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Abstract

Enantioselective construction of the epoxy-y-lactam moiety of epolactaene (1) was completed in 11 steps
from (R)-lactaldehyde derivatives. Key steps include: (i) the stereoselective aldol reaction between (R)-
lactaldehyde and malonate ester; (ii) diastereospecific lactonization of malonate ester derivative 10; (iii)

cyclization of 16 to epoxy-y-lactam derivative 2. Both enantiomers, (R,R)-2 and (§,5)-2, were synthesized,

and their optical rotations were compared with that of (+)-epolactaene (1). The results suggest that the absolute
configuration of 1 is (13R,14R). © 1999 Elsevier Science Ltd. All rights reserved.

Introduction

Neurotrophic factors (NTF) are known to be proteins essential for the growth and development or the

survival and functional maintenance of neurcns in the central and penpheral nervous systems.'® Since a
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example, Alzheimer’s disease, there is some speculation that NTF-like substances might be therapeutically
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"With regard to this investigation, a patent application was filed before Japanese Patent Office on October 30, 1997 as a patent filing

CIINO AQTI00

number of H(9-297983.

0040-4020/99/% - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(99)00367-1



~

)
<
tn
S
]
=
S
=)
0
-~
2
=
™~

useful.”®  The neurotrophins trigger a variety of biological responses such as proliferation, differentiation, and
survival of ncuroblasts, as well as survival and adaptive responses of mature neurons.” '°

In 1995, Osada et al. isolated a novel compound, epolactaene (1) (Figure 1), from the culture broth of
Penicillium sp. BM 1689-P,'" which induces differentiation of the human neuroblastoma cell line, SH-SY5Y.

Since epolactaene (1) is the first microbial metabolite effective for the neurite outgrowth activity' 213 of the
human neurcblastoma cell line, it has potential for development as a new diug for various neurodegenerative
diseases such as dementia.'* Furthermore, the initial structural assignment did not specify the absolute
stereochemistry of the epoxy moiety, though it did establish the (E,E,F) geometry of the conjugated triene and
the (E) configuration of the o, B-unsaturated ketone. In view of this remarkable biological activity and unique
structure, this epol.cme 1e (1) is a desirable target for synthesis. In addition, a total synthesis should enable to

access to novel analogues for further development of the structure—activi tv relationships and for detailed studies
of the mechanism of action. Recently, our group'” and Hayashi e al.'® achieved the total synthesis of 1 and
determined its unknown absolute configuration to be (13R,14R). In this and the accompanying paper,'” we
give full details of the total synthesis of epolactaene (1). Here, we describe the synthesis of the optically active
epoxy-Y-lactam derivatives, (R,R)-2 and (§,5)-2, the model compounds of epolactaene, to deduce its absolute
configuration.

Our synthetic strategy for the model compound 2 of epolactaene is summarized in Scheme 1. In brief, our
assumptions were as follows. Since natural epolactaene is a diastereomeric mixture at the C15 position

groups of III, respectively: carboxylic acid is converted to o

primary amide. Diastereospecific lactonization of diester
introducing a C13 quaternary stereogenic center. Finaiiy,
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In this aldol reaction, we have reported that t anti isomer are obtained stereoselectively by

selection of O- protecting group in lactaldehyde Vl ieme 2).  (R)-2- 1rny1()7(ypmpdnd1 (R = Tr) provides
syn isomer with a 14R stereocenter.  On the other hand, (R)-2-benzyloxypropanal (R = Bn) affords anti isomer

with a 148 stereocenter.  According to our retro synthesis, (R)-3 could be expected to transform to (R,R)-2,
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and (5)-3 0 (5,5)-2. liis noteworthy that both enantiomers (R,R)-2 and (5,5)-2 are respectively synihesized
from (R)-lactaldehyde VII by selecting an adequate protecting group, i.e., the trityl or benzy! group.
O
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Scheme 2
Initially, we attempted the synthesis of (R,R)-2 using syn-selective aldol reaction. Syn-selective aldol
reaction between (R)-2-trityloxypropanal (5), derived from commercially available methyl (R)-lactate (4) in 2
steps, " and lithium enolate, denved from di- ten-butyl malonate, in THF at —78 <C in the presence of zinc

CﬂlOHOC was dLnlCVC(] ln [Hf: Sdﬂlﬁ r‘nannc:r as UIC l'd.LCIIllL LUHlpUUIlU '8 {0 E,]VC A)/Il dlUUl d(.lUULl D lﬂ ) ') /( ylﬁlu
(85% vyield based on 62% conversion of the aldehyde 5 by "H NMR analysis) with 9:1 selectivity (Scheme 3).
Removal of the trityl protecting group from 6 was performed by exposure to trifluoroacetic acid in
dichloromethane (CH,Cl,) at 0 C to afford alcohol 7 in 80% yield. The resulting diol 7 was silylated with
chlorotrimethylsilane (TMSC!) and imidazole in N, N-dimethylformamide (DMF) to obtain bissilylether 8 (94%).
This 8 could be purified by silica gel flash column chromatography to give pure syn isomer.

i I 1) ZnCly, THF EAN
\_/\OMe ‘_'__:_" \/\H \/A \JUQUU
A 2 steps z 2) LICH(CO,Bu), - i

HO P TrO 1O CO-Bu
4 5 THF, =78 °C 6
59/, ~ .
Rl syn:anti=9:1
OH OTMS
CF5COzH \/:\'/COQBU' TMSCI \/Z\KCOQBUt
0 °C : | imidazole H !
CHClip, 0 °C HO  CO.Bu! TMSO  CO.Bu!
0% DMF, 0°C
() 7 8
94%
Scheme 3

The next task was to construct epoxide (resuits summarized in Table 1). By deprotonating of the active
proton of 8 with lithium hexamethyldisilazide (LHMDS) in THF at —23 C and exposing it to N-chloro-

succinimide (NCS), o-chioromalonate ester 9a was produced, then it was used in the next step without purifi-

cation. Lntortunately, when 9a was treated with tetrabutymmmomum fluoride (TBAF) in THF at 0 C, an
undesired retro aldol reaction occurred and no epoxide 18 was produced (entry 1). Using N-bromosuccin-
imide (NBS) or iodine instead of NCS provided o.-bromomalonate ester 9b or o-iodomalonate ester 9¢, respec-
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tively. Treatment of 9b with TBAF in THF at 0 <C gave the desired epoxide 10 in 47% yield in 2 steps (entry
2). Finally, treatment of 9¢ with TBAF at a lower temperature (—46 to —15 C) afforded 10 in 53% yield from
8 (entry 3) without retro aldol product. The epoxyalcohol 10 was converted to (S)- and (R)-MTPA esters
respectively. 'H NMR analysis of both MTPA esters shows that no racemization was occurred during above

S TR .

ihe aidol reaciion.

Table 1
TMSO TMSO X
~_COpBu! 1) LHMDS ~_-~_-COsBu!  TBAF <2 cosut
Y i e s
T cA 1/,-. - 2) reagent N THF =R R
TMS CO,Bu THE, —23 °C 1vioU LUoDU temp. HO COLBuU
8 9a: X =Cl 10
Sb: X =Br
9c: X =
entry  reagent X temp. yield (%)2
1 NCS Cl 0°C 0
2 NBS Br 0°C 47
3 lo | -46t0-15°C 53
2 Yield for 2 steps.

Hydrolysis of the two tert-butyl ester of 10 with formic acid at room temperature provided dicarboxylic acid,

and this product then facilitated concomitant diastereospecific cyclization to produce epoxy-y-lactone 11

(Scheme 4). Unfortunately, the next step, conversion of the carboxylic acid to Weinreb amide,™ was quite
difficult. Use of standard methods (chloroformate ester or the Yamaguchi procedure) resulted in no product
formation. Treatment of dlcyclohexylcarbodlumde (DCC) gave the desired Weinreb amide 12 in 53% yield

£ M ctmmoy Tl Bobo B Vet oo oLt X L ~ 1
i

S Flnd“y, UC"yUI()XylduUn was dullt:vt;u u\"]& lH DCn[Ulr]dLUl'l yl()xylrlpyrr()uuulu ﬂpr[lO'
uﬁnl\rnnhr\&r\h,ﬂn ! !D\rRﬂD®\ N n_rllmpih\l"‘nll‘rl\v\lldlmlnl-‘- hvdrochlaride  and N N-diiconronvl-

nium hexafluorophosphate™ (PyB N,O-dimethylhydroxylamine hydrochloride, and N,N-diisopropyl-
ethylamine in CH,Cl, at 0 C to furnish Wemreb amide 12 in 69% overall yield from 10. The cis arrangement
of 12 between C14 and C15 was firmly established by an X-Ray crystallographic analysis'’ (see ORTEP
drawing, Figure 2). Next, after ammonolysis of 12 to open the lactone ring, the resulting alcohol was
protected by the fert-butyldimethylsilyl (TBS) group to provide 14 in 93% yield from 12.

0O ®)
T Me(MeO)NH-HCI W
22 coBu HCOH 2 JJ“‘H ( F’yB)C‘)F’® JJ“I\r‘g"-"e
: 2 2
~TY %
H(-) COQBU’ r W \O/\‘O ProEtN, CH.Cl, \\-"'\O/QO
10 11 0*Ctort 12
69% from 10
o¢ TBSC 09
NHg G N’OMe imidazole NS N,OMe
RA ML) L II;\ | l\l &= Tn(\fi |
wvieun nw AN [911Y] DOV 72 :
» 07 “NH; 0Con 07 “NH,
13 93% from 12 14

Scheme 4
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For the synthesis of (R,R)-2, all that remained to be done was to introduce the side chain and construct the
Y-lactam ring, and these steps were acb:wnf* as =hnwn in Scheme 5. Excess of commfciallv °vaLab.° (E)-2-
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14 82 % 15 95 %
o o /o) 0
\/W\ Dess-Martin periodinane m
k) CHaCl, 1t HOA . 2~0
" 07 NH; s N
90 % H
16 (R.A)-2
Scheme §
Finally, triethylamine trihydrofluoride in DMF removed the silicon group from 15 (95%), Dess—Martin
oxidation” of the resulting alcoho! provided corresponding ketone, and this ketone cyclized spontanecusly as

we expected to produce the desired compound (R,R)-2 in 90% yield. The (R,R)-2 was obtained ca. 4:1
diastereomeric mixture at C15 as with epolactaene (1) (ca. 5:1).

As discussed in the retro synthesis, (5,5)-2 could also be synthesized from the same starting material,
methyl (R)-lactate (4). Our attempt of the synthesis is described in Scheme 6. (R)-2-Benzyloxypropanal
(17),?* derived through two-step conversion from methyl (R)-lactate (4), was subjected to the aldol reaction
with lithium enolate of di-terr-butyl malonate in THF in the presence of zinc chloride at -98 °C to afford aldol
prOGUCl i8 (anti:syn =7:1) in 89% yieid. Silylation of the alcohol with irimethylisilyl group gave
n, conversion of 19 to iodide 20 by LHMDS and iodine followed by treatment with TBAF
epoxide 21 in good yield (75% from 19). Removal of the benzyl protection
byhydrogenation with palladium hydroxide on carbon (Pearlman’s catalyst) at 50 °C provided epoxyalcohol 22
in 96% yield. The epoxyalcohol 22 was converted to (S)- and (R)-MTPA esters respectively. 'H NMR
analysis of both MTPA esters shows that no racemization was occurred during the anti selective aldol reaction.
Transformation of 22 to the target compound ($,5)-2 was accomplished through the same method as the
synthesis of (R,R)-2, by the following sequence: (a) hydrolysis of the two ester groups with formic acid and
diastereospecific lactonization; (b) conversion of the carboxylic acid to Weinreb amide 24 with N,O-
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dimethylhydroxylamine hydrochloride and PyBOP® (89% from 22); (c) ammonolysis to furnish ammonium
amide 25; (d) silylation of the alcohol with chlorotriethylsilane (TESCI) to obtain silylether 26 in 87% overall
yield from 24; (e) coupling with the vinyllithium generated from (E)-2-bromobut-2-ene and fert-butyllithium to
provide (E)-o., B-unsaturated ketone 27 in 88% yield; (f) desilylation of 27 using triethylamine trihydrofluoride
to give 28 (99%); (g) Dess—Martin oxidation and spontaneous lactamization to afford the desired (S,S)-2 in
90% yield. During the synthesis, the structure of Weinreb amide 24 was confirmed by X-Ray crystallographic
analysis’* (see ORTEP drawing in Figure 3).

_ OH
. 0 1) ZnClp, THF \*rCOzBU’ Me3SiCl
4 —_ Y .
2 steps £ M 2LCHCOBW: g co.Bu imidazole
BnO . THF. 98 °C . DMF, rt
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89% anti: syn=7:1 oT%
TMSO 1)LHMDs ~ TMSO TBAF o
~ COzBu! ~ /‘\ _CO.Bu' WcozBU'
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19 20 78% from 19 21
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(o) HCO,H |
Ha \/<'/COQBU' 2 L()H PyBOP® .
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d{OH),/C H . . A FPrEWN, CHCL
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O
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Physical and spectroscopic data on the resulting (5,5)-2 are of course, identical with th
except the sign of the optical rotation ((R,R)-2: [aJ?*, +10.0 (c 0.10 MeOH); (§,5)-2: [a]**, —10.6 (c 0.10
MeOH). In addition, 'H and "*C NMR spectra of 2 are in good agreement with those of epolactaene (1) (T
1), a finding which supports the use of 2 as an appropriate model compound of the natural product.

When the sign of the optical rotation of epolactaene (1) (lit."' [a]*’, +32 (c 0.1, MeOH)) was compared

with those of (R,R)-2 and (S,5)-2, (R,R)-2 coincided with 1. This result suggests that the absolute
configuration of (+)-epolactaene is (13R,14R).

Figure 3
Table 2
O
Q ‘LL 10
s 2 11 T
14 1:; 12 2l A
HO— s gl
187 'H‘
3C NMR 'H NMR
Position Model Natural® Model - Natural®
10 145.8 1501 702qd(7.2,1.3)1H 7.01td(7.3,1.0) 1H
11 138.1 137.2
12 191.9 192.1
13 63.9 §3.2
i4 66.0 66.1 400s1H 3.98s 1H
i5 84.7 84.8
17 1723 172.2
18 22.2 22.2 1.51 s 3H 1.51s3H
22 10.8 111 1.83s3H 1.82s 3H
aref. 11
Conclusion

poxy-Y-lactam moiety and synthesis of
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1struction ., an stereospecific
is transformation can be used as a general procedure for the synthesis of the
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General

Unless otherwise noted, all reactions were carried out in oven-dried glassware under a nitrogen atmosphere.
Tetrahydrofuran (THF) was distilled from sodium metal/benzophenone ketyl. Dichloromethane (CH,Cl,) was
distilled from calcium hydride.  All other dry solvents were purchased from Aldrich in SureSeal™ containers.

13~ wvx oy

All other commercially obtained reagents were used as received '"H NMR and "*C NMR spectra were recorded

a TEO INM_EY _ 270 cnactrny Tha fallawing ahhn 1ANg ad t tha
Ot @ yEUL JINIVISEA -2 /U spoid ometer. 10c 1uuuw1us avoreviations were usea o CAPlcllll ine lllululJuLluC). S =

singlet, d = doublet, t = triplet, q = quartet, quin = quintet, m = multiplet, br = broad. In NMR spectral lists,
chemical shifts which are assigned to minor isomer, are marked with an asterisk. Infrared spectra were
recorded on a JASCO FT-IR-8900 spectrometer. Optical rotations were measured on a JASCO P-1030 or DIP-
370 polarimeter. Mass spectra were obtained on a JEOL HX-100, an SX-102A or a JMS-AX-505H mass
spectrometer.  Analytical TLC was performed on 0.25 mm pre-coated Merck silica gel 60 F,, plates. Flash
column chromatography was performed on Merck silica gel 60 (230—400 mesh).

APty F \ =A%y &A% S TRRT= AR LA RS ELLE- onate

ch chloride (0.5 Min THF, 0.25 mL, 2 mmol) was added to a solution of aldehyde 5 (35.3 mg, 0.11
mmol) in THF (1 mL) at room temperature. The reaction mixture was stirred for 1.5 hours and then cooled to -
78 C. A solution of di-tert-butyl malonate (45 uL, 0.22 mmol) in THF (1 mL), pretreated with LHMDS (1.0
Min THF, 0.20 mL, 0.20 mmol) at -78 C for 20 min, was added to the reaction mixture through a cannula.
After stirring another 20 min at this temperature, a saturated aqueous NH,Cl solution was added to this mixture
and the organic material was extracted with ethyl acetate. The combined organic extracts were dried over
anhydrous MgSO, and concentrated in vacuo after filtration.  Fiash chromatography (5i0,, 5-10% ethyi acetate

in hexane) provided 31.6 mg (53%) of aldol adduct 6 as a colorless oil: IR (film) v, 3558, 2979, 2934, 172§,
1491, 1450, 1252, 1139, 1067, 849, 760, 707 cm™; [@], +11.9 (¢ 1.0, CHCL,); '"H NMR (270 MHz, CDCl,)

6 0.89 and 0.85* (each d, /= 6.2 Hz, J *= 6.1 Hz, 3 H), 1.38 and 1.34* (each s, 9 H), 1.48 and 1.40* (each s,
9H), 3.37(d, /J=8.8 Hz, | H), 3.52-3.58 (m, | H), 3.54 (d, /= 6.6 Hz, 1 H), 3.93-3.99 (m, 1 H), 7.19-
7.33 (m, 9 H), 7.44-7.51 (m, 6 H); ""C NMR (67.5 MHz, CDCl,) § 17.5, 27.9 (x 6), 55.2, 71.2, 73.2, 81.8,

82.0, 86.8, 127.1 (x 3), 127.7 (x 6), 128.9 (x 6), 144.7 (x 3), 167. 1, 168.5; HRMS, calcd for C,,H,,;O,Na (M
+ Na)* 555.2723, found 555.2719.

Di-tert-butyl 2-[(1R, 2R)-1- hyd oxy-2-(trityloxy)propylimalonate (6):
12

Di-tert-butyl 2-[(1R, 2R)-1,2-dihydroxypropyllmalonate (7):
Trifluoroacetic acid (15 pL, 0.19 mmol) was added to a solution of 6 (50.7 mg, 0.095 mmol) in CH,C],
(1.0mL) at 0 C.  After stirring for 20 min, the reaction mixture was poured into a saturated aqueous NaHCO

anhitin the araanie material wag evtracted wi h CH M )nr‘ Ih;—\ :nmhl ad aroanic nvtral‘tg were u/achnﬂ “ch
soition, ne ULl gdiiit midibiidl wad CALaLiL Widl LIiyll,, anu (90238851 e8] unéu.uu. VAU
brine, dried over anhydrous MgSO,, and concentrated in vacuo after filtr . Flash chromatography (SiO,,

15-40% ethyl acetate in hexane) afforded 22.2 mg (80%) of diol 7 as a colorless oil: IR (film) v, 3468, 2979,

P P s T P AV e e o Vol fal I !vt nv

2935, 1729, 1370, 1299, 1256, 1144, 1060, 983, 848 cm'; [a]**, +7.1 (¢ 1.0, CHCL);
CDCl,) § 1.26 and 1.27* (each d, J= 6.5 Hz, J *= 6.3 Hz, 3 H), 1.48 (s, 9 H), 1.49 (s, 9H), 2.45 (brs, 1 H),
3.45 and 3.50% (ecach d, J = 5.9 Hz, J *= 5.3 Hz, 1 H), 3.66 (brs, 1 H), 3.73-3.83 (m, 1 H), 3.92 (brt, J =
4.7 Hz, 1 H); "CNMR (67.5 MHz, CDCl,) § 19.4, 27.9 (x 6), 55.9, 68.3, 74.2, 82.5, 82.8, 167.4, 168.5;
HRMS, caled for C, H,,0, M + H)" 291.1808, found 291.1767.
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Di-tert-butyl 2-[(1R, 2R)-1,2-[bis(trimethyisiiyi)oxy]propyijmaionaie (8):



TMSCI (23 pL, 0.18 mmol) was added to a solution of 7 (20.3 mg, 0.073 mmol) and imidazole (30.0 mg,

0.44 mmol) in DMF (1.0 mL) at 0 C.  After stirring for 1 hour, a satwrated aqueous NaHCO, solution was
added, the organic material was extracted with hexane, and the combined organic extracts were washed with
water, dried over anhydrous MgSO,, and concentrated in vacuo after filtration.  Flash chromatography (Si10,,

3% ethy! acetate in hexane) eave 30.2 mig {94%) of bissilvl ether as a 9! diastereomenc mixtire.  This mixiure
270 CUlyl ékiiaic ifi NCXane) gavl Su. L g \(747/0) Ul Ulb:suyl CUICT d> a4 7.1 UIaSICICOTIICTIC ITHAWITT llllb ml)uurc
was separated by flash chromatography (SiO,, 0-2% ethy! acetate in hexane) to obtain 25.4 mg of syn product
it - 22
8: IR (film) v, 2979, 2960, 1748, 1732, 1479, 1457, 1369, 1297, 1252, 1140, 1102, 843, 749 cm’'; [a]”’y
. L . ;
+28.6 (¢ 1.0, CHCL); 'H NMR (270 MHz, CDCl,)  0.10 (s, 9 H), 0.14 (s, 9H), 1.16(d, J=6.3 Hz, 3 H),
1.45(s, 9 H), 1.46 (s, Y H), 3.52(d, /= 7.9Hz, 1 H), 3.89(qd, J =6.3Hz, 3.9 Hz, 1 H), 4.22 (dd, J= 7.9

Hz, 3.9 Hz, | H); “C NMR (67.5 MHz, CDCL,) 8 0.3 (x 3), 0.7 (x 3), 18.7, 28.0 (x 6), 56.6, 69.7, 74.3,
81.1 (x 2), 167.0, 167.2; HRMS, calcd for C, H,,O,Si,Na (M + Na)* 457.2418, found 457.2396. For the

e 2979, 2061, 1748, 1732, 1456, 1370, 1289, 1251, 1144, 1038, 1010, 897, 843, 750
cm’; [’y =7.7 (¢ 1.0, CHCL,); '"H NMR (270 MHz, CDCL,) 8 0.13 (s, 18 H), 1.09 (d, J = 6.2 Hz, 3 H),
1.45(s, 9H), 1.46 (s, 9H), 3.27(d, J= 8.4 Hz, | H), 3.79 (qd, /= 6.2 Hz, 3.3 Hz, 1 H), 4.20 (dd, /= 8.4

Hz, 3.3 Hz, 1 H); "C NMR (67.5 MHz, CDCl,) 8 0.1 (x 3), 0.5 (x 3), 17.2, 27.9 (x 6), 58.2, 69.0, 75.5,

81.1, 81.5, 166.6, 166.9; HRMS, calcd for C, H,,0,Si,Na (M + Na)*' 457.2418, found 457.2399. Anal. Calcd
tor C, ,H,,0,51,: C, 55.26; H, 9.74. Found: C, 54.92; H, 9.51.

anti isomer: IR (film) v

Di-tert-butyl 2-[(1S, 2R)-1,2-[bis(trimethylsilyl)oxy]propyl]-2-iodomalonate (9c¢):
LHMDS (1.0 M in THF, 38 ml, 38 mmol) was added to a solution of 8 (10.9 g, 25 mmol) in THF (150

mL)at-23 €. After mixing for | hour, and then cooling to —46 €, iodine (9.64 g, 38 mmol) in THF (50 mL)

was mixed in and the stirring was continued for another 1 hour at =23 C.  Next, a saturated aqueous NH,Cl

uralea agnd

solution was mixed in, the organic material was extracted with hexane, and the combined organic extracts were
washed with a 1 M solution of Na,S,0, and water, dried over anhydrous MgSO,, and concentrated in vacuo
after filtration.  The resulting crude iodide 9¢ was used in the next step without purification: '"H NMR (270
MHz, CDCl,) 8 0.14 (s, 9H), 0.18 (s, 9H), 1.17(d, J = 6.3 Hz, 3 H), 1.46 (s, 9H), 1.47 (s, 9H), 3.86 (d, J
=3.0 Hz, 1 H), 428 (qd, /= 6.3 Hz, 3.0 Hz, 1 H).

Di-tert-butyl 2-[(1S, 2R)-1,2-[bis(trimethylsilyl)oxy]propyl}-2-chloromalonate (9a):

'H NMR (270 MHz, CDCl,) 6 0.11 (s, 9H), 0.16 (s, 9H), 1.18 (d, J = 6.3 Hz, 3 H), 1.47 (s, 9H), 1.48 (s,
9H), 4.14 (qd, J=6.3Hz, 3.3 Hz, | H), 4.26 (d, J= 3.3 Hz, 1 H).

Di-tert-butyl 2-[(1S, 2R)-1,2-[bis(trimethylsilyl)oxylpropyl]-2-bromomalonate (9b):

{ VS 1 SN12 75 0D N 1L ¢ - - -
H NMR (270 MHz, CDCl,) 6 0.13 (s, 9H), 0.16 (s, 9H), 1.18 (d, /= 6.3 Hz, 3 H), 1.47 (s, 9H), 1.48 (s,
s ag A -7 1 T2 2 L1, 1 LI A N0 ... | Y 4 Y. 2 2 1Y 1 1Y
9 H), 4.17 (d, J=3.3Hz, | H), 4.28 (yd, /=6.1 Hz, 3.3 Hz, 1t H)

Di-tert-butyl (S)-3-[(R)-1-hydroxyethyl]oxirane-2,2-dicarboxylate (10):

TBAF (1.0 M in THF, 63 mL, 63 mmol) was added to a solution of the resulting crude iodide 9¢ in THF
(200 mL) at 46 C. The reaction mixture was allowed to warm slowly to —15 °C and stirred for another 1 hour.
Water was added, the organic material was extracted with ether, and the combined organic extracts were washed
with a | M solution of Na,S,0, and water, dried over anhydrous MgSQ,, and concentrated in vacuo after
filtration.  Purification by flash chromatography (S10,, 15-35% ethyl acetate in hexane) furnished 3.80 g (53%

from 7) of epoxide 10 as a colorless oil: IR (film) v, 3469, 2981, 2937, 1743, 1459, 1396, 1372, 1343, 1250,
1160, 1124, 1022, 846 cm’; [a]*, —40.0 (¢ 0.50, CHC,); '"H NMR (270 MHz, CDCl,) 8 1.34 (d, J = 6.6 Hz,
3H), 1.50(s, 9H), 1.51 (s, 9 H), 2.00 (brd, J=4.9 Hz, 1 H), 3.42(d, J= 6.4 Hz, 1 H), 3.65-3.73 (m, 1
H); "'C NMR (67.5 MHz, CDCl,) 8 19.4, 27.8 (x 6), 61.0, 65.1, 65.9, 83.4, 84.0, 163.7, 164.6; HRMS,
caled for C, \H,,O,Na (M + Na)" 311.1471, found 311.1472.
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1022, 848, 811, 765, 719 cm™; [a}zfo -71.3 (¢ 0.50, CHCL,); '"H NMR (270 MHz, CDCl,) 8 1.48 (d, J= 6.6
Hz, 3H), 1.49 (s, 9H), 1.55 (s, 9 H), 3.53 (d, J=8.7 Hz, 1 H), 3.56 (d, /= 1.3 Hz, 3 H), 4.93 (dq, J = 8.7
Hz, 6.6 Hz, 1 H), 7.38-7.43 (m, 3 H), 7.53-7.57 (m, 2 H); '*C NMR (67.5 MHz, CDCl,) § 16.5, 27.8 (x 3),
27.9 (x 3), 55.5, 60.6, 61.5, 72.1, 84.2, 84.3, 84.8 (q, J=27.9 Hz), 123.2 (d, J = 288.3 Hz), 127.5, 128.4
(x2), 129.7 (x 2), 131.9, 163.1, 164.1, 165.5; HRMS, calcd for C,,H,,F,O;Na (M + Na)* 527.1869, found
527.1864.

(R)-MTPA ester of 10: IR (film) v, 2983, 2941, 1749, 1455, 1396, 1372, 1337, 1248, 1169, 1125, 1070,

1023, 848, 811, 765, 719 cm’ [0(]“D +2.5 (¢ 0.50, CHCl,); 'H NMR (270 MHz, CDCl,) 8 1.39(d, J = 6.5
Hz, 3 H), 1.50 (s, 9 H), 1.55 (s, 9 H), 3.56 (d, J=8.8 Hz, 1 H), 3.61 (d, J=1.3 Hz, 3H), 4.89 (dq, /= 8.8
Hz, 6.5 Hz, | H), 7.40-7.44 (m, 3 H), 7.51-7.56 (m, 2 H); *C NMR (67.5 MHz, CDCl,) § 16.1, 27.8 (x 3),

27.9(x 3), 55.7, 60.9, 61.5, 72.1, 84.2, 84.3, 84.3(q, J=27.5 Hz), 123.2 (d, J = 288.4 Hz), 127.2, 128.5
(x2), 129.6 (x 2), 132.2, 163.1, 164.0, 165.5; HRMS, calcd for C,,H,,F,O;Na (M + Na)* 527.1869, found
527.1863.

1R, 4R, 55)-4-Methyl-2-0x0-3,6-dioxabicyclo[3.1.0]hexane-1-carboxylic acid (11):
Formic acid (1.0 mL) was added to the epoxide 10 (14.0 mg, 0,049 mmol) and the mixture was stirred for

o3 =, =2 =2 ~
10 hours at room temperature. The formic acid was removed in vacuo. The resulting epoxylactone 11 was

used in the next step without purification: 'H NMR (270 MHz, CDCl,) § 1.50 (d, J=6.5Hz, 3H), 4.45(d, J =
1.2 Hz, 1 H), 4.76 (qd, J= 6.5 Hz, 1.2 Hz, 1 H).

N-Methoxy-N-methyl (1R, 4R, 55)-4-methyl-2-0x0-3,6-dioxabicyclo[3.1.0]hex-ane-1-
carboxamide (12):

Diisopropylethylamine (34 pL, 0.19 mmol), N, O-dimethylhydroxylamine hydrochloride (9.6 mg, 0.098
mmol), and PyBOP” (38.5 mg, 0.074 mmol) were added successively to a solution of the resulted epoxylactone
11 in CH,CL (1 mL) at0 C. The reaction mixture was allowed to warm to room temperature and stirred for |
hour. Waer was added to the mixiure, the organic maierial was extracted with CH,Cl,, and the combined
organic extracts were washed with brine, dried over anhydrous MgSO,, and concentrated in vacuo after filtration.
Flash chromatography (SiO,, 40-60% ethyl acetate in hexane) provided 6.7 mg (69% from 10) of Weinreb

[ o Fassse =

amide 12 as colorless prisms: mp 101-102 °C; IR (KBr) v 2987 2951, 2929, 1779, 1677, 1489, 1380, 1338,
1 .22 Tr Trr » AN I R AT Y eNTwtE 3 »
074, 9599, §35, 778, 6 cm; {00 -20.5 (¢ 0.20, CHCI,); 'H NMR (270 MHz, CDCl,) 6 1.49 (d, J

i =
.74 (s, 3 H), 4.20 (s IH) 471(d J=6.4 Hz, lH)'”C NMR (67.5 MHz,
- . (M+ H)™ 202.0715,

1
Z; H, 5.54; N, 6.87

3)
found 202.0702. Anal. Calcd for CgH, |\ NO;: C, 47.76; H

:i
gl
(@]
%
o,
é’
(N
" :

N-Methoxy-N-methyl (2S5, 3S)-2-carbamoyl-3-[(R)-1-hydroxyethyl]oxirane-2-carboxamide
(13):

A saturated ammonia solution in methanol (4 mL) was added to a solution of the Weinreb amide 12 (100 mg,
0.50 mmol) in methanol (1 mL) at room temperature.  After stirring for 30 min, ammonia and methanol were
removed in vacuo to yield amide 13, which was used in the next step without any purification: '"H NMR (270

MHz, CDCl,) & 1.34 (d, J = 6.5 Hz, 3 H), 3.25 (brs, 3H), 3.56 (br. d, J=8.4 Hz, 1 H), 3.79 (s, 3H), 3.75-
3.85 (m, 1H), 5.76 (brs, 1H), 6.43 (brs, 1H).

N-Methoxy-N-methyl (25, 35)-3-[(R)-1-[(¢tert-butyldimethylsilyl)oxy]Jethyi]-2-carbamoyi-
oxirane-2-carboxamide (14):
TBRSCI (151 me. 1.0 nnmnh was added to a solution of the

NI (1T 1 1lig, jR 31390 as auutu W a SUiuuvn (8 4w u Qriu Quia diiiRa

mmol) in DMF (3 mL) at 0 °C. After the reaction mixture was allowed to warm to room temperature, the

crde amide 13 and imidazole (136 mo 2.0
crude ae 13 a azowe (120 mg, 2.0
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mixture was stirred for 1 hour, a saturated aqueous NaHCO, solution was added, and the organic material was
extracted with ethyl acetate. The combined organic extracts were washed with water, dried over anhydrous
MgSO,, and concentrated in vacuo after filtration.  Purification by flash chromatography (SiO,, 30-60% ethyl

acetate in hexane) afforded 155 mg (93% from 12) of TBS ether 14 as a colorless foam: IR (KBr) Vo 3397,
3298, 3244, 2955, 2931, 2859, 1690, 1668, 1591, 1374, 1259, 1110, 1034, 942, 924, 841, 779 cm’™: (o],

49.3 (¢ 1.0, CHCL,); 'H NMR(270 MHz, CDCl,) 8 0.08 (s, 3 H), 0.10 (s, 3H), 0.90 (s, 9 H), 1.25(d, J =
6.3Hz, 3 H), 3.23 (br s, 3H), 3.55 (brd, J=8.0 Hz, | H), 3.70-3.78 (m, 1 H), 3.79 (s, 3 H), 6.05 (brs, 1
H), 6.24 (brs, 1 H); ”C nI\".’R (67.5 MHz, CDCL,) § 4.7, 4.5, 18.1, 20.3, 25.7 (x3), 32.4, 61.5, 62.1,
66.7, 67.2, 165.2, 167.7, HRMS, calcd for C, ,H,,N,0.Si (M + H)" 333.1846, found 333.1848. Anal. Calcd
for C,,H,(N,OSi: C, 50.58; H, 8.49; N, 8.43. Found: C, 50.27; H, 8.29; N, 8.30

(2R, 35)-3-[(R)-1-[(tert-Butyldimethylsilyl)oxy]ethyl]-2-(2-methylbut-2-enoyl)-oxirane-2-
carboxamide (15):
tert-Butyllithium (1.64 M in THF, 1.0
2-ene (122 mg, 0.90 mmol) in THF (2 mL

temnerature, a solution of TRS ether 14 (50 0
m

7 mmol) was added dropwise to a solution of (E)-2-bromobut-

o 1.
at =78 C. The reaction mixture was stirred for 20 min at this

mg, 0.15 mmol) in THF (1 mL) was addud drul.)'v'v ise at =78 C,

in at the same temperature, A saturated agueous NH C1 solution

wi lxywxutuxv, a SCuuen o1 i oS Uil

was added, the orgamc ‘material was extracted with ether, and the combined organic extracts were w&shed with
water and brine, dried over anhydrous MgSO,, and concentrated in vacuo after filtration. Flash chromatog-
raphy (SiO,, 20-30% ethyl acetate in hexane) provided 40.5 mg (82%) of enone 15 as a colorless foam: IR

(KBr) v, 3435, 3316, 2956, 2931, 2859, 1696, 1671, 1646, 1600, 1472, 1399, 1373, 1313, 1260, 1169,
1002, 924, 835, 782, 607 cm''; [a}*, -80.3 (¢ 1.0, CHCl,); '"H NMR (270 MHz, CDCl,) 8 0.08 (s, 3 H), 0.11

3 H), 0.90 (s, 9H), 1.28 (d, J= 6.5 Hz, 3H), 1.80 (s, 3H), 1.94(d, J= 7.1 Hz, 3H), 3.26(d, J= 8.0
Hz, | H), 3.64-3.75(m, 1 H), 6.02 (brs, 1 H), 6.46 (brs, 1 H), 7.07 (q, J = 7.1 Hz, 1 H); '*C NMR (67.5

MHz, CDCl,) 8 —4.7, —4.5, 10.9, 15.2, 18.0, 20.3, 25.7 (x3), 65.1, 66.8, 67.5, 136.0, 144.8, 167.1, 192.7:
HRMS, calcd for C, H, NO,Si (M + H)" 328.1944, found 328.1923.

(2R, 3S5)-3-[(R)-1-Hydroxyethyl]-2-(2-methylbut-2-enoyl)oxirane-2-carboxamide (16):
Tricthylamine trihydrofluoride (20 pL) was added to a solution of enone 15 (37.2 mg, 0.11 mmol) in DMF

(1 mL) at room temperature, and the reaction mixture was stirred for 3 days.  After the solvent was concentrated,

the resulting residue was purified by flash chromatography (S10,, 40-70% ethyl acetate in hexane) to give 23.0
mg (95%) of alcohol 16 as a colorless foam: IR (KBr) v, 3459, 3430, 3294, 3171, 1679, 1641, 1602, 1438,
1377, 1325, 1298, 1258, 1167, 1108, 1071, 984, 895, 836, 747, 682, 629, 575 cm'; [0(]23D -119.9 (¢ 0.50,

MeOH); 'H NMR (270 MHz, CD,0D) & 1.24 (d, J = 6.5 Hz, 3 H), 1.78 (s, 3 H), 1.92 (d, J = 6.9 Hz, 3 H),
3.23 (d, J=8.1 Hz, 1 H), 3.63 (dq, J= 8.1 Hz, 6.5 Hz, 1 H), 7.08 (q, J = 6.9 Hz, H) 13C NMR (67.5 MHz,
CD,0D) & 11.0, 15.0, 19.5, 66.1, 66.8, 67.1, 137.1, 144.8, 170.3, 194.1; HRMS, calcd for C,,H, NO, M

ik i b U Aot hst
213.1001, found 213.1008.
(1R, 5R)-4-Hydroxy-4-methyl-1-(2-methylbut-2-enoyl)-6-oxa-3-azabicyclo-[3.1.0]hexan-2-
one ((R,R)-2):

Dess—Martin periodinane (119 mg, 0.28 mmol) was added to a solution of alcohol 16 (12.0 mg, 0.056
mmol) in CH,Cl, (i mL) at room [emperalure and the reaction mixture was stirred for 15 min at this temperature
1‘\ L iVl SU}UUUII Uf LVd.-,QqUz d.lld a bdluldu;u d.unUUb IVG.HCO; suxuuuu WClC dUUCU, UIC Ulgdlllb llldlcll(.u was
extracted with ethyl acetate, and the combined organic extracts were dried over anhydrous MgSO, and

concentrated in vacuo after filtration.  Flash chromatography (Si0,, 30-50% ethyl acetate in hexane) furnished
10.7 mg (90%) of (R,R)-2 as a colorless foam: IR (KBr) v 3273, 2927, 1698, 1674, 1660, 1636, 1423,

(P2 R PAUYAY S L B Ymax — Sy s My 2D

\D
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, 651 em™; jo)*, +10.0 (¢ 0. 10, MeOH); 'H NMR (270

MHz, CD,0D) & 1.51 and 1.59* (each s, 3 H), 1.83 (d, /= 1.3 Hz, 3 H), 1.93 (d, J= 7.2 Hz, 3 H), 4.00 and
4.06* (each s, 1 H), 7.08 and 6.92* (each qq, J= 7.2 Hz, 1.3 Hz, J *= 6.6 Hz, 1.3 Hz, 1 H); "'C NMR (67.5

MHz, CD,OD) & 10.8, 15.1, 22.2, 63.9, 66.0, 84.7, 138.1, 145.8, 172.3, 191.9; HRMS, calcd for
C,,H, NO, M* 211.0845, found 211.0841.

Di-tert-Butyl 2-{(1S,
Zinc chloride (0.5 M i
mmol) in THF (1 ml.) at

L0 LE i ualar LU

98 TC. A solution of di-ferr-butyl malonate (3 ,,LL, 0.15 mmel) in THF (1 mL), pretreated HMDS
(1.0 Min THF, 0.14 mL, 0.14 mmol) at -98 °C for 20 min, was added to the reaction mixture through a cannula,

and the stirring was continued for another 20 min at this temperature. A saturated aqueous NH,CI solution was
added, the organic material was extracted with ethyl acetate, and the combined organic extracts were dried over
anhydrous MgSO, and concentrated in vacuo after filtration.  Flash chromatography (SiO,, 5-10% ethyl acetate
in hexane) provided 32.8 mg (89%) of aldol adduct as a 7:1 diastereomeric mixture. This mixture was
separated by flash chromatography (S10,, 5-8% ethyl acetate in hexane) to obtain 26.2 mg of anti product 18 as
a colorless oil: IR (film) v, 3503, 2979, 2934, 1735, 1716, 1455, 1394, 1369, 1290, 1255, 1142, 1093, 846,

741, 698 cm’'; [a]*?, ~22.2 (¢ 1.0, CHCI,); 'H NMR (270 MHz, CDCl,) § 1.32 (d, J=6.3 Hz, 3 H), 1.45 (s,
9 H), 1.47 (s, 9 H), 3.53-3.59 (m, | H), 3.57 (d, J=7.5Hz, 1 H), 3.67 (d, J =4.3 Hz, 1 H), 4.04 (td, J =
7.5Hz, 4.3 Hz, 1 H), 4.44 (d, J = 11.5 Hz, 1H), 4.62(d. J = 11.5 Hz, | H), 7.27-7.36 (m, 5 H); '"C NMR
(67.5 MHz, CDCL,) 8 15.9, 27.9 (x 3), 28.0 (x 3), 54.8, 71.0, 74.2, 76.3, 82.2, 82.3, 127.6, 127.7 (x 2),
128.4 (x 2), 138.3, 167.8, 168.8; HRMS, calcd for C,,H,,0,Na (M + Na)* 403.2097, found 403.2115. For

the syn isomer: IR (film) v, 3535, 2979, 2934, 1729, 1455, 1394, 1370, 1293, 1254, 1142, 1091, 1073, 849,

745, 699 cm™; [a]7, 1.8 (¢ 1.0, CHCL,); '"H NMR (270 MHz, CDCL,) § 1.29 (d, J= 6.3 Hz, 3 H), 1.44 (s, 9
H), 1.47 (s, 9H), 3.17(d, J= 7.9 Hz, 1 H), 3.51(d, J=7.9 Hz, 1 H), 3.64 (qd, J = 6.3 Hz, 2.6 Hz, 1 H),
4.08 (td, J= 7.9 Hz, 2.6 Hz, 1 H), 4.45(d, J=11.7 Hz, 1 H), 4.63 (d, J = 11.7 Hz, | H), 7.27-7.36 (m, 5

H); *C NMR (67.5 MHz, CDCL,) & 15.6, 27.9 (x6), 54.6, 71.0, 73.4, 74.7, 81.9, 82.1, 127.6, 127.9 (x 2),
128.3 (x 2), 138.2, 167.0, 168.3; HRMS, calcd for C,,H,,0,Na (M + Na)* 403.2097, found 403.2093.

Di-tert-Butyl 2-[(1S,2R)-2-benzyloxy-1-{(trimethylsilyl)oxy]propyllmalonate (19):
TMSCI (31 puL, 0.24 mmol) was added to a solution of 18 (77.6 mg, 0.20 mmol) and imidazole (40.8 mg,

0.60 mmol) in DMF (1 mL) atO0 €C.  After the reaction mixture was allowed to warm to room temperature and
stirred for 30 min, a saturated aqueous NaHCO, solution was added, the organic material was extracted with
hexane, and the combined organic extracts were dried over dnnydrous MgSO, and concentrated in vacuo after

Tl {-. QN VKO, ath wamal g

Tleeendi e < ve ~ QA4 N 7
fﬂhu’uuu. F asn thUllldlUéllell_y \OJU vy At /O Cluyl dbCldlC lll llC)\culC) £24AVE O9.V 11g (Y

1
-i r\- AN AN AnA

a coloriess oil: IR (film) v, 2979, 2635, 1746, 1731, 1455, 1393, 1369, 1290, 1249,

749, 698 cm™; [0}, 7.0 (¢ 0.50, CHCL); 'H NMR (270 MHz, CDCl,) 8 0.13 (s, 9 H), 1.16 (d, J=6.3 Hz,
3H), 1.40(s, 9H), 1.47 (s, 9H), 3.39(d, J=7.8 Hz, | H), 3.52 (qd, J= 6.3 Hz, 3.9 Hz, 1 H), 440(dcl, J

=7.8Hz, 3.9 Hz, 1 H), 4.55(d, J= 12.0Hz, 1 H), 4.60 (d, /= 12.0 Hz, 1 H), 7.25-7.38 (m, 5 H); ""C NMR
(67.5 MHz, CDCl,) 8 0.5 (x 3), 14.4, 27.9 (x 3), 28.0 (x 3), 57.8, 70.7, 73.0, 75.8, 81.3, 81.5, 127.4, 127.7
(x 2), 128.2 (x 2), 138.7, 166.7, 167.0; HRMS, calcd for C, H, O,SiNa (M + Na)* 475.2492, found 475.2509.

o TY &0

Anal. Calcd for C, H,,0,Si: C, 63.68; H, 8.91. Found: C, 63.88; H, 8.92.

Di-tert-Rutvl 2.1(18 7P\ 2- hpn'tvlnvv l.”frime!!‘y!silv!)gx

SR T\ KTy s e ALy AU A J Lls2 ax AT AT UNA S TR AV AR LT N ).

LHMDS (1.0 M in THF, 0.10 mL 0.10 mmol) was added to a solution of 19 (35.8 mg, 0.079 mmol) in
THF (1 mL) at —46 C. The reaction mixture was stirred for 1 hour iodine (27.9 mg, 0.11 mmol) in THF (1

]nrgny" -2-iodo-malonate (20):
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mL) was added, and the stirring was continued for another 30 min. A saturated aqueous NH,Cl solution was
added, the organic material was extracted with hexane, and the combined organic extracts were washed with a 1
M solution of Na,S,0, and water, dried over anhydrous MgSO,, and concentrated in vacuo after filtration. The

resulting crude iodide 20 was used in the next step without purification: 'H NMR (270 MHz, CDCL,) § 0.18 (s,
9H), 1.17(d, J=6.2 Hz, 3H), 1.38 (s, 9H), 1.46 (s, 9H), 3.83 (qd, /= 6.2 Hz, 3.9Hz, 1 H), 4.02(d, J =

Di-tert-Butyl (R)-3-[(R)-1-(benzyloxy)ethyl]loxirane-2,2-dicarboxylate (21):
TBAF (1.0 M in THF, 0.16 mL, 0.16 mmol) was added to a solution of the resulting crude iodide 20 in
THF (2 mL) at 46 C.  The reaction mixture was allowed to warm slowly to —15 C and stirred for 1 hour.

Water was added, the organic material was extracted with hexane, and the combined organic extracts were
washed with a 1 M solution of Na,S,0, and water, dried over anhydrous MgSO,, and concentrated in vacuo
after filtration.  Purification by flash chromatography (SiO,, 5-8% ethyl acetate in hexane) furnished 22.3 mg

(75% trom 19) of epoxide 21 as a colorless oil: IR (film) v, 2980, 2936, 1742, 1456, 1395, 1371, 1340,
1280, 1247, 1164, 1121, 965, 838, 811, 737, 698 cm™'; [a]::D +42.4 (¢ 0.50, CHCL,); '"H NMR (270 MHz,
CDClL) 8 1.38 (d, J= 6.3 Hz, 3 H), 1.49 (s, 9H), 1.51 (s, 9H), 3.44 (d, J = 6.3 Hz, 1 H), 3.60 (quin, J =

ARt

6.3Hz, 1 H), 4.48 (d, J=11.7 Hz, 1 H), 4.62 (d, /= 11.7 Hz, 1 H), 7.25-7.38 (m, 5 H); '*C NMR (67.5

MHz, CDCL,) & 18.1,27.9 (x 6), 61.3, 64.2, 71.4, 71.8, 83.2, 83.6, 127.6 (x 3), 128.3 (x 2), 138.2, 163.8
164.9; HRMS, caled for C, H,,0, (M + H)* 379.2121, found 379.2099.

Di-tert-Butyl (R)-3-[(R)-1-hydroxyethyl]Joxirane-2,2-dicarboxylate (22):

A suspension of 21 (37.7 mg, 0.10 mmol) and palladium hydroxide on charcoal (10 mg) in methanol (1
mL) was stirred under H, atmosphere at 50 C for 4 hours. The reaction mixture was filtered and the filtrate
was concentrated in vacuo. Flash chromatography (Si0,, 10-20% ethyl acetate in hexane) provided 27.5 mg
(96%) of alcohol 21 as colorless prisms: mp 44-46 °C; IR (KBr) v, 3481, 2982, 2938, 1746, 1736, 1478,
1461, 1395, 1373, 1338, 1281, 1246, 1160, 1129, 973, 852, 836, 812 cm’'; [a]**, +22.4 (¢ 0.50, CHCL,); ‘H
NMR (270 MHz, CDCl,) § 1.39 (d, J= 6.4 Hz, 3 H), 1.51 (s, 9 H), 1.54 (s, 9 H), 2.55 (brd, J= 4.9 Hz, 1
H), 3.30(d, J= 6.6 Hz, 1 H), 3.64 (d J=
27.9 (x 6), 60.8, 64.6, 66.5, 83.9, 84.1, 164.5, 164.8; HRMS, caled for C, H, .O.Na (M + Na)' 3
found 311.1479. Anal. Caled for C, H,,0;: C, 58.32; H, 8.39. Found: C, 58.20; H, 8.36.

(S)-MTPA ester of 22: IR (film) v__, 2983, 2940, 1752, 1455, 1396, 1372, 1344, 1255, 1171,

6.4 Hz, 1.4 Hz, 1 H); "C NMR (67.5 MHz, CDC
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(15,4R, 5R)-4-Methyl-2-0x0-3,6-dioxabicyclo[3.1.0]hexane-1-carboxylic acid (23):

Toes

—

h—
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Formic acid (1.0 mL) was added to the epoxide 22 (87.7 mg, 0.30 mmol) and stirred for 12 hours at room
temperature. Formic acid was removed in vacuo to yieid epoxylactone 23, which was used in the next step
without purification: 'H NMR (270 MHz, CDCL,) 6 1.50 (d, J = 6.8 Hz, 3 H), 4.35(s, 1 H), 4.74 (q. J=6.8
Hz, 1 H).

,-

iv }llb‘\ “alic- l'
carboxamide (24):

Diisopropylethylamine (0.21 mL, 1.22 mmol), N,O-dimethylhydroxylamine (59.5 mg, 0.61 mmol), and
PyBOP® (23.9 mg, 0.46 mmol) were added successively to a solution of the resulting epoxylactone 23 in
CH,Cl, (2 mL) at 0 C.  The reaction mixture was allowed to warm to room temperature and stirred for 1 hour.
Water was added, the organic material was extracted with CH,Cl,, and the combined organic extracts were
washed with brine, dried over anhydrous MgSO, and concentrated in vacuo after filtration.  Flash
chromatography (Si0,, 40-60% ethyl acetate in hexane) provided 54.7 mg (89% from 22) of Weinreb amide 24

as colorless prisms: mp 114-115 °C; IR (KBr) v, 3066, 2996, 2949, 1773, 1697, 1475, 1378, 1330, 1238,
1176, 1073, 1002, 983, 932, 864, 782, 639, 546 cm’; [0}, +1.8 (c 0.50, CHCI,); '"H NMR (270 MHz,
CDCl,) 8 1.47 (d, J = 6.8 Hz, 3 H), 3.29 (s, 3H), 3.75 (s, 3H), 4.11 (s, 1 H), 4.73 (q. J= 6.8 Hz, 1 H); '*C
NMR (67.5 MHz, CDCl,) 8 17.4, 32.2, 58.1, 61.1, 63.7, 75.5, 161.5, 167.1; HRMS, calcd for C,H,,NO

+ H)* 202.0715, found 202.0705. Anal. Calcd for C;H, ,NO.: C, 47.76; H, 5.51; N, 6.96. Found: C, 475
5.52; N, 6.82.

_—

H;

w

‘UI

N-Methoxy-N-methyl (2R, 3R)-2-carbamoyl-3-|(R)-1-hydroxyethyl]oxirane-2-carboxamide

A cntrrentad nmamamnin cnaliatian o smvathaca ]l A& TV wssne oAl ad s n ol b YT b D 1. %A /YN
M datuiailcu 1THIIVILA SULULIVEL 1 HHCULAIIUL (D 1L ) Wadd aUUCU WU d SUULIULL U UIC YWWOLHHCUD diTUC & 4 \AW ng,
0.99 mmol) in methanol (3 mL) at room temperature,  After stirring for 30 min ammonia a.nd methanol were

removed in vacuo. The
MHz, CDCL) & 1.37 (¢

2L, LAY

3.77 (s, 3H), 4.04 (

1 H), 3.69-3.84 (m, 1 H)

5 of 0. 14, IR,

N-Methoxy-N-methyl (2R, 3R)-2-carbamayl-3-[(R)-1-[(triethylsilyl)oxy]ethyl]-oxirane-2-
carboxamide (26):

TESCI(0.33 mL, 2.0 mmol) was added to
nol) in DMF (1G ml.) at 0 <. The reacti

1‘ annanne NaHOO) gn] tinn wace added the nroanis matarial wag avtrantad with athvul
ayuituus 1NalivAJg SCiUlcn was uuu\.u IV Ui gaiiiv tHAbI il Wads CAuativll vkl Ly

olution of the resulted crude amide 25 and imidazole (204 mg,

mixiure was allowed o warm to room I‘mperdturc and siirred

aso
n

acetate, and the combmed organic extracts were washed with water, dried over anhydrous MgSQ,, and
concentrated in vacuo after filtration. Purification by flash chromatography (SiO,, 40-70% ethyl acetate in

hexane) afforded 288 mg (87% from 24) of TES ether 26 as a colorless foam: IR (KBr) v 3434, 3251, 2959,

Lh
D
ce (
—

0“ D
CHCL); '"H NMR (270 MHz, CDCL,) & 0 59(q, J=7.9Hz, 6 H),0.95 (t, J=7.9Hz, 9H), 1.34(d, J=6.1
Hz, 3 H), 3.23 (brs, 3 H), 3.50 (br d, J= 3. 7(s, 3 3.80-3.8
6.19 (brs, 1 H); *C NMR (67.5 MHz, CDCL) 6 4.7 (x 3), 6.7 (x 3), 21.7, 32.4, 61.5, 63.2, 64.4, 65.7,

165.5, 167.3; HRMS, caled for C,,H,,N,O.Si (M + H)" 333.1846, found 333.1831. Anal. Caled for
C,,H,,N,0.Si: C, 50.58; H, 8.49; N, 8.43. Found: C, 50.49; H, 8.46; N, 8.39.

3R)-2-(2-Methylbut-2-en

Jo— -
[

S,
7).

ten—Butyllithium (1.64 M in THF, 1.0 mL, 1.7 mmol) was added dropwise to a solution of (E)-2-bromobut-
2-ene (122 mg, 0.90 mmol) in THF (2 mL) at —78 C. The reaction mixture was stirred for 15 min at this
temperature. A solution of TES ether 26 (50.0 mg, 0.15 mmol) in THF (1 mL) was added dropwise at -78 C
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and the stirring was continued for another 30 min. A saturated aqueous NH:C] solution was added, and the
organic material was extracted with ether, and the combined organic extracts were washed with water and brine,
dried over anhydrous MgSO, and concentrated in vacuo after filtration.  Flash chromatography (SiO,, 20-30%

ethyl acetate in hexane) provided 43.2 mg (88%) of enone 27 as a colorless foam: IR (KBr) v, 3420, 3248,
2957, 2877, 1708, 1676, 1642, 1607, 1410, 1105, 1080, 998, 920, 841, 779, 749, 726 cm'; [a}?,, +57.3 (¢
0.50, CHCl,); '"H NMR (270 MHz, CDCl,) § 0.61 (q, J=7.9 Hz, 6 H), 0.96 (t, J= 7.9 Hz, 9 H), 1.34 (d, J =

6.1 Hz, 3H), 1.81(s, 3H), 1.94(d, J=7.0Hz, 3 H), 3.17 (d, J=7.5Hz, 1 H), 3.74-3.85 (m, 1 H), 6.15
(brs, 1 H) 649 (brs, 1 H), 7.21 (ad, J=7.0Hz .2 Hz | H); B NMR (7.5 MHz C 17384 Q (x 2
(brg, TH) 649 (brg, 1 H), /.21 (gd, / 7.0Hz, VIR (67,0 Mz, CDCL) ¢4.9 (x 3),
6.7(x3), 10.8, 15.3, 21.7, 65.3, 65.9, 66.2, 135.9, 146.0, 166.8, 193.2; HRMS, calcd for C, H, NO,Si (M
+ H)* 328.1944, found 328.1935.

(2S8,3R)-3-[(R)-1-Hydroxyethyl]-2-(2-methylbut-2-enoyl)oxirane-2-carboxamide (28):
Triethylamine trihydrofluoride (20 pl.) was added to a solution of enone 27 (26.4 mg, 0.081 mmol) in DMF

(1 mL) at room temperature and the reaction mixture was stirred for 1 hour. The solvent was concentrated, and
the resulting residue was purified by flash chromatography (Si0O,, 50-80% ethyl acetate in hexane) to give 17.0

mg (99%) of alcohol 28 as a colorless foam: IR (KBr) v, 3375, 3313, 2976, 2925, 1695, 1660, 1635, 1611,
1401, 1380, 1268, 1118, 1086, 971, 906, 849, 685, 625 cm™; [at]**,, +55.4 (c 1.0, CHCL,); '"H NMR (270

MHz, CDCl,) 8 1.38 (d, /= 6.4 Hz, 3 H), 1.80(s, 3H), 1.94(d, J=6.4 Hz, 3 H), 3.18 (d, J=7.9 Hz, 1 H),

267378 im 2 HY 6 582 (hr ¢ IH\(§7<{hrclH\ 721 (o 1 =64 Hz IH\ l7‘(’?\TL’I‘R’(F\7 MH~»
2.070-2. 78 U0, £ 543), 0L2207 5, 12 ), LI N L W, v 0.4 I2Z, : Vi 7.5 MH
YIS IN Qe 182 MM ALY AR A KA L 128 Q 1AL 1 1A7 Q 107 Q¢ LIDAC  ~alad fae T N /AL
CLriz ) U 1U.6, 10.0, &U.D, UJ. 4y UJ.5, VUL, 155.0, 170.1, 10/.06, 17c.7; v, CaiCa 108 L o, N, (vl
IV 214 1070 fAannd 214 1NAQ

11) L1 AV /77, 1VUULU L 177, 1UVTF

(1S5,55)-4-Hydroxy-4-methyl-1-(2-methylbut-2-enoyl)-6-oxa-3-azabicyclo-[3.1.0]hexan-2-
one ((§,5)-2):

Dess—Martin periodinane (80.6 mg, 0.19 mmol) was added to a solution of alcohol 28 (7.9 mg, 0.037
mmol) in CH,Cl, (0.5 mL) at room temperature and the reaction mixture was stirred for 15 min at this
temperature. A 1 M solution of Na,S,0, and a saturated aqueous NaHCQ, solution were added, the organic

matarial wac avtrantad with athol anatata ')r\(" tha ~amhinad Aarganie sxvtracte wara driad nuar anhvudron A=S )
MailCliar Wad CATatCh Widl Culy: alluac, alil ulc COLLGINTG Ulgaiul CAUaly Wit GLHCG OVeT afnyGrous 1115uu

and concentrated in vacuo after filtration. Flash chromatography ( (Si0,, 30-50% ethyl acetate in hexane)

rnished 7.0 me (90%) of (§,5)-2 as a colorless foam: [ ~10.6 (¢ 0.10, MeQH); HRMS, caled for

1w
Ul 1iA3AINAG g IV A3 g ad §T G N AU N Qaiaa. . AVILOATL A RaANAYAS,

oH, ,NO, M* 212.0923, found 212.0916.

[y

0 g
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