 6.38 (dd, 1H, J =104, 2.0 Hz), 5.92
(ddt, 1 H, J=17.1, 10.4, 5.1 Hz), 5.33 (dt, 1H, J=17.1, 1.4 Hz),
525, 1H, J=104Hz), 4.63 (dt, 2H, J = 5.1, 1.4 Hz), 3.23 s,
3H).

13CNMR (CDCl,): 6 = 185.4, 152.2, 147.9, 138.3, 133.3, 131.5,
1191, 111.8, 94.2, 66.6, 51.5.

MS (EI): /z (%) = 253 (M*, 8), 222 (12), 212 (4), 195 (4), 180 (30),
162 (15), 136 (25), 69 (10), 57 (10).

HRMS (EI) calc. for C,,H,NO;: 253.0950; found: 253.0936.

(2RS,3RS)-5-[(Allyloxycarbonyl)amine]-2,3-epoxy-4,4-dimethoxy-
cyclohex-5-enone (16):

A solution of 15 (120 mg, 0.47 mmol) in THF (6 mL) was treated
at 21°C with 30% H,0, (2mL) and 0.4 N K,CO, (2.4 mL). The
reaction mixture was stirred for 8 h, diluted with EtOAc (20 mL),
washed with brine (2 x) and dried (Na,SO,). Chromatography of
the concentrated residue on silica gel (EtOAc/hexanes, 1:3) gave a
partially separable mixture of 15 and 16 which was used for the
next step.

16: R, 0.55 (EtOAc/hexanes, 1:1).

IR (neat): v = 3310, 2945, 1744, 1667, 1626, 1512, 1462, 1335, 1210,
1127, 1061, 1022 cm ™~ 1.

THNMR (CDCl,): 6 =7.26 (bs, 1H), 6.77 (d, 1H, J = 1.7 Hz),
592 (ddt, 1H, J=17.1, 10.4, 5.8 Hz), 5.34 (d, 1H, J = 17.1 Hz),
527, 1H, J=10.4Hz), 4.63 (d, 2H, J = 5.8 Hz), 3.81 (d, 1H,
J=4.0Hz), 3.62 (s, 3H), 3.50 (dd, 1H, J=4.0, 1.7 Hz), 3.28 (s,
3H).

I3CNMR (CDCl,): 6 =192.4, 151.9, 146.2, 131.5, 119.4, 106.8,
954, 66.8, 52.1, 51.5, 51.3, 50.6.

MS (EI): m/z (%) =269 (M™*, 9), 238 (4), 223 (4), 210 (12), 195
(2), 180 (14), 136 (6), 108 (10), 68 (10), 57 (40).

HRMS (EI) calc. for C,,H,;NO: 269.0899, found: 269.0912.
(1SR,2SR,3SR)-5-[(Allyloxycarbonyl)amino]-2,3-epoxy-4,4-di-

methoxycyclohex-5-enol (17) and (1RS,2SR,3SR)-5-[(Allyloxy-
carbonyl)amino]-2,3-epoxy-4,4-dimethoxycyclohex-5-enol (18):
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A mixture of 15 and 16 was dissolved in CH,OH (8 mL) and treated
at 0°C with NaBH,, (36 mg, 0.94 mmol). The reaction mixture was
stirred for 1.5 h at 0°C, diluted with EtOAc (25 mL), washed with
a mixture of 1 N HCl (3 mL) and brine (20 mL), separated and
dried (Na,SO,). The filtered solution was concentrated in vacuo
and chromatographed on silica gel (EtOAc/hexanes, 1:2) to give
76.4mg (60 % from 15) of a partially separable mixture of 17 and
18 (5.3:1) that was directly used for the next step:

17: R; 0.36 (EtOAc/hexanes, 1:1).

IR (neat): v = 3424, 2946, 2838, 1732, 1673, 1651, 1557, 1520, 1462,
1341, 1221, 1129, 1059, 934 cm™ 1.

'HNMR (CDCl,): § = 6.74 (bs, 1 H), 6.17 (bs, 1 H), 5.87 (ddt, 1 H,
J=172,10.4, 5.7Hz), 5.27 (dd, 1H, J = 17.2, 1.3 Hz), 5.18 (dd,
1H,J=10.4,1.3Hz),4.59 (dt,1H, J =9.9, 2.3 Hz),4.53 (dd, 2 H,
J=57,13Hz), 3.52 (m, 1H), 3.49 (d, 1H, J = 4.4 Hz), 3.47 (s,
3H), 3.18 (s, 3H), 2.85 (d, 1 H, J = 9.9 Hz).

I3CNMR (CDCl,): 6 = 153.1,132.3,128.2, 118.2, 111.1,95.3, 65.7,
64.9, 53.1, 51.5, 50.9, 50.1.

MS (EI): m/z (%) =271 (M*, 10), 240 (10), 224 (3), 210 (35), 198
(10), 182 (10), 170 (15), 152 (25), 138 (20), 126 (80), 111 (20), 98
(20), 94 (15), 88 (20), 82 (20), 75 (20), 70 (30), 66 (15), 57 (25), 53
(20), 43 (100).

HRMS (EI) cale. for C,,H,,NO,: 271.1056, found: 271.1060.

18: R; 0.37 (EtOAc/hexanes, 1:1).

IR (neat): v = 3422, 2946, 1734, 1684, 1520, 1458, 1345, 1221, 1125,
1061, 1017, 970, 936, 868 cm 1.

THNMR (CDCl,): 6 = 6.88 (bs, 1H), 6.48 (dd, 1H, J = 15.6,
1.2Hz), 5.92 (ddt, 1H, J=17.9, 104, 5.6Hz), 531 (dq, 11,
J =179, 1.6 Hz), 5.24 (dd, 1H, J = 10.4, 1.3 Hz), 4.63 (dt, 11,
J =82, 1.2 Hz), 4.58 (dddd, 2H, J=5.7, 1.6, 1.3, 1.1), 3.53 (s,
3H), 3.52 (m, 1H), 3.45 (m, 1H), 3.29 (s, 3H), 2.12 (d, 1H,
J = 8.2 Hz).

13CNMR (CDCL,): 6 = 153.1, 132.2, 131.3, 118.5, 108.7, 95.8, 65.9,
63.3, 52.2, 51.2, 50.6, 49.9.

MS (ED): m/z (%) = 271 (M*, 10), 240 (8), 224 (3), 210 (22), 198
(8), 182 (6), 166 (6), 152 (20), 138 (15), 126 (25), 111 (20), 70 (15),
57 (15).

HRMS (EI) calc. for C,,H,,NO,: 271.1056, found: 271.1040.

(1SR,5SR,6RS)-3-[(Allyloxycarbonyl)amino]-5-(zerz-butyldiphenyl-
silyloxy)-2,2~dimethoxy-7-oxabicyclo[4.1.0]hept-3-ene (19) and
(1SR,5RS,6RS)-3-[(Allyloxycarbonyl)amino]-5-(terz-butyldiphenyl-
silyloxy)-2,2-dimethoxy-7-oxabicyclo[4.1.0]hept-3-ene (20):

A solution of a 5.3:1 mixture of 17 and 18 (520 mg, 1.92 mmol)
was dissolved in CH,Cl, (10mL) and treated at 21°C with
TBDPSCI (685 mg, 2.50 mmol) and imidazole (522 mg, 7.68 mmol).
The reaction mixture was stirred for 30 min, diluted with hexanes
(20 mL), washed with H,O (50 mL), separated and dried (Na,SO,).
The filtered solution was concentrated in vacuo and chromatograph-
ed on silica gel (EtOAc/hexanes, 1:20) to give 766 mg (78 %) of 19
and 147 mg (15 %) of 20 as colorless oils:

19: R, 0.50 (EtOAc/hexanes, 1:3).

IR (neat): v = 3424, 2940, 2894, 2857, 1736, 1516, 1472, 1428, 1372,
1339, 1217, 1057, 1022, 938, 845, 824, 743, 704, 612 cm ™.
'"HNMR (CDCly): 6 = 7.79-7.71 (m, 4H), 7.45-7.38 (m, 6H),
6.79 (bs, 1H), 6.31 (bs, 1 H), 5.93 (dddd, 1H, J = 17.3, 10.4, 5.3,
4.6 Hz), 5.33 (dd, 1H, J=17.3, 1.4 Hz), 5.25 (dd, 1H, J =104,
1.0Hz), 471 (dd, 1H, J =2.2, 2.0 Hz), 4.63 (ddd, 1H, J = 12.8,
5.3, 1.0Hz), 4.59 (ddd, 1H, J=12.8, 4.6, 1.4 Hz), 3.49 (s, 3H),
3.34(d, 1H, J = 4.6 Hz), 3.13 (5, 3 H), 3.11 (m, 1H), 1.10 (s, 9 H).
3CNMR (CDCl,): 6 = 152.9, 135.9, 135.8, 133.9, 132.8, 132.4,
130.0, 129.9, 127.9, 127.8, 118.2, 111.8, 95.3, 66.8, 65.7, 52.7, 51.0,
50.8, 49.9, 26.9, 19.3.

MS (EI): m/z (%) = 452 (M — C,H,]*, 30), 420 (30), 394 (30), 379
(10), 362 (12), 334 (55), 319 (17), 284 (10), 258 (15), 213 (80), 199
(70), 183 (30), 167 (20), 153 (20), 135 (40), 111 (20), 84 (100).
HRMS (EI) calc. for C,,H, NO¢Si (M — C,H,): 452.1529, found:
452.1555.
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20: R, 0.55 (EtOAc/hexanes, 1:3).

IR (neat): v = 3422, 2938, 2857, 1736, 1514, 1472, 1428, 1370, 1339,
1215, 1055, 1022, 936, 845, 822, 743, 704, 612 cm ™ ™.

'HNMR (CDCL,): 6 = 7.72-7.70 (m, 4H), 7.48-7.38 (m, 6 H),
6.76 (bs, 1 H), 6.38 (bs, 1 H), 5.92 (ddt, 1H, J = 17.3,10.3, 5.8 Hz),
532 (dd, 1H, J =17.3, 1.4 Hz), 5.24 (dd, 1H, J = 10.3, 1.2 Hz),
4.64—4.58 (m, 3H), 3.52 (s, 3H), 3.45 (m, 1H), 3.44 (s, 3H), 3.28
(m, 1H), 1.18 (s, 9 H).

13CNMR (CDCL,): § = 153.2, 135.9, 135.7, 133.6, 133.0, 132.5,
130.0, 129.2, 127.9, 118.1, 109.7, 96.0, 65.7, 64.3, 53.1, 52.1, 51.0,
50.2, 26.9, 19.3.

(25R,3RS,4SR)-6-[(Allyloxycarbonyl)amino]-4-(tert-butyldiphenyl-
silyloxy)-2,3-epoxycyclohex-5-enone (21):

A solution of 19 (720 mg, 1.41 mmol) in acetone (40 mL) and H,0O
(5mL) was treated at 21°C with PPTS (326 mg, 1.30 mmol) and
TsOH - H,O (38 mg, 0.2 mmol). The reaction mixture was stirred
for 4d, diluted with hexanes (50 mL) and washed with sat. aq
NaHCO,, 1 N HCI (50 mL) and brine. The organic layer was dried
(Na,S0,) and concentrated in vacuo. The resulting crude oil was
chromatographed on silica gel (EtOAc/hexanes 1:20) to give 21 as
a colorless oil; yield: 529 mg (81 %); R +0.60 (EtOAc/hexanes, 1:3).
IR (neat): v = 3399, 2934, 2859, 1738, 1688, 1647, 1524, 1472, 1428,
1374, 1213, 1109, 1042, 1007, 878, 857, 824, 743, 704, 610 cm 1.
'HNMR (CDCl,): 6 = 7.83-7.76 (m, 4H), 7.50~7.41 (m, 6H),
7.08 (2 bs, 2H), 5.93 (ddt, 1H, J=17.1, 10.4, 5.6 Hz), 5.34 (dd,
1H,J=171,1.5Hz),5.25(dd, 1H,J = 10.4, 1.1 Hz), 4.85 (t, 1 H,
J=29Hz),4.63(d, 2H, J=5.6Hz), 3.40-3.43 (m, 1 H), 3.37 (d,
1H, J=4.0Hz), 1.16 (s, 9H).

BBCNMR (CDCl,): 6 = 188.1, 152.8, 135.8, 135.7, 133.1, 132.3,
132.0,130.2,130.1, 128.0, 127.9, 123.2, 118.2, 66.1, 65.8, 53.2, 52.0,
26.8,19.2.

MS (EI): m/z (%) = 463 (M ™, 5), 406 (M — C,H,]*, 40), 378 (12),
365 (15), 348 (15), 334 (15), 321 (25), 277 (35), 244 (30), 216 (25),
199 (100), 181 (20), 161 (15), 135 (35), 105 (20), 91 (25), 71 (22),
57 (18).

HRMS (EI) calc. for C,,H,,NO,Si (M —C,H,): 406.1111, found:
406.1073.

(28R,3RS,4SR)-6-| Acetyl(allyloxycarbonyl)amino]-4-(tert-butyl-
diphenylsilyloxy)-2,3-epoxycyclohex-5-enone (22):

To a stirred solution of 21 (251 mg, 0.54 mmol) in CH,Cl, (25 mL)
was added at —30°C Ac,O (166 mg, 1.62 mmol) and DMAP
(33 mg, 0.27 mmol). After stirring for 6 h at — 30°C, the reaction
mixture was diluted with EtOAc (50 mL) and washed with H,O,
sat. ag NaHCO, and brine. The organic layer was dried (Na,SO,)
and concentrated in vacuo. The crude oily product was chroma-
tographed onsilica gel (EtOAc/hexanes, 1: 6) to give 22 as a colorless
oil; yield: 175 mg (64 %); R, 0.55 (EtOAc/hexanes, 1:3).

IR (neat): v = 2936, 2859, 1754, 1703, 1428, 1370, 1258, 1186, 1111,
999, 824, 768, 743, 704, 612 cm 1.

'HNMR (CDCl,): § = 7.78-7.68 (m, 4H), 7.48—7.41 (m, 6H),
6.33(t,1H,J = 2.7 Hz),5.84(dddd, 1H,J = 15.7,10.7,5.5,4.9 Hz),
5.34 (dq, 1H, J=15.7, 1.3 Hz), 5.25 (dq, 1H, J = 10.7, 1.3 Hz),
490(t,1H, J=2.7Hz),4.64 (ddt, 1H, J = 13.6, 4.9, 1.3 Hz), 4.61
(ddt,1H,J =13.6,5.5, 1.3 Hz),3.46 (dt, 1 H, J = 3.9, 2.7 Hz), 3.38
(d, 1H, J=3.9Hz), 2.56 (s, 3H), 1.12 (s, 9H).

I3CNMR (CDCl,): 6 = 188.4, 172.1, 152.5, 143.4, 135.8, 132.7,
130.9, 130.8, 130.4, 128.2, 128.1, 118.5, 67.5, 66.9, 53.8, 52.8, 26.9,
25.9, 19.3.

MS (EI): m/z (%) = 505 (M*, 12), 489 (10), 463 (M — CH,CO]",
10), 447 (20), 432 (30), 421 (5), 406 (13), 390 (50), 374 (35), 348
(100), 328 (10), 312 (20), 286 (15), 270 (30), 199 (15), 181 (10), 167
(10), 155 (10), 105 (13), 91 (5), 77 (10), 71 (5), 57 (25).

HRMS (EI) calc. for C,gH;,NOgSi: 505.1921, found: 505.1942.

(25R,3RS,4SR)-6-Acetamido-4-(tert-butyldiphenylsilyloxy)-2,3-
epoxycyclohex-5-enone (23):

Asolution 0f22 (127 mg, 0.25 mmol) in CH,Cl, (20 mL) was treated
at —20°C with AcOH (45mg, 0.75 mmol), Bu,SnH (145 mg,
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0.50 mmol) and then 0.1 M PdCl,(PPh,), soln (12.5 uL, 0.5 mol%
in CH,Cl,). The reaction mixture was stirred for 1h at —20°C
and quenched by addition of 5% aq NaHCO; (5 mL) under vigo-
rous stirring. The mixture was diluted with EtOAc (50 mL) and
brine. The organic layer was dried (Na,SO,) and concentrated
under reduced pressure. The oily crude product was chromatograph-
ed on silica gel (EtOAc/hexanes, 1:3) to give 23 as a colorless oil;
yield: 85.3 mg (81%); R, 0.24 (EtOAc/hexanes, 1:3).

IR (neat): v = 3360, 2932, 2857, 1680, 1516, 1472, 1428, 1372, 1237,
1113, 1076, 878, 851, 822, 783, 743, 702, 610 cm ™ *.

'HNMR (CDCl,): § = 7.79-7.72 (m, 4H), 7.47-7.40 (m, 8H),
481 (t, 1H, J=29Hz), 341 (dt, 1H, J= 3.9, 2.9Hz), 4.38 (d,
1H, J = 3.9 Hz), 2.10 (s, 3H), 1.12 (s, 9H).

13CNMR (CDCl,): § = 188.8, 169.1, 135.9, 135.8, 133.2, 132.3,
130.3, 130.2, 128.1, 128.0, 126.0, 66.1, 53.3, 52.1, 26.9, 24.6, 19.3.
MS (EI: mjz (%)=421 (M™, 0.5), 406 (1), 397 (2), 378
(IM ~ CH,COl*, 2), 364 (M — C,H,]*, 50), 336 (5), 322 (50), 304
(5), 294 (20), 278 (5), 258 (8), 244 (15), 216 (15), 199 (100), 181 (10),
156 (5), 135 (10), 115 (5), 105 (5), 96 (5), 77 (15), 57 (7).

HRMS (EI) calc. for C,,H,(NO,Si (M — C,H,): 364.1005, found:
364.1015.

(+)-LL-C10037x [( £)-3]:

A solution of 23 (8.7 mg, 0.02 mmol) in CH;CN (0.5 mL) was added
dropwise at 0°C to 48% HF (3 mL). The reaction mixture was
stirred for 1 h at 0°C and poured into cold sat. ag NaHCOj;. The
mixture was extracted with EtOAc (5 x 20 mL). The combined or-
ganic layers were washed with sat. aq NaHCO,, and brine, sepa-
rated, and dried (Na,SO,). The filtered solution was concentrated
in vacuo and the solid residue was chromatographed on silica gel
(EtOACc/CH,Cl,, 1:2) to give (4)-LL-C-10037x as a white solid;
yield: 2.2 mg (58 %); R, 0.25 (EtOAc/hexanes, 2: 1); mp 167 °C (dec).
IR (neat): v = 3189, 2899, 1647, 1538, 1524, 1489, 1456, 1439, 1416,
1358, 1318, 1267, 1038, 1005, 905, 866, 785, 727, 673, 660 cm ™ *.
'HNMR (CDCL): 6=17.56 (bs, 1H), 7.44 (dd, 1H, J=3.1,
2.1Hz), 4.85 (ddd, 1H, J=10.7, 3.2, 3.1 Hz), 3.89 (ddd, 1H,
J=239, 32, 21Hz), 361 (d, 1H, J=39Hz), 227 (d, 1H,
J=10.7Hz), 2.13 (s, 3H).

"HNMR (DMSO-d,): 6 =9.04 (bs, 1H), 7.05 (dd, 1H, J = 2.7,
2.3Hz), 5.78 (d, 1H, J=4.6Hz), 478 (ddd, 1H, J=4.6, 2.7,
2.5Hz), 3.77 (ddd, 1H, J=4.3, 2.5, 23Hz), 3.54 (d, 1H,
J=43Hz), 1.99 (s, 3H).

13CNMR (DMSO-dy): & = 189.7, 169.5, 128.3, 63.3, 53.7, 52.2,
23.7.

MS (EI): m/z (%) = 183 (M*, 20), 154 (15), 141 (20), 125 (15), 112
(50), 96 (10), 83 (20), 70 (25).

HRMS (EI) calc. for C;gH,NO,: 183.0536, found: 183.0504.

(+)-LL-C10037a from 21 According to Scheme 7:

A solution of 21 (13 mg, 0.03 mmol) in CH,Cl, (5 mL) was treated
at 0°C with AcOH (6 mg, 0.09 mmol), Bu,;SnH (17 mg, 0.06 mmol)
and then 0.1 M PdCl,(PPhj,), soln (3.0 uL, 0.5 mol% in CH,ClL,).
The reaction mixture was stirred for 30 min at 21 °C and quenched
by addition of 5% aq NaHCO, (5 mL) under vigorous stirring.
The mixture was diluted with EtOAc (10 mL) and brine. The organic
layer was dried (Na,SO,) and concentrated under reduced pressure.
The crude oily product 28 was immediately dissolved in CH,CI,
(5mL) and treated at 21°C with Ac,0 (20mg, 0.2 mmol) and
DMAP (5 mg, 0.04 mmol). After 7 h, the reaction mixture was di-
luted with EtOAc and H,O. The organic layer was separated, dried
(Na,SO,) and concentrated in vacuo. The crude 23 was diluted
with CH;CN (3 mL) and reacted at 0°C with 48 % aq HF (0.5 mL).
After 1 h, a cold NaHCOj solution was added slowly. The resulting
mixture was partitioned between EtOAc and brine. The aqueous
layer was washed with EtOAc (5 x 10 mL) and the combined organic
layers were dried (Na,SO,) and concentrated under reduced pres-
sure. The solid residue was chromatographed on silica gel (EtOAc/
CH,Cl,, 1:2) to give 2.0 mg (39% from 21) of (4)-LL-C10037«
as a white solid. The 'H NMR of the product was identical to that
of (£)-LL-C10037x obtained from the procedure indicated in Sche-
me 5.

Downloaded by: Chinese University of Hong Kong. Copyrighted material.



December 1995

(2SR,3R S, 4R S)-6-[(Allyloxycarbonyl)amino]-4-(¢ert-butyldiphenyl-
silyloxy)-2,3-epoxycyclohex-5-enone (24):

A solution of 20 (116 mg, 0.23 mmol) in acetone (10 mL) and H,O
(1.3 mL) was treated at 21 °C with PPTS (62 mg, 0.26 mmol) and
TsOH - H,O (8 mg, 0.04 mmol). The reaction mixture was stirred
for 4d, diluted with hexanes (20 mL) and washed with sat. aq
NaHCO,, 1 N HCI (10 mL) and brine. The organic layer was dried
(Na,S0,) and concentrated in vacuo. The crude oil was chroma-
tographed on silica gel (EtOAc/hexanes, 1:20) to give 24 as a co-
lorless oil; yield: 91 mg (86 %); R, 0.71 (EtOAc/hexanes, 1:3).

IR (neat): v = 3399, 2934, 2859, 1738, 1688, 1647, 1524, 1472, 1428,
1374, 1312, 1213, 1159, 1109, 1042, 1005, 914, 878, 857, 824, 789,
767, 743, 704, 610cm ™!,

'HNMR (CDCl,): § = 7.76-7.69 (m, 4H), 7.49-7.36 (m, 6 H),
7.17 (s, 1 H), 7.05 (bs, 1 H), 5.92 (ddt, 1 H, J = 17.1, 10.4, 5.7 Hz),
534 (dd, 1H, J=17.1, 1.5Hz), 5.26 (dd, 1 H, J =104, 1.3 Hz),
4.88(dd,1H,J=54,10Hz),4.61 (ddd,2H,J =5.7,1.3, 1.0 Hz),
3.68 (m, 1H), 3.52 (dd, 1H, J = 3.3, 0.9 Hz), 1.12 (s, 9 H).
13CNMR (CDCl,): 6 = 188.4, 152.8, 135.8, 135.3, 134.8, 133.1,
132.8, 132.1, 130.2, 129.9, 129.6, 128.0, 127.7, 121.1, 118.4, 65.9,
64.6, 57.8, 52.3, 26.9, 19.3.

MS (EI): m/z (%) = 463 (M*, 1), 406 (M — C,H,] ", 30), 378 (15),
365 (20), 348 (20), 334 (20), 321 (25), 277 (30), 256 (10), 244 (20),
199 (100), 181 (20), 161 (10), 135 (30), 115 (15), 105 (20), 91 (25),
77 (25), 57 (35).

HRMS (EI) calc. for C,,H,,NO,Si (M — C,H,): 406.1111, found:
406.1094.

(25R,3RS 4R S)-6-[Acetyl(allyloxycarbonyl)amino]-4-(tert-butyldi-
phenylsilyloxy)-2,3-epoxycyclohex-5-enone (25):

To a stirred solution of 24 (80 mg, 0.17 mmol) in CH,Cl, (10 mL)
were added at — 10°C Ac,0 (33 mg, 0.32 mmol) and DMAP (7 mg,
0.05 mmol). After 10 h stirring at — 10°C, the reaction mixture was
diluted with EtOAc (10 mL) and washed with water, and sat. aq
NaHCO,; and brine. The organic layer was separated, dried
(Na,S0,) and concentrated in vacuo. The crude oily product was
chromatographed on silica gel (EtOAc/hexanes, 1:6) to give 25 as
a colorless oil; yield: 58 mg (66 %). R, 0.51 (EtOAc/hexanes, 1:3).
IR (neat): v = 2934, 1752, 1717, 1700, 1258, 1186, 1111, 704 cm ™ 1.
'HNMR (CDCl,): 6 = 7.73-7.67 (m, 4H), 7.51-7.38 (m, 6 H),
6.17(dd,1H,J=4.9,2.3Hz),5.81(ddt,1 H,J = 17.3,11.1,5.4 Hz),
5.27 (dd, 1H, J=17.3, 1.4Hz), 5.21 (dd, 1H, J=11.1, 1.4 Hz),
4.81 (dt, 1H, J=4.9, 0.9 Hz), 4.59 (dt, 1H, J = 5.4, 1.4 Hz), 3.73
(ddd, 1H,J=4.9,3.0,0.9 Hz), 3.57 (dd, 1 H, J = 3.0, 0.9 Hz), 2.57
(s, 3H), 1.10 (s, 9H).

I3CNMR (CDCl,): 6 = 188.4, 171.8, 152.6, 140.9, 135.8, 133.1,
132.6, 132.3, 130.9, 130.5, 130.4, 128.2, 128.1, 118.8, 67.6, 64.8,
58.0, 53.8, 26.9, 25.9, 19.3.

MS (ED): m/z (%) = 505 (M™*, 6), 489 (10), 463 (M — CH,CO]",
8), 447 (20), 432 (30), 406 (20), 390 (60), 374 (50), 348 (100), 328
(8), 312 (20), 286 (8), 270 (20), 250 (10), 224 (20), 199 (12), 181 (10),
135 (18), 105 (10), 91 (2), 77 (20).

HRMS (EI) calc. for C,gH,; NOSi: 505.1921, found: 505.1893.

(25R,3RS,4RS)-6-Acetamido-4-(tert-butyldiphenylsilyloxy)-2,3-epo-
xycyclohex-5-enone (26): '

A solution of 25 (52 mg, 0.10 mmol) in CH,Cl, (10 mL) was treated
at 0°Cwith AcOH (23 mg, 0.38 mmol), Bu;SnH (73 mg, 0.25 mmol)
and then 0.1 M PdCl,(PPh,), soln (6.3 puL, 0.5 mol% in CH,Cl,).
The reaction mixture was stirred for 30 min at 0°C and quenched
by addition of 5% aq NaHCO; (5mL) under vigorous stirring.
The mixture was diluted with EtOAc (20 mL) and brine. The organic
layer was dried (Na,SO,) and concentrated under reduced pressure.
The crude oily product was chromatographed on silica gel (EtOAc/
hexanes, 1:6) to give 45 mg of 26 still contaminated with organotin
side products; R, 0.23 (EtOAc/hexanes, 1:3).

IR (neat): v = 3362, 2932, 2859, 1680, 1653, 1516, 1472, 1428, 1374,
1111, 1076, 880, 851, 824, 785, 743, 704 cm ™1,

HINMR (CDCL,): §=773-7.67 (m, 4H), 7.60 (bs, 1H),
7.47-7.39 (m, 7H), 4.84 (dt, 1H, J =6.5, 1.1 Hz), 3.67 (dq, 1H,
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J=34,11Hz), 3.51 (dd, 1H, J = 3.4, 1.1 Hz), 2.09 (s, 3H), 1.09
(s, 9H).

BCNMR (CDCLy): § = 189.0, 169.0, 135.9, 135.8, 133.1, 132.7,
130.3, 129.8, 128.0, 123.6, 64.6, 57.8, 52.3, 27.0, 24.7, 19.3.

MS (ED): m/z (%)=421 (M™*, 0.2), 405 (0.2), 397 (1), 378
(IM — CH,COJ%, 0.2), 378 (1.2), 364 (IM — C,H,]*, 50), 336 (5),
322 (25), 304 (5), 294 (20), 278 (5), 258 (8), 244 (15), 216 (20), 199
(100), 181 (15), 156 (10), 135 (15), 115 (10), 105 (10), 77 (25), 57 (10).
HRMS (EI) calc. for C,,H,(NO,Si (M — C,H,): 364.1005, found:
364.0994.

(1)-epi-LL-C10037a (27):

A solution of crude 26 in CH,CN (1 mL) was added dropwise at
0°C to 48% aq HF (3 mL). The reaction mixture was stirred for
2 h at 0°C, poured into cold sat. ag NaHCO,;, and extracted with
EtOAc (2 x 40 mL). The combined organic layers were washed with
sat. aqg NaHCO, and brine, and dried (Na,SO,). The filtered so-
lution was concentrated in vacuo and the solid residue was chro-
matographed on silica gel (EtOAc/CH,Cl,, 1:2) to give 27 as a
white solid; yield: 8.3 mg (44 % from 25); R, 0.25 (EtOAc/hexanes,
1:1); mp 154°C (dec).

'HNMR (CDCl,): § =17.69 (bs, 1H), 7.60 (dd, 1H, J=153,
2.4Hz), 4.89(dddd, 1H,J =74, 6.8, 5.3, 1.1 Hz), 3.85 (dddd, 1H,
J=638,3.7,24,11Hz), 3.61 (dd, 1H, J= 3.7, 1.1 Hz), 2.64 (dd,
1H, J =174, 1.1 Hz), 2.14 (s, 3H).

'HNMR (DMSO-d,): 6 =9.08 (bs, 1H), 7.27 (dd, 1H, J =54,
2.3Hz), 5.73 (dd, 1H, J=5.5, 1.2 Hz), 4.63 (dddd, 1H, J=6.0,
5.5, 5.4, 0.9 Hz), 3.76 (dddd, 1 H, J = 6.0, 3.8, 2.3, 1.2 Hz), 3.64
(dd, 1H, J = 3.8, 09 Hz), 2.01 (s, 3H).

I3CNMR (DMSO-d;): 6§ = 189.6, 169.7, 130.4, 125.6, 61.8, 57.4,
52.7, 23.8.

MS (EI): m/z (%) = 183 (M™*, 25), 170 (100), 149 (25), 141 (20),
125 (20), 112 (50), 97 (15), 83 (35), 71 (15), 56 (15).

General Procedure A for the Preparation of O-TBDPS Ethers of
Epoxyquinols 29a, b and 31a:

A solution of epoxide 21 or 24 (51.0 mg, 0.11 mmol) in anhydr.
CH,Cl, (1 mL) was treated at — 10°C with 5mol% of Pd(PPh,),
and Bu,SnH (48 mg, 0.165 mmol). After stirring for 1h at this
temperature, the reaction mixture was quickly partitioned between
cold (0°C) CH,Cl,/aq NaHCO; (1:1). The organic layer was
washed with cold brine and dried for 15 min (MgSO,). Most of
the CH,Cl, was evaporated under reduced pressure at r.t. After
addition of cold hexanes, the remaining CH,Cl, was removed in
vacuo. To the resulting hexanes solution of enamine 28 or 30 were
added DMAP (26.9 mg, 0.22 mmol) and anhydride (0.33 mmol),
and the mixture was stirred at 0°C until the starting material dis-
appeared (TLC, hexanes/EtOAc, 3:1). The solvent was evaporated
and the crude product chromatographed on silica gel (hexanes/
EtOAc, 20:1) and on Florisil (hexanes/EtOAc, 10:1) to give the
O-TBDPS ether of 292a, b or 31a as a yellow oil.

(2SR,3RS 4SR)-4-(tert-Butyldiphenyisilyloxy )-2,3-epoxy-6-( hexa-
noylamino ) cyclohex-5-enone:

According to the general procedure A, 21 (92.6 mg, 0.20 mmol)
gave 40 mg (41%) of the O-TBDPS ether of 29a that was used
directly for the next reaction; R, 0.6 (EtOAc/hexanes, 1:3).

(2S8R,3RS,4SR)-4-(tert-Butyldiphenylsilyloxy )-6-( decanoyl-

amino )-2,3-epoxycyclohex-5-enone:

According to the general procedure A, 21 (102.0 mg, 0.22 mmol)
gave 72.6 mg (62 %) of the O-TBDPS ether of 29b; R, 0.6 (EtOAc/
hexanes, 1:3).

IR (neat): v = 3362, 2921, 1671, 1508, 1456, 1418, 1356, 1186, 1103,
1071, 905, 872, 847, 815, 777, 733, 700, 606 cm 1.

IHNMR: § = 7.78-7.70 (m, 4H), 7.49 (dd, 1 H, J = 4.0, 1.7 Hz),
7.45-7.38 (m, 7H), 4.80 (dd, 1 H, J = 4.0 Hz), 3.36-3.34 (m, 2H),
2.26 (t, 2H, J = 7.5 Hz), 1.65-1.55 (m, 2 H), 1.35-1.15 (m, 12 ),
1.10 (s, 9 H), 0.86 (t, 3H, J = 7.0 Hz).

I3CNMR: § = 188.8,172.2, 135.9, 135.8, 133.2, 132.2, 130.2, 130.1,
128.0,127.9, 125.8, 66.1, 53.2, 52.0, 37.7, 31.8, 29.4, 29.2, 29.1, 26.8,
25.3,22.6, 19.2, 14.1.
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MS (EI): m/z (%): 533 (M*, 2), 476 (4), 432 (30), 322 (91), 294
(55), 254 (45), 244 (39), 199 (100), 104 (46), 91 (36), 77 (63), 57 (69).
HRMS (EI) calc for C5,H,,NO,Si: 533.2961, found: 533.3005.

(28R,3RS 4RS)-4-(tert-Butyldiphenylsilyloxy )-6-( decanoyl-

amino )-2,3-epoxycyclohex-5-enone.

According to the general procedure A, 24 (51.0 mg, 0.11 mmol)
gave 14.7 mg (25 %) of the O-TBDPS ether of 31a: R; 0.7 (EtOAc/
hexanes, 1:3).

IR (neat): v = 3355, 2905, 2840, 1705, 1665, 1644, 1624, 1501, 1464,
1454, 1416, 1354, 1100, 1059, 816, 733, 696 cm ™ *.

'HNMR: 6 = 7.70-7.64 (m, 4H), 7.56 (bs, 1 H), 7.44-7.36 (m,
7H), 4.82(d, 1H, J = 5.3 Hz), 3.62 (bs, 1 H), 3.48 (dd, 1 H, J = 3.0,
0.8Hz), 2.26 (t, 2H, J = 7.0 Hz), 1.65-1.55 (m, 2H), 1.30-1.20
(m, 12H), 1.06 (s, 9H), 0.86 (t, 3H, J = 6.6 Hz).

13CNMR: § = 189.0,172.2, 135.9, 135.8, 133.2, 132.7, 130.3, 129.8,
128.0,127.8,123.4, 64.7, 57.8, 52.3,37.9, 31.9, 29.8, 29.5, 29.4, 29.3,
29.2,27.0, 25.4, 22.7, 19.3, 14.2.

MS (EI): m/z (%) = 534 (M + H]*, 5), 476 (M — C,IL]*, 100),
442 (7), 352 (6), 322 (6), 199 (79), 165 (30), 125 (6), 91 (27), 71 (6),
57 (7).

HRMS (EI) cale. for C,4H,,NO,Si [M — C,H,J: 476.2257, found:
476.2265.

General Procedure B for the Preparation of O-TBDPS Ethers of
Epoxyquinols 29¢ and 31b:

To a stirred solution of 2,3-dihydrofarnesic acid (78.7 mg,
0.33 mmol) and Ph,P(O)Cl (85.9 mg, 0.363 mmol) in THF/hexanes
(BmL, 2:1) was added dropwise at —10°C NMM (33.4mg,
0.33 mmol) under N,. Stirring was continued for 3 h, and DMAP
(26.9 mg, 0.22 mmol) was added followed by drepwise addition of
a solution of the crude amine 28 or 30 prepared according to general
procedure A in hexanes. The reaction mixture was warmed to 0°C
and stirred until the reaction was complete (TLC, hexanes/EtOAc,
3:1). After addition of Et,0O and H, 0, the organic layer was washed
with sat. aq NaHCO; (3 x), brine (1 x ), and dried (MgSO,). Chro-
matography on silica gel (hexanes/EtOAc, 20:1) and on Florisil
(hexanes/EtOAc, 20: 1) gave the O-TBDPS ethers of 29¢ and 31b.

(2SR,3RS 4SR )-4-(tert-Butyldiphenylsilyloxy )-2,3-epoxy-6-
(3.7,11-trimethyldodeca-6,10-dienoylamino ) cyclohex-5-enone:
According to the general procedure B, 21 (51.0 mg, 0.11 mmol) gave
41.1mg (62 %) of the O-TBDPS ether of 29¢; R, 0.7 (EtOAc/
hexanes, 1:3).

IR (neat): v = 3353, 2915, 1672, 1505, 1462, 1449, 1420, 1360, 1102,
1069 cm ™.

"HNMR: 6 = 7.78-7.71 (m, 4H), 7.51 (bs, 1H), 7.45-7.37 (m,
7H), 5.15-5.05 (m, 2H), 4.81 (dd, 1H, J = 2.7, 2.5 Hz), 3.36 (s,
2H), 2.45-2.35 (m, 1 H), 2.10-1.90 (m, 8 H), 1.66 (s, 3H), 1.58 (s,
6H), 1.40-1.10 (m, 2H), 1.10 (s, 9H), 0.94 (d, 3H, J = 6.3 Hz).
PCNMR: é = 188.9,171.7,136.0,135.9, 135.3,134.9, 133.3,132.3,
131.4, 130.3, 130.2, 129.7, 128.1, 128.0, 127.8, 125.9, 124.4, 124.1,
66.2, 53.3, 52.2, 45.5, 39.8, 36.8, 30.5, 26.9, 26.8, 26.6, 25.8, 25.4,
19.6,19.3, 17.8, 16.1.

MS (EI): mfz (%) = 599 (M*, 3), 542 (24), 498 (6), 434 (6), 380
(12), 322 (52), 199 (100), 109 (40), 69 (70).

HRMS (EI) calc. for C;,H,oNO,;Si: 599.3431, found: 599.3512.

(2SR,3RS 4RS )-4-(tert-Butyldiphenylsilyloxy )-2,3-epoxy-6-
(3,7,11-trimethyldodeca-6,10-dienoylamino ) cyclohex-5-enone:
According to the general procedure B, 24 (51.0 mg, 0.11 mmol) gave
37.2mg (56 %) of the O-TBDPS ether of 31b; R, 0.8 (EtOAc/
hexanes, 1:3).

IR (neat): v = 3380, 2922, 1663, 1503, 1453, 1416, 1366, 1102, 1063,
816cm L.

'HNMR: 6 = 7.72-7.65 (m, 4H), 7.57 (bs, 1H), 7.47-7.33 (m,
7H), 5.15-5.05 (m, 2H), 4.82 (d, 1H, J = 5.3 Hz), 3.64 (dd, 1 H,
J=34, 22Hz), 349 (d, 1H, J =3.4Hz), 24-235 (m, 2H),
2.20-1.90 (m, 8 H), 1.67 (s, 3 H), 1.59 (s, 6 H), 1.40—1.10 (m, 2 H),
1.07 (s, 9H), 0.97 (d, 3H, J = 6.6 Hz).
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B3CNMR: § = 189.0, 171.6, 135.8, 135.7, 134.8,132.5, 130.2, 129.6,
127.9, 127.7, 124.3, 124.0, 123.4, 64.5, 57.7, 52.2, 45.4, 39.7, 36.7,
304, 26.8, 26.6, 26.5, 25.7, 25.3, 19.4, 19.2, 19.0, 17.7, 15.9.

General Procedure C for the Formation of 29a, b, ¢ and 31a, b by
O-Desilylation:

A solution of the O-TBDPS ether of 29 or 31 (0.03 mmol) in THF
(1 mL) was treated at 0°C with 48 % aq HF (3 mL). After stirring
at 0°C for 3 h, the reaction mixture was quenched by addition of
sat. ag NaHCOyj, diluted with EtOAc, washed with brine and dried
(MgSO,). Purification by chromatography on Florisil (hexanes/
EtOAc, 2:1) gave alcohols 29a, b, ¢ and 31 a, b.

(2SR, 3SR,4SR)-2,3-Epoxy-6-(hexanoylamino )-4-hydroxycyclo-
hex-5-enone (29 a).

According to the general procedure C, the O-TBDPS ether of 292a
(40 mg, 0.08 mmol) gave 10.8 mg (22% from 21) of 29a; R, 0.2
(EtOAc/hexanes, 1:2); mp 138°C.

IR (neat): v = 3318, 2907, 1686, 1676, 1628, 1566, 1547, 1531, 1512,
1042, 870 cm ™1,

"HNMR: é = 7.54 (bs, 1H), 7.44 (dd, 1H, J = 3.0, 2.7 Hz), 4.83
(dt, 1H, J=10.0,6.2,3.0 Hz), 3.86 (dd, 1H, J = 6.2, 3.6 Hz), 3.57
d, 1H, J=3.6Hz), 2.70 (d, 1H, J=100Hz), 2.29 (t, 2H,
J=71.6Hz), 1.68-1.58 (m, 2H), 1.35-1.20 (m, 6 H), 0.87 (t, 3H,
J = 6.8 Hz).

BCNMR: § = 188.6, 172.6, 128.3, 124.8, 64.5, 54.0, 52.6, 37.6,
31.3,25.0, 22.3, 13.9.

MS (EI): m/z (%) = 239 (M*, 18), 210 (15), 183 (16), 141 (39), 125
(57), 112 (81), 99 (73), 71 (100).

HRMS (EI) calc. for C,,H,,NO,: 239.1158, found: 239.1151.

(28SR,3SR,4SR )-6-( Decanoylamino )-2,3-epoxy-4-hydroxycyclo-
hex-5-enone (29b):

According to the general procedure C, the O-TBDPS ether of 29b
(54.2mg, 0.10 mmol) gave 27.6 mg (91 %) of 29b; R, 0.2 (EtOAc/
hexanes, 1:2); mp 124-125°C.

IR (neat): v = 3308, 2896, 2460, 1672, 1630, 1543, 1044, 870 cm ~ .
"HNMR: § = 7.55 (bs, 1H), 7.44 (dd, 1H, J = 3.0, 2.7 Hz), 4.82
(dt, 1H, J=10.8, 6.2, 3.0 Hz), 3.86 (dd, 1 H, J = 6.2, 3.6 Hz), 3.58
d, 1H, J=3.6Hz), 2.28 (t, 2H, J=7.5Hz), 2.13 (d, 1H,
J =10.8 Hz), 1.65—-1.55 (m, 2H), 1.35-1.20 (m, 12 H), 0.85 (t, 3H,
J=6.7Hz).

I3CNMR: § = 188.6, 172.6, 128.2, 125.0, 64.4, 54.0, 52.5, 37.7,
31.8, 29.4, 29.2, 29.1, 25.3, 22.6, 14.1.

MS (EI): m/z (%): 295 (M ™, 26), 266 (27), 183 (48), 141 (76), 125
(37), 112 (100), 85 (33), 71 (58), 57 (53).

HRMS (EI) calc. for C,H,NO,: 295.1784, found 295.1793.

(2SR,3SR,4SR )-2,3-Epoxy-4-hydroxy-6-(3,7,11-trimethyldodeca-
6,10-dienoylamino ) cyclohex-5-enone (29¢):

According to the general procedure C, the O-TBDPS ether of 29¢
(41 mg, 0.11 mmol) gave 11.1 mg (28 % from 21) of 29¢; R, 0.25
(EtOAc/hexanes, 1:2); mp 67°C.

IR (neat): v =3335, 2911, 1640, 1530, 1449, 1368, 1264, 1046,
870cm ™!,

'HNMR: § =751 (bs, 1H), 7.45 (dd, 1H, J=2.7, 2.6Hz),
5.15-5.05 (m, 2H), 4.83 (bd, 1H, J=9.7Hz), 3.86 (dd, 1H,
J=62, 3.1Hz), 3.58 (d, 1H, J=39Hz), 2.50-2.40 (bd, 1H,
J=9.7THz), 2.32 (dd, 1H, J=13.6, 5.1 Hz), 2.10-1.96 (m, 8H),
1.65 (s, 3H), 1.57 (s, 6H), 1.50-1.15 (m, 2H), 093 (d, 3H,
J = 6.3 Hz).

I3CNMR: § = 188.6, 172.0, 131.4, 128.5, 124.6, 124.0, 64.6, 54.2,
52.8, 42.8, 39.8, 37.0, 30.5, 26.8, 25.8, 25.4, 19.8, 17.8, 16.2.

MS (EI): m/z (%) =361 (M*, 3), 345 (3), 327 (5), 258 (13), 177
(13), 143 (62), 125 (85), 109 (72), 81 (34), 69 (100).

HRMS (EI): calc for C, H;,NO,: 361.2253, found: 361.2268.

(2SR,3SR,4RS )-6-( Decanoylamino )-2,3-epoxy-4-hydroxycyclo-
hex-5-enone (31a):

According to the general procedure C, the O-TBDPS ether of 31a
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(14.7 mg, 0.03 mmol) gave 6.0 mg (73 %) of 31a; R, 0.35 (EtOAc/
hexanes, 1:2); mp 82°C.

IR (neat): v = 3337, 2913, 1692, 1661, 1644, 1630, 1547, 1526,
1514cm™1.

"HNMR: é = 7.67 (bs, 1H), 7.61 (dd, 1H, J = 5.4, 2.4 Hz), 4.88
(ddd, 1H, J=6.7, 5.4, 1.1 Hz), 3.83 (dddd, 1H, J = 5.9, 3.6, 2.4,
1.1 Hz), 3.60 (dd, 1H, J= 3.6, 1.1Hz), 2.62 (d, 1H, J = 6.7 Hz),
223 (t,2H, J = 7.6 Hz), 1.70-1.60 (m, 2H), 1.35-1.20 (m, 12H),
0.85(t, 3H, J= 6.6 Hz).

1I3CNMR: § = 188.9, 172.9, 130.1, 123.1, 63.1, 57.3, 52.2, 37.8,
31.8,29.4,29.2,29.1, 25.3, 22.6, 14.1.

MS (EI): m/z (%) =295 (M ™, 24), 279 (10), 266 (24), 183 (22), 141
(64), 125 (82), 112 (89), 85 (45), 71 (80), 57 (100).

HRMS (EI) calc. for C,(H,NO,: 295.1784, found: 295.1772.

(2SR,3SR,4RS )-2,3-Epoxy-4-hydroxy-6-(3,7,11-trimethyldodeca-
6,10-dienoylamino ) cyclohex-5-enone (31b):

According to the general procedure C, the O-TBDPS ether of 31b
(37 mg, 0.06 mmol) gave 10.2mg (25% from 24) of 31b; R, 0.4
(EtOAc/hexanes, 1:2); mp 77°C.

IR (neat): v = 3343, 2909, 1659, 1507, 1443, 1368, 1213, 1107, 1024,
868 cm !,

'HNMR: é = 7.65 (bs, 1 H), 7.65-7.58 (dd, 1H, J = 5.2, 2.4 Hz),
5.12-5.05 (m, 2H), 4.87 (bd, 1H, J=5.2Hz), 3.82 (dd, 1H,
J=22,20Hz), 3.59 (dd, 1H, J=3.1, 0.8 Hz), 2.32 (ddd, 1 H,
J =140, 57, 1.5Hz), 2.11-1.93 (m, 8H), 1.65 (s, 3H), 1.57 (s,
6H), 1.40-1.15 (m, 2H), 0.93 (d, 3H, J = 6.4 Hz).

13CNMR: § = 188.8,172.4, 135.4,131.4, 130.2, 124.4, 123.9, 123.1,
63.2, 57.4, 52.3, 45.5, 39.8, 36.8, 30.5, 29.8, 26.8, 25.8, 25.4, 19.6,
17.8, 16.1.

MS (EL): m/z (%) = 361 (M ™, 9), 345 (6), 327 (6), 258 (9), 219 (11),
143 (70), 125 (89), 109 (90), 69 (100).

HRMS (EI) calc. for C,;H;,NO,: 361.2253, found: 361.2290.

3-[(Allyloxycarbonyl)amino]-4-methoxyphenol (36):

To a solution of 33 (876 mg, 3.70 mmol) in abs. CH,OH (15mL)
was added at 0°C PhI(OAc), (1.43 g, 4.44 mmol). The reaction
mixture was stirred for 1 h at r.t. and diluted with EtOAc. The
organic layer was washed with sat. aqg NaHCO; (2 x 50 mL) and
brine, separated, and dried (MgSO,). Filtration and evaporation
gave a dark brown residue which was filtered through a short plug
of silica gel (hexane/EtOAc, 3: 1) to remove iodobenzene. After the
removal of the solvents, the crude product 34 was diluted with
CH,OH (20mL) and treated at 0°C with NaBH, (169 mg,
4.44 mmol). After 10 min, the reaction mixture was quenched with
acetone (2 mL) and diluted with EtOAc (50 mL). The organic layer
was washed with 1 N HCl and brine, separated and dried (Na,SO,).
Column chromatography on silica gel (EtOAc/hexanes, 1:3) of the
crude product gave 36 as a white solid; yield: 495 mg (60 %); R,
0.65 (EtOAc/hexanes, 1:1); mp 103—104°C.

IR (neat): v = 3337, 2942, 1694, 1615, 1541, 1489, 1466, 1437, 1385,
1213, 1057, 1028, 995, 967, 934, 864, 764, 731, 619 cm ™1,
"HNMR (CDCl,): 6 = 7.89 (bs, 1H), 7.46 (bs, 2H), 6.72 (d, 1 H,
J=28.8Hz),6.54(dd,1H,J =8.8,3.0Hz),5.97 (ddt,1H,J = 17.2,
10.4, 5.7Hz), 539 (dd, 1H, J=17.2, 1.3Hz), 527 (dd, 1H,
J =104, 09 Hz), 4.69 (d, 2H, J = 5.7Hz), 3.77 (s, 3H).
I3CNMR (CDCl,): 6 = 153.7, 150.6, 141.3, 131.9, 127.5, 118.5,
111.3, 108.9, 105.9, 66.2, 56.1.

MS (EI): m/z (%) = 223 (M ™, 16), 165 (10), 150 (20), 138 (6), 122
(5), 110 (12), 69 (1), 55 (20), 44 (100).

HRMS (EI) calc. for C,;H,;NO,: 223.0845, found: 223.0852.

(2R 4R )-7-[(Allyloxycarbonyl)amino]-2,4-dimethyl-1,5-dioxaspiro-
[5.5]nona-7,10-dien-9-one (32):

To a solution of 36 (40.1 mg, 0.18 mmol) in dry CH,Cl, (5mL)
was added at 21 °C PhI(OAc), (65 mg, 0.2 mmol) and (—)-pentane-
2,4-diol (94 mg, 0.90 mmol). After 15 min, the reaction mixture was
diluted with EtOAc (10 mL) and the organic layer was washed with
sat. aqg NaHCO;, separated and dried (Na,SO,). The filtered so-
lution was concentrated in vacuo and passed through a short plug
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of silica gel to give crude 37. A solution of 37 in benzene (5mL)
and THF (5mL) was treated with PPTS (23 mg, 0.09 mmol) and
heated to 65°C for 4 h. The reaction was cooled to r.t. and diluted
with EtOAc (30 mL). The organic layer was washed with H,O and
brine, separated and dried (Na,SO,). The oily product was chro-
matographed on silica gel (EtOAc/hexanes, 1:3) to give 32 as a
colorless oil; yield: 23.2mg (44%); R, 0.5 (EtOAc/hexanes, 1:1);
[a]p +18.4° (¢ = 0.9, CH;0H, 22°C).

IR (neat): v = 3303, 2979, 2936, 1732, 1667, 1653, 1634, 1615, 1507,
1456, 1385, 1343, 1314, 1208, 1130, 1109, 1009, 934, 882, 772 cm ™~ L.
"THNMR (CDCl,): § = 7.02 (d, 1H, J = 10.5Hz), 6.93 (bs, 1H),
6.83(d,1H,J=19Hz), 6.11(dd, 1 H, J = 10.5, 1.9 Hz), 5.97 (ddt,
1H,J=18.5,10.4,59Hz), 5.37(d, 1 H, J = 18.5Hz), 5.30(d, 1 H,
J=10.4Hz),4.67(dd,2H,J = 6.0,1.0 Hz),4.41 (ddq, 1 H,J = 7.6,
6.2, 5.8 Hz), 4.38 (ddq, 1 H, J = 6.6, 5.8, 5.2 Hz), 1.86 (ddd, 1H,
J=14.0,7.6,52Hz),1.78 (dt, 1 H, J = 14.0, 5.8 Hz), 1.38 (d, 3H,
J=066Hz),1.32(d, 3H, J= 6.2 Hz).

BBCNMR (CDCly): § = 185.7, 152.2, 150.0, 139.0, 131.9, 127.9,
119.3, 109.2, 90.6, 67.1, 66.8, 64.0, 37.1, 22.6, 22.2.

MS (EI): m/z (%) =293 (M*, 16), 252 (2), 234 (1), 208 (9), 166
(15), 151 (15), 140 (15), 122 (25), 91 (30), 82 (10), 69 (50), 55 (15).
HRMS (EI) cale. for C,H,,NO,: 293.1263, found: 293.1274.

(2RAR,7S,8R)-11-|(Allyloxycarbonyl)amino]-7,8-epoxy-2,4-
dimethyl-1,5-dioxaspiro[5.5]non-10-en-9-one (38):

A solution of 32 (52 mg, 0.18 mmol) in THF (5 mL) was treated at
20°C with 30% H,0, (! mL, 8.83 mmol) and K,CO,; (3mg,
0.02 mmol). The reaction mixture was stirred for 6 h at 21°C and
diluted with EtOAc (20 mL). The organic layer was washed with
brine (2 x 30 mL), separated and dried (Na,SO,). A *HNMR ana-
lysis of the crude oil showed a 4.5:1 ratio of isomers 38 and 39
with 60% conversion. The crude product was chromatographed
on silica gel (EtOAc/hexanes, 1:3) to give 38 as a colorless oil;
yield: 27 mg (49 %); R, 0.6 (EtOAc/hexanes, 1:1); [a], + 204.6°
(¢ =1.6, CH;0H, 22°C).

IR (neat): v = 3320, 2979, 1746, 1684, 1653, 1647, 1507, 1458, 1206,
1148, 1113, 1019 cm ™ 1.

"HNMR (CDCl,): 6 = 7.30 (bs, 1H), 6.63 (d, 1H, J = 2.0 Hz),
5.93 (ddt, 1H, J=17.2, 10.3, 6.0 Hz), 5.35 (dq, 1H, J =172,
1.3 Hz), 5.28 (dq, 1H, J = 10.3, 1.3 Hz), 4.66 (ddt, 1H, J = 13.0,
6.0, 1.3 Hz), 4.62 (ddt, 1H, J=13.0, 6.0, 1.3 Hz), 446 (ddq, 1H,
J=17.0,6.3,62Hz), 4.11 (ddq, 1 H, J=17.7, 6.2, 5.7Hz), 3.87 (d,
1H,J=4.1Hz),3.48(dd,1H,J =4.1,2.0 Hz), 1.86—1.81 (m, 2 H),
140 (d, 3H, J=6.2Hz), 1.23 (d, 3H, J= 6.2 Hz).

I3CNMR (CDCL,): 6 = 192.8, 151.9, 148.1, 131.6, 119.5, 105.4,
94.5, 66.9, 65.7, 65.4, 52.5, 52.3, 39.7, 21.9, 21.8.

MS (ED): m/z (%) =309 (M*, 14), 282 (2), 268 (2), 240 (3), 224
(4), 212 (1), 196 (6), 182 (7), 138 (20), 110 (15), 82 (10), 69 (100),
55 (20).

HRMS (EI) calc. for C,sH,,NOg: 309.1212, found: 309.1191.

(2RA4R,7S,88,95)-11-{(Allyloxycarbonyl)amino]-7,8-epoxy-2,4-
dimethyl-1,5-dioxaspiro[5.5]non-10-en-9-o0l (40) and
(2R.4R,75,85,9R)-11-[(Allyloxycarbonyl)amino]-7,8-epoxy-2,4-
dimethyl-1,5-dioxaspiro[5.5non-10-en-9-ol (41):

A solution of 38 (25 mg, 0.08 mmol) in CH;OH (2 mL) was treated
at —20°C with NaBH, (6 mg, 0.16 mmol) and stirred for 30 min
at the same temperature. The reaction mixture was quenched with
acetone (1 mL) and diluted with EtOAc (30 mL). The organic layer
was washed with brine, separated, and dried (Na,SO,). The crude
product was chromatographed on silica gel (EtOAc/hexanes, 1:2)
to give 25 mg (quant.) of a 3.1:1 mixture of 40 and 41 as a white
solid. 40: R, 0.4 (EtOAc/hexanes, 1:1).

IR (neat): v = 3347, 2977, 2940, 1727, 1516, 1381, 1335, 1217, 1156,
1115, 1007 cm ™.

THNMR (CDCl,): 6 = 6.77 (s, 1 H), 6.04 (bs, 1 H), 5.92—5.87 (m,
1H), 530 (d, 1H, J=16.8Hz), 522 (d, 1H, J=104Hz),
4.65-4.53 (m, 4H), 4.33 (m, 1H), 4.08 (m, 1H), 3.58-3.44 (m,
3H), 2.35(d, 1H, J=10.3Hz), 1.77-1.71 (m, 2H), 1.32 (d, 3H,
J=62Hz), 1.18 (d, 3H, J = 6.1 Hz).
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13CNMR (CDCl,): § = 153.1, 132.4,130.5, 118.3, 109.6, 94.2, 65.8,
65.3, 65.0, 64.5, 53.4, 52.6, 39.8, 21.9, 21.8.

MS (EI): m/z (%) = 311 (M*, 4), 294 (1), 282 (2), 270 (1), 253 (1),
227 (3), 208 (1.5), 196 (4), 184 (5), 168 (3), 156 (8), 140 (8), 124 (5),
112 (8), 69 (30), 55 (20), 45 (20).

HRMS (EI) calc. for C,,H,,NO: 311.1395, found: 311.1395.

41: "THNMR (CDCL): § = 6.93 (s, 1 H), 6.37 (d, 1H, J = 4.1 Hz),
592-587 (m, 1H), 530 (d, 1H, J=168Hz), 522 (d, 1 H,
J =10.4Hz), 4.65-4.53 (m, 4H), 4.33 (m, 1H), 4.08 (m, 1I0),
3.58-3.44 (m, 3H), 217 (d, 1H, J=102Hz), 132 (d, 31,
J=6.1Hz), 1.18 (d, 3H, J = 6.1 Hz).

13CNMR (CDCL,): 6 = 152.9, 133.5,132.3, 118.5, 107.4, 94.6, 65.5,
64.3, 63.5, 52.0, 51.2, 39.8, 21.9, 21.8.

(2R AR, 7S,8R,95)-11-[(Allyloxycarbonyl)amino]-9-(zert-butyldi-
phenylsilyloxy)-7,8-epoxy-2,4-dimethyl-1,5-dioxaspiro[5.5]non-
10-ene (42) and (2R,4R,7S5,8R,9R)-11-[(Allyloxycarbonyl)amino}-
9-(tert-butyldiphenylsilyloxy)-7,8-epoxy-2,4-dimethyl-1,5-dioxa-
spiro[5.5]non-11-ene (43):

A 3.1:1 mixture of 40 and 41 (25 mg, 0.08 mmol) was dissolved in
CH,Cl, (3mL) and treated at 21°C with TBDPSCl (33 mg,
0.12 mmol) and imidazole (27 mg, 0.4 mmol). The reaction mixture
was stirred for 4 h, diluted with hexanes (10 mL), washed with H,O
(10 mL), separated and dried (Na,SO,). The filtered solution was
concentrated in vacuo and chromatographed on silica gel (EtOAc/
hexanes, 1:20) to give 25 mg (56 %) of 42 and 8 mg (18 %) of 43
as colorless oils.

42: R, 0.3 (EtOAc/hexanes, 1:6); [al, + 91.8° (¢ = 3.2, CH,Cl,,
21°C).

IR (neat): v = 3370, 2932, 2857, 1736, 1509, 1213, 1154, 1109, 1080,
1044, 1015, 704 cm ™ 1.

'HNMR (CDCl,): § = 7.78-7.70 (m, 4H), 7.45-7.38 (m, 6H),
6.79 (bs, 1H), 6.0-5.9 (m, 1H), 5.34 (dq, 1 H, J=17.3, 1.5 Hz),
526(d,1H,J=104,1.2Hz),4.75 (t, 1 H, J = 2.2 Hz), 4.65-4.60
(m, 2H), 430 (dq, 1H, J = 13.3, 6.6 Hz), 4.07 (ddq, 1 H, J = 7.8,
6.4,6.4Hz),3.39(d,1H,J=4.5Hz),3.15(dt, 1 H,J = 4.5,2.2 Hz),
1.73-1.68 (m, 2H), 1.32 (d, 3H, J=6.6Hz), 1.13 (d, 3H,
J=6.4Hz), 1.09 (s, 9H).

I3CNMR (CDCl,): 6 = 153.2, 136.0, 135.9, 134.0, 133.0, 132.6,
129.9, 129.8, 127.9, 127.7, 118.2, 110.9, 94.4, 66.7, 65.8, 65.2, 64.5,
53.1, 521, 40.1, 29.7, 26.9, 21.9, 21.8, 19.3.

MS (FAB, MNBA/NaCl): m/z (%) 572 (M + Na]*, 8), 566 (1),
550 (7), 532 (1), 520 (1), 512 (2), 492 (22), 472 (6), 448 (4), 424(4),
406 (14), 391 (6), 378 (4), 365 (B), 345 (6), 321 (4), 294 (90), 277
(10), 244 (10), 208 (70), 176 (20), 154 (40), 135 (95), 121 (25), 105
(20), 91 (30), 69 (100).

43: R, 0.35 (EtOAc/hexanes, 1:6); [a], —9.5° (¢ = 1.1, CH,Cl,,
21°C).

IR (neat): v = 3414, 2930, 1738, 1732, 1532, 1505, 1470, 1456, 1428,
1377, 1333, 1213, 1154, 1109, 1061, 1026, 702, 612 cm™ 1.
'HNMR (CDCl,): é =7.76-7.69 (m, 4H), 7.43-7.26 (m, 6H),
6.87(s, 1 H), 6.16 (bs, 1 H), 6.0-5.9(m, 1 H),5.31(dd, 1 H,J =172,
1.3Hz), 5.24 (dd, 1H, J = 10.4, 1.3 Hz), 4.63-4.56 (m, 3H), 437
(dg, 1H, J=13.3, 6.6 Hz), 4.22 (ddq, 1H, J=6.7, 6.7, 6.7Hz),
3.54(d,1H,J=3.7Hz),3.27(d,1H,J=3.7,1.3H2),1.79 (t, 2H,
J=172Hz), 1.34 (d, 3H, J=6.6Hz), 1.31 (d, 3H, J=6.7Hz),
1.07 (s, 9 H).

I3CNMR (CDCl,): 6 = 152.9, 136.0, 135.8, 134.1, 133.5, 132.6,
132.4, 129.8, 127.7, 118.3, 107.8, 94.7, 65.8, 65.3, 64.6, 64.2, 53.0,
52.1, 40.1, 29.8, 27.0, 22.2, 21.9, 19.4.

MS (EL): m/z (%) 520 (8), 492 (M — C,H,]", 15), 434 (7), 406 (33),
392 (8), 348 (12), 294 (10), 244 (20), 208 (100), 135 (35), 106 (12),
69 (70).

HRMS (EI) calc. for C,,H,,NOgSi (M — C,H,): 492.1843, found:
492.1843.

(25,3R,45)-6-[(Allyloxycarbonyl)amino}-4-(¢ert-butyldiphenylsilyl-
oxy)-2,3-epoxycyclohex-5-enone [(+)-21]:

A solution of 42 (34 mg, 0.06 mmol) in acetone (5 mL) and H,O
(1 mL) was treated at 21°C with PPTS (14 mg, 0.06 mmol) and
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TsOH - H,O (1.7 mg). The reaction mixture was stirred for 2d at
38°C, diluted with hexanes (20mL) and washed with sat. aq
NaHCO,. The organic layer was separated, dried (Na,SO,) and
concentrated in vacuo. The crude oil was chromatographed on silica
gel (EtOAc/hexanes, 1:20) to give ketone (+)-21 as a colorless oil;
yield: 22 mg (78 %); [o¢]p +9.5° (¢ = 1.6, CH,0H, 22°C).
'HNMR (CDCL,): § = 7.81-7.73 (m, 4H), 7.48-7.40 (m, 6 H),
7.07 (bs, 1 H), 7.03 (s, 1 H), 5.93 (ddt, 1H, J =17.1, 10.4, 5.6 Hz),
5.34 (dd, 1H, J =171, 1.3Hz), 525 (dd, 1 H, J=10.4, 1.3 Hz),
4.82 (t, 1H, J=29Hz), 462 (d, 2H, J = 5.6 Hz), 3.39 (m, 2H),
1.13 (s, 9H).

The racemic mixture of this ketone was fully characterized as 21.

(25,3R,4.5)-6-{Acetyl(allyloxycarbonyl)amino[-4-(fert-butyldiphenyl-
silyloxy)-2,3-epoxycyclohex-5-enone [(+)-22]:

To a solution of (+)-21 (20 mg, 0.04 mmol) in CH,Cl, (3 mL) were
added at —20°C Ac,0 (8 mg, 0.08 mmol) and DMAP (1.8 mg).
After 8 h stirring at — 20°C, the reaction mixture was diluted with
EtOAc (10mL) and washed successively with H,O, sat. aq
NaHCO,, 0.1 N HCI and brine. The organic layer was separated,
dried (Na,SO,) and concentrated in vacuo. The crude oily product
was chromatographed on silica gel (EtOAc/hexanes, 1:6) to give
(+)-22 as a colorless oil; yield: 12 mg (54 %); [o]p, + 2.32° (¢ = 1.3,
CH,O0H, 21°C).

'HNMR (CDCl): § = 7.78-7.67 (m, 4H), 7.49-7.42 (m, 6H),
6.34(t,1H,J = 2.7Hz),5.84(dddd, 1H,J = 15.7,10.7,5.5,4.9 Hz),
5.34 (dq, 1H, J=15.7, 1.3 Hz), 5.25 (dq, 1H, J=10.7, 1.3 Hz),
4.89(t,1H, J=2.7Hz),4.64 (ddt, 1H, J = 13.6, 4.9, 1.3 Hz), 4.61
(ddt, 1H, J = 13.6, 5.5, 1.3 Hz), 3.46 (dt, 1H, J = 3.9, 2.7 Hz), 3.38
(d, 1H, J = 3.9Hz), 2.56 (s, 3H), 1.11 (s, H).

The racemic mixture of this ketone was fully characterized as 22.

(28,3R,485)-6-Acetamido-4-(tert-butyldiphenylsilyloxy)-2,3-epoxy-
cyclohex-5-enone [(+)-23]:

A solution of (4+)-22 (12 mg, 0.02 mmol) in CH,Cl, (3 mL) was
treated at — 20°C with AcOH (4.3 pL, 0.07 mmol), Bu,SnH (14 mg,
0.05 mmol) and then 0.1 M PdCl,(PPh,), soln (1.2 pL, 0.5 mol%
in CH,Cl,). The reaction mixture was stirred for 1h at —20°C
and quenched by addition of 5% aq NaHCO, (5 mL) under vigo-
rous stirring. The mixture was diluted with EtOAc (15mL) and
brine. The organic layer was separated, dried (Na,SO,) and con-
centrated under reduced pressure. The crude oily product was chro-
matographed on silica gel (EtOAc/hexanes, 1:3) to give (+)-23 as
a colorless oil; yield: 8 mg (77 %); [a]p + 34.5° (¢ =1.1, CH,;0H,
21°C).

'HNMR (CDCl,): 6 =7.79-7.72 (m, 4H), 7.47-7.40 (m, 8 H),
481 (t, 1H, J=29Hz), 3.41 (dt, 1H, J= 3.9, 29 Hz), 4.38 (d,
1H, J=3.9Hz), 2.10 (s, 3H), 1.13 (s, 9 H).

The racemic mixture of this ketone was fully characterized as 23.

(—)-LL-C10037« [(—)-3]:

A solution of (+)-23 (7 mg, 0.018 mmol) in CH,CN (0.5 mL) was
added dropwise at 0°C to 40 % aq HF (2 mL). The reaction mixture
was stirred for 1 h at 0°C and poured into cold sat. ag NaHCO,.
The mixture was extracted with EtOAc (5 x 20 mL). The combined
organic layers were washed with sat. aq NaHCO, and brine, sepa-
rated, and dried (Na,SO,). The filtered solution was concentrated
in vacuo and the solid residue was chromatographed on silica gel
(EtOAc/CH,Cl,, 1:2) to give (—)-3; yield: 1.8 mg (58%); [«]p
—190.6° (¢ = 0.08, CH,0H, 21°C).

'"HNMR (CDCly): 6 =7.56 (bs, 1H), 7.44 (dd, 1H, J=13.1,
2.1Hz), 485 (ddd, 1H, J=10.6, 3.2, 3.1 Hz), 3.88 (ddd, 1H,
J=139, 32, 2.1Hz), 3.60 (d, 1H, J=39Hz), 233 (d, 1H,
J=10.6 Hz), 2.13 (s, 3H).

I3CNMR (CDCl,): 6 = 188.6, 169.3, 128.5, 124.7, 64.6, 54.2, 52.7,
24.7.

The racemic mixture of this compound was fully characterized as 3.

J. Scheler and W. Vuksan have contributed to the synthesis of analogs
of LL-C100370.. We would like to thank them for their work and the
NMR (Dr. E-T. Lin) and Mass Spec (Dr. K. Somayajula) labs at
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the University of Pittsburgh for assisting us in the spectral charac-
terization. Support of this project by the National Science Foundation
is also gratefully acknowledged.
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