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) (+ 3-B-benzoyloxy-8-methyi-8-azabicyclo{3.2.1Joctan-1-ol) is
described from cyclohepta-3,5-dienol. The annroach is extended to novel variants including the unknown nor-

analogue (3) and a derivative of the 6,7- dehydm— system. Detailed NMR data are presented. VT NMR studics show
that (1) is effectively bicyclic, although there is evidence confirming the occurrence of tautomerism mvolvmg the
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Introduction

The isolation of a new tropane alkaloid, 1-hydroxytropacocaine (1) in small quantities from
Erythroxylum coca and in abundant quantities from a number of Erythroxylum novogranatense variants was
described very recc-:ntly.i As a 1-hydroxytropane, compound (1) joins a small, but growing, group of more
highly hydroxylated natural 1-hydroxynortropane derivatives, collectively known as the calystegines, which
have been extracted and identified only in the last decade despite the fact that they occur in well-known (and
already well-studied) species.” The calystegines have muitipie functions in rhizosphere ecology including

glycosidase inhibitory activity. 1-Hydroxyiropanes are aiso of interest in view of the occurrence of
tautomerism involving the bicyclic hemi-aminal and monocyclic amino-ketone forms. This was first

—_— o 3.4
established in physoperuvine (4 <==35), the first 1-hydroxytropane to be isolated from natural sources
. .. . 1 "
However, in the original report on 1-hydroxytropacocaine, (1) was characterised not as the free amino-alcohol

R, Me,
N N HNMe
KIK /”x .)\

(1)R=Me,R'=H (C)] )
(2) R = Me, R' = COCF,CF,CF;
(3)R=R'=H
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1-Hydroxy-derivatives of tropane are not available using the major conventional routes based on
cycloaddition chemistry. We have developed an effective route to tropanes from 7-ring dienes which has been
adapted successfully to the productlon of 6,7-dehydro-, 6,7-epoxy-, and 3-hydroxytropanes, as well as nor-
systems, and higher homologucs Significantly, the key monocyclic 4-hydroxycycloheptylamine
intermediates which are central to our tropane strategy can be oxidised readily to the corresponding amino-
ketones which are actually 1-hydroxytropanes. Our synthesis of physoperuvine (4 === 5) in high overall yield
from cyclohepta.diene4 illustrates this and prompted us to extend our studies to 1,3-dihydroxytropanes and, in

it that all of the calyste as et
bridging nitrogen) and it may well be that nor- derivatives of compounds such as 1-hydroxy-
tropacocamc will be isolated from plant sources in due course. In anticipation of this possibility, we have
modified our approach to produce the nor- compound (3). 6,7-Dehydro- analogues are also of interest as
potentially useful precursors of 6-/7- mono- or di-hydroxylated 1-hydroxytropanes. VT NMR studies of the
tautomeric equilibria are also described.

gines identified to date are ba

d on the 1-hydroxy-nor-tropane skeleton (i.e.

Discussion
The direct route to (1) began with the TBDMS derivative (8) formed by cycloaddition of benzyl
nitrosoformate to the TBDMS derivative (7) [rather than to cyclohepta-3,5-dienol (6) itself] since the
presence of the TBDMS group leads to facially selective addition giving a product containing 80% of the B-3-
6 . . .
silyloxy isomer (8)" (Scheme 1). Treatment of the mixture of (8) and (9) with diimide followed by hydride
h

d
reduction gave (10) and (11); the required B-isomer (10) was separated chromatographically in 63% overall
yield. Desilylation of (10) with TBAF then gave (12) in good yield.
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Treatment of the mixture of (8) and (9) with lithium aluminium hydride in THF at reflux reduced the
N-protecting group in both cases but also led to selective deprotection of the 3-hydroxyl of (8) (Scheme 2).
Conveniently, the small amount of the 3a-isomer (14) retained the TBDMS group under these conditions
and the 3-3-ol (13) was therefore easily separated by chromatography on silica. Catalytic hydrogenation of

(13) gave (12). Unfortunateiy, the optimum conditions for selective deprotection of the 3-hydroxyl of (8)

were mot easy to reproduce cleanly; mixtures containing small but variable quaniities of the TBDMS
derivative of (13) were sometimes obtained and the approach shown in Scheme 1 was generally more
effl

reliable and
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which was then mudm d ef mu::_ntly to the ketone (17) using standard Jones conditions. Thc pr-du,ct was

actually isolated as 1-hydroxytropacocaine (1), the bicyclic tautomer.
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I-OHFB derivative (2), and 1-hydroxynoriropacocaine (3).
proton/carbon 11,) 1(2,) i 1(,3,) { 1 1(12") (?l
H H ic e
(223K)° (223K)  (300K) (223K) (300K)
1 88.8 c 99.8 90.6 ¢
2B (axial) ~1.93 m 2.09d° 1.92bd® | 339  352d 31.7 438 44.8
20, (equatorial) |~1.93 m 2.71d° 253d°
30 (axial) 5304’ 532d" 538 d* 68.4  68.2 67.2 68.1 68.4
4B (axial) 202m | 2004’ 165d' | 274  29.0d 28.8 368 380
40, (equatorial) | 1.75d’ 1.85d° 2.15m
5 343d* 3.52d* 368bd’ | 563 572 56.5 520 523
68 (exo-) 208 m 2.18d* ~2.10m 252 250 25.0 27.1 278
60 (endo-) 169bd’ | 1674 17568
7B (exo-) 1.82bd’ | 2.03d* ~1.90 m 360  36.1 33.5 34.5 35.4
7o (endo-) 2.05m 261d’ 2.05d°
Me 242 2.53s 292 297 29.9
1! 130.4¢  130.4¢ 130.0 130.3¢  130.8¢
21,6" 8.05 d’ 8.01d 8.04d> | 129.8¢ 129.6e 129.6 129.9¢ 129.8¢
31,5 748 d° 744 d 748brt | 128.8¢ 128.4e 128.4 129.0e  128.7¢
4' 7.62t 7.56 ¢ 7.61¢ 133.5¢  133.0e 133.2 133.7¢  133.3e
PhC=0 166.0  166.0 165.7 166.1  166.1
NH/OH b 5.04 brs

Spectra for (1) and (3) were measured in CD,Cl, (223 and 300K); d° = ddd; d* =dddd; ¢ =tt etc.

a Data from reference 1; the NMR solvent was not quoted.”
b Parts of the 'H NMR spectra of (1) and (3) were second order at 400MHz but were analysed as far as possible on a

‘pseudo-first-order’ basis with the help of 'H-'H and 'H-"*C COSY spectra and selective spin-decoupling experiments
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protons were broad and varied in position according to temperature, concentration and moisture content.

¢ Signal not visible at this magnetic field and temp. owing to rapid tautomerism.

Broad signal (see ¢).

e Aryl signals assigned with the aid of a CH COSY spectrum and by analogy with values quoted for (2).}
Careful examination of the *C NMR spectrum of (1) at 300K allowed identification of all of the carbon

signals except that for C; although some of the visible signals (most notably those for C, and C4) were
broadened at this temperature. Lowering the temperature led to peak sharpening and revealed all of the signals
expected of (1). Notably, the C, signal (which exchanges with the ring carbonyl carbon of (17) and coalesced
at ambient temperature) became visible at 88.8 8, which compares well with precedent.’  This behaviour
parallels that of physoperuvine and confirms that tautomerism is occurring despite the fact that the proportion
of the monocyclic tautomer is too small to allow confident identification of signals from (17). Detailed
spectroscopic data for compound (1) are summarised for the first time in Tables 1 and 2. Despite substantial
overlap in the range 1.6 - 2.1 §, the chemical shift for each proton was identified with the aid of 'H-"H and 'H-
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overlapped at ambient temperature but were separated at 223K. Almost all of the coupling constants in the
bicyclic portion of (1) could be estimated (Table 2) and these compared well with expectations based on
compound (2) and other tropanes. The 3o proton was identified by its downfield position; the multiplicity
and J values left no doubt that it was axial and that the ester substituent was therefore equatorial (B).

Table 2. Juu values for 1-hydroxytropacocaine (1), 1-OHFB drivative (2),
and 1-hydroxy-nortropacocaine (3) (values in Hz)

Jun (1 3 @y
Jaz * 12.4 119
Toon, 6.5 6.1 6.5
Tops. 10.5 10.5 10.7
Me N Joa, <1 <1 ca. 0.6
N 287 * ca. 2 24
+28,18
IN o Ty o 6.5 6.5 6.5

i 3ada

HgB H4B Tauts 10.5 10.7 107

H,B }- Tas 125 13.3 133
W ‘ 3 ‘ .

T\ Tans 3.0 3.6 3.4

4 Haa Tines * ca. | 1.3

l HO '\\ Tses 7.0 7.3 7.2

H-a L (@) Te e <1 <1 ca. 0.6
! Hoa n

2 Jos 13 133 12.7

S N0 p Toura 10 9.0 9.8

Hao Y | P 4.0 ca.5 4.3

J66.70 * ca. 5 438
Toa7s 13.5 * 12.7
Ina 13.5 13.3 13.3

I values (Hz) were determined on the basis of ‘pseudo-first-order’ analysis with the aid of selective spin-decoupling
experiments from spectra measured at 400 MHz at 223K in CD,Cl; (1) and 300K (CDCIls) (3); values are considered

accurate toca. + 0.2 Hz * These I values were not measured because of neak overlan,
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We found (1) to be stable to chromatography on silica (EtOAc/MeOH/NH; solvent) and to be stable
over a period of months in the refrigerator. In the original report,' 1-hydroxytropacocaine was characterised as
the 1-OHFB derivative (2). We therefore converted our sample into (2) to produce material which showed
identical "H NMR characteristics to the literature sample.’

In an attempt to provide convenient access to both the 3B- and unknown 3o~ derivatives, the procedures
were carried through on the mixture of adducts (18a,B) formed from the dienol (6), in the hope of an easy
separation at a later stage. Schemes 4 and 5 cover the N-protected and nor- compounds; conversion of the
mixture (iSa,B) into (190.,6) and hence into the cyc10ncptcne derivatives ( i;
o- and P- series. Tre" i
protecting group and the double bo d o provide the mixture (22, 23); small samples of these compounds were
separated chromatographically but the procedure was not practical. Oxidation of the mixture (20, 21) usin
standard Jones conditions produced the ketones (24, 25) in good yield but these were not separable.

Careful chromatography separated a pure sample of (21) from the mixture of (20) and (21). Further
work was confined to the ‘B’ series at this stage; we expect to report extension to the non-natural o-
analogues of (1) and (3) in due course. Oxidation of (21) to the compound (25) (Scheme 5) proceeded in
good yield from (21); the tautomeric equilibrium favoured the monocyclic (25) rather than the bicyclic
tautomer (26).

1998) 36313644 3635
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the nor-compound (3) in an overall yield of 94%. Careful hydrogenation over a shorter period actually
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allowed isolation of the intermediate (27) (Scheme 5) although it was difficult to purify. The alternative
sequence (21) — (23) — (3) was not as attractive since the unpmtccted aminc-alcchols were more po!ar and

difficult to handle. The secondary amino-compound
characteristics which were very similar to those of (1). NMR d ita are shown in Tables land 2; J values for

H;,_ again confirmed the confmurauon at C; and the nC signal for C, was only detectable at low temperature.
e to a secondary bridging N led to substantial downfield shifts for C; and C4 in comparison with

values for (1).
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Tautomerism

Quite apart from any theoretical interest, tautomerism in 1-hydroxytropanes has practical consequences
since the presence of reactive minor tautomers is easily neglected but may lead to unexpected products. The
appearance of s1gna|s in the "M“ spcctr naturally temperature- and field-dependent; some signals may be

i 1g to potential misinterpretation of spectra. Table 3 summarises

he compounds in this study together with comparison data for physoperuvine and
derivatives.
Table 3. Tautomer ratios for 1,3-dihydroxytropane /
3-hydroxy-5-aminocycloheptanone derivatives”
Compound Ratio
(monocyclic : bicyclic)
1-hydroxytropacocaine (17===1) ca. 0:100
1-hydroxynortropacocaine 29==13) ca. 0 : 100
phys ooeruvme (5 ==4) 2: 98
norphysoperuvim:4 ca. 0 : 100
N-benzyloxycarbonyl-1-hydroxy- (27 ~=28) ca. 100 : O
nortropacocaine
N-benZyloxycarbonyl—norphysoperuvine4 ca. 100 : O
N-benzyloxycarbonyl-6,7-dehydro- (25 == 26) ca. 100 0
i-hydroxynortropacocaine
6,7—dehydrophysoperuvine4 major : minor
a These ratios were estimated by ’C NMR in CDCl; at 223 K; the major tautomer is shown in bold in each case,
Signals from possible minor tautomers were very difficult to assign with confidence in the heavily weighted

examples so that ratios are approximate.

The heavy preference for the bicyclic tautomer (4) in both physoperuvine (4 <~==15) and nor-
physoperuvine is established.” The results of low-temperature 'H and >C NMR studies (Table 3) show that
the bicyclic preference is maintained for 1-hydroxytropacocaine (1) and the corresponding nor- compound (3).
In contrast, data for 6,7-dehydrophysoperuvine suggested a preference for the monocycie. * In the case of the
6,7-dehydro-compound (25 === 26), the shorter n-bond is expected to lead to increased strain in the bicyclic

tautomer, and this, together with the stabilisation of the monocyclic tautomer {25) by resonance in the a.,p-
unsaturated ketone unit, presumably does play a part in the observed preference for the monocycle. However,
this preference is likely to be due not only to the ‘unsaturation’ effect but also to the fact that the bridging
nitrogen is sp>-hybridised in this case. The additional, overriding destabilisation of the bicyclic urethane (26)

Sp
stems from the need to achieve a 120° CNC bond angle [in contrast to (1) and (3) for which a nominal CNC
bond angle of ~109.5° would be the ideal]. This also explains the contrast between the preference for the
monocyclic (27 === 28) and the bicyclic (29 === 3). These results consolidate the earlier observations where
the bicyclic preference in physoperuvine and norphysoperuvine is totally reversed in favour of the monocyclic
tautomer when the bridging nitrogen bears a conjugating group.*'?

We are grateful to the EPSRC for the award of a studentship to AW.
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Routine 'H and PC NMR spectra were recorded on a Bruker ARX 250 spectrometer (250 and 63

MHz). Higher field and variable temperature 'H and *C NMR spectra were obtained on a Bruker DRX 400
spectrometer (400 and 101 MHz). Spectra were measured in CDCl; with tetramethylsilane (TMS) as internal
reference unless indicated otherwise. Signal characteristics are described usine standard abbreviations: s

11C Al imaril character iy Swauar S

(singlet), d (doublet), d? (doublet of doublets), d? (doublet of doublet of doublets) etc., t (triplet), q (quartet),
quin (quintet), m (multiplet), br (broad) and v (very); protons identified as NH or OH were shown to be
exchar\geable with DZO In some crrcumstdnces, Mgﬂd]b that appear in a more slmphﬁed form than the
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Where data are quoted for two isomers or rotamers, overlapping signals are shown in italics but may be

Qa4 @« S A0S 23, Ciiappiiiy U.D.....-u ait 218 3ALIGS

quoted separately for reasons of clarity even though they are not fully resolved or assigned. In the 13C
spectra, C, CH, CH,, CH; are used to indicate quaternary, methine, methylene and methyl carbons
respectively, as shown by off-resonance decoupling or DEPT experiments.

IR spectra were recorded on a PE 298 IR spectrometer as solutions in CH,Cl; unless indicated
otherwise. Band intensities are described using standard abbreviations: s (strong), m (medium), w (weak)

(broad), v (very). Mass spectra were measured on a Kratos Concept spectrometer using ionisation by
electron impact except where fast atom bombardment (FAB) was used; intensities are given as percentages

of the base peak.

ﬂ
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Melting point measurements werec made using a Kofler hot stage apparatus and are uncorrected.
Combustion Analyses were per formed by Butterworth Laboratories Ltd., Teddington, Middlesex.

o
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Reactions were performed under dry nitrogen using solvents drted by Qtandard methods. Diethyl ether
was distilled from LiAlH4. Dichloromethane was distilled from calcium hydride. Petroleum ether was
dlStllled prlor to use. Methdnol and ethanol were purtfred with magnesrum and iodine."" Tetrahydrofuran

PIVEE ) IR B R L | TR, PR | w;aa Aiotil Formen A Tatrrien hepdesda A1l ~tlhae

n 1a p_yuuutt: wdd uwuucu 110111 cdliviulll uyuuu@ FaCigneiitial

€ ar
ied as des ed by Perrin.'? Flash chromatography was carried out usmg Silica
gel 60 3 70_um) supphed by Flu ka. epa arations using the Chromatotron were carried out using plates
coated with a 4mm layer of silica. Analytical thin-layer chromatography was conducted on standard

commercial aluminium sheets pre-coated with a 0.2 mm layer of silica gel 60.

Cyclohepta-3,5-dienol (6) and 6-[(t-Butyldimethylsilyl)oxylcyclohepta-1,3-diene (7) were obtained

JyiLnopiaTd,Jrieatane LA B I

using the procedures descrlbed in reference 6.

N-Benzyloxycarbonyl 3[3 ([t—butyldlmethylsﬂyl)oxy] -6-oxa-7-azabicyclo[3.2.2]non-8-ene (8) and

N-Benzyloxycarbonyi-3d-([i-butyldimethylsilyl)oxy]-6-oxa-7-azabicyclo[3.2.2jnon-8-ene (9)
Tetramethylammonium periodate (4.13 g, 15.6 mmol) and (7) (3.0 g, 13.0 mmol) in dichioromethane

(65 ml) were stirred at -78°C. A solution of benzy} -N-hydroxycarbamate (2.61 g, 15.6 mmol) in

dichloromethane (10 ml) was dripped in over 10 min and the solution was then warmed to ambient
temperature and stirred for 1.5h. The solution was filtered, washed with sodium thiosulphate solution (2 x
30 ml) and water (30 ml). The organic layer was sepdrated dried over anhydrous magnesrum sulphate
filtered and the solvent removed under reduced pressure. The residual dark yellow oil was purified by flash

(=]
chromatography using 1:3 diethy] ether:petroleum ether (b.p. 40-60°C) to afford (8) (containing ca. 20% of

the 30-isomer (9), as calculated from 'H NMR signal integrations) as a ye]low oil (4.22 g, 83%). The NMR
spectra were identical to those of a sample prepared by Justice (in 91% yteld) e.g.. Oy (250 MHz, CDCl3):
0.01 [s, 6H, (CH3),Si], 0.85 [s, 9H, (CH3);CSi], 1.88 - 2.14 (series of m, 4H), 3.68 (~t%,1=10.3, 6. 3 Hz IH

) 1

o-OSi), 4.70 (brt, J = 5 Hz lH o-N), 4.84 (brt, J = 7 Hz, 1H, o-0), 5.15 (s, 2H, CH,Ph), 6.18 (@, ,
6.2, 1.3 Hz, 1H), 6.31 (d°, T = 9.1, 6.8, 0.8 Hz, 1H), 7.32 (m, 5H). Small signals from the 30~ isomer (9)

were visible.

N-Methyl-3p-([¢- butyldlmethylsﬂyl)oxy] 6-0xa-7-azab1cyclo[3 2. 2]nonane (10)
N-Methyl-3a-([t-butyidimethyisilyi)oxy]- 6-0xa-7-azabicyclo[3.2.2Jnonane (11)

To a stirred solution of potassium azodicarboxylate (6.67g, 34.4 mmol) and a mixture of (8) and (9)
(ratio 80:20, 1.34 g, 3.44 mmol) was added glacial ethanoic acid (3.9 ml, 68.2 mmol) over 10 min. The

mixture was warmed to ambient temperature and stirred for a further 17 h. The mixture was quenched with

water (3 ml), filtered, and the bulk of the solvent removed under reduced pressure. The resrdual oil was

taken into dichloromethane, washed with saturated sodium bicarbonate solution (2 x 15 ml), and with water
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(15 ml). The organic layer was separated, dried over anhydrous magnesium sulphate, filtered, and the
solvent removed under reduced pressure to leave the mixture of N-benzyloxycarbonyl-3-([t-
butyldimethy]silyl)oxy] 6-oxa-7- azdbicyclo[3 2. 2]nonanes as an oil (1.25 g) 84 (250 MHz, CDCl;): 0.06 [s,

LIY (IT \ € NTT 7T . OTY\ A AN
or1, u,nyzau, 0.88 (s, SH, \\,l‘l’;)';\.,alj, 1.6 -2.25 (series of m, zsn), 4.2U (m 1H, C(.—Ubl), 4.36 (brm iH, a-

Soiaiay e ol AVARALy NcAINLSy D\Jlll\t Olsllwo

broadcned and not all were visible at this temperature owing lo slow rotation about the N-CO bond): -4.7
[(CH5),Si], 18.1 [(CH3)3CSi], 21.4 and 22.1 (2 x CH,), 25.8 [(CH;3);CSi], 42.4 (br, CHy), 48.6 (br, NCH),
66.3 (CHOSI), 67.3 (CH7Ph) 73.3 (OCH), 128.1 (2 x Aryl CH), 128.5 (Aryl CH), 136.5 (Aryl C), 154.3

£ MDY Ife) & ¥ ol AW QLN 173N 1 L0000 A N1 1270 124

{(C=U), Vinax \l.,nvk,n) 4‘70\;\, 2930s, 2890m, 2860m, 17208, u:)yub, 1450brm, 1365m, 1345m IJJUm
1310m, 1090brs, 1005m, 905m, 855m, 840s, 740bm m-n’l~ /7 (FARY: 414 (M f') 292 (MHY-

AV, AU, OO0 JEVUIIL L, \A 4 ARS g y S \iViLL J,

C,1HaNO,Si [MH] requires 392.2258, obscrved 392.2258.
This mixture was partially purified by column chromatography using 1:4 diethyl ether:petroleum ether
(b. p 40-60°C) to yield a yellow oil (993 mg) which was dissolved in dicthyl cther (70 ml), dried with

At o s nody P | e S o = memcoiies rEAA

auu_ymuua magucmum sulphate, and evaporated under reduced pressure. A sampie of this mixture (544 mg,
1.39 mmol) in drv (‘hethvl ether (25 ml) was added drnnwm to LiAIH: (0.211 ¢, 5.5 mmol) with Qtlrﬂng at

............ vist 1O LA \v-cv‘ 2 By e 212111035

0°C and a}lowed to warm to amblent temperature over 1h The reaction was quenched by dropwise addition
of water-saturated diethyl ether and the resulting suspension was dried with anhydrous magnesium sulphate.
After filtration through celite, the filter cake was washed thoroughly with ethyl acetate and the combined

B R LT e | ar rodiraad e corea $ —1 .. 1

extracts were evaporaiea under reduced pressure o give an oil which was uuumamg;dpm:u over silica t]\iug
dlethvl ether: nf-trnleum ether in ratios ranmno from 2:3 up to 32 A camn]e of the minor N_mprhvl

compound (ll) was eluted first (22 mg, 6% overall yield; this sample contained a small amount of the major
isomer); a pure sample of the major isomer (10) was then eluted (237 mg, 63% overall).

[ Sadd SV Aadadel L

(10): On (250 MHz, CDCl3): 0.06 [s, 6H, (CH3),Si], 0.88 [s, 9H, (CH3)3CSi], 1.58 (m, QH) 1.80-2.20
fopnsinos ~F v LLIY D £N 72 2L NI Y T ON hees T o £ T 1L Ar ATV A NN fhvsns TLT me MY A 1D Fne 1LY -~
\bCll > Ul L, VIl ), L. UU \D, JI1, 1‘\.;113}., LTI \Ull, J =~ U I1L, 111, U-iN ), “.Uu \Ullll, 111, u,-U}, “4.14 \lll, 111, U~
0S1); &. (63MHz, CDCl3): -4.9 [(CH;),Si], 18.1 [(C--g)gCSi} 21.2 (br, CHj), 22.3 (CH3), 25.9 [(CH;),CSi],
38.0 (br, CH»), 44 7 (CH;) 46.2 (CH;), 55.6 (NCH), 66.7 (CHOSI), 69.9 (OCH); Vo (CDCl3): 2960s,
2948s, 2890m, 2860s, 1470m, 1462m, 1445w, 1435 410w, 1390w, 1372w, 1362w 1350w 1325w,
1280w, 12605, 1205w, 1165w, 1090s, 1005w, 9 05w, 9'5 , 855s, 840s, 815w, 805w cm™ "/z (FAB): 272
IANALTN. LT NI Q: TAALTH M . m 12 "I INAL. ,-.L.-f..-".-.,-l N1 INAL
UVIIL J, U 401300NWRD1 [IVAKT | TEQUIIES. /Z £/7.4.2040; OOSEIVEQ! £/ 4.LU40.

11): 8y (400 MHz, CDCl3): 0.08 [s, 6H, (CH;),Si], 0.91 [s, 9H, (CH3);CSil, 1.60 - 2.20 (series of m,

(400 1 C H, (CHj3)2S
[T SN 7 AN S/ &

(
2. H), 2.48 (m, 1H), 2.70 (s, 3 , NCHj3), 3.05 (brm, lH, (x-N), 4.15 (brm, 2
(101MHz, CDCls): -4. [(CHz)zsl] 18 4 [(CH )3CSi], 22.7 and 23.8 (2 x CHy), 26.2 [(CH3)3CSi], 44.3 an

'H), 67.3 (CHOSI), 70.2 (OCH); Vmax (CDCl3): 2960s, 2945s, 2890m,

T
[\
>
2
e

(" l

N-Methyl-3-hydroxy-6-oxa-7azabicyclo[3.2.2]non-8-ene (13) and
N-Methyl-3a-([¢-butyldimethylsilyl)oxy]-6-0xa-7-azabicyclo[3.2.2]non-8-ene (14)

A flame-dried 2-necked flask, fitted with a septum cap and reflux condenser, was charged with LiAlH,4
(1 g, 26.5 mmol). Dry THF (10 ml) was injected and the system was alternately evacuated and purged with
nitrogen gas. The slurry was cooled with stirring to 0°C and a solution of (8) and (9) (2.58 g, 6.63 mmol) in
dry THF (40 ml) was introduced. The mixture was heated under reflux for 3h, after which time no starting
material remained. The solution was cooled to 0°C and the minimum amount of water-saturated diethyl
ether was added carefully to destroy the excess hydride. The suspension was dried with anhydrous sodium
sulphate, filtered though celite and the inorganic residues washed with ethyl acetate (3 x 20 ml). The
combined organic extracts were evaporated under reduced pressure to leave a yellow oil (1.4 g). Further

washinge with methanol vielded a vellow solid (524 me). These extracts were combined and purified hv flash
Wabllllls wllll lllUlllallUl ]l\dlu AL €& )’ WLINE \ LT 1L E, A4 lIwWOvw wAi [ YVVAIV VVLLIVILIVG Gl U

chromatography, eluting with 1:4 diethyl ether:petroleum ether (b.p. 40-60°C), to yield (14) (225mg, 12%)
(the sample still contained a small amount of benzyl alcohol which was difficult to separate
chromatographically): 8y (250 MHz, CDCl,): 0.12 [s, 6H, (CHj3),Sil, 0.91 [s, 9H, (CH3);CSi], 1.46 (m, 2H),
2.36 (m, 2H), 2.61 (s, 3H, NCH3;), 3.46 (brt, J = 6 Hz, 1H, a-N), 4.36 (brm, 1H, a-0O), 4.56 (m, 1H, «-0Si),
6.26 (brdd, 1 = 9.1, 6.4 Hz, 1H, =CH), 6.46 (brdd, ] = 9.1, 6.6 Hz, 1H, =CH).

Futher elutxon thh methdnol dxuhyl elher (1:9) afforded the desnred compound (13) as a single
stereoisomer (486mg, 54%). &y (250 MHz, CDCl;): 1.46 (brd?, J = 13.2, 10.5 Hz, 1H), 1.68 (m, 1H), 1.88
(m, 1H), 2.02 (m, 1H), 2.24 (s, 3H, NCHg) 3.20 (brt, J = 7 Hz, 1H, OLN)5335( ~t}, 7 =10.2, 4.8 Hz, 1H, o-

0), 418(m 2H, o-O and OH), 5.89 (brd”, J = 9.1, 6.1 Hz, 1H), 60‘5(brd J=9.1, 59Hz 1H); & (63MHz,
CDCLy): 38.7 (br, CHy), 41.1 (CHy), 45.5 (CH3), 58.0 (NCH), 65.5 (COH), 69.5 (OCH), 127.6 HC=), 128.8

T2 \d13 SO ANER) 1£0.0
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max (CH2Cl,): 3600m, 3400br, 304()m 2940s, 2880m, 2855m, 1600m, 1145w, 1075w, 935m,

188 NNA7r, £ .. 188 NNAL

=, O s L. AN A/
W, OUUW (Cill \..,3 134N lt:quucb /z 155. U740, lOUIlu 155.0946.

N-Methyl-3B-hydroxy-6-oxa-7-azabicyclo[3.2.2]nonane (12) from (10)

Tetrabutyl ammonium fluoride (IM in THF, 2.2 ml, 2.2 mmol) was injected into a solution of (10)
(0.2 g,0.738 mmol) under a nitrogen atmosphcre at 0°C. The solution was stlrred as it was allowed to warm
to ambient temperature. After a further 22 h, the bulk of the solvent was distilled off under reduced pressure.
The residual oil was dissolved in chloroform (20 ml) and washed with potassium carbonate solution (5 ml,
10% by weight) and brine (5 ml). The organic layer was dried over anhydrous magnesium sulphate, filtered,
and the solvent removed under reduced pressure. The oily product was chromatographed on silica using
ethyl acetate/ammonia and then 5% methanol in ethyl acetate/ammoma to yield (12) as a pale yellow oil (92
mg, 79%). &y (250MHz, CDCl3): 1.58 (d J =9 Hz, 2H), 1.93 - 2.27 (series of m, 6H), 2.63 (s, 3H, NCH;),
3.02 (m, 1H, a-N), 3.45 (brs, 1H, OH, exch.), 4.13 (m, 2H, 2 x a-0); 8. (63MHz, CDCl;, signals in italics
were broadened owing to VT effects): /9.8, 23.4, 39.00 (3 x CH,), 44.5 (CH3), 45.7 (CH,), 56.6 (NCH), 66.6
(COH), 70.7 (OCH); Vmax (CDCl3): 3610w, 3340vbrw, 2995w, 2960s, 2955s, 2950s, 2935s, 2920s, 2890m,
2870m, 2850w, 1110m, 1058s, 1055s, 1048s, 1040s, 1030s, 1025m, 960m, 910brm, 900m, 890m. "/z
(FAB): 158 (MH"); CsH;sNO, [MH"] requires 158.1181; observed 158.1181.

N-Methyl-3B-hydroxy-6-oxa-7-azabicyclo[3.2.2]Jnonane (12) from (13)

A solution of (13) (486 mg, 3.14 mmol) in absolute ethanol (25 mi) was hydrogenated using a cataiytic

amannnt nf 109, nalladinm an charcaal at 1 atmnenhara nracenira Aftar 70 h the enlntinn wacg hacifiad with
amount O1 1V7 paunaGiuml Ol CarCidi at 1 aimnospiere pressure. ALCT Lu 1 Ul SGiUu0n was 0asiiica wilil

gaseous ammonia, filtered through celite, dried over anhydrous magnesium sulphate, and the solvent distilled
under reduced pressure to yield (12) as a yellow oil (408 mg, 82%) which showed identical spectroscopic
properties to the sample prepared from (10).

. TN e e e A& PR

0 a solution o 70 mg, 1.08 mmol) in dry pyridine (5 ml) was added benzoic anhydride (741
mg, 3.28 mmol) an d a catalytic amount of 4-dimethylaminopyridine (DMAP). The reaction mixture was
stirred for 4 h. A '"H NMR spectrum of a small sample showed that no starting material remained and the
bulk of the solvent was removed under reduced pressure. The off-white solid residue was purified by flash
chromatography eluting with diethyl ether : petroleum ether (4 1) to yield (15) as a pale yellow oil (261 mg,
93%). &y (250MHz, CDCl3): 1.81(m, ZH), 2.15 - 2.42 (series of m, 6H), 2.72 (s, 3H, NCHas), 3.11 (brt, J =
6 Hz, 1H, aN), 4.22 (brm, 1H, 00), 5.53 (t*, ] = 10.6, 6.6 Hz, 1H, aOCOPh), 7.44 (m, 2H, Hys), 7.56 (brt?,
J=1723, 1.3 Hz, 1H, Hy), 8.05, (brm, 2H, Hy¢); 8¢ (63MHz, CDCls): 22.4 (CH,), 42.1 (CHj), 44.3 (NCHj),
55.8 (NCH), 69.7 (COCOPh), 70.1 (OCH), 128.7 (Css), 130.2 (Cy¢), 130.8 (Cy), 133.3 (Cp), 166.6
(COPh), some signals were too broad at this temperature due to be assigned with confidence; v, (CH,Cl,):
3060w, 3050w, 3040w, 2960m, 2940m, 2910m, 2885w, 2860w, 2850w, 2835w, 1 715brs, 1605w, 1585w,
1285s, 1275s, 1262s, 1255s, 1120s, 1115s, 1110s, 978m, 974m, 970m cm’; "/z (FAB): 262 (MH"),
CsHxoNO; [MH"] requires 262.1443; observed 262.1443.

All-cis-1-Hydroxy-3-benzoyloxy-5|methylamino]-cycloheptane (16)

The oxazine (15) (46 mg; 0.176 mmol) was dissolved in acetonitrile (10 ml) and water (2.5 ml) and
molybdenum hexacarbonyl (50.6 mg, 0.192 mmol) was added. The mixture was heated at reflux for 7h
under a muugcu allllpruch After CG\’)hug, the s )Ll\l)l:llblull was filtered thluusu a pqu of silica g 591 which
was then washed thoroughly with dichloromethane. Further filtration through celite followed by evaporation
of solvent under reduced pressure yielded the crude product as a brown solid which was chromatographed on
silica using 2% methanol in ethyl acetate to yield (16) as a yellow oil (39.1 mg, 85%). &y (250MHz;

CDC]';) 1.68 - 1.86 (series of m, 7H2 2.25 (m, 1H), 2.35 (brs, 1H, OH exch), 2.39 (s, 3H, NMe), 2.68 (m,

A~ NY 20Q (e 11T m_!‘\\ SNA [t I.— lnA ’)QLIw\ 1I-I N(\{"(\Dh\ 7.42 Ihrf J =75 Hz 2H H::.)
111 ul‘é S3.70 (M, 1, T-Uj), J.ua il , s “r, L.6 (14, 111 .2 11Z, Lxi, x13°57),

7.55 (brt*, T =17.5, 1.3 Hz, 1H, Hy), 8.01 (brd2 I=175,1 3Hz Hzs); Sp (63MHZ CDCI:) 284,327 (2x
CHZ), 34.3 (CH3), 41.5, 442 (2 x CH»), 56.8 (NCH), 68.0 (HCOCOPh), 70.5 (OCH), 128.7 (Cxs), 129.9
(Crg), 130.8 (Cy), 133.3 (Cy), 166.2 (COPh); Vmax (CHiCly): 3610w 3415w 3050w, 2920m, 2860w,
2795w, 1715brs, 1290s, 1280s, 1268s, 1258s, 1115m, 1025m, 910m cm™; ™/z (%): 263 (M", 3), 243 (1),

206 (4. 190 {L\ 175 (1). 158 (9N 142 (10 194 /’)’n 105 r’l’)\ 96 I1<\ QA (AQ\ 77 lql\ 70 ("I")\ 57 {’20\
4V ), J L), 130 (&), 1974 \(1VUV), 1&T\L4),

S % 1
CisHy 1 NO; [M ] requires 263.1521; observed 263.1521.
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8-Methyi-3f3-benzoyioxy-8-azabicycio{3.2.1joctan-i-0l (i-hydroxytropacocaine) (1)
A strrred solution of (16) (8.2 mg, 0.03 mmol) in propanone (3 ml) was cooled to 0°C and titrated with
Jones reagent’® until the green solution had a permanent orange tinge. After 1 minute, the remaining oxidant

was reduced bv the dronwise addition of isonronanol Tha oresan calitinn wae hacifiad ta nIT 0 with o
YARS IvULLLAL U b WURWILL duuiiiivin Vi SVPIVPALIVI. 111 BiVEIL SVIUMUVIL WAS vddsilivu W pi will a

solution of NaHCOs and the bulk of the solvent removed under reduced pressure. The residual agueous
layer was extracted with dichloromethane (3 x 10 mi). The organic extracts were combined and dried over
anhydrous sodium sulphate. Filtration and evaporation afforded the crude product as an off-white solid.
Purification by flash chromatography eluting with ethyl acetate : methanol (95:5) saturated with ammonia

vielded (1) ac a white crvuctalline ecolid (72 mo 029, A camnla waq racructalliced fram natralonm athar (h n
JAVIULU (A7 QS G Wilith Ul Y SLAUIIIY OUIIN | /& dLE, J& /U ). 43 SQLLIPIV WAD 1VWE Y ILALIISVU 11V putlivivulil Lol (U. P

60 - 80°C) and had m.p. 116 - 118°C. &y (400MHz) 298K, CD,Cl;): see Tables 1 and 2; &. (100MHz,
298K and 223K, CD,Cl, ): see Table 1; Vmax (CH2Cly): 3580brw, 2950m, 2930m, 2920m, 2910m, 2895w,
2875w, 2850w, 1715s, 1605w 1450m, 1315m, 1295m, 1280s, 1270s, 1255s, 1250s, 1120m, 1095m, 1070m,

1025m, 1010m, 970m; "/z (%): 261 (M™, 10), 156 (19), 140 (100) 122 $n30) 110 (38), 105 (66), 98 (43), 84
(16). 77 (ﬁl\ 70 (QR\ ‘-'.’7 (An\ 51 (70\ C.cH..NO. TM* requirec Jz 261.1365: ghserved 261.1365

(16), 51 (20). CisH;gNO; [M7] requires 261.1365; observed 261.1365.
Figures from combustlon analqu dctcrmmdtrons were variable, probably as a result of hydrate formation:
e.g. found: C, 64.31; H, 7.64; N, 4.80%. C;sH;sNO; :H,0 requires C, 64.50; H, 7.58; N, 5.01%. However,
a sample of (1) which had been dried over P,Os under vacuum for 24 h at 30°C analysed correctly: found:
C, 68.66; H, 7.07; N, 5.26%. C,sH;oNOs requires C, 68.94; H, 7.33; N, 5.36%.

Heptafluorobutanoyl ester of 1-hydroxytropacocaine (2)

To a stirred solution of (l\ (7 mg, 0.027 mmnl\ n drv acetonitrile 2 ml\ at 0°C was mmntpd

AT pve i wis )

heptafluorobutyric anhydride (20 ul 0 027 mmol) using a micro-syringe. The SOlutlon was allowed to warm
to ambient temperature and stirred for 2h. After dilution with diethyl ether, washing with saturated NaHCO;
2x1 ml) water (1 ml), drying with anhydrous magnesrum sulphate, and evaporation, the crude product was

o sing 5% meths thvl acetate. {2) was isolated .

puuucu Uy cnromatograpny on silica using o7 m iethanol in ethyl acetate. {2) was 1solated as a colourless oil
(3.6 mg, 30%). "H NMR data were in agreement with the literature data’ summarised in table 1.’

N-Benzyloxycarbonyl-3a-hydroxy-6-aza-7oxabicyclo[3.2.2]Jnon-8-ene (180) and
N-Benzyloxycarbonyl-3p-hydroxy-6-aza-7oxabicyclo[3.2.2]non-8-ene (18f3)

Tetramethylammonium periodate (5.4 g, 20.4 mmol) and (6) (3.81 g, 17.0 mmol) in dichloromethane
(70ml) were stirred at -78°C under nitrogen. A solution of benzyl-N-hydroxycarbamate (3.41g, 20.4 mmol)
in dichloromethane (20 ml) was dripped in over 10 min and the solution was then warmed to ambient
temperature and stirred nvemmht The solution was flltered washed with sodium thmculnhate solution (’) X

30 ml) and water (30 ml). The organic layer was sepdrated dried over anhydrous magnesium sulphate
filtered and the solvent distilled under reduced pressure. The residual dark yellow oil was purified by flash
chromatography usmg diethyl ether, to afford an inseparable mixture of stereoisomers (18a) and (18B) in a
30:70 ratio (from 'H NMR signal integrations), as a yellow oil (3.69g, 79%). The 250 MHz NMR spectrum
was identical to that of a sample prepared by Justlce partial analysis was possible: 8y (250MHz, CDCl5):

1.78 - 2.07 (series of m, SH, inc OH) 220 267 (.sertes of m, 5Hmc OH), 367( ~F, J=62, 44Hz, IH, o-
0Si, (18B)), 4.24 (~ qum J =5.5 Hz, 1H, o-OSi, (18a)) 4.74 (m, 1H, o--N), 4.90 (m, 1H, «-0), 5. 15 (s, 2H,
CH,Ph, (18p3)), 5.17 (s, 2H, CH,Ph, (18w)), 6. 1/(0 J=9.1,6.2, 1.2 Hz, 1H, HC=, (18p), 6.32, (a J=9.1,
6.8, 0.6 Hz, 1H, HC=, (18B)), 639 (d%,J = 9.1, 6.4, 1.3 Hz, 1H, HC=, (18a)), 6.50 (d°, 1 = 9.1, 6.4, 1.1 Hz,

1H, HC=, (18)), 7.33 (m, 5H).

= etV

N-Benzyloxycarbonyl-3a-[(benzoyl)oxy]-6-aza-7oxabicyclo[3.2.2]non-8-ene (19a) and
N-Benzyloxycarbonyi-3p-{(benzoyi)oxy]j-6-aza-7oxabicycio{3.2.2jnon-8-ene (19p)

To a 30:70 mixture of (18a) and (18B) (131 mg, 0.48 mmol) in dry pyridine (2 ml) was added benzoic

n;—!ﬂ\ OTNR A ATy

anhydride (163 mg, 0.72 mmol) and a catalytic amount of DMAP. The reaction mixture was stirred for 18h,

thon dilitad with disthvl ather (20 mh The aroanic laver wac wachad with caturated conner culnhate
LRIVLE GMIEUTRAL VYLLK ul\.d.u.yl VAkIv &V Rl g ALl Vlé“lll\f I“J wi YV & Y Ghoriva ¥ritil JOQlulduwag \J\ltltl\dl dultlll“‘v

solution (3 x 25 ml), dried over anhydrous magnesium sulphate, filtered and the solvent evaporated under
reduced pressure to afford (19c) and (19f) as a pale yellow oil (177 mg, 97%), in unchanged ratio after
chromatography on silica using diethyl ether : petroleum ether (b.p. 40 - 60°C) in a 2:3 ratio. Spectroscopic

NN IYY e e o e

data for the 3a-ester (19a) are derived from the mixture: &y (250MHz, CDCls) (signals common to both
icamerc are nneted in italicg): 77 Qdfm 2H ) 74 ')ﬁ/m 7Hl dR Q')/m 7” ﬂ-N ﬂ-nl Q?n/(‘ 7”

ISULLICI O alv U U AL ILGES /. T Iy &4k, ), £4.9 - 4.0 (I, Lily, 7.0 = 0.4 (7% _.A A=y, -V, Q.20 %8, LIT
2

CH,Ph), 5.51 (~t", J = 5.3, 3.6 Hz, 1H, aOCOPh), 642(m IH HC=), 658 (d J =92, 69 lOHZ 1H,
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HC=), 7.3 - 7.5 (series of m, 8H, ArH), 8.0 (m, 2H, ArH); 8¢ (63MHz, CDCl5): 35.4 & 38.2 (2 x CHy), 51.0
(NCH), 67.8 (CH,Ph), 68.7 (HCOCOPh), 73.0 (OCH), 128.2 (Ar CH), 128 .6 (Cs, Cs'), 129.5 (Cy, Cs),

130.0 (Ar CH), 130.3 (Cy), 131.6 (2 x HC=), 132.9 (C4), 135. 9 (Ar C), 156.4, (CO,CH,yPh), 165.3 (COPh);
(CH,Cl,), mixture of (1901 and (19B): 1715s, 1605w (Ar); "7z (%): 379 (M™, 3), 335 (11), 213 (2), 183

v“mj W—-Aa2%22) AnaT Us SRRy Qi \aS S P Ay AVUDY GiT 4ve ST (L L)y Ml F &)y, 20T

(1), 122 (2), 105 (26), 91 (100) 77 (13), 65 (4); C;;ngNOs requires /z 379.1420; observed 379.1420.

A pure sample of the 3B-ester (19B), m.p. 105-106°C, was obtained by recrystallisation from 1:1
diethyl ether : petrol (b.p. 60 - 80"C) and showed: 8y (250MHz, CDCI3, assignments made with the help of
an HH COSY spectrum): 2. 10 (d*,J = 13, 11, 1.0 Hz, 1H, Hyp), 2.15 (d J=13,11, 1.7 Hz, 1H, Hay), 2.48
(m, 2H, Hy, Hy), 4.84 [brd® (~brt) J = 6.3, 4.5 Hz, 1H, Hs], .407 [brd?> (~brt)J ~ 6.6, S0Hz 1H H1 503

Liiy AR2, 2228/, A2d,y 241, 212§ A 2mdiy RARy 1:11,-1\1_1

(~t>,1=11.0, 6.4 Hz, 1H, H;, ),520(5 2H CH;Ph), 6.31 (d3 J= 92 6.3, 1.2 Hz, 1H, He), 6.45 (d°, 1 = 9.2,
6.4, 1.3 Hz, 1H, Hs), 7.3 - 7.5 (series of m, 7H, ArH), 7.56 (t*, ] = 7.6, 1.5 Hz), 8.01 (brd, J=8.4 Hz, 2H,
ArH); 8¢ (63MHz, CDCly), 33.4 & 36.2 (2 x CHy) 51.0 (NCH), 67.8 (CH,Ph), 68.7 (HCOCOPH), 72.0

(OCH), 128.1 (Ar CH), 128.3 (HC=), 128.4 (C5:,Cs), 129.4 (HC=), 129.9 (Ar CH), 130.4 (C;"), 133.0 (Cy),
135.9 (Ar C), 156.3 (CO,CH,Ph), 165.7 (COPh); 8¢ (63MHz, CDCl3): 33.9 & 36.7 (2 x CH,), 51.4 (NCH)

[ASES S AV FAST Byl Y A R S L Y (RS S D VAP W Ty W X N Ni27) T \4AYNriijy

68.3 (CHZPh) 69.2 (HCOCOPh) 72.4 (OCH) 128 5 128.7, 128.8, 128 9, 129.1, 130 0, 130. 4, 130.5, 133.5,
136.4, (aryl and alkeny! C), 156.8, (CO,CH,Ph), 166.2 (COPh), (19B): found: C, 69.50; H, 5.29; N, 3.71%.
C22H2NOs requires C, 69.64; H, 5.58. N, 3.69%.

‘R-“le‘nYV-dR[(th? loxvecarbonylaminol-60-henzovloxv-cyclohept-2-ene (20)

==RUAY [ S A P AR L2 A S -wv-- -,—..--.v‘ LIAmR2 S SASTARS A SR ST AL I

IB-Hydroxy-4B[(benzyl xycarbonyl)amino]-6B-benzoyloxy-cyclohept-2-ene (21)
To a solution of (19a) and (193\ (26:74, 4.6 g, 0.012 mol) in acetonitrile:water (4:1, 125 ml) was

20U Ul &2 LI acly all p A

added molybdenum hexacarbonyl (3.5 g, 0 013 mol) The mixture was heated under reﬂux for 24 h and then
filtered through a silica plug which was washed thoroughly with ether:methanol (95:5). The solvent was
removed under reduced prcs:,ure and the dark brown residue dissolved in dichloromethane. This solution was
£ loavad ngnin 14 A Alid hiA

1I1LCICU dsdlll uuuugu LCIILC l.\) lelU. a LIUUC UlUWll DUI]U Wlllbll thb Pdllid.lly pmilicu Uy ﬂdbll
chromatography eluting with diethyl ether : petroleum ether (b.p. 40 - 60"(‘\ in a ratio ranging from 3:2 to

4:1. Some remaining ‘material was washed off the column using ethyl acetate and the combined fractions
were evaporated to give (20) and (21) (3.46g, 75%) as a white solid. 8y (250MHz, CDCls) (signals are
quoted in italics where they overlap or where t'hcy are common to both isomers): (20): 1.80 - 2.45 (series of

&y DL N and ~ SN/ L A NIF 217\ & &KL ¢ 1T NONDLY C(ﬂ/JzT_
Ill Jll} ‘f I I \Ullll Lll, O-uU ana \k'l‘}, J.VO [Ulb, L/llzf Il ana iviz, JI11,)}, J.J99 \lll, ili, - ur i), 2.7 U J —

12.9, 3.0 Hz, 1H, HC=), 5.85 (m, 1H, HC=), 7.2 - 1.5 (m, 8H), 8.1 (brd*, J = 7.5, 1.2 Hz, Ha¢); (21) 1.80 -
2.45 (series of m, 5H), 4.31 (brm, 1H, 0-N), 4.47 (brm, 1H, a-O) 5.08 (brs, CH;Ph and NH, 3H,), 5.53 (m,
1H, a-OCOPh), 5.56 (m, 1H, HC=), 5.85 (m, I1H, HC=), 7.2 - 7.5 (m, 8H), 8.01 (brd®*, J = 7.5, 1.2 Hz,
H26); Vmax (CH2Cly): 3440w, 3055m, 3035m, 2950m, 2920m, 1720s, 1715s, 1510m, 1505m 1500m,
1450m, 1425m, 1420m, 1415m, 1315w, 1277s, 12705, 1260s, 1252s, 1248s, 1210m, 1200m, 1175w, 1115w,
1070w, 1035m, 1025s; "/z (FAB %): 404 (MNa*, 25), 382 (MH", 49), 364 (MH" - H,0, 100). A sample of
the mixture was recrystallised from 1:1 diethyl ether/petrol (b.p. 60 - 80°C) to give a mixed sample (m.p. 132
- 145 °C): found: C, 69.13; H, 6.20. N, 3.70%. CH23NOs requires C, 69.28; H, 6.08. N, 3.67%.

A pure sampie of (21) (1.0 g) was separated on silica (chromatotron) eluting with diethyi ether :
PC‘IU}DUIII blh\al \u. ll 40 600C} \latlU lauslus llUlll ll } I.O 3 2) n?ﬁ") llahtlUllD uuutmuvu PUIC \H‘.} \O 46 g),
a sample of which was recrystallised from 1:1 diethyl ether/petrol (b.p. 60 - 80°C) to give a white crystalline
solid, m.p. 145 - 147°C. 8y (250MHz, CDCl3): 1.8 - 2.0 (brm, 3H, inc. OH), 2.2 - 2.4 (m, ZH), 4.34 (brm,
1H, a-N), 4.50 (brd J = 10 Hz, 1H, a-OH), 5.05 (brm, 1H, NH) 5.10 (brs 2H, CH,Ph), 5.33 (t,1=10.7, 3.7

o~ T ~ e~ o T o TT

Hz, iH, o-OCOPh), 5.59 (d" J = 11.5, 3.4, 2.2 Hz, iH, HC=), 5.84 (brd J = 11.5 Hz, 1H, HC=), 7.35 (m,
AUy Y 741 (hrt T =75 Hy 2H H., 3. 756 (brt? J=75,12Hz n_ru\s:mn-miz J=75 12Hz H

argr )
JdXLfy Jy 15T \uu..l [ o) KRy &X1y KR35 ), 1. .U \ULL , & Kiiiy 1XKy K14’ ), O i L.& LAL, X177,

8. (63MHz, CDCl3): 39.6, 42.4 (2 x CH,), 48.0 (NCH) 66.9 (HCOCOPh), 67 3 (CHzPh) 71 4 (HCOH),
128.5, 128.6, 128.7 (3 x Aryl CH;benzyl), 129.0 (Cy's), 130.0 (Cyz¢), 130.6 (Cy), 132.3 (HC=), 133.5 (Cy),
136.7 (Aryl C; benzyl) 137.5 (HC—), 155. 9 (NCO) 165.8 (COPh). Found: C, 69.15; H, 6.05. N, 3.71%.
L21H23NU5 requxres C,6928; H

T ator frastiny taoathar u
Laatel lla\v‘.lulla, tus\/lll\al VV
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B-1-Hydroxy-3o-benzoyloxy-53-aminocycloheptane (22)" and all-cis-(all-B-)-1-hydroxy-3-benzoyloxy-
5-aminocycloheptane (23)
A 30:70 mixture of (20) and (21) (45 mg, 0.118 mmol) in dry methanol (7 mil) was hydrogenolysed

using a catalytic amount of 10% palladium on charcoal at atmospheric pressure. After 1.5 h, gaseous
ammonia was bubbled through the mixture which was filtered though celite and the solvent evaporated to
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yield the mixture of (22) and (23) in quantitative yield (30 mg). Spectroscopic data are quoted separately but
signals common to both isomers are shown in italics. (22): 8y (250MHz, CDCl3) : 1.6 - 2.4 (series of m.
9H), 3.45 (brm, 1H, a-N), 4.15 (brm, IH, a-OH), 5.58 (m, 1H, H3,), 7.43 (m, 2H, Hss), 7.56 (m, IH, H4)

N2 (m 2H H,...) & (MU CNCL.)- AK"I INCHY (67 lul‘ﬁ(‘ﬁbk\ £0 A (HCOH. 1288 (C
O.Wi (1re, Lad, 412°6°). U \UJIViild, i1svi3). of WAV RLJ, UULT \LL\,V\le i1}, V7.7 (11 \Jil), lL() 0 (bjj},

129.91 (Cy¢), 130.8 (Cy), 133.27 (Cy), 166.20 (CO); additional minor peaks were observed in the *C NMR
spectrum of the mixture but these could not be assigned with confidence to the ring CH; signals of the minor
isomer. 2 Ou (250MHz, CDCl3) : 1.6 - 2.4 (series of m. 9H), 3.10 (brm, 1H, a-N), 4.05 (brm, 1H, o-

OH), 5.04 (t°, J = 10.7, 2.2 Hz, 1H, H3)), 7.43 (m, 2H, Hys'), 7.56 (m, 1H, Hy), 8.02 (m, 2H, Hy5'). &

(63MHz, CDCL): 31.9 326 420 439 (4 x CH,). 400 (NCH). 68.1 (BCOCQPh). 70.0 (HCOHR)Y. J1288

A\ Jivaxad, \/U\/lj[ T LTy Jh Ny TLV, TILF T A Car )y TV UV CLL), VUL QAL L, TVLY (JINUTL )y 120.0

(Cys:), 129.94 (Cye), 131.0 (Cy), 133.35 (Cy), 166.26 (CO); (22) + (23): Vmax (CH,Cly): 3600m, 2860m,
1710s, 1605w, 1585w, 1560w, 1545w, 1465w, 1450w, 1317m, 1270brs, 1260brs, 1178w, 1115s, 1070w,
1025m.

The compounds could not be separated completely. Partial separdtion of the two stereoisomers was
achieved usine nrenarative thin laver rhrnmarnorqnhv (8% ethangl in diethvy] ether). This vielded. firstly. a

achieved using preparative thin layer chromatography (5% ethanol in diethy! ether). This yielded, firstly, a

mple containing ca. 80% of the 3oi-ester (22) as a pale yellow oil (1.2 mg, 5%) du (250MHz, CDCl,): 1.7
- 2.4 (series of m. 9H), 3.40 (m, 1H, a-N), 4.18 (brm, 1H, 0-O), 5.70 (m, 1H, H3y), 7.48 (m, 2H, Hys), 7.58
(m, 1H, Hy), 8.02 (m, 2H, Hy¢'). '

Mixed fractions were then eluted and finally the 3B-ester (23) followed, also as a pale yellow oil (2.8
mo 119%Y X.. (250MH> CD(1.)- 1.70 - 2.45 (series of m. 9H). 2.90 (m. 1H. -N). 4.05 (hrm. 1H. a-0O)

i, 1 /u; UH \&wWVivaili, N ar513). ST \OVLIUS UL dii. Fai), LoFU \11k, 111y VATV )y TOUJD (ULl 111, W= ),

5.10 (%, J = 10.7, 2.2 Hz, 1H, Hs,), 7.45 (m, 2H Hjs), 7.55 (m, 1H, Hy), 8.04 (m, 2H, Hy ). "/z (FAB):
272 (MNa"), 250 (MH*), C14H20NO3 requires 250.1444, observed: 250.1443.

4B[(Benzyloxycarbonyl)amino]-6a-benzoyloxycyclohept-2-enone (24) and

4RI ( hpn7vlnvvnnrhnnvl\nm|nn].6R-hpn7nvlnvvnvclnhpnt-?-nnnnp ( 7:\

LAV VALY RUA Y SR ROV AR y A jSenaanaats R Y AR Y Ny SAUVRAT AR T AT T AR RAL (&

M o atiemad anlictime ~f AN o1 (A1 /&N . N 17 mmob) in acetone was AL memim i A
10 d SULITCU SOHon ol 4v) 10 {4&1) (YU I lg, U.15 mm l) lll aCCloOIC wad dUUCU L ITOIMmIcC acia
following the procedure used for compound (1) to afford (24) and (25) as a pale yellow oil (40mg, 82%). 8y

C d for pour 0
(250MHZ Iél ): 2.0-2.2 (brm, 2H), 2.5 and 2.65 (2 x m, 2H), 3.0 (m, 4H OLCO) 4,78 (brm, 2H, 2 x o
N), 5.10 (s, 4H, CH,Ph), 5.3 - 5.6 (brm, 4H, 2 x o-OCOPh + 2 x NH), 6.0 (m, 2H), 6.6 (m, 2H), 7.2 - 76
(series of m, 16H), 79dnd80(2xd J=7.8 Hz, 2H); &. (63 MHz) 39.2, 40.0, 479(3 XCHz) 483(NCH),

AQ Q 7T N AQ O /ATAMLIN L£L O (N o ODLINMANDLY £77 1 -~ MIT DN nes A | B cismal
40.0 (LI12), 40.7 (INULI1), 00 J dllU V0.7 (< A Lnuuuru; O/ \L A LCriri), [dlyl alida dll\cllt: \,l’l blglldl\

were observed at 128.2, 128.29, 128.33, 128.45, 128.5, 128.6, 129.6, 129.7, 131.3, 132.0, 133.3, 1334
together with aryl C signals at 136.0 and 136.1 but there was signal overlap and these were not assigned}],
155.5 (2 x NCO), 165.5 and 165 6 (2 x COPh), 1974 and 197.6 (2 x C—O) Vmu'SCHZCh, film): 17135s,

1665m, 1605w, 1585w, 1510m; ™/z (FAB): 380 (MH™); C2oH,,NOs [MH'] requires ~ /z 380.1498; observed

290N 1 AQQ
DOV 170,

Conversion of (21) into (25)

Conversion of (21) (95 mg, 0.249 mmol) into (25) followed the general procedure used for the
preparation of (24) and (25) above. The oily product was chromatographed using dxethyl ether : petrol (7 : 3)
to give (25) (85 mg, 90%) as a yellow oil. &y (400MHz, CD,Cl,, 300K): 2.13 (m, 1H) and 2.64 (m, 1H),

3.0 (m, 2H, a-CO), 4.71 (brm, 1H, o-N), 5.10 (s, 2H, CH,Ph), 5.41 (brd, J = 6 Hz, NH), 5.54 (~quintet, J =

7 L 1H= 1T ~v OWNODRY AthlzT_l")Q NTAW, 1N £68R /42 T=1772 90 U, 1IN 720 _727(
Sl T OAAL, 1Xd, CVOUTL ), UWWO U, J = 1 & ia-r Ii4, 115), G JO\U , v = 14.0, 4.7 XiL, 111}, J.J4L 7.531 n,

5H), 7.41 (brt. J = 7.3 Hz, 2H, Ha5), 7.56 (t°, 1 = 7.3, 1.2 Hz, 1H, Hy), 7.94 (m, 2H, Hy ¢); 8. (101MHz,
CD,ClL): 40.3, 48.2 (2 x CH»), 49.3 (NCH), 67.3 (CH,Ph), 67.5 (HCOCOPh), [ary]l and alkene CH signals
were observed at 128.4, 128.6, 128.85, 128.9, 129.9, 132.3, 133.6 together with aryl C signals at 130.3 and
136.9 but there was overlap and these were not assigned], 155.8 (NCO), 165 7 (COPh), 197.7 (C=0).

Aancnramante at 772 K chawad na avidanca of tha k-r-vr-]:ﬁ tantamer \Y) .1, \ QAQn 'Zn(n“l

x‘vu,aauu,uu,luo at 2243 IS SnNOWEa no evidence ¢of uie vyviuv tauiocmer. ¥ max \\-—l‘.l\;l i SOLV 84PN VY,

2960w, 2870w, 1725s, 1680m, l620w 1605w 1510w, 1450m, 1400w, 1315w, 1265brs 1175m, 1110s,
1100m, 1070m, 1040m, 1025s cm’! /2 (FAB) 402 (MNa"), 380 (MH"); C;oH»NOs (MH") requires
380.1498, observed: 380.1498.

Hvdrgeenation of (&) tn AR_hanzaviavv. SR I(Than7vinvvearhanvhaminalevelnhantanane (’)'7\13
Ju.l Us‘rl.‘llull WL \dwet ] WP JF "‘rlwvl IVAJ JPL\IJ\-’II‘JJ IUAJ wEsR IJUIIJ 5 JERRRRRAK T N Y SRVFARW RS LARRANF RN, \ 4w 4 J
v £ a3 b1 L1 (AN 1 ,h skeemcsalemala cmmccstea bex cammbbe e ]
The hydrogenation of the double bond in (25) was performed at atmospheric pressure in methanol
usine standard conditions. The nroduct (’)‘7\ was shown bv '"H NMR snectroscopyv to have lost the double
using stangard congitions. the ru.m.w (2 as shown by "H NMR spectroscopy to have the d
bond but to have retained the N-benzylo carbonyl group; it was not purified
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et B __ A . __ B, A __ B ______ 4% __ _&F /A& | . T Y

Direct hydrogenolysisshydrogenation of (25) to 1-hydroxynortropacocaine (3)

A solution of the ketone (25) in dry methanol was hydrogenolysed over a cata]ytlc amount of 10%

O atmnrcmaris aracoizna mL.

palladium on charcoal at atmospheric pressure. The progress of the reaction was monitored by TLC and
after 3 hours, there remained no trace of either (25) or the intermediate (27). The reaction mixture was

Qi LA By LRI ANALRGATAS U LALU Vs UILALRL (@) UL WL Il il \&i7 g LIV LCAVUIVIL SLIIALULIT W aD

filtered through a pad of celite which was subsequently washed thoroughly with ethanol. The combined
solutions were evaporated to yield (3) as a yellow oil, (ca. 85 mg). Chromatography on a small silica column
using ethyl acetate/ammonia/5-10% methanol gave pure (3) asa crystalline solid (82 mg; 94%). A qamplc

PVt B W a V)] - TR Ty

was recrySIalllSCG Tl om e[nyl acefaie to glVe a Sample WnlCn mCIIEG Wltn GecomPOSltlon at 103-105°C. NMR
chemical chift data are licted in tahlec 1 and 2 m/—' () 247 (M AY 220 74Y 202 (1) 1R M\ 152 (9 147

VARG ST WAlG iV HIDW A 11 LGUIVS 1 ALllu L. 7L lll} LTI \UVL W)y LdeZ \TJy 4V (1), 100 \L) 1JO \&), 170

(12), 126 (64), 105 (100), 96 (35), 84 (28), 77 (67), 69 (16), 56 (32); C,4H7NO; requires M2 247. 1208;
observed 247.1208; vy (CHLCL): 3045w, 2945w, 1720s, 1605w, 1540w, 1455w, 1385s, 1318w, 12655
1180w, 1150w, 1115m, 1070w, 1030w cm’".
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