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Abstract: The tetracyclic ABCE ring, which bears the crucial 13-membered azacycle, of manzamine A has been
synthesized through the corresponding bicyclic BC ring subunit as a promising synthetic intermediate.
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Introduction

Since the discovery and structure elucidation of manzamine A in 1986 [1], it has attracted the interest of
many groups worldwide to undertake its total synthesis in view of its complex structure and significant
biological activities. The unique nitrogen heterocyclic structure of manzamine A contains 5-, 6-, 8-, and 13-
membered rings as well as the P-carboline moiety. The majority of published works is focused on the
assembly of the pyrrolo[2, 3 -iJisoquinoline core structure, the tricyclic ABC ring subunit [2-9], and the
tetracyclic ABCD ring subunit [10-13] of manzamine A. To our knowledge, only Pandit’s group has reported
a synthesis of the tetracyclic ABCE ring bearing the 13-membered azacycle, which must be a key factor for
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We have previously published the preparation of the tricyclic ABC ring subunit of manzamine A [9],
and in this paper, we will further disclose the synthesis of an advanced intermediate, the tetracyclic ABCE
ring subunit I of manzamine A by means of a newly developed synthetic method, which is completely

different from others, as outlined in Scheme 1.
#Briefly reported:Tetrahedron Lett.1998,39,2597,2610.
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from a starting maierial, cyciohexenone, because the original synthetic route io the construction of the
tricyclic ABC ring subunit [9] took longer, and the epoxidation of the homoallylic alcohol using a catalytic
amount of the transition metal vanadium was not easily controlled.
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Scheme 1

The trans-adduct 1 was stereoselectively prepared by the conjugated nucleophilic addition of a Grignard
reagent [15], derived from the reaction of 2-(2-bromoethyl)-1,3-dioxolane with magnesium, to

cyclohexenone, followed by allylation of the resulting enolate with allyl bromide, as shown in Scheme 2.
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conacnsauon thus glvmg the DICYLHL annulation prouuu a mixture of diastereoisomers

ratio [16, 17]. The isomers 2 and 3 could be simply separated by column chromatography.
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Scheme 2
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Scheme 3

At first, the o-isomer 2 was chosen as the starting material to synthesize the tetracyclic ABCE ring
subunit I. The alcohol 2 was mesylated with methanesulfonyl chloride in dichloromethane and the resulting
product was reduced with sodium borohydride in methanol, followed by acetylation with acetic anhydride in

dichloromethane to give compound 4 in more than 60% overall vield. Subsequent dihydroxylation, oxidative

T
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cleavage and reduction of 4 afforded aleochol 8. The comnound § was stable and the hvdroxvy oroun did not
i Wl v bv AV AV LAV VL M OGAALVAVMWAE N l‘ A wle 4 11w Vlllyv“llu - VY R JWAL/L W WX A ll wvn! 51\}“}' ST LN VAV Y

attack the mesylate group to close a S-membered ring since both the hydroxy and mesylate groups were at
the same side. However, the major product was a ring-closure compound when we attempted to remove the
mesylate group with DBU to generate olefin. Therefore, we first attempted to protect the hydroxy group of §
and then eliminate the mesylate group. The results were not satisfactory after the hydroxy group was treated
with TBDPSCI and dihydropyran, respectively, After many trials were carried out, we found that the best
result was obtained when the hydroxy group was only protected with an acetyl group. The hydroxy group of
5 was acetylated with acetic anhydride, followed by treatment with DBU [18] to give olefin 6 in 60% overall

yield. With 6 in hand, we tried to cleave the primary acetyl group selectively; unfortunately, the results

nroved that there was low selectivi fv between the nnmarv and secondarv acetvl srouns. Roth acetvl orouns

provec that ther 10w selectivir 1ary ang seconcgar y acetyl groups. both acetyl groups

wara aliminatad with N &N aqiieniic ) mathanal fallawed hy calactive nratectinn of the recnlting
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primary hydroxy group with TBDPSCI and the secondary hydroxy group with acetic anhydride to generate
compound 7. When the group TBDPS was deprotected with TBAF in THF, a mixture of primary alcohol 8
and secondary alcohol 9 was produced in 41 and 33% overall yield from 6, respectively. The alcohol 9 was
probably formed by the acetyl group on the secondary hydroxy group at the o-position shifting to the
resulting primary hydroxy group under the reaction conditions due to crowded space.
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Scheme 4

Conversion of the alcohol 8 into carbamate 10 was carried out under the Mitsunobu conditions using
SESNHBoc [19, 20] (Scheme 4). Here, the endo-double bond could be cleaved to open the 5-membered
carbon ring by sequential treatment with OsO, and NalO,. The resulting dialdehyde was reduced with
sodium borohydride, followed by protection with MOMCI to afford 11 in 65% overall yield from 8. After
both protective groups Ac and Boc of 11 were eliminated with 2N aqueous LiOH in methanol, we wished to

transform 12 into a ketone by oxidation and then close five-membered azacycle by acid-promoted
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previously {9]. The alcohol 12 was oxidized with PCC in dichioromethane, foliowed by treatment with CSA
in chloroform under reflux to give the desired cyclic ene-sulfonamide 13. Both protective MOM groups were
unaffected under these conditions. Without purification, the ene-sulfonamide 13 was dihydroxylated with
0Os0,, followed by acid-catalyzed dehydration and rearrangement of the resulting diol, to provide ketone 14
[2] in 36% overall yield from 12. Nucleophilic addition of allylmagnesium chloride to the carbonyl of 14
stereoselectively gave a top-face adduct [14] 15 which could be recrystallized from a mixed solvent of
hexane and chloroform to give colorless crystals whose structure was unambiguously determined by X-ray

With 15 in hand, we attempted to protect the tertiary hydroxy group with a protective group which could
he cacily aliminatad hut the reenlte were not gaticfactory hecance of hio ctario indranca Fartunataly
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15-crown-5 ether to afford methyl ether 16. Hydroboration of 16 was carried out by treatment with borane-
dimethylsulfide [21], followed by oxidation with H,0, to produce primary alcohol 17 in good yield. After 17
was oxidized under the Swern conditions, the Wittig olefination of the resulting aldehyde with
triphenylphosphorane Ph,P=CH(CH,),OTBDPS [22], gave the desired cis-olefin 18 in very good yield.
Conversion of 18 into 19 was completed by removal of the protective group TBDPS with TBAF in dry THF,
followed by treatment of the resulting alcohol with SESNHBoc under the Mitsunobu conditions [19, 20].

Herein, we wished to find a deprotective reagent to effectively remove the protective groups Boc and both

MOM of 19. After some trials were carried out, we found p-toluenesulfonic acid to be a good reagent.

Althariagh tha mratantiva araiim Ras wag aleny o itiange langar fima wag naadad tn
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eliminate the proieciive group Boc and the product seemed o decompose siowly. it was important to

u
ithout purification

ter the deprotection

g 7

control the reaction time so that the best result couid be obtain
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ed by treaiment with sodium iodide in acetone 0 give a mixture of
monoiodo-substituted 20 and a small amount of 21. Initially, we anticipated that on eliminating the protective
group SES, the resulting amino group would simultaneously attack both functional groups iodo and mesylate
to close the 6-membered A ring and 13-membered E ring. When the sulfonamide 20 was reated with TBAF
im THF or CsF in DMF [23], unfortunately, no desired ring-closure product was yielded although the
protective group SES was cleaved. Therefore, we decided to make the ring-closure step by step, first to close
the 15-membered ring via nucleophilic substitution of a nitrogen anion and then to eliminate both protective

groups SES with TBAF. The resulting amino group on the macrocycle would spontaneously attack the

mesylate group to close the 6-membered ring (Scheme 5).
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a) Cs,CO;, DMF, 50 °C, 82%; b) TBAF, THF; c¢) CICO,Me, Et;N, CH,Cl, 57% in 2 steps.

Scheme 5

When the sulfonamide 20 was treated with some bases, such as KOBu', NaH and KN(TMS),, the
expected product was not formed. Finally, we found that the desired macrocyclic compound 22 could be
obtained in good yield by treatment with Cs,CO, in DMF [24]. Both protective SES groups of 22 were
cleaved with TBAF [23] and the resulting amino group on the macrocycle spontancously replaced the
mesylate group to close the 6-membered ring A, thus also giving the 13-membered ring E simultaneously.
Another amino group on the 5S-membered C ring was treated with methyl chloroformate to afford the desired

In the above, we discussed the synthesis of the tetracyclic ABCE ring subunit I of manzamine A from the
a-isomer 2. Now we wish to convert the B-isomer 3 into the a-isomer 2 so that both the isomers can be used
to synthesize the subunit I. Many attempts were carried out, but unfortunately we could not find a method to
effectively complete the transformation. Thus, we developed another way for the construction of the
compound 15 from the B-isomer 3, leading to the synthesis of subunit I, as outlined in Scheme 6.

Conversion of 3 into 23 was easily carried out in high yield according to the synthetic method we
developed [9] (Scheme 3). The alcohol 23 was also oxidized with PCC in dichloromethane, followed by the

ve the cyclic ene-sulfonamide intermediate. Epoxidation of the

a(‘!d-nrnmnfed dehvd ation with CSA to g

e
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Scheme 6

catalyzed rearrangement with CSA [7], afforded ketones 24 and 25. The ketone 28 was transformed into 24
by deprotection of the MOM group with p-toluenesulfonic acid in methanol in 85% yield.

Conversion of 24 into 26 was carried out by mesylation with methanesulfonyl chloride, followed by
elimination with DBU [18] (Scheme 7). 26 was then reduced with sodium borohydride, followed by
protection with MOMCI to provide compound 27. The double bond of 27 was cleaved with ozone to give an
ozonide intermediate which was reduced with sodium borohydride followed by acetylation with acetic
anhydride to give diacetate 28 which was deprotected with TFA i -hloromethane, followed by Swem

n!t nffnrr] ]nztn "9

oxidation of the resultine alccho
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dition of allyl magnesium chloride to the carbonyl of the ketone 29 stereoselectively afforded the desired
top-face adduct [14], both acetate groups were also removed simuitaneousiy under the reaction conditions.
Reprotection of the resulting diol with MOMCI generated the compound 15. The synthesis of the tetracyclic

ABCE ring subunit I can proceed from the compound 15 as we just described in Scheme 5.

In conclusion, we have designed a new route towards the total synthesis of manzamine A and successfully
synthesized the tetracyclic ABCE ring, bearing the 13-membered azacycle, which is a key factor for the total
synthesm of manzamine A, from the o- and B-isomers (2 and 3) readily derived from cyclohexenone as the

.o ___ . _a T LY 4"
rxperimental decuon

General. All melting points are uncorrected. Infrared (IR) spectra were recorded on a Jasco A-202
spectrophotometer and are recorded in cm™. Proton nuclear magnetic resonance ('H-NMR) spectra were
recorded on JNM-EX 270 and JNM-a 400 instruments. They were also used for recording carbon nuclear
magnetic resonance (’*C-NMR) spectra. Chemical shifts are given in ppm downfield from tetramethylsilane
(TMS). Coupling constants are given in Hz. '"H-NMR shift correlation spectroscopy (COSY), double
resonance and 'H-'"’C correlation experiments were occasionally used for signal assignments. HRMS

me vy 1 M - Aictila A A tnl A
measurements were performed on a Hitachi M-80 instrument. THF was distilled from sodium metal and
1.1 PR, Loen =L -1 ~ PR, o — . . _ 1 1
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in 2 steps.

Scheme 7

Reactions requiring an inert atmosphere were run under argon. Column chromatography was performed
using 70-230 mesh silica gel.

(1R OR\.O_.Hvdrovv-1.nron-2.envihicvelol4 3 0lnonan-2-one (2) and (0€ 1R\.O.Hvdravv.l.nran.2.
ANIK )-2-HYaroxy-1-prop-2-enyibicycio|a.2.0 nenan-2-one  (2) ang (25,1X)-2-0DyqQroxy-1-prop-+
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under argon was slowly added a solution of 30 ml (0.26 mol) of 2-(2-bromoethyl)-1,3-dioxolane in 100

ml of dry THF to keep the reaction temperature at lower than 30.°C. And then, the resulting mixture was
stirred at room temperature overnight and then cooled to -75 °C. A solution of 11.7 g of copper(l) bromide-
dimethy! sulfide in 100 ml of dry dimethy! sulfide was added dropwise over 2 hours and stirred for an
additional 2 hours at -75 °C. A solution of 12.4 ml (0.13 mol) of hexenone in 50 ml of dry THF was added
dropwise over | hour, and the resulting mixture was stirred for an additional 5 hours at -75 °C. Next, 100 ml
of dry HMPA and 53 ml of dry allyl bromide were added, respectively, at -75 °C and the resulting mixture

was adnn"v warmed to room temperature under shrrln_g nve_‘.might, The reaction was nnﬂn(‘hed with

!.

saturated aqueous ammonium chloride and the mixture was extracted with ethyl acetate. The combined
Syvdrnato sxrorn arached saritlh hieimes Asds ol o P R )} TR B T Y N rupt: LS | TS N
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To a solution of the above adduct 1 in 250 ml of acetone was added 35 ml of 2N aqueous HCl and the
resulting mixture was stirred at 50 °C overnight. The reaction mixture was cooled to room temperature and
extracted with ethyl acetate. The combined extracts were washed with saturated aqueous sodium bicarbonate
and brine, dried over sodium sulfate, concentrated in vacuo and chromatographed, eluting with hexane-ethyl
acetate (3:2), to afford 15.3 g of the alcohol 2 and 3 (2:3=3:2) in 61% overall yield as a light yellow oil. The
spectral data for the o isomer 2: IR(film) 3450, 3055, 2930, 1690 cm”; 'H-NMR(270 MHz, CDCL,), §
5.62(1H, m), 5.03(2H, m), 4.50(1H, ¢, J=5.6), 2.67(1H, dd, 1=6.93, 4.19), 2.40(2H,m), 2.30(2H, m), 1 84(5H

m), 1.72(2H, m), 1.35(1H, m); "C-NMR(270 MHz, CDCl,): § 22.3, 26.6, 29.7, 31.0, 36.4, 39.4, 43.4, 42.0,
T A 124 LN, TITDANMOQ/AAT ,.,l £, el & § QA 12INE £ A 1OA4 1N£0 L P,
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20(2H, m), 1.92(4H, m), 1.61(4H, m); | M‘R(270 MHz, CDCl) 8220.0, 133. 3 118.2, 80.8, 59.9, 42.6,
.6, 40.

5,31.1,26.3,26.2,21.7.

(15,9R)-9-(Methylsulfonyloxy)-1-prop-2-enylbicyclo[4.3.0]Jnon-2-yl acetate (4). To a solution of 20.0
g (0.10 mol) of the alcohol 2 and 57.4 ml of triethylamine in 200 ml of dichloromethane was added another

solution of 16 ml (0.21 mol) of methanesulfonyl chloride in 50 ml of dichloromethane dropwise at -30 °C.
And then, the resulting mixture was stirred under argon in an ice-bath for 5 hours. The reaction was

had writh sratad aoiaoie oo di
quencnea witn saturated aqueous sodiuin

a>
acetate and the combined organics were washed with brine, dried over sodium sulfate and concentrated in

E

vacuo to give crude mesylate.

To a solution of the above mesylate in 80 ml of methanol was added sodium borohydride in batches at
-20 °C ~-10 °C until the starting material was totally exhausted. Saturated aqueous ammonium chloride was
then added and the resulting mixture was extracted three times with ethyl acetate. The combined extracts
were washed with brine, dried over sodium sulfate and concentrated in vacuo to leave crude alcohol which is
a mixture of e and B isomers.

A solution of the above alcohol, 43 ml of triethylamine and 2.0 g of 4-dimethylaminopyridine in 200 ml

Anlad s N Of‘ and anAthae oAl e JRUS DAY P L. . &N
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dichioromethane was added dropwise at O °C. And then, the resulting mixture was siirred in an ice bath
overnight. The reaction was quenched with saturated aqueous ammonium chloride and the mixture was
extracted three times with ethyl acetate. The combined extracts were washed with brine, dried over sodium
sulfate, concentrated in vacuo and chromatographed, eluting with hexane-ethyl acetate (1:1), to give 19.5 g of
the acetate 4 in 60% overall yield as a light yellow oil. IR(film) 3050, 2930, 1740, 1640 cm”; HRMS(M™)
caled. for C;;H,,0,S 316.1293, found 316.1342.

(1S5.9R)-1-(2-Hvdroxvethvl)-9-(methvlsulfonvloxv)bicvclof4.3.0Inon-2-vl acetate (5). To a solution
(18,9R)-1-(2-Hydroxyethyl)-9-(methylsulfonyloxy)bicyclo[4.3.0Inon-2-yl acetate (5). To a solutior
of 19.5 g (61.7 mmol) of 4 in 80 ml of a mixed solvent (acetone:water=10:1) in an ice bath were added 14.0 g

ar.
of 4-methylmorpholine N-oxide and 3 ml of osmium tetroxide in #-butanol (0.2 M), respectively, and the
resulting mixture was stirred in the ice bath until the starting material was exhausted compietely. Sodium
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iracis were washed successively with
5% aqueous acetic acid, saturated sodium bicarbonate and brine, dried over sodium suifate and concentrated
in vacuo to give crude diol.

A solution of the above diol in 350 ml of THF was cooled in an ice bath and another solution of 26.4 g of
sodium periodate in 150 ml of water was added dropwise below -5 °C The resulting mixture was stirred in
the ice bath for 1 hour and ethyl acetate was added. The aqueous phase was extracted twice with ethyl acetate
and the combined organics were washed with brine, dried over sodium sulfate and concentrated in vacuo to

leave crude aldehyde.

3.
e

To the above aldehvde was added 100 m! of methanol and tt
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re was cooled to -40 °C.
Sodium borohydride was then added in batches under stirring until the aldehyde was reduced completely.
The reaction was quenched with saturated aqueous ammonium chloride, and the mixture was warmed (o
room temperature and extracted three times with ethyl acetate. The combined extracts were washed with
brine, dried over sodium sulfate and concentrated in vacuo. The residue was subjected to silica gel column
chromatography, eluting with hexane-ethyl acetate-methanol (5:10:1), to give 13.2 g of the corresponding
alcohol in 67% overall yield as a pale yellow oil.

To a solution of 13.0 g (40.6 mmol) of the above alcohol §, 18.3 ml of triethylamine and 1.0 g of 4-

dunethylammopyndme in 80 ml of dry dichloromethane in an ice bath was dropwise added another solution

was extracted twice with ethyl acetate. The combined organics were washed with brine, dried over sodium
sulfate and concentrated in vacuo to give the corresponding diacetate. IR(film) 2930, 1740 cm™; HRMS(M*)
calcd. for C,(H,.0,S 362.1370, found 362.1396.

2-((15)-2-Acetyloxybicyclo[4.3.0lnon-8-enyDethyl acetate (6). A mixture of 5§ and 18.1 ml of 1,8-
azabicyclo[5.4.0Jundec-7-ene in 90 ml of dry toluene was stirred under argon under reflux for 24 hours and
then cooled to room temperature. The solvent was evaporated under reduced pressure and the residue was

of 6 in 60 % overall vield ac a light
Oof &1 OV o overa leig as augnt

(3aS8)-3a-(2-Hydroxyethyl)-4,5,6,7,3a,7a-hexahydroinden-4-yi acetate (8) and 2-((3aS)-2-Hydroxy-
bicyclo[4.3.0]nonyl)ethyl acetate (9). To a solution of 3.56 g (13.4 mmol) of 6 in 80 ml of methanol was
added 53.5 ml of 0.5N aqueous lithium hydroxide and the resulting mixture was stirred at room temperature
for 4 hours. The mixture was extracted three times with ethyl acetate. The combined extracts were washed
with brine, dried over sodium sulfate and concentrated in vacuo to leave the corresponding diol.

To a solution of the above diol in 30 ml of dry dimethylformamide was added 1.44 g of imidazole and

ure was stirred at room temperatur

il was surreda LRI PR 2

l..4

overmight FKthyl acatate wag n ad and the mivinre wae wached with water and hrine ried over gcodinm
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Oy wmiewmyiamine, v.57 g Of 4-timelnyi aminopyiiai 10 3.2 mi of acetic anhydride, respectively, and the

resulting mixture was stirred in the ice bath for 6 hours. Saturated aqueous ammonium chloride was added
and the mixture was extracted with ethyl acetate. The combined extracts were washed with brine, dried over
sodium sulfate, concentrated in vacuo and chromatographed, eluting with hexane-ethyl acetate (4:1), to afford
6.47 g of 7 as a colorless oil.

To asolution of 6.47 g of 7 in 60 ml of dry THF under argon was added 21 ml of tetrabutylammonium
fluoride in THF (1.0 M) and the resulting mixture was stirred at room temperature for 2 hours. The solvent

was evaporated under reduced pressure and the residue was subjected to

\J2 o uliyael ftdlie 2 an S IULL HLje il U

o silica gel column chr Qmamvra_nhv
oF | s ]

eluting with hexane-ethyl acetate (1 2) give 1.23 g of 8 and 1.0 g of 9 in 41 and 33% overall yield from 6.
A s ]
P

TR il 223NN QN 1TAN Acnc-l. LIDAMMQAANY Anlad fae ™ LT Al
AL DO, L0V, 179U LI, TIRUVIDLUIVL ) Ladlbl. TUL L3 B0y £05, 1940

(3a8)-3a-{2-[(tert-Butoxy)-N-(2-trimethylsilylethyisuifonyl)carbonylamino]ethyi}-4,5,6,7,3a,7a-
hexahydroinden-4-yl acetate (10). A mixture of 1.9 g (8.48 mmol) of 8, 3.5 g of rbutyl 2-
(trimethylsilyl Jethanesulfonylcarbamate (SESNHBoc) and 8.0 g of triphenylphosphine in 45 ml of dry THF
under argon was cooled to 0 °C and 1.2 ml of diethyl azodicarboxylate was added and the resulting mixture
was stirred in an ice bath for half an hour and at room temperature overnight. The solvent was removed under

reduced pressure and the residue was chromatographed, eluting with hexane-ethyl acetate (4:1), to give 44 g

Preao o lU

of 10. IR(film) 2930, 1730 cm™; HRMS(M"*) calcd. for C,H,,NQ,SiS 427.2185, found 427.2210.

PP S A% axi Py kI Wik AV Rgpaizgl AiRe T T
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(2R)-2-{2-{(tert-Butoxy)-N-(2-trimethyisilylethyisuifonyi)carbonyiaminojethyi}-3-[ 2-(methoxy-
methoxy)ethyl]-2-[ (methoxymethoxy)methylcyclohexyl acetate (11). To a solution of 4.4 g of 10 in 35
ml of a mixed solvent (acetone:water=10:1) in an ice bath were added 4.5 g of 4-methylmorpholine N-oxide
and 0.5 ml of osmium tetroxide in #-buthanol (0.2 M) respectively, and the resulting mixture was stirred in
the ice bath for 3 days. Sodium hydrogen sulfite was added and stirred for an additional hour. The solid was
dissolved with water and the aqueous phase was extracted with ethyl acetate. The combined extracts were
washed successively with 5% aqueous acetic acid, saturated aqueous sodium bicarbonate and brine, dried

over sodium sulfate and concentrated in vacuo to afford the crude corresponding diol
3 e inl am AN 1 ~Af TR Tad ¢t~ N O A ¢} 1. £ 20 5 ~AF orndizemn
A solution of the above diol in 40 ml of THF was cooled to 0 °C and another solution of 3.9 g of sodium

i

s B Lo <sr i -

pGI'lOﬂdlC in 24 ml of water was added. The ICbUII]Ilg mixiure was stirred in an ice bath for 1 hour and water
was added to dissolve the solid produced in the reaction. The aqueous phase was extracted with ethyl acetate
and the combined organics were washed with brine, dried over sodium sulfate and concentrated in vacuo to
leave the crude corresponding dialdehyde.

To a solution of the above dialdehyde in 15 ml of methanol was added sodium borohydride in batches at
-40 °C ~ 0 °C until the starting material was reduced completely. Saturated aqueous ammonium chloride was
added to decompose excess amount of sodium borohydride and the mixture was extracted with ethyl acetate.

The combined extracts were washed with brine, dried over sodium sulfate and concentrated in vacuo to give

—
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e
and 2.0 ml of chloromethyl methyl ether, respectively, and the resuiting mixture was
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S d m temmerature for 10 hours. Ethvyl acetate wag added and the mixture was wachad with heina
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with hexane-ethyl acetate (1:1), to give 3.4 g of 11 in 65% overall yield. TR(film) 2930,1730 cm’

HRMS(M*-AcOH) caled. for C,;H,,NO,SiS

N-(2-{(1R)-2-Hydroxy-6-[2-(methoxymethoxy)ethyl]-1-[(methoxymethoxy)methyl]Jc yclohexyl} -
ethyl)(tert-butoxy)-N-(ethylsulfonyl)carboxamide (12). A solution of 3.4 g (5.5 mmol) of 11 in 25 ml of
methanol was cooled to 0 °C and 16 ml of 2N aqueous lithium hydroxide was added. The resulting mixture
was stirred at room temperature for 24 hours and extracted three times with ethyl acetate. The combined

extracts were washed with brine, dried over sodium sulfate and concentrated in vacuo. The residue was

(65)-9-Aza-9-(2-trimethylsilylethylsulfonyl)-5-[2-(methoxymethoxy)ethyl]-6-[ (methoxymethoxy)-
methyl]bicyclo[4.3.0]nonan-2-one (14). To a solution of 0.23 g of pyridinium chlorochromate and 0.23 g of
sodium acetate in 2.5 ml of dry dichloromethane under argon was added another solution of 0.25 g (0.53
mmol) of 12 in 1.5 ml of dry dichloromethane slowly, and the resulting mixture was stirred at room

temperature for 1 hours. Ether was added and the su spe nsion was filtered throu

rs. Ether was added 1e suspen tered through a h

filtrate was evaporated under reduced pressure to leave the corresponding ketone.

A mixiure of the above ketone and 10 mg of 10-camphorsulfonic acid in 5 mi of chioroform was stirred
at 50 °C for 3 hours and then cooled to room temperature. Ethyl acetate was added and the mixture was
washed with saturated aqueous sodium bicarbonate and brine, dried over sodium sulfate and concentrated in
vacuo to give the crude 13.

To a solution of 13 in 2 ml of a mixed solvent (acetone:water=10:1) in an ice bath were added 0.2 g of 4-
methylmorpholine N-oxide and 0.2 ml of osmium tetroxide in z-butanol (0.2 M), respectively, and the

resulting mixture was stirred in the ice bath for 2 days. Sodium hydrogen sulfite was added and the mixture

was stirred for an additional hour and water was added to dissolve the solid. The aqueous phase was
avirartad thraa timac with athyl aratata and the comhined arcaniere were wached cnececcively wit s07
CAualiCa Ul Uiiics Wil Cllyl allidic ailu Jib LUIMUItU Urgaiiild Wl wasitila SULlUasivid wiur o /0
P PL S S PRSI LAV TR, TP, [ SN JUCJN R RIS 7~ PR |
d(luCUub dLCLlL dLlU bdlurduﬁu dunUub SOAiuIl DICAIDONndic 44and piine, dadrcd oOvar SOUIU suldic 1

concentrated in vacuo to afford the crude corresponding diol.

A mixture of the above diol and 10 mg of 10-camphorsulfonic acid in 5 ml of chloroform was stirred at
room temperature for 7 hours. Ethyl acetate was added and the mixture was washed with saturated aqueous
sodium bicarbonate and brine, dried over sodium sulfate and concentrated in vacuo. The residue was
subjected to silica gel column chromatography, eluting with hexane-ethyl acetate (1;1), to give 90 mg of 14
in 36% overall yield from 12 as a colorless viscous oil. IR(film) 2930, 1730 cm™; "H-NMR(270 MHz,

CDCl,), 8 4.62(2H, s), 4.58(2H, d, J=1.65), 4.51(1H, s), 3.58(4H, m), 3.43(2H, m), 3.38(3H, s), 3.33(3H, s),
3.11(2H, t, J=9.24), 2.45(2H, m), 2.14(1H, m), 1.88(3H, m), 1.66(3H, m), 1.09(2H, m), 0.05(9H, s); "*C-

XXy Ly LT fy hat s T\ wd ALfy dws \L1Xy Likjy o ( Ld, 111), LIRSS Y iy AV Jy VeI \ S ARy
NMD/INA ML AT Y SA2100 QKA QS0 £0N AQ A £ 1 BE1D &9 Q AQA A2 204 271 21 £ 70 Q
NMR{(Z/U Mz, COULL ), 0 210U, 0.4, 53.5, 07.U, 00.0, 03.1, 33.24, 34.5, 46.4, 40.3, 35.%4, 31.1, 33.0, £5.0,
~rE D " r~ ~ & TYML SO/ B4\ 1 1 o ~ Y WY V0V A N1 DA LT I3 Arr&m A1
25.8,9.5, -2.4; HRMS(M") calcd. for C, ) H,,NO,SiS 465.2154, found 465.2213
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To a solution of 90 mg (0.19 mmol) of 14 in 2 ml dry THF under argon was slowly added 0.19 ml (0.38
mmol) of allyimagnesium chloride in THF (2.0 M) at -78 °C, and the resulting mixture was stirred at this
temperature for 2 hours. The reaction was quenched with saturated aqueous ammonium chloride and the
mixture was extracted three times with ethyl acetate. The combined extracts were washed with brine, dried
over sodium sulfate and concentrated in vacuo to leave a residue.

To a solution of the above residue and 50 ul of dry 15-crown-5 ether in 3 ml of dry THF under argon was
added 30 mg of sodium hydride (60%) and the resulting mixture was stirred at room temperature for 1 hour.

0.25 ml of mcthyl iodide was then added and the mixture was stirred at room temperature for 14 hours. After
was added and the mixiure was exiracted iwice with ethyl acet:

brine, dried over sodium suifate, concentrated in vacuo and chromatographed, eluting with hexane-ethyl
acetate (1:1), to afford 78 mg of 16 in 79% overall yield. IR(film) 3050, 2950 cm™; 'H-NMR(270 MHz,
CDCL), 8 5.94(1H, m), 5.07(2H, dd, J=7.92, 16.17), 4.60(4H, m), 3.98(1H, s), 3.50(4H, m), 3.37(3H, s),
3.35(3H, s), 3.31(2H, m), 3.19(3H, s), 2.98(2H, t, J=7.92), 2.39(2H, d, J=7.26), 2.11(1H, m), 1.95(ZH, m),
1.72(3H, m), 1.42(3H, m), 1.11(2H, m), 0.04(9H, s); *C-NMR(270 MHz, CDCL,), & 134.3, 118.1, 96.9,
96.3, 79.0, 70.9, 66.5, 65.1, 55.6, 55.1, 49.4, 49.0, 48.7, 47.6, 39.7, 34.7, 34.3, 30.7, 24.4, 21.2, 10.2, -2.03;
HRMS (M*) calcd. for H,NQ.SiS 521.2839, found 521.2813.

G200 gt 3piv i iglid Dol Z, 10012

(15,5R)-7-Aza-7-(2-trimethylsilylethylsulfonyl)-5-(3-hydroxypropyl)-5-methoxy-2-{2-
(methoxymethoxy)ethyij-1-{(methoxymethoxy)methyijbicycloj4.3.0Jnonane (i7). A soiution of 0.14 g
(0.27 mmol) of 16 in 6 ml of dry THF under argon was cooled in an ice bath and 0.3 ml of borane-dimethyl
sulfide in THF (2 M) was added. The resulting mixture was stirred at room temperature for 1.5 hours and
then cooled to 0 °C. After excess amount of the borane was decomposed with 0.3 ml of ethanol, 0.3 ml of 6N
aqueous sodium hydroxide and 0.3 ml of hydroperoxide (30%) were added respectively. The mixture was

stirred at 50 °C for 1 hour. Ethyl acetate was added and the organic layer was washed with brine, dried over

sodinm sulfate, concentrated in vacuo and chromatographed, eluting with hexane-ethyl acetate (1:3), to give
N11 g of 17 in 790 vield ac a colorlece nil TRFImY 2500 2020 om-!- TH_NA {770 \NAH2 YT ;
.11 5 AV S W s i 7 iu Wi AD 4 WUILUVL VDO Wil ll\\Llllll’ J.IU\I, et oI 2R ') 13 L‘L'll\\AIU 1vix IL, \1”\,]3’, v
A ENFATT ANT/A1TITY 3 D EN D ALTT v 2 DO/ITT 0 2 2L T D AINMTY .\ D 1L Y nn TY
4.074n, §), 4.1 1n, 8j, 3.0Y¥-3.43(0mn, my, 5.26{2r1, 8}, 3.50 J.0U(4r1, m), 3.1€

2.13(1H, s, br), 1.98-1.64(9H, m), 1.45(4H, m), 1.09(2H,
CDCl,), §98.4,97.8,79.1, 72.6, 68.0, 64.2, 61.8, 57.1, 56.6, 506 50.5, 49.8, 490 362, 35.5, 32.5,
29.2,25.4,22.5,11.6, -0.91; HRMS (M") calcd. for C,,H,,NO,SiS 539.2946, found 539.2974.

5-t-Butyldiphenylsilyloxypentan-1-ol. To a solution of 10 ml (95.6 mmol) of 1,5-pentanediol in 150 ml
of dry dimethylformamide were added 3.93 g of imidazole and 10 ml (38.5 mmol) of #-butyldiphenylsilyl
chloride, respectively, and the resulting mixture was stirred at room temperature overnight. Water was added

and the mixture was extracted with ethvl acetate. The combined extracts were washed with brine. dried over
and the mixt fract ith ethy! acetate. 1he combined exi ere washed with prine, dnieg over
eadinm sulfate cancentrated 1. varuo and chromatagoranhed a2lnnting with havanma athul acatata 711-1) ta give
DSULLHIUILLL duliaty, LulIiv G atcu i viee v aliu \/ll—lUlll(lLUElal)ll\JU, \/luullé wviul ll\/l\allb—\/lllyl alciall \.l 1), w 51 <
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LTIy RSOV VAL, TITENIVIRNL TV IVAERL, b0z ), O 7 OUHIL, 1Y), /.00\UI1, 111}, J,U0 &I, L, J33.L/7), 3.0Ll4D1, 1,
1=6.27), 1.50(6H, m), 1.06(9H, s); "C-NMR(270 MHz, CDCl,), & 135.5, 133.7, 129.0, 127.4, 63.6, 62.1,

5-t-Butyldiphenylsilyloxy-1-iodopentane. To a solution of 342 g (10 mmol) of 5-+
butyldiphenylsilyloxypentan-1-ol in 10 ml of dichloromethane were added 1.4 ml of triethylamine and 1.19 g
(10 mmol) of p-toluenesulfonyl chloride, respectively, and the resulting mixture was stirred at room
temperature for 12 hours. Saturated aqueous sodium carbonate was added and the mixture was extracted with
ethyl acetate. The combined extracts were washed with brine, dried over sodium sulfate and concentrated in

VALY I'n lﬂ‘l‘lﬂ tha f‘l\ffﬂ(‘n(\ﬂf" o c(ylnfn
VAL AL/ LU SvdaA Ve LA b\}ll\loy\]llullls WO Y 1A,
[ SUPEER. 2P TP TSRS, PRPURE I 17, U7, SIS NN LIRS LI DU, o WU T - T SR TR
A HHAWIC U6 HIC dDOVC W0SYIdIC dild 1U.U g 01 SOUIUI 104ide o1 DU 1l 01 dCClone wds Surcda at room

temnperature for 12 hours. Ethyi acetate was added and the mixture was washed with brine, dried over sodium

t3

sulfate and concentrated in vacuo. The residue was subjected to silica gel column chromatography, eluting
with hexane-ethyl acetate (7:3), to afford 3.4 g of the desired iodide in 73% overall yield as a colorless oil.
IR(film) 3080, 2930, 1580 cm'; '"H-NMR(270 MHz, CDCl,), & 7.67(4H, m), 7.38(6H, m), 3.67(2H, t,
1=5.94), 3.17(2H, t, J=6.92), 1.78(2H, q, J=7.26), 1.50(4H, m), 1.06(SH, s); "C-NMR(270 MHz, CDCl,), §
135.3, 133.6, 129.4, 127.5, 63.3, 32.9, 31.2, 26.8, 26.6, 19.0, 6.8.

(5-t-ButyldiphenylsilyloxypentanyDtriphenylphosphonium iodide. A mixture of 1.0 g of the above
iodide and 0.58 g of triphenylphophine in 10 ml of dry benzene under argon was stirred at 60 °C overnight
and then cooled to room temperature. After the solvent was removed under reduced pressure, the solid was
washed with ether completely and dried under argon in vacuo at 100 °C for 3 hours to give 1.5 g of the
phosphonium iodide in 96% yield as a white solid. mp. decomposed; '"H-NMR(270 MHz, CDClL), &
7.62(9H, m), 7.58(6H, m), 7.51(4H, m), 7.29(6H, m), 3.53(2H, br), 3.51(2H, t, J=6.27), 1.56(6H, m),
0.88(18H, s).

ichloromethane under argon was added 0.44 ml of dry
dimethyl sulfoxide at -78 °C and the resulting mixture was stirred at this temperature for 20 minutes. Another
solution of 0.11 g (0.21 mmol) of 17 in 6 ml of dry dichloromethane was added and the mixture was stirred at
-78 °C for an additional half an hour. Next, 0.92 ml of dry triethylamine was added and the reaction mixture
was stirred until the reaction temperature of the cooling bath was gradually elevated to -50 °C. The reaction
was then quenched with saturated aqueous ammonium chloride and the mixture was extracted three times
with ethyl acetate. The combined extracts were washed with brine, dried over sodium sulfate and

concentrated in vacuo to leave the crude corresponding aldehyde.
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aturaca aqueous ammonium chloride and the
mixture was extracted three times with ethyl acetate. The combined extracts were washed with brine, dried
over sodium suifate and concentrated in vacuo. The residue was subjected to silica gel column
chromatography, eluting with hexane-ethyl acetate (2:1), to afford 0.15 g of 18 in 83% overall yield as a pale
yellow oil. IR(film) 3050, 2930 cm™; '"H-NMR(270 MHz, CDCl,), § 7.66(4H, m), 7.36(6H, m), 5.32(2H, t,
J=5.28), 4.62(2H, s), 4.61(2H, s), 4.03(1H, s), 3.66(2H, t, J=6.27), 3.50(4H, m), 3.38(3H, s), 3.36(3H, s),
3.32(2H, m), 3.16(3H, s), 2.95(2H, dt, J=2.64, 9.24), 2.03(7H, m), 1.59(12H, m), 1.08(2H, m), 1.04(9H, s),
0.04(9H, s); "C-NMR(270 MHz, CDCl,), §135.5, 134.1, 129.8, 129.6, 129.5, 127.5,97.0, 96.4,79.3, 71.1,

66.6, 65.0, 63.9, 55.6, 55.2, 49.6, 49.1, 48.6, 47.8, 35.1,34.7, 34.4, 32.2, 31.1, 27.0, 26.8, 26.0, 24.5, 22.4,
21.7.192. 103.-2.0
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N-(8-{(Z5,68)-9-Aza-9-(2-trimethyisiiylethyisuifonyi)-Z-methoxy-5-{ 2-{(methoxymeihoxy)eihyi]-6-
[(methexymethoxy)methyl]bicyclo[4.3.0]non-2-yl1}(5Z)oct-5-enyl)(tert-butoxy)-N-(2-trimethylsilyl-
ethylsulfonyl)carboxamide (19). To a solution of 34 mg (0.04 mmol) of 18 in | ml of dry THF under
argon was added 0.08 ml of tetrabutylammonium fluoride in THF (1.0 M) and the resulting mixture was
stirred at room temperature for 2 hours. The solvent was evaporated under reduced pressure and the residue
was purified on TLC plate, eluting with hexane-ethyl acetate (1:2), to provide 22 mg of the corresponding
alcohol in 92% yield. IR(film) 3500, 2930 cm™; '"H-NMR(270 MHz, CDCL,), § 5.34(2H, m), 4.60(4H, s),
4.03(1H, s), 3.65(2H, t, J=6.27), 3.51(4H, m), 3.39(3H, s), 3.37(3H, s), 3.34(2H, m), 3.18(3H, s), 2.93(2H,

07

Y D NCTLT v 1 CAL1ALT o) 4 (2H. m). 0.04(9H. s): B NMDBATIA ML, STy S190Q 170 0T N
i), <.UO( /0, i}, 1.54( 1211, 0T, 1.U/(40, 1), U.U4(T10, §); "C-INIVIR(<4 /U MINZ, CUUL ), 0147.0, 1£27.0, 7/.U,
~ 4 I TaY o~ - Py ) s~ -~ -&~4 AN n AO ~ o~ -~ ~ A I W s ) s Xa Sa ) ~ N ~s O ~ne O
0.4, , /1.1, 00.0, 04.5, 0£.0, JJ.0, JJ.1, 4Y.0, 4Y.1, 48.0, 4/./, 32.U, 4.0, 34.3, 3L.Z, 31.U, £L0.5, £1.05,

A solution of 22 mg (36,2 umol) of the above alcohol, 21 mg (72.5 pmol) of rbutyl 2-
(trimethylsilyl )ethanesulfonylcarbamate (SESNHBoc) and 47 mg of triphenylphosphine in 1 ml of dry THF
under argon was cooled to 0 °C and 30 ul of diethyl azodicarboxylate was added slowly. The resulting
mixture was stirred in an ice bath for half an hour and then at room temperature overnight. The solvent was

removed under reduced p and chromatographed, eluting with hexane-ethyl acetate (2:1), to give 31
mg of 19 in 98% yield. mi(ﬁln‘) 2930, 1740 cm™'; 'H-NMR(270 MHz, CDCL,), §5.32(2H, m), 4.61(4H, s),
4.02(1H, s), 3.57(5H, m), 3.38(3H, s), 3.34(3H, s), 3.36(5H, m), 3.17(3H, s), 2.95(2H, m), 2.08(3H, m),
1.91(3H, m), 1.68(6H, m), 1.52(9H, s), 1.43(3H, m), 1.31(4H, m), 1.09(2H, m), 0.95(2H, m), 0.06(9H, s),
0.04(9H, S),KJLNMR(27UM C DCl,), 8 151.7, 1300, 1292,970 96.4, 84.0, 79.3, 71.1, 66.6, 64.9,

3
55.6, 55.2, 50.7, 49.6, 49.1, 48.6, 47.8, 46.9, 35.1, 34.7,34.4, 31.1, 29.9, 28.0, 26.8, 26.7, 24.4, 22.4, 21.6,
104, 10.3,-1.95, -2.03

((18,58)-5-{(37))-8-[(2-Trimethylsilylethylsulfonyl)amino}oct-3-enyl }-7-aza-7-(2-trimethylsilyl-
ethylsulfonyl)-2-(2-iodoethyl)-5-methoxybicyclo[4.3.0]lnonyl)methyl methylsulfonate20). A mixture of

79 mg (91 pumol) of 19 and 60 mg of p-toluenesulfonic acid in 2 ml of methanol was stirred at 50 °C for 24
honre and cooled to room temneratiire thyul acetate wae added and the mivture wae wached with catuirated
EEV/LALYY LRIV WAULZINAL LW 1 UV L\:lllt[\dl“lul\t ALl Y1l Adwwidile VYA duliv g Ul Ul IILIALMIW VY AD VY GAOIIVAL VY LUl JdLlul A ivAs
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To a solution of the above residue in 6 ml of dry dichloromethane under argon was added 0.15 ml of dry
triethylamine and 50 pl of methanesulfonyl chloride, respectively, at -50 °C and the reaction te mperature was
gradually elevated to -10 °C under stirring for 11 hours. The reaction was then quenched with saturated
aqueous ammonium chloride and the mixture was extracted twice with ethyl acetate. The combined extracts
were washed with brine, dried over sodium sulfate and concentrated in vacuo to afford the corresponding
dimesylate.

To a solution of the dimesylate in 1 ml of acetone was added 0.1 g of sodium iodide and the mixture was
stirred at room temperature for 27 hours. The solvent was removed under reduced pressure and the residue

was chromatographed, eluting with hexane-ethyl acetate (2:1), to give 41 mg of 20 in 52% overall yield.
=) PO PUUES D | 1T, Ty S C 2 o no -
IR(fitm) 3300, 2930 cm™; H-NMR(270 MHz, \,uu3), 8 5.32(2H, m), 4.09(1H, d, J=10.25), 4.05(1H, s),
R OKI 11T YA ASY 2 SEA1ET ey A AL o A AGrRET A OEIAET o A BEIALE et
3.96(iH, d, J=10.25), 3.55(iH, m), 3.37(2H, m), 3.17(3H, s), 3.08(3H, m), 3.06(3H, s), 2.95(4H, m),

2.29(1H, m), 2.03(3H, m), 1.89-1.20(15H, m), 1.04(4H, m), 0.03(18H, s); "C-NMR(270 MHz, CDCl,), &
129.8, 129.5, 85.1,79.4,71.8, 64.5, 64.2, 50.3, 48.7, 47.8, 43.1, 38.0, 37.0, 35.1, 344, 29.9, 26.7, 26.5, 23.5,
22.4,203, 14.1, 10.6, 10.3, 6.1.

The macrocyclic compound 22, To

f-\]
v
e
5
2.
o
=
o
RN
L
=4

i xture was stirred al

dimethylformamide was added 4 mg (12.3 umol) of cesiu

nethy esulting m

) S
orated under reduced pressure and chromatographed, eluting with

hexane~ethyl acetate (3:2), to afford 4 mg of 22 in 82% yield. IR (ﬂlm) 2930, 1460 cm™'; "H-NMR(400 MHz,

AT

H, d, J'=10.26), 4.00(iH, s), 3.46(2H, m), 3.2i(4H, m), 3.i3(3H,
1, m),2

=

. 2.15(3H, m), 2.01(2H, m), 1.84(3H, m), 1.59(5H, m),
149(2H m) 131(3H m) 105(4H ,m), OO3(18H s); *C-NMR(270 MHz, CDCL,), & 133.2, 130.1, 79.6,
71.7, 61.0, 50.0, 48.4, 48.3, 47.5, 46.5, 449, 37.1, 32.9, 31.1, 274, 26.7, 26.0, 25.2, 23.1, 22.3, 16.5, 10.4,
10.3, -2.0; MS(M") m/z 742, 674, 608, 542, 503, 429, 371, 321, 225, 166, 99, 67.

The tetracyclic ABCE ring subunit I, To a solution of 5.5 mg (7.4 pmol) of 22 in 1 ml of dry THF

under argon was added 0.1 ml of tetrabutylammonium fluoride in THF (1.0 M) and the resulting mixture was
stirred under reflux for 4.5 hours and then cooled to room temperature. The solvent was removed under
reduced pressure to give a residue.

To a solution of the above residue and 50 pl of dry triethylamine in 0.7 ml of dry dichloromethane under

elevated to room

CivValtas W

’3
>
i3
3
@
]
"

the mixture was extracted twice with ethyl acetate. The combined extracts were washed with brine, dried
over sodium sulfate and concentrated in vacuo. The residue was separated on TL.C plate, eluiing with
hexane-ethyl acetate-methanol (5:10:1), to afford 1.6 mg of the subunit I in 57% overall yield. IR(film) 2950,
2860, 1700 cm™; 'H-NMR(270MHz, CDCL,), 8 1.24(3H, m), 1.38(1H, m), 1.53(5H, m), 1.81(6H, m),
2.02(3H, m), 2.54(1H, q, J=10.6), 2.73(1H, d, J=14.3), 2.89(2H, br, t, J=13.6), 3.10(3H, s), 3.15(3H, m),
3.31(2H, t, 10.3), 3.72(3H, s), 3.94(1H, s), 5.41(2H, m); "C-NMR(270Hz, CDCL,),  22.7, 23.0, 23.2, 24.6,
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26.3, 27.0, 29.7, 33.9, 34.0, 39.2, 41.4, 44.2, 47.5, 50.16, 50.22, 52.8, 54.7, 61.1, 78.2, 130.8, 132.9, 156.5.
HRMS(M") calcd. for C,,H,N,0, 376.2724, found 376.2724.

(18,125 ,5R)-4-Aza-4-(2-trimethylsilylethylsulfonyl)-12-hydroxytricycle{7.3.0.0<1,5> jdodecan-6-one

24 Py | 1C 19C EDVAA 2 rimethvisilvlethvisulfonv]-12-Gnethoxvmethoxv iricvelo
(&) ana {15,128 ,5R)-4-Aza-4-(2-tri NYiSuyieuiyisuiioayi )- 1 L~ MEmnoXymeétnoxy Ancycmw-

{7.3.0.0<1,5>]dodecan-6-one (25). To a solution of 1.78 g of pyridinium chiorochromate and 1.78 g of
sodium acetate in 15 ml of dry dichloromethane was added another solution of the crude 23, which was
prepared from 1.16 g (4.11 mmol) of 2B-acetoxy-lo-allyl-6a-hydro-98-methoxymethoxybicyclo[4, 3,
Olnonane in 5 steps, in 10 ml of dry dichloromethane slowly, and the resulting mixture was stirred at room
temperature for 2 hours. Ether was added and the suspension was filtered through a hyflo-supercell bed. The
filtrate was evaporated under reduced pressure to leave the corresponding ketone.

A mixture of the above ketone and 0.3 g of 10-camphorsulfonic acid in 20 ml of chloro

ernight and
washed with saturated aqueous sodium
vacuo to give the corresponding cyclic ene-sulfonamide.

To a solution of the above ene-sulfonamide in 20 mi of methanol was added 1.2 g of magnesium
monoperoxyperphthalate, and the resulting mixture was stirred at room temperature for 28 hours. Ethyl
acetate was added and the mixture was washed with brine, dried over sodium sulfate and concentrated in
vacuo to afford the crude corresponding epoxide.

A mixture of the above epoxide and 0.5 g of 10-camphorsulfonic acid in 20 ml of chloroform was stirred
at 50 °C for 14.5 hours. The solvent was evaporated under reduced pressure and the residue was subjected to

silica gel column chromatography, eluting with hexane-ethy! acetate (2:1) to provide 0.44 g of 24 and 0.32 g

nf I& 3 U and 10 wviald in Q ctang roacnan vl a enapntral data far Y4 TRFilm) 2200 2Q&N 1TAN ~mc!
VUl &J 1L JU Al 17 /U _)'l U kL 7 DWW lwpwuvux_y. LIV DA LIAl Uudla 11Ul &Y 11\\1“111} SIUY, LTIV, 1YV i,
1'7 YR ALY /AN L EYY__ e nYal BY S A DMN/TYIY N S OA/TYY T\ N L£C/1YIT iy A _a N oy B ~¢ & 3 s ¥-Fah A ¢ a T__ ™ NN

-NMR(270 MHz, k,uu,), 0 4.382(1H, s), 3.84(1H, s, br), 3.65(iH ,di, J=5.50, 7.59), 3.35(iH, t, J=7.52),
3.10(2H. m). 2.51(1H D EEr . ToOOR 1A AN T I ey B AE/GLT o, 12
3.10(2H, m), 2.51(1H, m), 2.21(1H, m), 1.89(8H, m), 1.55(dt, J=9.90, 13.2), 1.11(2H, m), 0.06(9H, s); °C-

NMR(270 MHz, CDCl) 5169.2, 65.8, 59.1, 520 49.3, 45.5, 41.7, 36.6, 36.5, 32.2, 29.1, 28.7, 9.6, -2.3;
HRMS (M*-H,0) calcd. for C,(H,,NO,SiS 341.1413, found 341.1479. The spectral data for 25: '"H-NMR(270
MHz, CDCL,), 35.00(1H, s), 4.72(2H, q, J=6.93), 3.70(1H, s, br), 3.54(1H, m), 3.40(3H, s), 3.36(1H, m),
3.18(2H, m), 2.50(1H, m), 2.23(3H, m), 1.79(3H, m), 1.61(3H, m), 1.15(2H, m), 0.05(9H, s).

To a solution of 0.3 g of 25 in 2 ml of methanol was added 20 mg of p-toluenesulfonic acid, and the

resulting mixture tirred at 0 urs. The was removed in vacuo and the residue was
rhramatnaoranhad alnting with havane_athul acetata (7:1) tna oive N 22 o nf I4 in RS9 viald
CHIOMaOZTapncG, Citing Wil niXanl-Culy: alliaiC \£.1 ), W0 BIVE V.20 g U1 &5 111 6270 YIGiG,

(1S,5K)-4-Aza-4-(2-trimethyisilylethyisuifonyi tricyciof7.3.0.0<1,5>Jdodec-ii-en-6-one (26). To a
solution of 0.5 g (1.39 mmol) of 24 in 10 ml of dry dichloromethane was added 0.48 ml of dry triethylamine
and 0.21 ml (2.79 mmol) of methanesulfonyl chloride respectively at -40 °C, and the temperature of the
resulting mixture was gradually elevated to room temperature under stirring for 7.5 hours. The reaction was
then quenched with saturated aqueous ammonium chloride and the mixture was extracted with ethyl acetate.
The combined extracts were washed with brine, dried over sodium sulfate and concentrated in vacuo to leave
the corresponding mesylate.
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}nndﬂr-?-mn in 15 ml of drvy

%7 FNRLANB W WAl ARE Akal J
henzene under aronon wae ctirrad at o far 12 hanre The enluant wae ram avad ae sadirnad meaccizee aed
uuuuu TR EpVEL YOS SHaAVU AL UV L UL 10 HVULS. 2O SUIVRLTL Wad 1MUY uiiaid ICUUl SO PIossulc ana
the residue was chromatographed, eluting with hexane-ethyl acetate (1:1), to afford 0.36 g of 26 in 76%

______ N NN AN

2
overall yield. IR(film) 3070, 2970, 1740 cm™; 'H-NMR(400 MHz, CDCI;): 8 5.84(2H, s), 4.31(1H, s),
63(1H, m), 3.45(1H, t, J=8.79), 3.18(2H, t, J=12.18), 2.73(1H, dd, J=8.81, 17.1), 2.53(1H, dt, J=4.86,
17.58), 2.31(2H, m), 2.11(1H, m), 2.01(1H, m), 1.84(3H, m), 1.14(2H, m), 0.06(9H, s); '*C-NMR(270 MHz,
CDClL), 8209.1, 133.7, 129.9, 61.2, 49.9, 46.5, 41.7, 38.1, 36.8, 36.6, 27.4,9.9, -2.13; HRMS (M*) calcd.
for C,;H,,NO,SiS 341.1562, found 341.1480.

(18,5R,6R)-4-Aza-4-(2-trimethylsilylethylsulfonyl)-6(methoxymethoxy)tricyclo[7.3.0.0<1,5>]dodec-
11-ene (27). To asolution of 0.15 (ﬂdA mmol) of 26 in

ene (27). ution g mmo

1.5 ml of methanol was added sodinm borohvdride

123 aUx SURELGLIL UVLIVILY Gl s

v CQatnrntad nmiianss
« Dalualiana aqucuub

ammonium chioride was added, and the mixture was extracted with ethyl acetate. The combined extracts
were washed with brine, dried over sodium sulfate and concentrated in vacuo to leave a residue.

A mixture of the above residue and 0.22 ml of diisopropylethylamine in 2.5 m! of dry dichloromethane
was cooled in an ice bath and 0.10 ml of chloromethyl methyl ether was then added. The resulting mixture
was stirred at room temperature overnight and quenched with saturated aqueous ammonium chloride. The
mixture was extracted with ethyl acetate and the combined extracts were washed with brine, dried over
sodium sulfate, concentrated in vacuo and chromatographed, eluting with hexane-ethyl acetate (2:1), to give
0.16 g of 27 in 94% overall yield. IR(film), 3050, 2950, 1450 cm™; '"H-NMR(270 MHz, CDCL,), 8 5.77(2H,

Y AT A T=-1A8Y 2Q1(1HH mY 287MHE mY T/RMH 3 221(TH m) 201 mY 2 ANTH Ad
3), *r. /U &rl, G, J=1.UJ), J3.01 111, 10, J.J7\&l1, Ly, 5.50\J11, d5j, J.J1\J11, i), J.Vvi\J11, Ilij, 2.57u 111, U4,
YT ™ NN 10O 18N\ ~ 10O/ANYTY Y 1 NA 1 ENsYY o=} 1T NE/NLEF .\ N NA/NHYY =1\ ]3h RIRATI /7Y 7/ R AT XN ral aYal I o™
J=IYL, 18.10), Z.108(41, M), 1.Y74-1.0U0(061, M), 1.Ualan, Iy, VUM 7L, ), LU-INIMIKR(Z/U VIOZ, L), O
1358, 129.3, 95.7, 76.8, 67.0, 56.8, 55.3, 48.8, 46.5, 40.7, 36.9, 34.7, 25.5, 22.6, 10.0, -1.8; HRMS(M*)

[(1S,5R,6R)-2-(2-Acetyloxyethyl)-7-aza-7-(2-trimethylsilylethylsulfonyl)-5-(methoxymethoxy)-
bicyclo[4.3.0lnonylJmethyl acetate (28). A solution of 0.2 g (0.52 mmol) of 27 in 3 ml of dry
dichloromethane under argon was cooled to -78 °C and ozone was then introduced at this temperature until

under reduced pressure to give the corresponding ozonide.

To a solution of the above ozonide in 3 ml of methanol was added sodium borohydride in batches at 0 °C
~ room temperature until the ozonide was reduced totally. Excess amount of sodium borohydride was
decomposed by addition of saturated aqueous ammonium chloride and the mixture was extracted with ethyl
acetate. The combined extracts were washed with brine, dried over sodium sulfate and concentrated in vacuo
to provide the corresponding diol.

To a solution of the above diol and 0.7 ml of dry triethylamine in 7 ml of dry dichloromethane were
added 34 mg of 4-dimethylaminopyridine and 0.35 ml of acetic anhydride, respectively, at -40 °C, and the

resultineg mixture was stirred in an ice bath overnight. Saturated agueous ammonium chloride was added and
esulting mixture was stirred n an ice bath overnight, Saturated aqueous ammonium chlonde was agged angd
the mivhire was extracted with athyl acatata The comhbined extracts were wached with hrina dried aver
WIU HIHALULIL Wwad CAlilavitau wildl Ltilyl aviuiatlu LRI VULLIULIGAL VALLAVA D W LLlLw W ADLINVAL VY IUL Ullliv, Ulivu Uvud
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sodium sulfate. concentrated in vacuo and chromatooranhed elutino with haxvane-athul acatata 21\ tn affaed

) FENIIIISISSAS Srs FRSLAAY SaiR M VLAGILLAG AV, VIUUILE WWilA LUVARUMVTVUWLIY I GLLMGIL (4. 1 J, W aliUlu
015 o nf 1 diaratate I8 in SR nvarall vield TR Ffilm) QRN 174D el ILT ARAID /AN RAYT. ATy €
Vedos £ VI MR Wialtiai &0 0 SO0 Uvilall yICiU. UKL 270U, 175V LR, -V L /U ILIZ, UILALL), O
A L1NNT . Y_L£VYIN A NO A NIEIT .\ 2 LONTT .\ " Yy rr \ ' ~ -~ -
4.01(e11, §, 0.4/ ), 4.20-4.05{Jn, m), 2.00(<0, mj,

2.03(3H, s), 1.89-1.30(9H, m), 1.03(2H, m), 0.02(9H, s) “C-NMR(270 MHz, CD
72.1,63.7, 62.5,62.2,55.2, 47.5,47.1, 47.0, 34.3, 30.4, 29.5, 25.3, 21.0, 20.9, 9.9, —0.18, HRMS(M ~AcOH)

calcd. for C, 0 H,,NO,SiS 447.2108, found 447.2053.

e

[(1S,6R)-2-(2-acetyloxyethyl)-7-aza-7-(2-trimethylsilylethylsulfonyl)-S-oxobicyclo[4.3.0lnonyl}-
methyl acetate (29). To a solution of 12 mg (23.7 umol) of 28 in 1 ml of dichloromethane was added 0.1 ml

of trifluoroacetic acid and the resulting mixture was stirred at room temperature for 2 hours. The reaction was

quenched with saturated aqueous sodium bicarbonate and the mixture was extracted three times with ethyl

anatatsa Tha U I Y S Y were srrncthad svrrtthh lhedona  Audad ~vran o~Adiivees oszl PRI S
accidic. 1nc COMuIiilCa eXiraCls wei'€ wasnea will orine, arica Over SOdiuin Suil: €nire LBU in vacuo

=
&
gl
=
cu
@]
El

to give a residue,

A solution of 30 pul of oxalyl chloride in 2.0 ml of dry dichloromethane under argon was cooled to -78 °C
and 48 pl of dry dimethyl sulfoxide was then added. The resulting mixture was stirred at -78 °C for 30
minutes and another solution of the above residue in 1.5 ml of dry dichloromethane was added and stirred for
an additional 30 minutes at -78 °C Next, 102 pl of dry triethylamine was added and the reaction mixture was
stirred until the temperature of the cooling bath was elevated gradually up to -30 °C. The reaction was
quenched with saturated aqueous ammonium chloride and the mixture was extracted twice with ethyl acetate,

ULIIIVIIIUILL LT UL 1111 CALL Lyl dbbidly

The combined extracts were washed with brine, dried over sodium sulfat
eg t orm g over sodium § {

residue was purified on TLC plate, eluting with hexane-ethyl acetate (1:
overall yield. IR(film) 2950, 1740 cm™; 'H-NMR(270 MHz, CDCl3 4.36(1H, s), 4.26-4.05(4H, m),
3.66(1H, dt, J=9.57, 8.24), 3.48(1H, m), 3.03(2H, dd, J=7.59, 10.23), 2.52(2H, m), 2.12(3H, s), 2.05(3H, s),
2.03(2H, m), 2.01-1.59(5H, m), 1.12(2H, dt, J=7.26, 8.91), 0.07(9H, s); "C-NMR(270 MHz, CDCL,), &
208.5, 170.5,170.2, 69.7, 65.6, 62.2,52.1, 49.2, 46.7, 39.7, 37.3, 34.6,29.3, 25.7, 20.8, 10.2, -0.18; HRMS

(M*) calcd. for C,)H,,NO,SiS 461.1902, found 461.1949.

[~<]

’

(65,2R)-9-Aza-9-(2-trimethylsilylethylsulfonyl)-5-[2-(methoxymethoxy)ethyll-6-[ (methoxy-

methoxy)methyl]-2- prop-2-enylb1cyclo[4 3.0]nonan-2-ol (15)

-
[
-]

3
Ln

hution of 70 mg (0.15 mmol) o 78 °C and 0.38 ml
(0.75 mmol) of allylmagnesium chioride in THF (2 M) was then added slowly. Afier the resuiting mixture
was stirred at -78 °C for 1 hour, saturated aqueous ammonium chioride was added and the mixture was
extracted three times with ethyl acetate. The combined extracts were washed with brine, dried over sodium
sulfate and concentrated in vacuo to leave a residue.

To a solution of the above residue in 3 mi of dichloromethane in an ice bath were added 0.23 ml of
diisopropylethylamine and 0.1 ml of chloromethyl methyl ether and the resulting mixture was stirred at room

temperature overnight. Saturated aqueous ammonium chloride was added and the mixture was extracted

twice with ethyl acetate. The combined extracts were washed with brine, dried over sodium sulfate,
concentrated in vacue and chromatoeranhed, elutine with hexane-ethvl acetate (1:1) to provide 40 mo of 15
1G CNIo rapned, eiuting with hexane-ethy! acetate (1:1), to provide 40 mg of 1>
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give colorless needles. mp. 92-3 °C; IR(film) 3500, 3050, 2950 cm”; "H-NMR(270 MHz, CDCL), §
SR6(1H m) § 1202 A T=707 1485 ARYMMH Y\ AANILT o) 2LLIH o) 2 &I/ALT ) 2 20/2LT o)
VOV 223y 338)y Jrdd\LkEy Wy T 0Ty ATOT ), TUL\LERy Oy TUUNLILL, D)y J.O0\ LI, 3 ), J.Jéi’ T, Lj, 2.2O0 11, ¥},
3.35(3H, s), 3.29(2H, m), 3.02(2H, m), 2.36(2H, m), 2.08(2H, m), 1.91(4H, m), 1.42(3H, m), 1.10(2H, m),

0.06(9H, s); '*C-NMR(270 MHz, CDCi ,), 0133.3,118.0,96.4,95.8, 73.0, 69.2, 65.8, 64.8, 55.1, 54.6, 48.6,
47.6,47.0,45.9, 33.1,32.7,29.8, 28.9, 20.0, 9.5, -2.5; HRMS (M") calcd. for C,,H,[NO,SiS 507.2683, found
507.2766. Crystal data for 15 (C,;H,/NO,SiS) are as follows: monoclinic, P2,/a, a=11.626(3), b=8.078(4),

c=30.408(4) A, B=92.00(2)°, V=2854.0(16) A3, Z=4, R=0.083 for 2902 reflections.

This research was financially supported by a Grant-in-Aid from the Mmistry of Education, Science and
Culture which is gratefully acknowledged. We are also indebted to the Fujisawa Foundation for a fellowship
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