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Abstract: Suitable functionalization of the vinyl group of quinidine (1a) allows cyclization imolving
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[2.2.2)octane framework. TIPS-triflate mediated cyclization of hydroxyaldehydes 13a and 15b to silyla-
ted tricyclic hemiacetals 14 and 16 is superior to an intramolecular Sy2-approach, especially for the
formation of 7- and 8-membered rings. © 1998 Elsevier Science Ltd. All rights reserved.

Introduction. Cinchona alkaloids and their derivatives are used for ligand accelerated catalysis (LAC) in a
variety of enantioselective reactions, as in the asymmetric dihydroxylation (AD) or asymmetric aminohydroxy-
lation (AA) of olefins."” One aspect of their utility is their bidentate nature which allows optimal binding to
transition metals.’ Twisting of the azabicyclo[2.2.2]octane moiety is known to influence binding of the basic
bridgehead nitrogen to metal d’ oxo species such as 0s0..* We have therefore synthesized a series of oxaza-
twistanes and higher twistanes of the monohomo and bishomo type. These compounds are diastereomerically

ure and conformationally and configurationally defined. They also contain a strained medium ring ether subunit,

which we introduced in the final step of the synthesis.

Results. A useful first step in the preparation of metabolites of quinidine turned out to be the reaction of

quinidine with fuming (62%) HBr.” The secondary epimeric bromides 2a and 2b are the major produc
surprise, an inseparable mixture of tricyclic ethers 3a and 3b was formed also, but in low yield (< 10%). The

ethers proved to be very polar and were easy to overlook, since on chromatography they hardly moved from the

* Email: hoffmann@mbox.uni-hannover.dc
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baseline. We thought it desirable to develop a more rational and efficient route to these ring ethers with a view to

Nx N~ Ny Ny~
3a R=0Me 3b R =0OMe 2a R=0OMe, X=Br 2b R=0Me, X=Br
3c R=0OH 3d R=0OH 2c R=0H, X=1 2d R=0H, X =1
3¢ R=H 3f R=H 2e R=H, X=1 2f R=H,X=1

Scheme i. Quinoline substituted homo-oxazatwistanes and halogen derivatives of quinidine

Exploratory work on quinidine 1a with HBr generated in sifu gave the tricyclic ethers 3a (47%) and 3b
(10%) under optimized conditions (Table 1, entry 7). A change to HI (Table 1, entry 8) pmvided a complex

airitng et el tha 4 athnce 2a and 2k kot alon e C6 - R
taining not only the desired ethers 3a and 3b, but also the C6'- hydroxy quinolines 3¢ and

3d and the secondary epimeric iodides 2¢ and 2d.

Homotwistanes Halogenated Alkaloids
Alkaloid Entry Reaction Conditions 3a-f (Yield [%]) 2a-f (Yield [%])
I HCI (37%), 25 °C, 3 d - -
2 H,S0, (98%), 25 °C, 3 d 3a, 3b (14)
™M 3 HBr (48%), 25°C, 4d - 2a,2b (18)
] A 4 HBr (55%), 25 °C, 3 d - 2a,2b (34)
N MNE N/ o
R 5 HBr (62%), 25 °C, 4 d 3a (10), 3b (2) 3a (50), 3b (31)
M ia 6 HI(57%),25°C, 3d - 2¢, 2d (13)
7 KBr, H;PO,, 100 °C, 3d 3a (47), 3b (10) -
8 KI, H;PO,, 100 °C,3d 3a, 3b (32); 3¢, 3d (15) 2¢, 2d (13)
9 Nal, TMSCI, H,0,25°C,6h - -
10 Pd(OAc),, Cu(OAc),, 05, MeOH, 25°C, 4d — -
11 Hg(OAc),, HOAc, NaBH,, NaOH, 25 °C,3d - -
) OH/I
|
I\r)\|'\\‘H\[N? 12 Ki, HsPO,, 100 °C, 24 1 2e, 2 (29)
N
1b
H
oM N
| ¢ B.r>\\t
N oM 13 NaH, THF, 0 °C — r.t,, 2 d; NaHCO;, H,0 {3a(51)] -
AN~ 14 AgBF., THF, 0°C > rt, 4 h; EtN, KI, MeOH | 3a (64) -
NV N4
2a
We were pleased to find that the NaH-assisted cyclization of hydroxy bromide 2a proved to be

stereospecific, affording just one diastereomerically pure tricyclic ether 3a in satisfactory yield (51%) (entry 13).
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Due to a stronger activation of secondary bromide 2a, a change of reaction conditions (AgBF,, THF, entry 14)
1a

conversion of 2a into 3a was again stereospecific, Sn2 like (Scheme 2). Leakage into epimeric ether 3b was not
observed. Furthermore, although conformationally constrained y-aminobromide 2a has been reported to undergo

—> r.t., 4 h; iv, EN, KI, MeOH, v, NaH, THF, 0 °C —» r.t., 2 d.

Scheme 2. Reagents and conditions: i, HBr (62%), 3 d, r.t.; ii, KOH (25%), NaHCO;; iii, AgBF,, THF, 0 °C

3

accessible isoquinidines’ £-4 and Z-4 with HBr generated in situ, obtaining § as a major product (53%). Diol 6

was a byproduct, which was probably formed on aqueous workup (Scheme 3). The 7-membered ring 3a was not

First approach to oxazatwistanes '

CHMe

4(EZ=11)

6 (17%)

Trm

1 I

Scheme 3. Reagents and conditions: /, KBr,
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In a completely different approach we investigated the protection of rubanone 7 with silylating agents.”

Treatment with TRDS-chloride afforded the ex
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corresponding trimethylsilylated rubanone 9a. However, a change of silylating agent fro
ru

more hindered Me,Bu'SiOTf gave O-silylated rubanone 9b as a minor product only (14%). The major product

in fact, the oxazatwistane 8b (68%), which ca
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sterically even more hindered Pri3SiOTf (TIPS-triflate) gave no silylated product at all, but tricycle 8c in 88%
yield (Table 2).

Second approach to oxazatwistanes l

8a-c 9a-c

-~

o H-A..-. e ~ N g ~

Scheme 4. Reagents and conditions: 7, R3Si0Tf (1.3 eq), 2,6-lutidine (2.0 eq), CH,Cl,, 0 °C

Both the silicon counterion (chloride vs. triflate) and the nature of the trialkylsilyl group influence the

position of ring-chain tautomerism of rubanone 7 and its azaglycosidic subunit, as it appears in 8b and 8c. A

(=4

P b P D L
as nign Lewis aciaity

S S, B,
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Y 101 EClClallnng Lic
oxazatricyclic cage. The very bulky triisopropylsilyl group is forced onto the periphery of the molecule, giving

oxazatwistane 8¢ in excellent yield.

Table 2. Reaction of Unprotected Rubanone 7 with Silylating Agents

SiR; Oxazatwistane  Yield [%]  Protected Rubanone  Yield [%]
SiMe; 8a 0 9a 72
SiMe,Bu 8b 68 9b 14
SiPr'; 8¢ 88 9¢c 0
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ketones by ionic hydrogenation under aprotic conditions.® In this case simple Me;SiOTf, in the presence of

Et;SiH as hydride ion donor was successful. By comparison, bicyclic 8-hydroxy ketone 7, on treatment with

any case, expulsion of silanoxide from azaglycoside 8b and 8¢ would have to generate a bridgehead carbocation

which is assumed to be unstable.
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Homo-oxazatwistanes: Second approach
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OMe ) OMe o % 4
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10a R = Ac 11a (10-9)
11b (10-R)
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Pr
Si-p
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Scheme 5. Reagents and conditions: i, OsO; (cat.), K,COs, K;3[Fe(CN)], 'BuOH‘/ H,O (1:1), RT, 4 h; i,
NalO,, CHxCl,, SiO,, H,O, RT, 1 h; iii, K,COs, MeOH, 20 min, RT; iv, Pr;SiOTf (1.3 eq), 2,6-luti-
dine (2.0 eq), CHyCl,, 0 °C —» 25°C, 14 h.

We extended the approach outlined in Scheme 4 to the synthesis of homo-oxazatwistanes (Scheme 5). The
required aldehyde 13a had to be epimerically pure with respect to carbon C3. It was eventually obtained by an

optimized two-step route from acetylated quinidine 10a.

Table 3. Optimized Conditions for Preparation of Rubane Carbaldehyde 12a

Entry Reaction Conditions” Yield [%]  Ratio of 12a and epi-12b [%)]
1 Mn0,, CH.Cl,, r t. 0 -
2 Pb(0OAc)s, xylene, 1.t. 58 5050
3 Hl0,, H:0, 0°C 0 -
4 0s0,, NalO, THF, H,0, rt’ 74 50: 50
5 ("Bu),NIO,, CH,Cl, .t 78 80:20
6 NalQs, HOAc, rt. 80 55:45
7 NaIO4, HZO, CH;C],Z, r.t.f 85 50 ;50
8  NalQ, Si10,, CH,Cl, 1.t 81 88:12
9 NaIO4, Sio'z, HQO, CH2C12, r.t. 89 >05:5
“Reaction t‘.me 30 mm; startir" materia!: 1:1 mixture of diastereomeric diols 11a and 11b.

0a. “Starting material: deprotected triol 11-OH
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Dihydroxylation of 10a under two-phase conditions” furnished a 1:1 mixture of epimeric diols 11a and
11h Peraedate C]eauanp under standard and other conditions invariably nrovided an enimeric mixture of nibane
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carbaldehydes 12a and 12b (Table 3, entries 1 - 7)."” For the preparation of epimerically pure acetylated alde-
hyde 12a it was crucial to first coat wet silica gel with NalO4 and then add the diol at room temperature.'’ In this
K,CO; provided e-hydroxyaldehyde 13a. TIPS triflate promoted cyclisation furnished the desired silylated
hemiacetal 14 with defined configuration of carbon C-10 (41% yield). As shown in Scheme 7 the bulky silyloxy

oroun adonts the exocvclic nosition. awav from the tricvclic cace
ot Yy GLUPES URU LADLYLAL PUSIEUIL, aivay MOLLRUL AL URL bagt.
h
Synthesis of bishomo-oxazatwistanes I
IR
OILH IN.Pr
oM T Phpy
e
o l 10853 H . oMe 2 1o
i, di iv ~
10b R=TBDS 7?’ i = OR | ?D/—l' x O‘ﬁj
(]
v .\\‘K[N? ] \M \7
N | ‘ Z I.‘\ H N
NI BH3 N “ I i
15a R=TBDS— . _. 16
15b R H 4_1 "l %470
Scheme 6. Reagents and conditions: i, BH; (4.0 eq), THF, 0 °C, 6 h (97%), /i, PCC/S10,, CHxCl,, 0 °C — 25
°C, 5 h (76%); iii, TBAF, THF, 10 h, RT; iv, Pr;SiOTf (1.3 eq), 2,6-lutidine (2.0 eq), CH,Cl,, 0 °C
\ NE OM 1A 1.
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In order to test our cyclization methodology we converted TBDS-protected quinidine 10b via hydro-
boration and PCC/SiO,-mediated oxidation'” into the homologous aldehyde 15a followed by a TBAF deprotec-
tion. Even in this case the eight-membered hemiacetal 16 was formed (21%). The conventional Sx2-approach to
the corresponding eight membered ring, analogous to the preparation of seven-membered system (2a — 3a) was

not successful,

Spectroscopic investigation of oxazatwistanes and their homo-analogues. Conformational analysis of

Cinchona alkaloids has been undertaken to elucidate their catalytic and chemical properties.”> In our studies,

nnnnnnnn 1 amd A a
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ined by NOE, 'H NMR and “C NMR
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spectroscopy. The configuration at carbon C10 in monohomotwistane 3a was established by NOEs H10-H3

(3.9%) and H10-H11 (5.8%). Conﬁrmatory evidence was provided by *J (H3-H10) coupling (2 Hz). In epimer

AL o rroar Aiens Amzinlin A
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whereas in 3b a simple quartet was observed. The calculated coupling constants *J (H3-H10) (4 Hz) and °J (H3-

H1l) (6 Hz) in 3a were in agreement with the obtained coupling constants. In homotwistane 14 the



(_‘Qnﬁ_gura_hon at C10 was established similarlv. NOEs of H10 wit 2 . (549%) HO (4 79 and H3 (7 0/
Qiiy. LA WL ARAV VYauL dldendo \V-TA/0), 07 \T.7/6) Al 135 (J.J370)
show that H10 points to the inside of the tricyclic cage (Scheme 7).
a:19.6% Hac 1! a: 19.6%
b:12.1% 34 b:12.1%
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Scheme 7. NOE analysis of tricyclic Cinchona alkaloids

In addition, all four cage compounds 5, 8b, 3a and 14 feature strong NOEs of H5" with H9 (158 to
19.6%). In the case of homotwistane 14 a strong NOE between H3 and H7 (8.3%) was observed, too. Both
NOEs elucidate the horizontal position of the 6-methoxyquinoline qroup (Scheme 7) resulting in an anti
conformation. Necessarily, the conformation in the rigid oxazatwistane system is open. The horizontal position
can be explained by reduced rotational mobility about the C4'-C9 single bond, due to the sterically demanding
6'-substituted quinoline group attached to the tricyclic moiety. Because of the proximity of C9-alcohol and C3-
carbonyl functionality in the anti-open conformation (Scheme 8), precursor 13a (Scheme 5) is well set up for the
observed cyclization. Therefore, the anti-open conformation of carbonyl precursor 13a is frozen in the tricyclic

cage.

N 3 OMe o
\\/\
OMe
syn-closed syn-open anti-closed anti-cpen
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OE analysis we present diagnostic spectroscopic data of our Cinchona twistanes
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Table 4. Characteristic Spectroscopic Data of Cinchona Twistanes

Cinchona Twistane 8 H-9 5 C-9 5 C-0-C9 M [%]
3a 6.05 79.08 72.54 100.0
5 6.03 72.87 78.27 774
8b 5.98 74.45 102.21 66.6
8¢ 6.08 74.03 99.18 715
14 6.12 73.66 99 47 17.8
16 6.59 70.27 90.33 1.4

Of the various oxazatricyclic cages we have prepared the parent oxazatwistane 8¢ was formed in the

highest yield. MM2 calculations suggest that the increase in strain on going from 8¢ to homologous 7-membered

system 14 is moderate [AE(14) - AE(8¢) = 5.6 kJ/moll. Accordingly. the homotwistane system 14 was accessible
Jﬂl\/lll AT 1J LIV UWI UL LL_\J—II‘L"I'/ ’—-“—/‘\V‘Jl ~ L AN lllvlJ £ lvvvlulllélj’ Vidw LIVILIAVU VYV AU VAW UJ WEWIiE ATE YV U IVVWOUIVIW
in good yield (28% from quinidine over 5 steps, Scheme 9). However, formation of the 8-membered ring 16 is

Whereas the classical Sn2 approach to the bishomotwistane system 16 failed, TIPS-OT{ mediated cyclization (cf
also ref. 8) appears to be of general preparative utility (21% in the final step).
o o
) ITI r'r\ 3 P'J
OSiPr; Si-p Sl

Oy OMe ? W oMe ©

“ I y ( N _.:

N Nb ) ¢ H o

- H L/, | i
\\L_/Z : \(/ AL N/ = ‘\V\[N\/
o H N \” H I H
HaC -~ s Nx
8c 14 16
14
AE(14) - AE(8¢) = 5.6 k)/mol'*  AE(16) - AE(14) = 13 .8 kJ/mol
Tricyclic Hemiketal Steps from Quinidine Total Yield [%]
8c 7 47
14 5 28
16 5 8
Scheme $. Synthesis of Cinchona twistanes from quinidine
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EXPERIMENTAL

General. Melting points were determined on a Bichi apparatus and are uncorrected. — Infrared spectra
were recorded on a Perkin-Elmer 1710 infrared spectrometer. — '"H NMR and *C NMR spectra were recorded
on a Bruker AM 400 spectrometer in deuterated chloroform unless otherwise stated, with tetramethylsilane as
internal standard. -~ Mass spectra were recorded on a Finnigan MAT 312 (70 eV) or a VG Autospec
spectrometer — Microanalyses were performed in the Department of Organic Chemistry of the University of
Hannover. — Preparative column chromatography was performed on J. T. Baker silica gel (particle size 30 - 60
pum). — Analytical TLC was carried out on aluminum-backed 0.2-mm silica gel 60 Fas4 plates (E. Merck). — DMF
was dried over BaO, distilled over calcium hydride under reduced pressure and stored over 4A molecular sieves
THF was distilled over sodium and benzophenone before use. Ethyl acetate (EA), methanol and methyl #-butyl
ether (MTBE) were distilled before use. — Compounds 4 and 7 were prepared as described previously.>'*'¢

Preparation of Halogenated Alkaloids 2a-d and Homotwistanes 3a-d. Method A. To conc. HBr (62%, 5
ml) was added quinidine (1.0 g, 3.1 mmol) portionwise at 0 °C. When quinidine had been dissolved completely
the cooling bath was removed and the reaction mixture was stirred for 4 d at r.t.. Then water (5 ml) was added
and the mixture was neutralized with aa. KOH solution (7§/n nerﬁmnr 30 ml/h). The eou!
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was added to HBr (45"/0, 5 mi) at 0 °C. After removal of the cooling bath the mixture was stirred for 3 d at r.t.,

then water was added (5 mi). Aqueous KOH solution (25%) was added until pH 10 was reached. The aqueous
phase was extracted with CHCls, the organic layer dried (MgSO4) and purified by chromatography
(MTBE/MeOH, 5:1) to give the bromo derivative 2a and 2b in low yield (74 mg, 18%). Method C. Quinidine
(324 mg, 1.0 mmol) was added portionwise to a solution of KI (498 mg, 3.00 mmol) in H;PO4 (85%, 5 ml) at O
°C. The mixture was stirred for 30 min at r.t. and then for 3 d at 100 °C. After being cooled to r.t. the mixture
was treated with aqueous KOH (25) until pH 10 was reached. The aqueous layer was extracted with CHCl; and
the combined organic layers were washed with sat. aq. NaHCO; solution, dried (MgSO.) and chromatographed
(MTBE/MeOH, 5:1) to afford 2¢ and 2d (68 mg, 15%), 3a/3b (4:1) 104 mg, 32%) and 3c (46 mg, 15%).
Method D. Quinidine (324 mg, 1.0 mmol) was added portionwise to a solution of KBr (354 mg, 3.00 mmol) in
conc. H;PO, (85%, 5 mi) at 0 °C. The mixture was stirred for 3 d at 100 °C. After being cooled to r.t. the
mixture was treated with aqueous KOH (25%) until pH 11 was reached. The aqueous layer was extracted with
ombined organic phase was washed with sat. aq. NaHCO; solution, dried (MgSQO,) and

oA (98‘3/9 2 mi) slowly at 0 °C. The

y n F - -
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homogeneous mixture was stirred for 3 d at r.t. and then neutralized with ag. KOH solution (25%, perfusor, 30

1Y Tl srimmiin mhagn siraa averamtad el LT . < .

ni/h). The aqueous phase was extracted with CHCls, the organic layer dried (MgSQOs) and chromatographed to

(]

afford 3a/3b (45 mg, 14%). Method F. To a suspension of dry, fine-powdered AgBF, (194 mg, 1.0 mmol) in
THF (3 ml) was added 2a (202 mg, 0.5 mmoi) in THF (2 mi) under argon at 0 °C. The mixture was stirred for 4
h at r.t. under exclusion of light. The excess HBF, was destroyed with EtsN (0.13 mi, 1.0 mmol) and Ag" was
precipitated with KI (200 mg, 1.2 mmol). The salts were filtered off, the residue washed with EA and MeOH
and the combined organic layer was dried (MgSO;). Chromatography (EA/MeOH, 7:1) yielded 3a (103 mg,
64%). Method G. To a suspension of NaH (24 mg, 1.0 mmol) in THF (3 ml) was added 2a (202 mg, 0.5 mmol)

in THF (2 ml) at 0 °C. The reaction mixture was stirred for 2 d at r.t.. Water was added and stirring continued
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fo 30 min The aqueous pnase was extracted with pnu;, the orgamc 1ayer dried uwgbu4 ) and purmea by

a0/

water was added (5 mi). Aqueous KOH solution (25%) was added until pH 10 was reached. The aqueous phase
was extracted with CHCL;, the organic layer dried (MgSO4) and purified by chromatography (MTBE/MeOH,
5:1) to give the iodo derivative 2¢/2d in low yield (59 mg, 13%).

(8R, 98, 10S)-10-Bromo-10, 1 I-dihydro-6 -methoxy-cinchonan-9-ol (2a) and (8R,9S,10R)-10-Bromo-10,
1 1-dihydro-6 "-methoxy-cinchonan-9-ol (2b). Data for 2a, [op]™ = + 223.75° (¢ 1.12, CHCL). IR (KBr) v 3420,
2928, 2852, 2544, 1620, 1592, 1508, 1460, 1432, 1392, 1328, 1240, 1132, 1100, 1024, 716 cm™'; '"H NMR
(400 MHz, CDCl;, CDsOD) & 8.62 (d, J =4 Hz, H-2"), 7.91 (d, J = 9 Hz, H-8"), 7.60 (d, . = 4 Hz, H-3"), 7.21
(dd, J = 2, 9 Hz, H-7"), 6.89 (d, J = 2 Hz, H-5"), 6.43 (s, H-9), 4.53 (m, H-10), 433 (m, H-8), 3.62 (s, 3
H-117), 3.50-2.90 (m, H-2.d0, H-2x0, 2 H-6), 2.30-2.06 (m, 2 H-7, H-4), 2.01 (d, J = 6 Hz, 3 H-11), 1.80-1.60
(m, 2 H-S), 0.99 (m, H-3); ®C NMR (100 MHz, CDCl;, CD;0D) § 158.09 (C, C-6"), 147.18 (CH, C-2'),
146.93 (C, C-10), 143.90 (C, C-4"), 131.40 (CH, C-8"), 126.18 (C, C-97), 122.46 (CH, C-7"), 118.69 (CH,
C-3%), 100,77 (CH, C-5%), 70.16 (CH, C-9), 59.81 (CH, C-8), 56.52 (CH;, C-117), 54.40 (CH, C-10), 50.64
(CH,, C-6), 49.71 (CH;, C-2), 45.72 (CH, C-3), 25.65 (CH, C-4), 25.42 (CH;, C-11), 25.29 (CH, C-7), 18.78

222, il £2.90 i, w113, L2102,

(CH,, C-5); MS (200°C) m/z 406 (M", 1), 404 (1), 326 (3), 325 (9), 324 (25), 283 (5), 201 (3), 189 (23), 174

(6), 173 (14), 172 (9), 160 (8), 137 (17), 136 (100), 117 (9), 95 (7), 82 (11), 81 (19); HRMS caled. for
\U,, 17 \ 7], L 7 e \/’, P A \UI, R \l l/’ R \ l’ \ S \ll’ e \lll’ S 8 \A/” AAAA N WL AVI
COIT N MO Re ANA 1070 Fannd ANA 1NQ5 Anal Caled A CO. T NORe 5010 HAD N A QT fannd
U0LI251IN2J/201. FGUUL LU/ 7, 1TUULIU TUULLIUZJ. Aual. Calbvu, 1UL U0LI251N U211, U J 7. 07, 11 U.&4J, 1IN U 75, 1uuliu ©
CAAN TT £ 11 N £ QF TMuata far A e 109 O 7 dan i N T 120 — L 11Q@ 7240 £ N SAL OCLICTY TR /DA

574U, n 0.11, IN 0.00. vaia 101 4«0, Mip 1vz "L (QeComp.), [Up} T 110,54 (€ U.O40, Liviz). IN (RDI) ¥V
3420, 2928, 2852, 2544, 1620, 1592, 1508, 1460, 1432, 1392, 1328, 1240, 1132, 1100, 1024, 716 cm‘l; 'H
NMR (400 MHz, CD;0D) 6 8.59 (d, ./ = 4 Hz, H-2"), 7.90 (d, / = 9 Hz, n-zs) 7.65 (d,J =4 Hgz, H-3"), 7.30

(dd, J = 2, 9 Hz, H-7'), 6.98 (d, J = 2 Hz, H-5), 6.41 (s, H-9), 4.63 (dt, J = 1, 6 Hz, H-10), 4.15 (m, H-8),
351 (s, 3 H-11"), 3.45-2.95 (m, H-2en40, H-2exo, 2 H-6), 2.57 (m, H-4), 2.30-2.00 (m, 2 H-7), 1.80-1.60 (m, 2 H-
5), 1.62 (d, J = 6 Hz, 3 H-11), 1.02 (m, H-3); "C NMR (100 MHz, CD;0D) & 158.42 (C, C-6"), 147.36 (CH,
C-27), 147.18 (C, C-107), 14393 (C, C-4"), 131.40 (CH, C-8), 126.18 (C, C-9), 122.09 (CH, C-7'), 118.34
(CH, C-3%), 100.61 (CH, C-57), 70.16 (CH, C-9), 59.73 (CH, C-8), 56.52 (CH,;, C-117), 51.03 (CH,
C-10), 50.34 (CH,, C-6), 49.71 (CH,, C-2), 45.72 (CH, C-3), 25.65 (CH, C-4), 25.42 (CH;, C-11), 25.29 (CH,,
C-7), 18.78 (CH,, C-5); MS (200°C) m/z 406 (M", 1), 404 (1), 326 (3), 325 (9), 324 (25), 283 (5), 201 (3), 189
(23), 174 (5), 173 (14), 172 (9), 160 (8), 137 (17), 136 (100), 117 (9), 95 (7), 82 (11), 81 (19).
(8R,9S, 10R)-10,11-Dihydro-9, 10-epoxy-6 -methoxy-cinchonane (3a) and (8R,9S,10S)-10,11-Dihydro-
9, 10-epoxy-6 -methoxy-cinchonane (3b). Data for 3a, mp 118 °C (decomp.). IR (KBr) v 3072, 2932, 2876,
2544, 1620, 1592, 1508, 1475, 1380, 1232, 1192, 1168, 1132, 1100, 1032 cm_l 1HN]\/IRMOO MHz, CDCl) &

5

875 (d, J = 4 Hz, H-2"), 8.05 (d, J = 9 Hz, H-8"), 7.65 (d, J = 4 Hz, H-3"), 7.39(dd, J=2,9 Hz H-7"), 7.36

7Y\, v 134, 2:74 ), O e, 12£, 2% ey, 1, L1

d,J =2 Hz, H-5), 595 (s, H-9), 4.26 (dg, J - 2, 6 Hz, H-10), 3.97 (s,3 H-11"), 3.74 (d, J = 15 Hz, H-Zendo),
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H-2cndo (2.8); H-9 irraaiated; H-10 (3. .
(2.9); ®C NMR (100 MHz, CDCl;) & 157.89

C-4), 131.61 (CH, C-8), 126.03 (C, C-97), 120.93 (CH, C-7), 117.55 (CH, C-3’ 1
(CH, C-9), 72.62 (CH, C-10), 62.16 (CH, C-8), 55.94 (CHs, C-11"), 51.36 (CH,, C-2), 46.93 (
(CH, C-3), 25.54 (CH,, C-7), 23.11 (CH, C-4), 22.45 (CHg, C-5), 20.96 (CHs, C-11); M
(M', 100), 309 (M"-Me, 25), 295 (31), 281 (11), 265 (11), 241 (12), 214 (6), 187 (13), 173 (9), 159 (13), 138
(32), 136 (10), 122 (19), 111 (21), 109 (11), 95 (15), 84 (26), 77 (5), 69 (25), FAB-MS m/z 324 (M’, 100), 309

o~
~ Lo
=3
(=]
o~
@)
s

Al O Po
S
'\/

S
~ SN
]

v

)



W. Braje et al. / Tetrahedron 54 (1998) 3495-3512 3505

nnr fANN. YYDYR A0V

(M"-Me, 29), 255 (30); HRMS caicd. for CyH24N205: 324.1838, found 324.1835. Anai. Caicd. for CaoHasN2Oy'
C 74.05, H 7.46, N 8.46, found C 74.02, H 7.51, N 8.63. Data for 3b, mp 118 °C. IR (KBr) v 3072, 2932,
2876, 2544, 1620, 1592, 1508, 1475, 1308, 1232, 1192, 1168, 1132, 1100, 1032 cm '; '"H NMR (400 MHz,
CDCl;) 5 8.80 (d, J = 4 Hz, H-2"), 8.07 (d, J = 9 Hz, H-8"), 7.79 (d, J = 4 Hz, H-3"), 7.40 (dd, J = 2, 9 Hz,
H-7°), 7.36 (d, J = 2 Hz, H-5"), 6.05 (s, H-9), 4.20 (q, ./ = 6 Hz, H-10), 3.98 (s, 3 H-11"), 3.69 (m, H-2c,40),
3.42 (d, J ~ 9 Hz, H-8), 3.20-3.00 (m, 2 H-6), 2.84 (m, H-2.,), 2.40 (m, H-3), 2.32 (m, H-4), 1.62 (m, H-7),
1.55(m, 2 H-5), 1.48 (d,J = 6 Hz, 3 H-11), 1.37 (m, H-7); °C NMR (100 MHz, CDCl:) § 157.68 (C, C-6"),
147.67 (CH, C-2'), 144.03 (C, C-10"), 143.28 (C, C-4"), 131.80 (CH, C-8"), 126.13 (C, C-9"), 121.69 (CH,
C-7'), 117.26 (CH, C-37), 102.07 (CH, C-5°), 79.08 (CH, C-9), 72.50 (CH, C-10), 62.39 (CH, C-8), 55.88
(CH;3, C-117), 51.06 (CH,, C-6), 47.33 (CH,, C-2), 39.43 (CH, C-3), 23.54 (CH,, C-7), 22.19 (CH, C-4), 21.07
(CHy, C-5), 21.07 (CHs, C-11); MS (120°C) m/z 324 (M", 100), 309 (M"-Me, 25), 295 (31), 281 (11), 265 (11),
241 (12), 214 (6), 187 (13), 173 (9), 159 (13), 138 (32), 136 (10), 122 (19), 111 (21), 109 (11), 95 (15), 84
(26), 77 (5), 69 (25). Anal. Calcd. for Co0H24N,0,: C 74.05, H 7.46, N 8.46; found C 73.89, H7.62, N 8.59.
(8R, 98, 10R)-10, 11-Dihydro-10-iodo-6 -methoxy-cinchonan-9-ol (2¢), (8R,9S,10S)-10,11-Dihydro-10-
iodo-6"-methoxy-cinchonan-9-ol (2d). IR (KBr) v 3392 2932 2876, 2544, 1620, 1592, 1508, 1468, 1432,
1328, 1232, 1132, 1100, 1032, 676 pm“‘; 'H NMR (400 MHz, CDCL;) § 8.64 (d, J - 4Hz H-2") 7.97(d J - 9
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2.39(C-10), 25.65 (C-4), 25.42 (C-i1), 25.29 (C-5), 18.79 (C-7); MS (200°C) m/z 323 (M - 1, 26), -
02 (2), 189 (23), 173 (12), 158 (6), 136 (100), 129 (19), 116 (9), 95 (7), 81 (19).
(8R, 98, I0R)-10, 1 1-Dihydro-9, 1 0-epoxy-6 -hydroxy-cinchonane (3c¢) and (8R,9S,10S)-10,11-Dihydro-
9, 10-epoxy-6 -hydroxy-cinchonane (3d). IR (KBr) v 3264, 2932, 2876, 1620, 1592, 1508, 1468, 1432, 1316,
1232, 1192, 1168, 1132, 1100, 1032 cm ', "H NMR (400 MHz, CDCL;) 6 8.84 (d, J = 4 Hz, H-2'), 8.08 (d, J -
9 Hz, H-8"), 7.79 (d, / = 4 Hz, H-3"), 7.38 (dd, J - 2, 9 Hz, H-7"), 7.21 (d, J = 2 Hz, H-5"), 6.04/5 95 (s, H-9),
426 (dq,J - 1, 6 Hz, H-10)/4.20 (g, J = 6 Hz, H-10), 3.98/3.95 (s, 3 H-11"), 3.69 (m, H-2cna0), 3.42 (d, J = 9
Hz, H-8), 3.20-3.05 (m, 2 H-6, H-2.14,), 2.84 (m, H-3), 2.35 (m, 2 H-7), 1.87-1.52 (m, 2 H-5, H-4), 1.51 (d, J =
6 Hz, 3 H-11) sowie 1.48 (d, J = 6 Hz, 3 H-11); *C NMR (100 MHz, CDCl) & 157.68 (C-6"), 146.78 (C-2"),
144.03 (C-10"), 143.28 (C-4"), 131.58 (C-8"), 126.13 (C-9°), 120.83 (C-7"), 117.30 (C-3°), 102.07 (C-5"),
79.08 (C-9), 73.04 (C-10), 62.39 (C-8), 51.06 (C-6), 47.33 (C-2), 39.43 (C-3), 23.54 (C-7), 22.19 (C-4), 21.07
;) 20.95 (C-11); MS (120°C) m/z 300 (M, 100), 295 (3), 267 (8), 238 (3), 173 (3), 159 (3), 138 (4), 122
111 (5), 95 (4), 81 (5). |
( R,QS 0S)-10, 1 1-Dihydro-10-iodo-cinchonan-9-ol (2e), (8R,9S,10R)-10,11-Dihydro-10-iodo-cincho-
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after chromatography (EA/MeOH, 3:1) Ze and 27 (212 mg, 50%) and 3e and
(KBr) v 3384, 2936, 2868, 1616, 1588, 1508, 1452, 1420, 1376, 1328, 1236, 1140, 1112 1048, 760, 528 om -
"H NMR (400 MHz, CD;0D) & 8.64/8.58 (d, J = 4 Hz, H-2'), 7.91/7.82 (d, J = 9 Hz, H-8'), 7.66/7 .59 (d, J =
4 Hz, H-3"), 7.41/7.38 (ddd, J - 2, 4, 9 Hz, H-6"), 7.30/7.25 (ddd, J = 2, 4, 9 Hz, H-7"), 7.02/6.88 (dd, J - 2, 4
Hz, H-5), 6.43/6.38 (s, H-9), 4.42/4.30 (m, H-10), 4.28/4.17 (m, H-8), 3.50-2.93 (m, H-2eng0, H-2¢0, 2 H-6),
2.30-2.06 (m, 2 H-7, H-4), 2.01/1.93 (d, J = 6 Hz, 3 H-11), 1.80-1.60 (m, 2 H-5), 0.99 (m, H-3); *C NMR
(100 MHz, CD;OD) & 147.44/147.18 (CH, C-2'), 147.05/14693 (C, C-10"), 143.93/143.90 (C, C-4’),
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131.41/131.40 (CH, C-8'), 129.79/129.71 (CH, C-57), 125.96/125.88 (C, C-9'), 122.44/122.42 (CH, C-7'),
121.09/120.96 (CH, C-6"), 118.69/118.46 (CH C-3"), 70.17/69.89 (CH, C-9), 60.01/60.01 (CH, C-8),
50.64/50.60 (CH,, C-6), 49.97/49.94 (CH,, C-2), 45.72/45.40 (CH, C-3), 32.39/30.51 (CH, C-10), 25.67/25.62
(CH, C-4), 25.42/25.40 (CHs, C-11), 25.29/25.27 (CH,, C-7), 18.79/18.68 (CH,, C-5); MS (160°C) m'z 424
(M, 2), 295 (63), 294 (11), 277 (3), 213 (7), 181 (6), 167 (12), 159 (11), 143 (11), 137 (100), 129 (19), 122
(22), 95 (14). Data for 3e, f. IR (KBr) v 3060, 2936, 2868, 2760, 1616, 1588, 1508, 1452, 1376, 1208, 1160,
1132, 1100, 1032 cm™"; '"H NMR (400 MHz, CD;0D) & 8.64/8.58 (d, J — 4 Hz, H-2"), 8.14/8.05 (d,J - 9 Hz,
H-8"), 7.85/7.76 (d, J = 4 Hz, H-3"), 7.69/7.67 (ddd, J = 2, 4, 9 Hz, H-6"), 7.65/7.45 (ddd, J = 2, 4, 9 Hz,
H-7), 7.31/7.21 (dd, J = 2, 4 Hz, H-5), 6.02/5.93 (s, H-9), 4.75/4.24 (m, H-10), 3.74 (m, H-2en0), 3.62 (d, J
= 9 Hz, H-8), 3.40-3.07 (m, 2 H-6, H-2cx,), 2.90 (m, H-3), 2.30-2.10 (m, 2 H-7), 1.90-1.50 (m, 2 H-5, H-4),
1.52/1.45 (d, J = 6 Hz, 3 H-11); "C NMR (100 MHz, CD;0D) 8 151.01/150.97 (CH, C-2"), 148.57/148.19 (C,
C-107), 141.38/140.03 (C, C-4"), 131.58/130.92 (CH, C-8"), 127.40/127.36 (CH, C-5), 126.82/126.60 (C,
C-9°), 124.47/124.08 (CH, C-7°), 120.49/120.09 (CH, C-6), 119.86/119.76 (CH, C-3"), 78.46/78.33 (CH,

C-9), 74 92/73.65 (CH, C-10), 61.52/61.20 (CH, C-8), 50.70/49.76 (CH,, C-6), 47.97/47.26 (CH,;, C-2),

39.90/39.39 (CH, C-3), 25.64/25.40 (CH, C-7), 23.71/23.41 (CH,, C-4), 21.08/21.04 (CH,, C-5), 20.51/19 59
+ +

(CH,, C-11); MS (150°C) m/z 294 (M", 37), 279 (M"-Me, 7), 267 (10}, 237 (34), 195 (10), 181 (11), 172 (10),

159 (62), 138 (61), 136 (100), 122 (16), 111 (20), 95 (18), 82 (29), 77 (24), 69 (30

\
J-

(3R,8R,95)-10, 1 1-Dihydro-3,9-epoxy-6 -methoxy-cinchonane (S) and (3R,8R,9S)-10,11-Dihydro-3-hy-
droxy-6 -methoxy-cinchonan-9-of (6). A mixture of diastereomeric iso-quinidines E-4 and Z-
mmoi) was aliowed to react according to method D to afford after chromatography (EA/MeO
azatwistane 5 (172 mg, 53%) and diol 6 (58 mg, 17%). Data for 5. IR (KBr) v 3068, 2960, 2936, 2880, 1620,
1592, 1508, 1472, 1432, 1376, 1352, 1296, 1232, 1132, 1100, 1080, 1016 cm™"; '"H NMR (400 MHz, CDCl;) &
8.84 (d,J = 4 Hz, H-2"), 8.07 (d, J = 9 Hz, H-8"), 7.77 (d, J — 4 Hz, H-3"), 7.39 (dd, J = 2, 9 Hz, H-7"), 7.21
(d,J - 2Hz, H-5"), 6.03 (s, H-9), 3.96 (s, 3 H-11"), 3.71 (d, J = 13 Hz, H-2¢u4), 3.63 (d, J = 6 Hz, H-8), 3.15-
2.90 (m, 2 H-6), 2.83 (d, J = 13 Hz, H-2cx,), 2.23 (m, H-4), 1.87 (m, H-7), 1.80-1.70 (m, 2 H-5), 1.64 (m, H-7),
1.37-1.23 (m, 2 H-10), 1.09 (dd, J = 6, 7 Hz, 3 H-11); NOE H-5" irradiated: H-9 (11.3), H-24, (12.1), H-11
(6.3), H-10 (5.6), H-11 (6.1); H-9 irradiated: H-10 (4.8), H-8 (6.8), H-2cnt0 (3.9), H-5" (19.6); "'C NMR (100
MHz, CDCl;) § 158.07 (C, C-6"), 147.57 (CH, C-2"), 144.07 (C, C-10), 143.13 (C, C-4"), 131.75 (CH, C-8"),
126.95 (C, C-9), 121.81 (CH, C-7'), 119.39 (CH, C-3"), 100.49 (CH, C-5"), 78.27 (C, C-3), 72.87 (CH, C-9),
56.40 (CH, C-8), 55.97 (CH,, C- 11) 5431 (CH,, C-2), 46.38 (CH,, C-6), 32.94 (CH, C-4), 27.37 (CH,,
, C-7), 23.11 (CHg, C-5), 7.34 (CH;, C-11); MS (200°C) m/z 324 (M, 8), 323 (38), 309 (21),

6), 184 (8), 173 (9), 159 (6), 136 (2), 115 (3), 95 (2), 81

—~~

, 267 (100), 253 (50), » 211 (8), 198
(3). Anal. Caled. for CH2sN,0z: C 74.05, H 7.46, N 8.64, found C 74.02, H 7.51, N 8.63. Data for 6. IR
(CHCls) v 3596, 3324, 3052, 2972, 2788, 2732, 1620, 1592, 1508, 1468, 1432, 1384, 1368, 1300, 1228, 1132,
1064, 996 cm™"; "H NMR (400 MHz, CD;0D) § 8.69 (d,/ = 4 Hz, H-2),7.97(d,/ - 9 Hz, H-8), 7.65(d, J =
4 Hz, H-3"), 739 (dd, J = 2, 9 Hz, H-7'), 7.20 (d, J = 2 Hz, H-5"), 637 (s, H-9), 4.07 (5, 3H-11),3.85(d, J =
14 Hz, H-2¢040), 3.58 (m, H-8), 3.00-2.85 (m, 2 H-6), 2.65 (d, J = 14 Hz, H-2.,), 2.36-2.26 (m, H-4), 2.00-1.80
= 1

(m, 2 H-7), 1.80-1.65 (m, 2 H-5), 1.64(q, = 7 Hz, 2 H-10), 113 (¢, J = 7 Hz, 3 H-11); "C NMR (100
CD;0OD) 8 158.11 (C, C-6), 148.18 (CH, C-2°), 147.65 (C, C-10'), 144.80 (C, C-4'), 131.72 (CH, C-8),
12754 (C, C-9), 120.80 (CH, C-7"), 119.25 (CH, C-3"), 102.26 (CH, C-5"), 70.03 (C, C-3), 68.37 (CH, C-9),
61.15 (CH,, C-2), 57.54 (CH, C-8), 57.29 (CHs, C-11°), 51.60 (CH,, C-6), 33.02 (CH, C-4), 31.17 (CH,
C-10), 25.01 (CHa, C-7), 24.67 (CH,, C-5), 7.11 (CHs, C-11); MS (120°C) m/z 342 (M, 8), 323 (61), 309 (21),
308 (27), 295 (9), 277 (18), 267 (11), 228 (7), 214 (9), 201 (27), 189 (82), 173 (36), 159 (27), 154 (39), 136

(100), 124 (39), 117 (31), 108 (40), 95 (15), 81 (25), 79 (26), 77 (24).

)7'
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(3S,8R, 95 )-3-tert.-Butyldimethylsilyloxy-3, 9-epoxy-6 -methoxy-10, I i-dinor-cinchonane (8b) and (8R,
9S)-9-tert.-Butyldimethylsilyloxy-6 "-methoxy-ruban-3-one (9b). To a solution of rubanone 7 (400 mg, 128
mmol) in CH,Cl, (10 ml) were added 2,6-lutidine (0.3 ml, 2 eq) and the corresponding silyl triflate (1.3 eq) at 0
°C under argon. After 5 min the cooling bath was removed and the mixture stirred for 2 h at r.t.. Water was
added and the aqueous layer extracted with CHCI;. The combined organic phases were dried (MgSQ,), eva-
porated and purified by chromatography (MTBE/MeOH, 20:1) to give 8b (371 mg, 68%) as light-yellow waxy
solid and 9b (14%) as byproduct. Data for 8b. IR (KBr) v 3072, 2952, 2928, 2884, 1620, 1592, 1508, 1472,
1348, 1248, 1228, 1180, 1084 cm™"; 'H NMR (400 MHz, CDCL) & 8.78 (d, J = 4 Hz, H-2"), 7.99 (d, J = 9 Hz,
H-8"), 7.72 (d,J = 4 Hz, H-3"), 7.38 (d, J = 1.5 Hz, H-5"), 7.31 (dd, J = 2, 9 Hz, H-7"), 5.98 (s, H-9), 3.90 (s,
3 H-117), 3.56 (d, J = 13 Hz, H-2¢4,), 3.38 (d, J = 6 Hz, H-8), 2.95 (m, 2 H-6), 2.72 (d, J = 13 Hz, H-2,),
2.15 (m, H-4), 1.84, 1.55, 1.21 (m, 2 H-5, 2 H-7), 0.88 (s, 9 H, SiC(CH,)s), 0.22, 0.13 (s, 6 H, Si(CH,),); NOE
H-9 irradiated: H-5" (15.7), H-2engo (10.1); H-2,g, irradiated: H-2., (19.1), H-9 (13.8); H-7.y, irradiated:
H-3'(1.0), H-4 (1.5), H-8 (1.1); "C NMR (100 MHz, CDCls) 8 157.90 (C, C-6"), 147.78 (CH, C-2'), 144.01,
142.26 (C, C-4’, C-10"), 131.89 (CH, C-8"), 126.17 (C, C-9), 121.21 (CH, C-7"), 119.02 (CH, C-3"), 102.32

(CH, C-5'), 102.21 (C, C-3), 74.45 (CH, C-9), 57.02 (CH,, C-2), 56.11 (CH, C-8), 55.85 (CH;, C-11), 46.68
(CH. C.8) 2766 (CH .4 25 72 (CH., QiC{HNA) 2572 22721 (CH, C.5 C.7Y 172 (0 SyT(CLL)
WI12, U=U), 5/.00 (OO, WSS, L0070 (X3, SINACTI3)3 ), 49,00, &5.41 (VHi2, U=J, U, 17.04 (L, Shu(Lri3)3),

2.42 (CHs, SiCHs), —2.55 (CHs, SiCHa); MS (120°C) m/z 426 (M, 67), 411 (56), 396 (18), 384 (55), 369
M1y N 1 /AN ANA /7O NL7T IO NEAN FLON. TTDRAQ 11 O Y Y NI M O, AL N3N Lo AMNL N AN T ~a
(/1) 341 (7)), 494 (/8), L0/ (J4), £34 (0O0D), MKRIVID CAICA. I0T Ual34IN2U3DL 440.£357, 1 una 4.0 4545, Dala
for 9b. IR (KBr) v 3164, 3072, 2936, 1712, 1620, 1592, 1508, 1472, 1368, 1308, 1228, 1084, 1032 cm™’; 'H
NMR (400 MHz, CDCI;) 6 8.76 (d, / = 4 Hz, H-2"), 8.07 (d, / = 10 Hz, H-8"), 7.49 (d, J = 4 Hz, H-3"), 7 41

(dd, J = 2, 10 Hz, H-7"), 7.17 (s, H-5%), 5.68 (d,J - 3 Hz, H-9), 4.04 (d, J - 20 Hz, H-2e40), 3.98 (s, 3 H-11"),
3.15 (d, J = 20 Hz, H-2¢x,; m, H-8), 3.03, 2.82 (m, 2 H-6), 2.49 (m, H-4), 2.38, 1.99, 1.59 (m, 2 H-5, 2 H-7),
0.96 (s, 9 H, SiC(CHs)s), 0.15, —=0.33 (s, 6 H, Si(CH:),); NOE H-9 irradiated: H-5'(18.4), H-8 (3.8), H-2cna0
(2.9); H-2engo irradiated: H-2ex, (18.3), H-7cngo (4.5), H-9 (3.8); H-7engo irradiated: H-3'(4.8), H-7cy, (15.6); H-8
irradiated: H-9 (2.7), H-3'(5.8); H-7ex irradiated: H-7.4, (25.2), H-4 (6.1), H-8 (8.5); H-5"irradiated: H-9
(18.7), H-11'(10.2), H-8 (4.8); *C NMR (100 MHz, CDCl;) § 219.12 (C, C-3), 158.02 (C, C-6"), 147.43 (CH,
C-2), 146.85, 14421 (C, C-4’, C-10"), 132.18 (CH, C-8"), 125.82 (C, C-9), 122.52 (CH, C-7"), 118.31 (CH,
C-3"), 102.10 (CH, C-57), 72.82 (CH, C-9), 59.65 (CH,, C-2), 59.20 (CH, C-8), 55.58 (CHs, C-11"), 50.96
(CH,, C-6), 40.80 (CH, C-4), 26.02 (CHj;, SiC(CHjs)3), 25.17, 24.02 (CH,, C-5, C-7), 17.98 (C, SiC(CHs)s), —
0.40 (CH, SiCH;3), —0.51 (CHs, SiCH;); MS (130°C) m/z 426 (M", 13), 398 (15), 369 (21), 357 (18), 341 (44),

w25y ) 51

301 (16), 172 (37); HRMS calcd. for C;4H34N,0;81: 426.2339, fmmd 426,2337.

LI 2 S A0 241 1340N 301 LUV L0 D AU

(3S,8R, 9S)-3-1riisopropylsilyloxy-3,9-epoxy-6 -methoxy-10, 1 I-dinor-cinchonane (8c). Rubanone 7 (400

mg, 1.28 mmol) was allowed to react as described for 8b to afford 8¢ (527 mg, 88%) as a waxy solid. IR (KBr)
, L.
v 2104 INAQY 72044 IRRR DRAA 1A20 18072 180R 1477 1748 17248 172728 1188 10R0D om 11 AR (400
V J17U, JUUO, 4777, L4000, L0UT, 1ULV, 1J74, 1JVG, 1774, 1JT0, 1470, 1440, 1100, 1VOUV il L TVUN \(TTUv
MHz, CDCl;) & 8.85 (d, J = 4 Hz, H-2'), 8.06 (d, J — 9 Hz, H-8"), 7.74 (d, J = 4 Hz, H-3"), 7.39 (dd, J = 2, 9
rY TY My ™ oy 7 T 1 17T IY £y £ NnNO 7. 1T Ny FNaYalrd YY 11N Y OL 73 Yy 173 IT_- 1T AN A R oW | T __
Hz KH-/), /.10(4,J = 1.0 1Z, -3 ), 0.Us (§, I1-Y), 4. VU (5, 5 N-11 ), 3,80 (0, J = 13 , Ml=Lendo), 2.0 (A, J =
7 Hz, H-8), 3.28-3.10 (m, 2 H-6), 298 (4, J = 13 Hz, H-2u), 241 (m, "-4), 2.04, 1.73, 1.40 (m, 2 H-5, 2
3 13 SIRTA 7S N TAT A0 FLT F° 90
H-7), 1.20-1.10 (m, 21 H, SiCH(CH3),); *C NMR (100 MHz, CDCl;) & 158.28 (C, C-6"), 147.69 (CH, C-2"),

144.20, 140.91 (C, C-4’, C-10"), 131.95 (CH, C-8"), 126.19 (C, C-9"), 121.10 (CH, C-7'), 119.19 (CH, C-3"),
100.11 (CH, C-5"), 99.18 (C, C-3), 74.03 (CH, C-9), 56.72 (CH,, C-2), 56.90 (CH, C-8), 56.09 (CHs, C-11"),
46.62 (CH,, C-6), 37.02 (CH, C-4), 24 82, 22.72 (CH,, C-5, C-7), 18.20, 18.11 (CHs, SiCH(CHs),), 13.08
(CH, SiCH(CHs),); MS (160°C) m/z 468 (M, 72), 453 (37), 425 (76), 412 (50), 396 (29), 294 (83), 267 (100),
252 (70), 210 (67), 198 (73); HRMS calcd. for CysH37N,03Si (M'-CHs): 453.2573, found 453.2559.
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(8R, 95)-6 -Methoxy-9-trimethyisilyloxy-ruban-3-one (9a). Rubanone 7 (400 mg, 1.28 mmol) was aliowed
to react as described for 8b and 9b to afford 9a (354 mg, 84%) as a light-yellow, highly viscous oil. IR (CHCls)
v 3080, 2960, 2884, 2836, 1728, 1668, 1620, 1592, 1508, 1472, 1432, 1364, 1304, 1228, 1124, 1080 cm ': 'H
NMR (400 MHz, CDCl;) & 8.59 (d, J = 4 Hz, H-2"), 7.90 (d, J = 10 Hz, H-8"), 7.30 (br. s, H-3"), 7.24 (dd, J =
2, 10 Hz, H-7"), 7.01 (s, H-5"), 5.62 (s, H-9), 3.95 (d, J = 17 Hz, H-2.4.), 3.80 (s, 3 H-11"), 3.00-2.85(d, J =
17 Hz, H-2exo; m, H-8), 2.90, 2.70 (m, 2 H-6), 2.32 (m, H-4), 2.21, 1.75, 1.35 (m, 2 H-5, 2 H-7), —0.80 (s, 9 H,
Si(CH:)3); “C NMR (100 MHz, CDCl;) 8 219.07 (C, C-3), 158.08 (C, C-6"), 147.38 (CH, C-2'), 146.32,
144.15 (C, C-4', C-10"), 132.05 (CH, C-8"), 125.82 (C, C-9'), 121.70 (CH, C-7"), 118.26 (CH, C-3"), 101.25
(CH, C-57), 72.65 (CH, C-9), 58.92 (CH,, C-2), 59.20 (CH, C-8), 55.69 (CH;, C-11"), 50.79 (CH,, C-6), 40.71
(CH, C-4), 24.91, 23.79 (CH,, C-5, C-7), 0.10 (CHj, Si(CHs)s); MS (80°C) m/z 384 (M, 6), 369 (4), 356 (28),
341 (9), 314 (8), 260 (12), 210 (8), 172 (18), 83 (100); HRMS calcd. for CpHpsN,0:Si: 384.1869, found
384.1870.

(8R,9S)-9-tert.-Butyldimethylsilyloxy-6 -methoxy-cinchonane (10b). To a solution of quinidine (2.00 g,
6.17 mmol) in CH,Cl, (20 ml) were added TBDMSCI (1.02 g, 6.78 mmol, 1.1 eq), DMAP (75 mg, 0.61 mmol,

*********

was added, the aqueous p....se extracted ith CHCl;, the combined organic layer was washed wrfh sat. aq.
NaHCQ. solution and dried (MoS0,)Y Purification hv chraomataoranhvy {F‘Am/fp H 61) gave 10h (2 378 o
3 OVIMLIVIL il v \l'l&uv4l. A Milliviavivil VJ wALAL vlll“‘rval “Pl.l] \‘—/‘ ULVIVV‘&, . ‘I éu'\/ AV \‘v.-’ I 5,

QQ0/\ na o licht_wall~ highly tvrigrniig At dID /KRA W 2TITA 2N 20K 7Q27 72QN QAN 147N 18Q0 18NR
0567/0) a8 a ugni-yeuOw, nigniy VISCOUS Ol 1\ {ADTj V 53110, 3V, £¥134, 45934, 288U, 280V, 104U, 13Y2, 13U,

-1.1

1472, 1432, 1360, 1256, 1196, 1116, 1064, 1032, 1004, 880, 836 cm '; 'H NMR (400 MHz, CDCl) 6 8.79 (d,
A TTY TY =™ oI aYalWonl T ath 8 § TTY O\ ~ o | ' 8 TT TY AN 7 31 r -~ N TY TTYT 7N -~ ol ¥ ~

J =4z n-2), 8.07(Q,J Yz -8 ), /.01 (qQ, 3Qaa,J = 4,900z, 1-/7), /7.10(4,J - £

Yong)
_Q. h
c\t
I

Hz, H-5"), 6.15 (ddd, J = 8, 9 Hz, H-ilg), 5.12 (d, J = 15 Hz,
H-11lgaw), 3.99 (s, 3 H-117), 3.31 (m, H-8), 2.99 (m, Hzcndf,), 2.87 (m, H-24,), 2.65 (m, H-3), 2.28 (m, H-4),
1.87-1.80 (m, 2 H-6), 1.61-1.45 (m, 2 H-7, 2 H-5), 0.98 (m, 9 H, SiC(CHs)s), 0.13 (s, 3 H, SiCH3), —0.26 (s, 3
H, SiCH;); °C NMR (100 MHz, CDCl:) 8 157.86 (C, C-6"), 147.42 (CH, C-2'), 144.35 (C, C-10), 143.52 (C,
C-4"), 140.67 (CH, C-10), 131.90 (CH, C-8"), 126.38 (C, C-9"), 121.30 (CH, C-7"), 118.89 (CH, C-3"), 114.54
(CH,, C-11), 100.59 (CH, C-57), 72.92 (CH, C-9), 60.95 (CH, C-8), 55.42 (CHs, C-11"), 50.06 (CH,, C-2),
4798 (CH,, C-6), 39.87 (CH, C-3), 28.09 (CH, C-4), 26.68 (CH,, C-7), 26.36 (CHs, SiC(CHs)s), 21.07 (CHa,
C-5), 14.22 (C, SiC(CHa)s), —3.42 (CHs, SiCHs), —4.55 (CHs, SiCHs); MS (90°C) m/z 438 (M, 4), 381 (3), 303
(2), 302 (2), 173 (2), 137 (18), 136 (100), 95 (1), 81 (2), 77 (4); HRMS calcd. for Cy6H3sN,O,Si: 438.2703,
found 438.2705.

(3R, 8R, 98, 10R)-9-Acetoxy-10, 1 [-dihydro-10, ] I-dihydroxy-6 -methoxy-cinchonane (11a) and (3R,8R,
98, 108)-9-Acetoxy-10,1 1-dihydro-10, 1 1-dihydroxy-6 -methoxy-cinchonane (11b). To a solution of acetylated

FU T I=Cri Ve U= 1 U L L=t yUr UA V=0 =MITCerIUA Y=C LNEC TRUTITEC

quinidine (10a) (876 mg, 2.39 mmol, 1 gq) K,CO; (940 mg, 6. 81 mmol, 2.8 eq), Ks[Fe(CN)], (2.24 g, 6.81

mmol, 2 8 eq) in tert. BuOH/H,0 (20 ml, 1:1) was added OsO4 (0.24 ml, 0.1M solution in Zerz. BuOH, 0.01 eq)

sindar argan Tha maicvéiiea vwag gtirrad far 4 h at £+ than HOL ag addad Tho araanir layer wace wachad

UnUel dal gUIl. 111C L tuie was Surrea 1or 4 0 dv I.t, uilh viriviy wWas aGGel. 1108 Orgailil 1dyCl was wasica

vtk o~ gatr NaIIQN Mot oLl 711 NALIMN ag addad cnd tha aasianise lovrar vwrae raavteantad ath

WIL 4. Sdl. INdariduz/ INaut soiulion \1.1), INArL w3 wad atacd aind uiv aluolud 1ayTl wad 1TCALLatiTU willl
) 14 Aeiad MASQ o O T T hv (EA/MeOH

CHCl;. The combined organic layer was dried lVlgDG4) and purified by chromatography \ur\uweOn, 4:1)to
afford diols 11a and 11b (diastereomeric mixture, 1.

2936, 2872, 1744, 1620, 1592, 1508, 1472, 1432, 1372, 1304, 1228, 1204, 1132, 1028 cm™'; '"H NMR (400
MHz, CD;0D) § 8.66 (d, J = 4 Hz, H-2"), 7.97 (d, J ~ 9 Hz, H-8'), 7.53 (d, J = 2 Hz, H-S"), 751(d,J =4
Hz, H-3"), 7.45 (dd, J = 2, 9 Hz, H-7'), 6.66/6.58 (d, J = 5 Hz, H-9), 3.99/3.89 (s, 3 H-11"), 3.92/3.79 (m,
H-8), 3.66 (dd, J = 2, 8 Hz, H-11), 3.62 (dd, J = 2, 8 Hz, H-11), 3.49 (m, H-10), 2.95-2.80 (m, H-2cngo, H-
Zew), 2.78 (m, H-4), 2.20/2.19 (s, 3 H-13), 2.09-2.00 (m, 2 H-6), 1.84/1.46 (m, H-3), 1.80-1.55 (m, 2 H-7),
1.35-1.18 (m, 2 H-5); *C NMR (100 MHz, CD;0D) § 171.67/171.55 (C, C-12), 159.98/159.97 (C, C-6"),
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148.19/148.16 (CH, C-27), 146.01/145.97 (C, C-107), 145.09/145.06 (C, C-4'), 131.60/131.56 (CH, C-8"),
128.33/128.22 (C, C-9"), 123.85/123.81 (CH, C-7'), 119.81/119.67 (CH, C-3"), 102.44/102.38 (CH, C-5"),
74.94/7470 (CH, C-9), 73.58/73.51 (CH, C-10), 66.27/66.04 (CH, C-11), 59.90/59.77 (CH,
C-8), 56.51/56.48 (CH,, C-117), 50.96/50.90 (CH,, C-2), 48.83/48.11 (CH,, C-6), 39.25/38.74 (CH, C-3),
27.54/25.12 (CH,, C-7), 25.70/23.52 (CH, C-4), 24.10/23.28 (CH,, C-5), 21.10/21.03 (CHs, C-13); MS
(180°C) m/z 400 (M, 39), 383 (10), 369 (11), 341 (48), 322 (9), 309 (11), 281 (10), 243 (6), 211 (6), 201
(10), 189 (29), 170 (100), 160 (7), 152 (9), 138 (9), 111 (7), 91 (6), 82 (8), 77 (3), 70 (13); HRMS calcd. for
C2oHsN2Os: 400.1998, found 400.1992.

(3R, 8R, 9S)-9-Acetoxy-6 -methoxy-rubane-3-carbaldehyde (12a). To a vigorously stirred suspension of
silica gel (4.0 g), NalO,4 (556 mg, 2.60 mmol, 1.3 eq) in CH;Cl; (32ml) and H,O (4 ml) was added a solution of
diastereomeric diols 11a and 11b (800 mg, 2.00 mmol, 1 eq) in CH,Cl; (4 ml). The mixture was stirred for 1 h at
r.t., the silica gel was filtered off and the resulting residue was washed with CH,Cl,. The phases were separated,
the organic layer dried (MgSO4) and evaporated. Purification by chromatography (EA/MeOH, 6:1) gave
aldehyde 12a (655 mg, 89%) as a colourless solid. IR (KBr) v 2940, 2872, 1744, 1716, 1620, 1592, 1508, 1472,

CQELYLUL 14 (VS22 15 ay> 4 LUIUUIICOS oULLL, 10 3 1L, V&V, 1J

1456, 1432, 1372, 1304, 1228, 1132, 1084, 1028 cm™'; "H NMR (400 MHz, CDCls) 8 9.89 (s, H-10), 8.79 (d, J
J=2H 5Y,743(dd, J=2,9Hz H-7),733(d,.J=4
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(CH, C-27), 14402 (C, C-10"), 78 (
118.58 (CH, C-3"), 101.16 (CH, C-5), 73.35 (CH, C- 81
C-2), 48.92 (CH, C-3), 42.26 (CH,, C-6), 25.95 (CH,, C-7), 24.14 (CH,, C-5), 23.35 (CH, C-4), 21
C-13) ; MS (150°C) m/z 368 (M", 100), 353 (18), 339 (16), 324 (30), 309 (54), 298 (29), 285 (23), 281 (21)
231 (17), 214 (11), 201 (11), 198 (14), 188 (82), 168 (47), 159 (17), 138 (98), 126 (29), 95 (10), 82 (20), 70
(15); HRMS calcd. for C;H24N,04: 368.1736, found 368.1744.

(3R, 8R, 9S)-9-Hydroxy-6 -methoxy-rubane-3-carbaldehyde (13a) and (3S,8R,9S)-9-Hydroxy-6 -methoxy-
rubane-3-carbaldehyde (13b). To a solution of aldehyde 12a (368 mg, 1 mmol, 1 eq) in MeOH (10 ml) was
added finely powdered K,CO; (1106 mg, 8 mmol, 8 eq). The mixture was stirred vigorously for 20 min at r.t,
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was then filtrated and concentrated. The residue was dissolved in CHCl; and washed with water and sat. aq.
NaHCO; solution. The combined organic layer was dried (MgSO,), evaporated and purified by chromatography
(EA/MeOH, 6:1) to afford the desired aldehyde 13a and the epimerized aldehyde 13b (ratio 9:1) (303 mg, 93%).

IR (KBr) v 3400, 3072, 2940, 2872, 2832, 2716, 1716, 1620, 1588, 1508, 1472, 1432, 1360, 1304, 1240, 1132,

EEANARA R LY LA

1932 cm —’ 'H NMR (400 MHz, CDCI’) 8§ 9.89/9.80 (s, H-10), 8 58 (d, ./ = 4 Hz, H-2’ ) 796(d, J=9
4/558 (d,J =4

2
“

w
_—
)
)

r/

A
in

P
i

s
W
I
—

/E-\
E-A
-

|
N
\\._/
—
(@)
["8)

1
L
b
PR
N~
—
s

l
]

~

7.82/157.71 (C, C-6"), 147.79/147.43 (C
(CH, C- 8) 126.66/126.27 (C, C-9°), 121.57/121.5

(CH, C-5%), 71.75/71.69 (CH, C-9), 59.72/59.36 (CH, C- 8) 55.69/55.61 (CHq C-117), 50.
48.90/48.88 (CH, C-3), 43.22/43.13 (CH,, C-6), 26.08/26.00 (CH,, C-7), 23.79/23.13 (CH, 4) 21.66/2
(CH,, C-5); MS (180°C) m/z 426 (M’, 100), 311 (15), 297 (26), 283 (14), 269 (8), 241 (10), 214 (16)7 201
(10), 198 (13), 189 (91), 173 (80), 160 (36), 145 (17), 138 (91), 126 (29), 117 (33), 110 (34), 95 (11), 81 (33),
70 (22). HRMS calcd. for Ca;HzNoO4: 368.1736, found 368.1744,
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(3R,8R, 98, 10R)-10-Triisopropylsilyloxy-9, 10-epoxy-6 -methoxy-1 I-nor-cinchonane (14). To a solution
of aidehyde 13a/b (9:1) (89 mg, 0.27 mmol, 1 eq) in THF (2 mi) was added 2,6-lutidine (0.07 mi, 0.54 mmoi, 2
eq) at 0 °C and the mixture was stirred for 15 min under argon. Then triisopropylsilyl triflate (0.11 ml, 0.38
mmol, 1.4 eq) was added, the cooling bath removed after 5 min, the mixture stirred for 16 h at r.t. and then
treated with water and sat. aq. NaHCO; solution. The aqueous phase was extracted with CHCl;, the combined
organic layer dried (MgSQy), evaporated and chromatographed (EA/MeOH, 6:1) to yield aldehyde 13b (31 mg)
and tricyclic aza-homoglycoside 14 (53 mg, 41%). IR (CHCl;) v 3068, 2928, 2868, 1620, 1592, 1508, 1472,
1348, 1252, 1228, 1176, 1132, 1088, 1048, 656 cm™'; "H NMR (400 MHz, CDCl;) & 8.78 (d, J = 4 Hz, H-2"),
8.08 (d, J = 9 Hz, H-8"), 7.78 (d, J = 4 Hz, H-3"), 7.41 (dd, J = 2, 9 Hz, H-7'), 7.36 (d, J = 2 Hz, H-5"), 6.12
(s, H-9), 5.61 (d, J = 3 Hz, H-10), 4.03 (s, 3 H-11"), 3.74 (d, J = 14 Hz, H-2en0), 3.51 (d, . = 8 Hz, H-8), 3.25
(m, H-6), 3.09 (m, H-6), 2.88 (m, H-24x,), 2.53 (m, H-3, H-7), 2.19 (m, H-7), 1.74 (m, 2 H-5, H-4), 1.35 (m, 21
H, Si(CH(CHs3)2);); NOE H-10 irradiated: H-9 (1.2), H-11" (2.5), H-3 (7.5), H-2.0 (4.3), S{CH(CHs), (17.1);
H-9 irradiated: H-10 (2.4), H-8 (3.1), H-2eao (7.6), H-5" (17.2); H-5" irradiated: H-9 (14.9), H-11" (11.9),
H-2engo (4.1), H-8 (6.8), H-3" i[radiated‘ H-2" (10.7), H-9 (3 8), H-8 (3 1), H-3 (2.4), H-7cndo (8 3); ®C NMR

C-8), 12601 (C, C-9), 12137 (CH, 1), -,C-3) 10157 (CH, C-5), 99.45 (CH, C-10), 73.66
(CH, C-9), 61.18 (CH, C-8), 56.07 (CHs, C-11"), 56.02 (CH,, C-2), 45.97 (CH,, C-6), 40.27 (CH, C-3), 24.24

I , 56.02 (

(CH, C-4), 22.42 (CH,, C-5), 17.92, 17.81, 17.74 (CHs, Si(CH(CH).)s), 12.11 (CH,
A A {
o \

. ° . + + poi

Si(CH(CH;),)3); MS (140°C) m/z 482 (M, 18), 454 (2), 439 (M'-Pr, 100), 397 (3), 358 (1), 344 (7), 301 (4),
hY OV AA1T AN ANO 17N 1777 172N 1AN0 7172\ ITDRAQ a1~ A Lo M LT NT M C: AQN NOLEL o SR |

2 ), 265 (9), 241 (22), 228 (17), 172 (13), 1459 (13); HRMS caicd. for CuHapN,Usdi 482.2965, 1ound

10b (876 mg, 2.00 mmol) in THF (10 ml) was added BHs- THF (8 0 mi, 8.0 mmol, 1.0 M solution in THF) at 0
°C. The mixture was stirred for 30 min at 0 °C and then for 16 h at r.t.. The excess of borane was destroyed by
dropwise addition of water. The solvent was removed to afford the BH; adduct (877 mg, 97%) as a light-yellow
solid. To a solution of this borane (603 mg, 1.33 mmol) in CHCl; (10 ml) was added pyridinium chlorochromate
on silica gel (1.72 g, 3.99 mmol, 50%) in several portions at 0 °C. The mixture was stirred for 5 h at r.t, filtered
through silica gel and the residue washed with CHCl; and EA. The combined organic layer was dried (MgSO,)
and the solvent was removed. The crude product was purified by chromatography (EA) to yield aldehyde 15a
(459 mg, 76%) as a colourless solid. IR (KBr) v 3076, 2956, 2932, 2856, 2372, 2328, 1720, 1620, 1592, 1508,
1472, 1432, 1364, 1256, 1228, 1168, 1116, 1048, 1028, 872, 836 cm™'; 'H NMR (400 MHz, CDCl;) & 9.85 (s,
H-11), 8.81 (d, J - 4 Hz, H-2), 8.12 (d, J = 9 Hz, H-8"), 7.68 (d, ./ = 2 Hz, H-5), 7.64 (d, J = 4 Hz, H-3'),
7.46 (dd, J = 2, 9 Hz, H-7"), 6.80 (d, J = 6 Hz, H-9), 4.06 (s, 3 H—ll') 3.75 (m H—8) 3.30 (m, H-2e040), 3.16
2 H-
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SIC(CH3)3) -3.44 ((./H.3, bl(.,l'l3) -4.0 (C 3 Sl(,l’h) MS (15 (

(44), 426 (9), 412 (35), 398 (100), 384 (22), 352 (16), 338 (20), 303 (73), 282 (10), 258 (14), 238 (6), 186
(14), 173 (21), 160 (12), 138 (9), 110 (11), 73 (79); HRMS calcd. for CzsHeN:0:Si: 454.2652, found
454.2650.
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(3R,8R, 9S)-3-Formylmethylene-6 -methoxy-ruban-9-ol (15b). To a solution of aldehyde 15a (241 mg,
0.531 mmol) in THF (5 ml) was added tetrabutylammonium fluoride (0.69 mi, 0.69 mmol, 1.0 M solution in
THF). The mixture was stirred for 10 h at r.t., then water and sat. aq. NaHCO; solution was added and the
aqueous phase was extracted with CHCl;. The combined organic layer was dried (MgSQO,) and evaporated.
Purification by chromatography (EA) afforded unprotected aldehyde 15b (97 mg, 54%) as a colourless solid. IR
(KBr) v 3372, 2956, 2932, 2876, 2372, 2324, 1708, 1620, 1592, 1508, 1472, 1432, 1364, 1308, 1240, 1164,
1048, 1028, 860 cm™'; 'H NMR (400 MHz, CDCl;) 8 9.81 (s, H-11), 8.65 (d, J = 4 Hz, H-2'), 798 (d, / = 9
Hz, H-8"), 7.64 (d, J = 4 Hz, H-3"), 7.36 (d, / = 2 Hz, H-5"), 7.33 (dd, J - 2, 9 Hz, H-7"), 6.63 (d, J = 3 Hz,
H-9), 3.95 (s, 3 H-11"), 3.76 (m, H-8), 3.20-3.08 (m, H-2engo, H-2ex0), 2.98 (m, 2 H-10), 2.27 (m, H-3), 2.08 (m,
H-4), 2.03 (m, H-6), 1.91 (m, H-6), 1.71 (m, H-7), 1.59 (m, H-7), 1.31-1.26 (m, 2 H-5); *C NMR (100 MHz,
CDCls) 8 207.62 (CH, C-11), 158.25 (C, C-6"), 147.14 (CH, C-2"), 146.50 (C, C-10"), 143.52 (C, C-4"), 130.97
(CH, C-8"), 125.93 (C, C-9), 122.59 (CH, C-7"), 118.92 (CH, C-37), 101.02 (CH, C-5"), 67.52 (CH, C-9),
63.20 (CH, C-8), 60.45 (CH,, C-10), 58.00 (CH,, C-2), 57.75 (CH,, C-6), 56.33 (CHs, C-11"), 36.73 (CH,
C-3), 26.29 (CH,, C-7), 25.96 (CH, C-4), 19.18 (CH,, C-5); MS (190°C) m/z 353 (BH;M*-I 12), 340 (M", 19),
338 (22). 326 (18\ 311 (IR\ 297 (17\ 283 (14\ 279 (
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aldehyde 15b (91 mg,

-11- T iisopropylsilyloxy-10
10l),

were auowea to react as GeSCI'IDCG IOY compoun nd
oxazatwistane 16 (28 mg, 21%). IR (CHClL) v 3078, 2932, 28
1148, 1132, 1100, 1088, 1028, 654 cm™'; 'H NMR (400 MHz, CDCl;) =4 Hz, H-2), 8.02 (d, J= 9
Hz, H-8"), 7.61 (d, J = 4 Hz, H-3"), 7.35 (dd, J = 2, 9 Hz, H-7"), 7.31 (d, J =2 Hz, H-5"), 6.59 (s, H-9), 4.92
(m, H-11), 3.98 (s, 3 H-11"), 3.80 (d, J = 8 Hz, H-8), 3.76 (m, H-2cnd0), 3.08 (m, 2 H-6), 2.96 (m, H-2.x,), 2.28
(m, 2 H-10, H-3), 2.04 (m, H-4), 1.87-1.75 (m, 2 H-7), 1.69-156 (m, 2 H-5), 1.19-1.03 (m, 21 H,
Si(CH(CHs),)s); *C NMR (100 MHz, CDCl;) & 157.89 (C, C-6"), 146.69 (CH, C-2'), 146.55 (C, C-10"),
143.27 (C, C-4'), 131.98 (CH, C-8"), 125.73 (C, C-9°), 122.40 (CH, C-7"), 118.72 (CH, C-3"), 100.88 (CH,
C-57), 90.33 (CH, C-11), 70.27 (CH, C-9), 63.02 (CH, C-8), 61.06 (CHa, C-10), 57.89 (CHa, C-2), 57.67 (CH,,
C-6), 56.12 (CHs, C-117), 31.42 (CH, C-3), 25.96 (CH,, C-7), 23.87 (CH, C-4), 19.03 (CH;, C-5), 17.92 (CH;,
Si(CH(CHs))s), 17.65 (CHs, Si(CH(CHs),)s), 17.58 (CHs, Si(CH(CHs),)s), 13.25 (CH, Si(CH(CH;z)y)s), 12.20
(CH, Si(CH(CHs),)s), 11.82 (CH, Si(CH(CHs),)3); MS (130°C) m/z 496 (M, 1), 487 (6), 467 (32), 417 (3), 375
(2), 357 (1), 331 (4), 288 (5), 277 (13), 245 (5), 199 (4), 171 (5), 160 (30), 149 (3), 131 (100), 107 (57), 89
(14), 76 (79); HRMS calcd. for CooHasN,O38i: 496.3153, found 496.3153.
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. Chemical Abstracts name of rubanone 7: {1R-[-(1o,40,6B(S*)]}-6-[Hydroxy-(6-methoxy-4-quinolinyl)me-

thyl}-1-azabicyclo[2.2.2]octan-3-one. Our numbering of Cinchona alkaloids follows the Cinchona con-

vention as indicated in Scheme 2.



