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Summary—We describe an efficient synthesis (summarised in Schemes 8 and 10) of an
advanced intermediate (34) suitable for the synthesis of gelsemine. The key steps in the
synthesis are (i) the Diels-Alder reaction between l-tetrahydropyranyloxycycichexa-1,3-diene
{10) and methyl g-nitroscrylate (11) giving an adduct (12), in which the chiral centre in the
tetrahydropyrany! ring is produced substantially in only one sense, (ii) the rearrangement
of a bicycle{2.2.2]octane (23) into a bicyclo[3.2.1]octane (24), where control of which
bridge migrates is achieved by a cholce of the counterion in the Lewis acid, and (iii) the
efficient formation of the quaternary centre by an intramolecular reaction between an
allylsilane group and an acyliminium ion (33 -~ 34).

INTRODUCTION

We rveported oarlier?’! our plan to synthesise gelsemine (1) by way, successively, of a
diketone of the general structure (3), with the ketone groups differentiated in some way, and a
ketone of general structure (2). In each of the synthetic steps (3 - 2) and (2 =~ 1), a ketone
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group is to serve as the precursor of & qusaternary centre, and it is the challenge of these steps

that has most excited our interest in the synthesis of gelsemine., We have already reported two

pieces of work establishing how effective certain aspects of organocsilicon chemistry can be for

setling up quaternary centres, either of which might serve in the conversion (3 + 2): one uses
3934
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allvisilane chemistry and is illustreted by the wreaction in Scheme 2;° the other uses =&
silicon-controlled csrbonium fon rearrangement, and iz illustrated by the vesction in Scheme 3.°
We have also reported two new methods for meking oxindoles from ketones in the sense {2 + 1).7
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Schems 3

We now report the synthesis of the ketal (25), which is the real compound corresponding to the
notional Intermedinte (3), and {ts conversion, using the intramolecular reaction of an allylsilane
with an scylminium fon, inte the ketone (34), which is the meal compound corresponding o the
notlonal intermediate (3).°

RESULTS

All our routes begin with Disls-Alder reactions. In our esrliest work,” we set up a
bleyelo[2.2.11heptene system, with the intention eventually of carrying out a ring sxpansion to get
the bicvelo[3.2.1]octane skeleton embedded in the diketone (3). Both versions of this appreach
ran into obstacles, and we turned thersfore to the poseibility of using the Diels-Alder resction to
set up s Dbieyelo[2.2.2]octene, with the intention, this time, of vearrsnging &t lo a

Mad,C
4 £ 8% 5 55%
AgNO,
MeOH
NES phoDO™ A% 1. PROQOY
DHE Me0zC- 2. NaBt,
8§ 7en 8 57 T as%

Schems 4

bicyclo{3.2.1joctane system. The first version of this approsch is {llustrated in Scheme 4. The
Diela-Alder veaction of the slloxyeycichexsdiene (4) and dimethyl fumsrstie gave, as the major
adduct, the stereoisomer (3), which, although it wes not the ons we expected from a simple
frontier orbital argument,’ was the eppropriste isomer for the synthesis of gelsemine. The endo
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ester group sliowed us to introduce the bromine substituent i{n the lactone (8) with the correct
orjentation to ensure the migration (8 + 7) of the functionalised bridge held antiperiplanar to it.
This bridge, becsuse it carries the methoxycsrbonyl group is inherently slower to migrate than the
unfunctionalised bridge, and it is an important feature of the deeign of this route that
stereochemical control be used to ensure its migretion. Furthermore, the ketone group in the
product (¥) wes ideally placed to assist intramolecularly in the differentiation of the two
methoxycarbonyl groups: the benzoate of the ketone (7) reacted with sodium borohydride to give
the diol (8), by way of a y-lactone intermediste, which we ware able to isolate when we used a
lmited amount of sodium borohydride. Finally we oxidised the secondary alcohol group of §
selectively to give the ketoalcohol (8). So far, all the subsetituents had coopersted in snsuring the
selectivity that we needed; the problem was that the ketone group in 9 was at the wrong end of
the three-carbon bridge, and this route had to be abandoned when we were unable to treanspoee
the carbonyl group to the other side of the ring.

in the second approsch along these lines we used g-nitroacryiate!® (11) as the dienophile,
This had the advantage that the two groups on the double bond were alresdy differentisted, but it
posed a number of problems. In the first place, there were now twice as many posesible
Diels-Alder adducts to sort out, and in the second there was no longer a methoxycarbonyl group
that we could use to set up the correct regio- and stereochemistry in a bromolactonisation step like
(5 « 6). Nevertheless, this approach was successful, and it {llustrates how effective it is to make
the first step in & synthesis create as much complexity as possible,’' aven when it means that it
and subsequent steps are less ecasily predictable.

We tried a number of protecting groupse on the diene (10), with various problems from each,
but the most successful, and the only one leading to a crystalline adduct (12) was
tetrahydropyranyl. With a yield of only 43% of a single compound having & sharp melting point,
and seeing no sign in the NMR spectrum of any doubling of the signals, we entertained the hope
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that a major byproduct would turn out to be the diasterecisomer differing only in configuration at
the chirel centre in the tetrahydropyrany! ring. Howasver, the major byproduct, which accounts
for a further 35% of the total product, proved to be the sterwoisomer (13), in which the
methoxycarbonyl group rather than the nitro group is endo, es shown by its conversion, in &
retro-Henry reaction, to the ring-opened product (18), diastereoisomeric with the retro-Henry
product (14) obtained from the major adduct. Only 180 of the mess balance is uneccounted for,
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which imples that the chirsl {nformetion in the tetrahydropyrany!l ring hss been trensmitted into
the cyclic trensitlon siate of the Diels-Alder remetion ai the very lesst to the extent of 43:18,
aithough In what sense, we do not yet know., Since the remalning 18% of product appesrs to be 8
mixture of several not easily separsted compounds, with none obviously & msfor component, the
selectivity must setuslly be much higher. This very remarkeble type of transfer of chival
information Iz known from Stoodley's work with open-chaln disnes stiached snomerically to
sugars, ' and implies thet if we sre able fo use s suger in place of the tetrahydropyranyl ving,
we should be sble to convert this synthesfs into one sullable for the synthesis of optically active
gelsemine. The low endo sslectivity of the nitro group relstive to the wethoxvesrbonyl group,
coupled with Ha high control of Diels-Alder regiwselectivity bhss precedent iu the work of
Danishefsky, **

We now faced the problem of controlling & resrrangement without having the bromolsctonisation
step avallable for setting up the leaving group anliperiplanar to the functlonalised bridge. After
carrying out some functionsl group modifications (IR » 18}, designed o vemove any possibility of
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retro~Henry reaction, we found that spowxidation of the doubls bond took plece dissppeintingly from
the more hindered fece of the double bond to give the epoxide (1¥), vevealed by the migration
{18, arvows) of the unfunctionalised bridge (17 » 18) when we trested the epoxide with aluminium
chioride. The solution to thls problem came when we found thal migrstion could be subvartad
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using magnesion bromide In placs of aluminium chloride; now the mejor product wae the
browmohydein (38) produced by & bromide fon opening the spoxide wing before it could set off
rearrangemeni. Even more snoouvagingly, this product wss sccompanied by & new rearvangemant
product (81}, which came from migration {238, ervows) of the fun ! bridge sntiperiplaner o
the bromine atom. Longer treatment of 20 with megnesium bromide converied ft iInto %1, which
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confirmed our analysis of the situation. Armed with this information, we optimised a slightly
different sequence of events, summarised in Scheme 8, which also includes the subsequent steps
establishing the ether bridge of the ketal (25). These steps are the bromination of the ketone
(24), protection of the alcohol group (to avoid retro-aidol reactions), base-catalysed ether
formation, and an acid-catalysed removal of the tetrahydropyranyl group in conditions that also
protected the ketone group.
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We established the structure of the key intermediate (25), and hence of all the intermediates
preceding it, by an X-ray crystal structure (27) of the methylamine (28) derived from it by
reduction with lithium aluminium hydride. In summary, so far, we get the carbamate (28) in 1§
steps from phenol, in an overall yleld of 11.7%, with seven crystalline intermediates and only two
serfous chromatographies.
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We were now ready to put in one of the quaternary centres. In our first approach, we carried
out the sequence in Scheme 9 to set up a compound (28) having a silyl group vy to a tertiary
alcohol—the structural subunit in which we had successfully induced silicon-controlled cationic
rearrangement in our earlier work (Scheme 3).¢ In this case, however, we were unable to induce
rearrangement by acid catalysis or by any other method: neither the aloohol (28) nor the amine
derived from it by reduction with lithium aluminium hydride gave any recognisable product, even
though the group that should have migrated, in the general sense (29, arrows), was held
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antiperiplanar to the departing hydroxy group. Al our attempis to make the hydroxy group into
& better leaving group felled, and we were also unsuccessful with resctions carrled out on the
ketone devived by hydiolysis of the disthyl acetsl without success. The fallure of this spprosch
was perhaps not too surprising, in view of our savlier fallure to induce ring-contractions and
ving-expansfons.® We had hoped thet the rigid plecing of the wmigreting group sntiperiplansr to
the leaving group in 29 would make resrrangewment more favoursble than it had been in the model
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syntems, which wers wuch less rigld, and in which hydride wmigration, not svailsble {n 29, took
place Instead of ring contraction or expansion.

We hed adopted the resrrangement route as our firet choice becauses the second, which would
follow ocur model work showing how powerful allvisiianes are in metling up gqusiernery centres
{Scheme 2),% requived a S~gpdo-trig process®® at the electrophilic end. In the meantime, Hiemstira
and Speckemp and thelr co~workers demonstrated that allylsilapes resct Intramclecularly with
acylimindum fons.'® Since soms of thelr successful resctions were S-endo-trilg in nature, we lost
ouy inhibitions with respect to this spproach, snd were able quickly to set up the first of the
guaternary cenires in a seguence sumwerised In its optimised form In Scheme 18, The synthesis of
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the allylsilane (33) was not succsssful using & Wittlg reaction® ** directly on the ketone (38}, nor
could we use our methoed involving the resction of s silyl-cuprete resgent on & tevtlary sliplic
acetale,’ becauss the slcohol (31) would not form an scetste., The final step (33 + 34} that set
up the guaternary centre, is closely modelled by & resction reported by Hismastrs and Speckamp,
very shortly alter we first carrled out a reaction corresponding to (3% -+ 34}, but having &
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phenyldimethyisilyl group in place of the trimethylsilyl. In this step, the yield was significantly
better with a trimethylsilyl group than with a phenyldimethylsilyl, but the yleld of the allylsilane
was slightly higher with the phenyldimethylsilyl group than with the trimethylsilyl group. Also,
yields of the allylsilanes were slightly higher with the cuprete reagents than with the lthium
reagents used by Samith in her otherwise similar allylsilane syntheses.'®

All our attempts to put into practice our oxindole syntheses’ on the ketone (34) (or on a
ketone derived by protection of the hydroxyl and amino groupe of 28 followed by hydrolysis of the
ketal group), have so far met with failure: the first carbon-carbon bond-forming step works, but
the subsequent steps, needing cationic intermediates, have been most discoursging. We surmise
that the neighbouring oxygen function seriously interferes with the formation of cationic
intermedates at the carbon atom that is to become the second quaternary centre. We also failed
with a method of oxindole synthesis’® based on a reaction of Zeeh's,’! which similarly needs
cationic intermediates, and with a Brunner synthesis,’? which needs anionic intermediates, for
which we prepared the way by improving the general conditions that this little used method
needs.??

In summary, we have an effective route to an advanced intermediate, the ketone (34), which we
call the noroxindolylgelsemine ketone. It is produced in twenty well worked upon steps with an
overall yield of 6.6%, and we have, once again, demonstrated how powerful the allylsilane group is
as a carbon nucleophile in organic synthesis.

EXPERIMENTAL

l-gTrimethxlnﬂFlox!L-l.:t- clohexadiene (4).—3-Cyclohexen-1-one?* (23 g, 239 mmol) was added
to a solution of lithium diisopropy de (LDA)(251 mmol) in tetrahydrofuran (THF)(450 ml) at -75°
and trimethylsilyl chloride (503 mmol) added. The mixture was allowed to warm to room temp-
erature, the solvents evaporated off, and the residue taken up in pentane (300 ml). The mixture
was cooled, flltered, and the solvent evaporated off, and the residue distilled to give the ggy_l
dienol _ether (31.4 g, 78%) b.p. 68-72°/12 mmHg, IR(film) 3050, 1650, 1590, and 1250 cm °,
!H-NMR(CCI.) §.9-5.2 (2H, m), 5.02 (1H, d, J 6 Hz), 2.17 (4H, m), and 0.18 (8H, s)(Found:
M*, 168.0970. C,H,,0Si requires 168.0870).

imethyl 1(SR)-Hydroxybicyclo[2.2.2]oct-5-ene-2(SR),3(RS)-dicarboxylate (5).—The diene (4)
(9 73 g) and dimethyl fumarate (8.34 g) were refluxed in toluene (60 ml) for 16 h. The solvent
was evaporated off, the residue dissolved in MeOH (60 ml), and HCl (6 ml, 3M) added. After 2
h, the MeOH was evaporated off, and the residue worked up in CHCl,, washing with sodium
bicarbonate solution and water, Evaporation and chromatography (SiO,, EtOAc-CHCl,) guve first
recovered fumarate (3.38 g), then the diastereoisomeric adduct followed by the adduct (5)(4.86 g,
36%) b.p. 134-135°/0.4 mmHg (Found: C, 60.2; H, 6.4. Cy,H,,0, requirec C, €0.0; H, 6.7V),
IR(film) 3480 and 1725 cm ' *, ‘H- NMR(CDCI ) 6.28 (IH dd, J 8 and 1.5 Hz), 6.07 (1H, dd J 8
and 6 Hz), 3.79 (3H, s8), 3. 70 (3H, 8), 3. 5 (1H, s, OH), 3.19 (1H, dd, J 5.5 and 2.5 Hz), 3.05
(1H, dd, J 5.5 and 2 Hz), 2.9 (1H, m), and 1.8-1.35 (4H, m), m/z 240 (0. 727, M°) and 153 (100).

6(RS)-Bromo-2(SR)-methoxycarbonyl-1(RS)-hydroxy-10-oxatricyclo{2.2.2.2" ' * |decan-9-one (6).—
Bromine (10.9 g) was added to a vigorously stirred suspension of anhydrous ZnBr, (15.4 g) in a
solution of § (16.4 g) in CH,Cl, (250 ml). Aqueous workup and trituretion with Et,0 gave the
bromolactone (13.6 g, 85\) as prisms, m.p. 145-146° (from hexane-CHCI,)(Found: C. 42.9; H,
4.2. C,,H,,BrO, requires C, 43.3; H, 4.3%), IR(CHCl,) 3575, 17985, and 1725 cm'},
‘H-NMR(CDCl,) 4.82 (1H, dd, J 5 and 1.5 Hz), 4.12 (1H, d, J 2 Hz), 3.85 (3H, 8), 3.25 (lH,
dt, J455nd15 Hz), 3.1 (IH s, OH), 2.8 (lH, t, JlSHz),25 (1H, m), 2.2-1.8 (4H, m),
m/z 305 (29, M°) and 179 (100).

Dimethyl 8(SR)-Hydroxybicyclo(3.2.1]octan-5-one-2(RS),3(RS)-dicarboxylate (7).—Silver nitrate
(5.95 g) was added to a .olu;ﬁon of 6 (7.13 g) in MeOH (250 ml) and water (S ml) and the mixture
refluxed for 16 h. The AgBr was filtered off and the MeOH evaporated. An squeous workup
ve the ketone (5.85 g, 98%), b.p. 180-185°/0.1 mmHg, IR(CHCl,) 3425 and 1720 cm'?,
‘H-NMR(CDCl,) 4.02 (1H, =), 3.98 (1H, t, J 8 Hz), 3.79 (2H, s), 3.70 (3H, s), 3.33 (1H, d, J 6
Hz), 3.25 (IH. s, OH), 3.20 (1H, d, J 6 Hx). 2.91 (1H, m), 2.3-2.0 (2H, m), ans 2.0-1.7 (24,
m)(Found: M°, 256.0963. C,,H,,O, requires M, 256.0947), m/z 256 (31%, M) and 181 (100).

Dimethy! 8(SR)-Benzoyloxybicyclo{3.2.1]octan-5-one-2(RS),3(RS)-dicarboxylate.—Benzoy! chloride
(3.32 g) and 7 (6.08 g) were kept in pyridine (54 ml) at 50° for 20 h. The pyridine was
evaporated off, and the residue worked up in EtOAc washing with dilute hydrochloric acid and
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sodium bicarbonate solution to give the benzoate (5.08 g, 59%) as needlss, m.p. 131-132° (from
hexane~CHCl, MFound: €, 83.2; H, §.85. C,,H,,0, veguires C, 83.3; H, 5.8%), IR(CHCl,) 1738
em't, ‘H-NMR(CDCL,) 8.0 {2H, m), 7.5 (3H, m), 5.35 (1M, ®), 4.21 (1M, t, 4 § Hz), 3.78 (3H,
&), 3.69 (3H, =), 3.51 (IH,d, J & Hz),3.48 (iH, d, J & Hz), 3.28 (1H, m), 2.51~2.38 (2H, m),
and 2.2-1.8 (2H, m), m/g 360 (0.3%, M) and 103 (100).

Methyl 8(SR)-Benzovloxy-B{RS)-hydrox-3(RS)-hydroxvimethviblovelo]3.2.1jeotan-2(SR )~carhoxyviate
{8),—Sodium horohydride (1.84 g) was added over 0.75 h to a solution of the benzoate (3.51 g) in
MeOH (155 ml) at 15°, After the dissppearance of the sterting material [RE(E{QAc-CHCY, 1:4)
0.53] end the lactone (Rf 0,.59), the solvent was evaporated and the residue worked up In CHCL,
to give the diol (3,18 g, 7% b.p. 225-230°/0.% mmig, R 0,13, IR{CHCL,) 3400 and 1715 owm'?,
TH-NME(CDCL,) 8.1-7.85 (2M, w), 7.6-7.3 (3H, m), 4.83 (1M, s), 4.15 (2H, =, OHW), 4.0 {34,
m}, 3.8 (34, 8}, 3.12 (1Y, br ¢, J 7 Hz), 2.92 (IH, =), 2.75 (IH, m), 2.43 (iH, d, 4 ¥ Hz),
1.7 (4H, m). When only one asquivalent of NaBH, wes used we isciated ithe lsotone,
18(8R}-benzovioxy~-2( RS )~methoxyosrbonyi-S-oxetricyelo{3.2.2.% *1 jdecan-8-one, {(43%) as needies,
m.p. 100-102° (from hexmne-CHOl,), IR(CHOL) 1760 and 1720 om !, TH-NME(CDOL,) 7.95-7.7 (2H,
m), 7.8-7.2 (3, m), 5.36 (M, &), 5.03 (IH, br 4, 4 10 Ha), 3.88 (1H, dd, J 8 and 2 Hr), 3.48
{3H, ), 3.268 {1H, m), 4.1 (IH, m), 2.88 (JH, br d, § 2 Hz), 1.81 (IH, m), and 1.7% {34,
mi{Found: M, 330,111, O, H,,0, requires M, 330.1104).

Mathvyl 8{8R)~Benzovlony-3(RE}-hydroxymethyibievelol 3.2.1 Joctan~S-one~2{ R }~carboxyiste
{9}.—Following the method of Corey,.?® N-bromosuccindmide (1.57 g) and 8 (1.98 g) were kept in
dimethoxyethane (38 mi) and water (4 mi) for 48 h, and the mixture worked up with CHCl, to glve
the ketone (1.525 g, 78%) as prisms m.p. 102.5-103.5° (from hexane~-CHCL,)(Found: €, 65.15; H,
8.0, C,yH,,0; requiren €, 85.08; H, 5.05%), IR(CHCI;) 3575 end 1720 em'?, 'H-NMR{CDUCL)
8.03-7.9 (2H, m), 7.85-7.35 (3H, m), 5.4 (1K, 8), 4.20 (IH, dd, J % and 4 Hz), 3.9 (IH, d, 4
§ Hz), 3.55 (3H, 8), 3.47 (UH, m), 3.14 (IH, s, OH), 3.07 (IH, d, J & Hz), 2.90 (JH, d, 4 &
He), 2.45 (1H, 4, § 4 Hz), and 2.2-1.8 (4H, m).

Phanyl 2-Tetvahvdropvranyl Ether.—p-Toluenesulphonie neld (2.8 g), phenal (108 g) and f{reshly
distilled dihpdeopyran (84,8 g) were kept in CH,ClL, (1000 mi) st ©° for 1 h. Solid XOH (28 ¢
was added and the mixture stered for 1.5 h. Water (30 mi) was sdded and stirving continued for
i h. The orgunic phase was separated off, dried {KOH), and the solvent svaporated (o give the
ether,®® which was purified by distilation through s 15 ow Vigreux column (194.8 g, B87%) b.p.
80-66°/0.1 mmHg, *H-NMR{CDCL) 7.45-6.75 (M, w), 5.3% (1H, br &), 4.1-3.31 (8H, m), and
2.11-1.32 (8H, m}.

i-{2'-Tetrahydropyranvioxyicveliohexa-1,4~dlene. —Sodium {83 g) was added in portions of { g o a
golution of the ether (120 g} in EL,0 (1000 ml) and ammornds {(3000-3500 ml) at -78°. The dark
blue mixture was allowed o warm to -33°, stirrad for § h under reflux, and then coolad to -¥8§°.
Methano! (250 ml) was added over | h, avolding the deposition of solid on the side of the flask by
vigorous stirring and efficlent cooling. The ammwonis was allowed to evaporate overnight and ihe
residue subjerted to an agueous work up to glve the ether®’ (117 g, 97%) (s sample crystallised as
piates m.p. 30-32°), ‘H-NMR{CDCL,) 5.80 (£H, be ), §5.18 (1H, br s), 4.88 (IH, Bbr s8),
4, 113,33 (2H, m), 2.8% (4H, br s), snd 2.29-1.3] (8H, m), which was carried forward without
furthey purification.

1-{¥-Tetrshyvdropyranvioxyioveichexs-1,3~disne {10}, —Potassium t-bujoxide (2 g) and the
1;d4~diene {62.2 g) were kept in dimethyl sulphoride (500 mi, dried over 4A molacular sleves) for 3
. A water snd sther workup geve & orude product {98%) sultable for the nexmt step. Distillation
gave a 3:1 mixture of the 1,3%% and 1,4-disnes {31 g, 838}, b.p. 80-64°/0.1 malg, R{{lm)
3060, 1630, 1888, 1200, and 1040 owm ', ‘H-NMR{CDUCL) 6.01-4.8% (4H, m) 4.02-3.83 (%H, m),
.25 {(4H, br s}, and 2.0-1.11 (8H, m).

§-exo-Methoxycarbonyl-§~endo-pitro-1-{ 2" ~tetrahvdropyranyloxyibievelo{ 2. 2. 2]ogt-2-gne  (18).—The
mixture of dienes (48.8 g), methyl f-nitroacryiste’® {26.2 g), and pyrogaliol (300 wmg) were mixed
in benzene (300 mi) and stirred a8t 0° for 1 h, then for & further 3 h at room temperaturs,
following the reasctlon by the disappearance of the vinyl eignals of 11 at 8.0-7.5 ppm in the
THA-NMR spectrum of the mixture. The benzens was evaporsted off, the residue dissolved in a
miniwum of hot Et,0 (ga 300 mi), and left 1o crystalliee, finishing st ~78°. The solid was washed
with cold Et,0 to give the adduct (28.7g, 43%), m.p. 85-87°, suitable for the mnexl step.
Recrystallization gave nsedles, m.p. 102-108° {from 8:2,0){(Found: €, 57.8; H, 8.9%; N, 4.4.
0, H,, NO, vequires €, 57.89; H, 6.8; N, 4.5%), IR{CCL) 3100, 1742, 1580, and 1380 om't,
PH-NMR(CDCI,, 250 MHz) 6.43 (1H, dd, J 9 and 6.5 Hz), 6.35 (18, 4, J 8 Hz), 5.31 (IH, 4. J,
& Hz), 4.88 (JH, m), 3.94 (14, m), 3.75 {38, &), 3.48 (1H, m), 3.01 {2H, m), L.83-1.53 (8H,
m}, and 1.32 (1H, m), mig 311 (1%, M°). 228 {4}, 88 (15}, and 85 {100). Chronatography {8i0,,
eluting first with lght petroleum io remove unconjugsted diens and then gradually adding B4,0) of
the mother Mguors geve the isomeric sdduct {(I3){38%) ss s yellow off, IR{CH,CI,) 2830, 2830,
1740, 1550, and 1380 com ', 'H-NMR(CDCL,, 250 MHz) 6.868 {1H, 4, J 8.8 Hz), 6.2% (IH, 4d, J 8.8
and 8.2 Hz), 5.08 (1H, =), 5.04 {IH, br &, J 4.2 Hz), 4.91 (14, m), 3.87 (3H, s}, 3.80 (2W,
m), 3.37 (1M, m), 2.08-1.42 (i0H, m).

Hydrolyeis of the Disls~Alder Adducts (12 and 13).—The adduect (IR)(100 mg) and pyridinivm
p-toluenesulphonaie™ (8 mg) were kept In EtOH (10 ml) at 50* for 2 h, Evapomstion of the
solvent, an agueous workup in CH,Cl,, and chromatography (8i0,, Ft,0-lght pstroloum, 4:1)
gave 4(SR)~;1*w{i’m}wmeﬁmxxwrmngk2*}11&?{»@&1&33an@mmx*‘ﬁ*e:mm (143(65 wmg, 08) IR(CH,CL)
2940, 1740, 1880, and 1560 ow ', ‘H-NMR{CDCL,) 6.8% (1Y, 4, 4 8.5 Hz), 8.17 (1H, dd, 4 8.3
snd 3 Hz), 4.85 (IH, dd, & 15 and 9 Hz), 4.58 (IH, dd, § 1§ snd 4.5 Hz), 3.80 (3H, =),
3.85-3.58 (1H, m), 3.20-2.85% (1H, m), 2.80-1.80 (44, m). A similar resction carvied out on the
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impure diasterecisomer (13) gave 4(SR)-[1'-(RS)-methoxycarbonyl-2-nitroethyl]cyclohex-2-enone
(15)(83%) IR(CH,C1,) 2840, 1740, 1880, and 1580 cm ', *H-NMR(CDCli,) 6.95 (1H, 4, J 10.5 Hz),
6.17 (1H, dd, J 10.5 and 3 Hz), 4.95 (1H, dd, J 1§ and 9 Hz), 4.53 (1H, dd, J 15 and 3 Hz),
3.80 (3H, s), 3.65-3.55 (1H, m), 3.20-2.85 (1H, m), 2.85-1.80 (4H, m), minutely but just
detectably different from its diasterecisomer (14).

6-endo- Emoxxurbonxhnino-5-axo-mtho{51mrbonxl-l-(2‘-tetmh loxy)bicyclo(2.2.2}oct-2~
ena.—Aqueous methanol (1750 mil, 1 ;0) was added to a mixture of 12 (45.5 g) and aluminium

amalgam’® (48 g) in THF (800 ml) and stirred vigorously for 12-18 h. The mixture was filtered
through a large fritted glass funnel and the aluminium salts washed thoroughly with ether (4 x 200
ml). Evaporation of the solvent gave the amine (38.4 g, 93%), IR(film) 3420, 3345, 3095, and 1730
cm ', H-NMR(CDCl,) 6.5-5.89 (2H, m), 4.92 (1H, br s), 3.76 (3H, s8), 4.2-3.4 (3H, m), 2.83
(1H, m), 2.13 (1H, m), 1.81 (2H, br 8), and 2.03-1.23 (10H, m). Ethyl chloroformate (17.9 g,
15.7 ml) was added by syringe to & solution of the amine (38.4 g) and distilled triethylamine (21.8
g€, 30 ml) in Et,0 (800 mi) at 0°, and the suspension stirred for 5-12 h slowly allowing it to come
to room temperature. An aqueous work up using ether, and trituretion in ether gave the
carbamate (47.6 g, 99%), m.p. 61-69° suitable for the next step. Recrystallisation gave plates,
m.p. 82-84* (from MeOH-Et,0, 5:95)(Found: C, 61.4; H, 7.85; N, 3.85. C,,H,,NO, requires C,
61.2; H, 7.7; N, 3.95%), IR(CCl,) 3440, 3325, 3050, and 1720 cm ', '‘H-NMR(CDCl,) 6.47-5.98
(2H, m), 4.90 (2H, m), 4.05 (2H, q, 4 7 Hz), 3.71 (3H, 8), 4.32-3.21 (3H, m), 2.85 (1H, m),
2.3 (1H, m), 2.0-1.35 (10H, m), and 1.18 (3H, t, J 7 Hz), m/z 353 (0.04%, M*), 269 (4), 174
(22), 96 (70), and 85 (100).

1-Hydroxy-6-endo-ethoxycarbonylamino-5-exo-methoxycarbonylbicyclo{2.2.2]oct-2-ene (168).—A
mixture of the tetrahydropyranyl ether (3 g) in THF (70 ml) and aqueous hydrochloric acid (50
ml, 1IM) was stirred for 5§ h. Extraction with EtOAc and chromatogrephy (8i0,, Et,0) gave the
alcohol (1.9 g, 83%), IR(CHCl,) 3650-3050 br, 3048, 1750, and 1700 cm ', ‘H-NMR(CDCI,) 6.05-5.7
(24, m), 4.7 (1H, br @), 3.87 (2H, q, J 7 Hz), 3.95-3.7 (1H, m), 3.57 (3H, 8), 2.5 (IH, m),
2.07 (1H, m), 1.8-1.2 (4H, m), 1.2 (3H, t, J 7 Hz).

1-Hydroxy-6-endo-ethoxycarbonylamin -5-oxo-mthoxzwbonxlbic¥clo{ 2.2.2]octan-2,3-epoxide (17).
The alkene (16)(9.2 g), 4,4'-thiobis(2-t-butyl-6-methylphenol),’’ and p-nitroperbenzoic acid (18.7
g) were stirred in CHCI, (350 ml) for 24 h. An aqueous workup using EtOAc, followed by
chromatography (S{0,, Et,0) gave the epoxide (7 g, 72%)(Found: C, 54.7; H, 6.5; N, S§.1.
C,,H,,NO, requires C, 54.7; H, 6.7; N, 4.9%), IR(CHCl,) 3750-3200 and 1750-1685 ocm '},
'H-NMR(CDCl,, 250 MHz) 5.37 (1H, br d, J 8.9 Hz), 4.24 (1H, br m), 4.1 (2H, q, J 7.1 Hz),
3.69 (3H, s8), 3.48 (1H, t, J 5.1 Hz), 3.25 (1H, dd, J 5.1 and 1.7 Hz), 2.56 (2H, m), 1.76-1.56
(SH, m), and 1.22 (3H, t, J 7.1 Hz), '*C-NMR(CDCIl,) 173.23, 157.57, 74.22, 64.15, 55.8, §5.2,
$3,45, 52.19, 47.95, 31.45, 28.32, 22.24, and 14.44.

syn-3-Ethoxycarbonylamino-4-anti-methoxycarbonyl-8-syn-hydroxybicyclo[3.2.1 ]octan-2-one (19).—
The epoxide (160 mg) in CH,Cl, (3 ml) was added to a suspension of AICl, (300 mg) in CH,Cl, (5
ml) at -10* and the mixture stirred at -10° for 4 h before being quenched with sodium bicarbonate
solution (10 ml). An aqueous workup gave the ketone as needles m.p. 128-131* (from
EtOAc-Et,0, 1:4, at -20°)(55 mg, 35%)(Found: C, 54.7; H, 6.5; N, 5.1. C,,H,,NO, requires C,
54.7; H, 6.7; N, 4.9%), IR(CHCI,) 3650-3150 and 1730 cm'’, 'H-NMR(CDCI,, 250 MHz) 5.39 (1H,
brd, J 8.7 Hz), 4.5 (1H, br t, J 8.7 Hz), 4.4 (1H, t, J 5§ Hz, CHOH with the H "equatorial” in
the six-membered ring)(this signal was shifted to § 5.2 on acetylation), 4.09 (2H, q, J 7.1 Hz),
3.73 (3H, 8), 3.34 (1H, br d, J 8.7 Hz), 2.87 (IH, br t, J 5.5 Hz), 2.62 (lH, br m), 1.99-1.85
(3H, br m), 1.75 (IH, m), and 1.22 (3H, t, J 7.1 Hz), '*C-NMR(CDCIi,) 207.26, 173.24, 156.93,
77.61, 61.51, 55.56, 54.36, 52.19, 48.28, 41.64, 23.63, and 14.38.

Treatment of the Epoxide (17) with Magmesium Bromide.—The epoxide (1.56 g, 5.45 mmol) in THF
(35 ml) was added to a stirred solution of MgBr, etherate’’ (27.25 mmol) in ether (50 ml) and

benzene (70 ml). More THF (35 ml) was then added and the mixture stirred for 17 h. An
aqueous workup and chromatography (SiO,, Et,0) gave first, Rf 0.5 (Et,0), 2-exo-bromo-6-
endo-ethoxycarbonylamino-3-hydroxy-5-exo-methoxycarbonylbicyclo[2.2.2]octan-1-0l (20)(870 mq,
44%) as prisms m.p. 183-165* (from EtOAc-Et,0, 1:4), IR(CHCl,) 3600-3100 and 1740-1700 cm'?,
'H-NMR(CDCl,, 250 MHz) 5.54 (1H, br m), 4.47 (1H, dd, J 7.1 and 5.2 Hz), 4.34 (1H, m), 4.18
(lH, br 8), 4.09 (2H, q, J 7.1 Hz), 3.73 (3H, e), 3.8 (1H, br 8), 3.51 (1H, br 8), 3.09 (1H, br
8), 2.12 (2H, m), 1.94 (1H, m), 1.71-1.5 (2H, m), 1.22 (3H, t, J 7.1 Hz)(Found: M-°, 365.0478.
C,yH,;,BrNO, requires 365.0475), followed by, Rf 0.33, 7-anti-ethoxycarbonylamino-8-
anti-hydroxy-6-syn-methoxycarbonyibicyclo{3.2.1]octan-2-one (21)(600 mg, 35%) as prisms m.p.
119-120° (from MeOH-Et,0, 15:85), IR(CHCl,) 3550-3150 and 1740-1680 cm !, 'H-NMR(CDCl,, 90
MHz) §.83 (1H, br d, J 9 Hz), 4.67 (1H, dd, J 9 and 8 Hz), 4.18 (2H, q, J T Hz), 3.81 (3H, s8),
3.5 (1H, m), 2.93 (1H, m) 2.78 (1H, br s), 2.69-2.03 (2H, m), 1.8-1.5 (2H, m), and 1.29 (3H,
t, J 7 Hz)(Found: M*, 285.1216. C,,H,,NO, requires 285.1216).

6-endo-Ethoxycarbonylamino-5-exo-hydrox thyl-1-(2'-tetrahydro) nyloxy)bicyclof2.2.2)oct-2—
ene.—The ester (prepared in two steps from 12 as described above) (47.6 g) n Et,0 (750 ml) was
added to a suspension of LIAIH, (20.5 g) in Et,0 (400 ml) at -15° over 75 min, and the mixture
stirred for a further 30 min. The excess hydride was decomposed by slow addition of EtOAc (100
ml) and the mixture stirred for 15 min. Sodium hydroxide solution (500 ml, 15%) and more ether
(500 ml) were added, and the mixture filtered. Evaporation of the soivent gave the alcobol (41 g,
94\) suitable for the next step, IR(CCl,) 3650-3150, 3055, and 1730-1695 cm' !, 'H-NMR(CDCl,, 90
MHz) 6.53 (1H, dd, J 7 and 8 Hz), 6.12 (lH, d, J 7 Hz), 5.01 (2H, br m, including NH), 4.12
(2H, q, 4 7 Hz), 4.32-3.31 (6H, m, including OH), 2.52 (2H, br m), 2.0-1.2 (10H, m), and 1.23
(3H, t, J 7 Hz)(Found: M* - 1 - C,H,O 240.1233. C,,H,,NO, - 1 - C,H,0 requires 240.1236),

m/z 240 (0.4%, M - 1 - C,H,0), 223 (5), 180 (5), 146 (5), 128 (51), 96 (82), and 85 (100).
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S~exo-Acatoxymethyl-é-endo-gthoxyearbonylamino-1-(2'-tetrahydropyranviexy ) bieyclof 2. 2. 2 Joct~2-
ene.—Acetyl chlovide (13.2 g) was edded over 0.5 h o a solution of the alcohol (41 ),
imemylamixxe {18.8 g) and 4-N,N-dimethyleminopyridine (310 mg) in THF (1500 ml) at 0° and the
mixture stirred for & further 1 h allowing it to warm to room tempsrature. An agueous workup
using ether (1000 wl) geve the acetate (45.7 g, 98%) es a yellow solid, m.p. 73-80°, of suitable
purity for the next step. Racryﬂt&iiimﬁ&n gave plates, m.p. 94-97° (t‘mm Et,0)(Found: ©C, 82.3;
H, 8.1; N, 1.8, C,H,,NO; requires C, 62.1; H, 7.88; N, 3.8%), IR{CCi, ) 3450 3350, 306() and
}?45 i'mﬁ em™?, *H-NMR({CDCl,, %0 MHZ} g. 42 (1&% m J g and 8 Hz), 8.15 UH d, J 8 Hz),
§5.04 (IH, br a), 4.65 (1Y, br d, J 8 Hz, NH), 4.41-3. 89 (5H, m), 3.7-3.35 (2H, m}, .80 (1H,
m), 2.08 (3H, &), 2.01-1.15 (UH, “m), snd 1.26 (3H, t, 4 7 Hz), miz 388 (0.1%, M°), 284 (3),
238 (B), 223 (28), 188 (18), 18O (43}, 128 (100), 96 (85), and 85 (10D).

§-exo-Acetoxymethyl-8-endo~ethoxyearbonyiamino-1-hydroxybicyclo[2.2. 2Joct-2-ene (22).—The
tetrehydropyranyl ether (44.2 g) snd pyridinfum p-toluenesulphonste®® (3.8 g) were kept in EtOH
{1250 mi) at 55° for 3 h. The EtOH was evaporated off and the residue worked up using ether,
to give crude product containing ethy! tetrsahydropyranyl ether, which wes removed at 50°/0.1
mmHg to glve the sleohol (33.7 g, 85%) suitable for the next step. One crystallisation {rom
dﬁsopmpyl ether at this stage is somstimes wise. Recrystsllisation gave prisms m.p. 77-78° (from
Et,0)(Found: C, 59.6; H, 7.6; N, 45.53., Gl NO, reguires C, §9.4; H, 7.8; N, 4.8%), IR(CCL)
36()0 3200, 3080, snd 17’5@“”&@ om” PH-NMR(CDC,, 90 MHz) 6.41 (1H, dd, J 9 and 8 Hz}, 6.1§
{14, d, J 8 Hz), 4.88 (IH, br d, J 9 Hz, NH), 4.54-3.81 (4H, m), 3.40 (XH my, 3.08 (1H, br
m, m{}, T2.52 (1H, m), 2.0% (:m, 6), 2.01-1.41 (5H, m), and 1.25 (3H, t, 4 7 Hz), mfz 283
(0.1%, M), 223 (8), 128 (100}, and 86 (44).

§~exo-Acetoxymethyl-S-endo-ethoxyearbonviamino-i-hydroxyhicyelo[ 2. 2. 2joctan-2, 3~endo-epoxide
{23).~—The saikene (11.25 g}, 4.4 -thiobis{2-t-butyl--methylphenol)*’ (28.5 mg), and
puitroperbanzoie acld (14,55 g) were stirred In CH,Cl, (300 mi) for 1§ h. An aguecus workup
and chromatography (810,, EtOAc-light petroleum, 85:15) separated the epoxides (16.1 g, 85%)
from a less polar vyellow compound, Rf (8i0,, EiOAc) €.7%), and more polar products, RE 0.21.
Careful chromatography separated the two epoxides, but this is unnecessary. The endo-gpoxide
{77%) was obtained as plates, m.p. B4-87° (from CCIl,-Hght petroleum){Found: C, 558.8; H, €.9; N,
4.5, C, H,, NO, mquires C, 86.2; H, 7.05; N, 4.7%), Rf (8i0,, EtOAc) 0.45, IR(CDCL,) 3700-3200
and 1750-16%0 om’ ‘H»NW(GDE}“ 250 W«iz} 5.41 (IH, br d, J 10 Hz), 4.10 (2H, g, 4 7 Hz),
4,15-3.85 (2H, m}, 3 48 (iH, ¢, § 5 Hz), 3.26 (IH, dd, 4 § aﬂd 1.5 Hz), 3.3-3.25% (1H, m), 3.13
{iH, br m, OE), 2.23 (1H, m), 2.03 (3H, 8), 2.0-1.63 (3H, m), 1.48 (1H, m), and 1.24 (3H, ¢,
4 7 Hz), miz 239 (1.8%, M° -~ AcOH), 221 (8), 168 (41), 128 (100), 128 (77), 112 (58), and 94
44). The exo-gpoxide (6%) wus obtained as needles, m.p. 117-118° (from Et,O-MeGH,
85:5)(Found: €, 56.0; H, 7.1; N, 4.7%), Rf 0.52, IR(CCL,) 3700-3200 and I780-1650 cm”
‘H-NMR(CDCl,, 250 MHz) 4.76 (I1H, br d, J§ 10 Hz, NH), 4.28 (IH, dd, J§ 11 snd 6.5 Hz),
4.18-4.07 (1H, m), 4.13 (2H, q, J 7 Ha), 3.5-3.37 (1H, m), 3.39 (1H, dd, J 5 and 1.5 Hz), 3.28
(14, dd, J 5 and 1 Hz)), 3.20 (1H, br m, OH), 2.18 (1H, m), 2.04 (3H, 8), 2.0-1.87 (2H, mw),
1.59 i;ng Y, 1.43 (1H, m), 1.28-1.15 (1H, m), end 1.25 (3H, t, J 7 Hz), miz %39 (0.8%, M’ -
AcOH)Y, 128 (100), 112 (37), 98 (39), and 58 (§8).

«endm,ﬁmmxz@ﬁmgl T-gxo-gthoxyearbonyiamino-8-exo-hydroxybicvelo{ 3. 2.1 Joctan~2-one {24} .~

The mixture of epoxides (7 g, 29.4 mmol} in benzene (180 mi) and MgBr, etheraie [133 wumol,
prepared®? from Mg (3.2 g) snd dibromosthsne (24.9 g) in B0 (180 mi) and solublised by the
addition of benzene (180 mi}] were wixed, enough THF (15%) ml) was added to dissolve the
precipitate that formed, and the mixture was refluxed (65°) for 18 h. An agueous workup and
crystallisation from disopropyl ether gave the ketone (5.45 g, 78%), m.p. 103-106°, suitable for
the next etep. Recrysialiisation gave needles, m.p. 110-112° (from Et,0-MeOH, 90:10)(Found: C,
§6.1; H, 7.185; N, 4.7. CHH“NGQ requires C, 56.2; H, 7.08; N, 4.7%), IR(CCL,) 3440, 3280,
3080, 1750-1720, and 1680 cwm- TH-NMR(CDCl;, 280 MHz) 5.38 (1H, br d, J 9 Hsz, NH), 4.42
{1H, dd, J 11 and 7 Hz), 4.28 (IH dd, 4 11 and 8.5 Hz), 4.10 (2H, q, J 7 Hz), 4.08 (IH, br s,
CHOH “axial® in the six-membered ring, compare the chemical shift and wupﬁng features of this
signal with the corresponding signal in 19: the difference was critical in assigning structures to
the two series of rearvangement products), 3.8%9 (1H, wm), 2.84 (1H, m), 2.73 (1H, br e}, 2.73-2.8
(14, m, OH), 2.60 (1H, m), 2.23 (2H, wm), 2.07 (3H, &), 1.86 (1H, m), 1.61 (1H, w), snd 1.23
(3H, ¢, 4 7 He), miz 269 (10%, M'), 239 (33), 221 (61), 161 (&0), 180 (87), 187 (83), 150 (42),
144 (82), 128 (87), 125 (48), 122 (100), and 94 (58). The mother lHquors of the diizopropyl sther
crystailisation can be evaporated and the residue treated with the same reagents as the main crop
in the next step to glve more of the bromoketone, which is easier to isclate and purify than the
ketone (%1). In exploratory work we {sclated the unresrranged bromohydrin, 5~exo-ammxx-*
methyl-2~exo-bromo-6-endo-ethoxyearbonylamine-~1, 3-endodihvdroxybloyelol 2. 2. 2]octane as  prisms,
m.p. 183-165% (from RBtOAc-Et L) {(Found: C, 43.7; H, 5.8; N,, 3.6, CH,H;”BPNO& requires C,
44.2; H, 5.8; N, 3.78), IR(CCI } 3600-3100, 1720, and 1700 cm !, ‘H-NMR(CDCl;, 250 MHz) 5.10
{1H, br d, J 7.5 Hz, NH), 4.34 (IH, m), 4.28-4.06 (8H, wm), 3. 67 {1H, dd, J 7.5 and & Hz),
2.38 (1H, my, 2.08 (3H, s}, 2.11-2.02 (1H, m), 1.85 (3H, m, includes OH), 1.8% (IH, m), 1.44
(1H, m), and 1.26 (3H, ¢, J 7 Hz)(Found: 300.1488, C, H,,BrNQO, - Br reguires 301.1448), m/z
360 (1.8%, M° - Br), 282 (37, 222 (100), 184 (10), 176 (20), and 133 (51).

§-endo~Acetoxymethyl~3-exo-bromo-~7-sxo-ethoxycarbonylamino-8-exo-hydroxybicyelol{ 3. 2.1 joctan~2~
one.—Phenyltrimethylammonium tribromide (6.47 g) was added to the ketone (34)(3 g) In CH,CL
(80 wl) and the solution kept for 185 min. The sclvent was evaporated off, THF (40 ml) was
added, the precipitate f{ilteved off, and the solution filtered through Si0, (100 g), washing
through with Et,0. The solvent was agsin evaporated off to give the bromoketone (8.31 g, 100%),
m.p. 153-155°, suitable for the next step, slthough a brief boll with Et,0 cleans it up a litle with
minimal losses, and the combined wother Hquors can be concentrsted and chromstographed (8i0,,
Et,0) to recover further small amounts., Recrystalllsation gave needles, m.p. 170-172° (from




An approach to the synthesis of gelsermune 3941

CHCl,)(Found: C, 44.3; H, 5.3; N, 3.8 C,,H,,BrNO, requires C, 44.5; H, §.3; N, 3.7V,
IR(CCl,) 3500-3200, 1'135. 1715, and 1690 cm'', ‘H-NMR(CDCl,, 250 MHz) 5.23 (1K, br d, J 9.5
Hx, NH), 4.63 (1H, dd, J 12.5 and 9 Hz), 4.48 (1H, dd, J 11.5 and 8.5 Hz), 4.31 (1H, dd, J
11.5 and 8 Hz), 4.17 (1H, br ), 4.12 (2H, q, 4 7 Hz), 4.02 (1H, m), 3.03 (1H, br s), 2.85
(1H, m), 2.6-2.5 (2H, m, Including OH), 2.10 (3H, s), 2.08-1.81 (2H, m), and 1.25 (3H, t, d 7
Hz), mfz 298 (11N, M* - Br), 238 (51), 220 (20), 149 (37), 148 (36), 121 (40), and 94 (45).

10, 10-Diethoxy-2-exo-ethoxycarbonylamino-8-exo-hydroxy-5-oxatricyclo{4.3.1.0* ' *|decane  (25).—
The alcohol (7.24 g)., dihydropyran (2.81 g) and pyridinium p-toluenesulphonate (540 mg) were
kept in CH,Cl, (800 mi) for 2 h. The sclution was concentrated to 300 mi before an agueous work
up to give the tetrahydropyranyl ether, which was dissolved in MeOH (400 ml, AR) and stirred
with K,CO, (8 g, finely powdered) and water (1-2 ml) for 2 h. The methanol was evaporated off,
the residue taken up in BtOAc (3000 ml), washed with water (30 mi) and brine (30 ml). The
aqueous layers were back extrected with EtOAc (2 x 75 ml), and the combined organic phases
washed aguin with brine, checking that the pH of the brine was 7. The EtOAc layer was dried
(Na,50,), and the solvent evaporsted off to give the tetracyclic ether, which was refluxed in
EtOH (500 mi) with pyridinium p-toluenesulphonate (535 mg) for 2 h. The BtOH was evaporsted
off, the residue dissolved in CH,Cl, (10-15 ml) and chromatographed (S8i0,, 500 g, Bt,0) to give
the ketal (3.92 g, 62%), m.p. 129-136" suitable for the next step. Recrystallisation gave needles,
m.p. 146-147* (from CH,Cl,-pentane)(Found: C, 58.2; H, 8.3; N, 4.3. Cx.H,,NO, requires C,
§8.3; H, 8.3; N, 4.3%), Rf (EtOAc) 0.4, IR(CCl,) 3500- 3200 snd 1680 cm’ ‘H-NMR(CDCl,, 250
MHz) 6.24 (lii d, J 10 Hz), 4.40 (lH, d J 8.5 Hz, NH), 4.07-4.01 (3H, m). 3.75-3.7 (3H, m),
3.52 (2H, q, 4 7.1 Hz), 3.45 (2H, q, J 6.9 Hz), 3.4 (1H, br s, OH), 2.36-2.27 (3H, m), 1.97
{1H, ddd, JNZ 2.7, and 2.5 Hz), 1.52 (1 H, dd, J4 14.1 and 2.8 Hz), 1.16 (8H, t, J T Hz),
and 1.10 (3H, t, J 7.1 Hz), *C-NMR(CDCl,) 156 (n) 101.3 (s), 81.1 {d), 70.0 (d), §2.9 (1),
60.5 (1), 56.7 (d), 56.2 (t), 55.%3 (1), 53.6 (d), 46.3 (d), 40.2 (d), 25.4 (1), 15.5 (q), 15.3
(q), and 14.7 (q), w/z 328 (198, M"), 311 (10), 300 (5), 282 (57), 287 (100), 268 (35), 236 (33),
216 (68), 211 (87), 193 (70), 165 (57), 145 (51), 142 (71), and 114 (38).

10,10-Diethoxy-9-exo-hydroxy-2-exo-methylamino-5-oxatricyclo{4.3.1.0'** Jdecane (26).—The car-
banate {2.43 g) was re umd with LIAIH, (1.13 g) in THF (250 ml) for 16 h, and the excess
hydride decomposed by slow addition of water (1-2 mi). The THF was decnnted off, and the
residue extracted with boiling THF (3 » 50 ml), fiitering each time. The THF was evapomted off
to give the amine (1.96 g, 88\), m.p. 118-125°, suitable for the next step. Recrystallisation gave
prisms, m.p. 134-135* (from Et,0)(Found: C, 61.5; H, 9.1; N, 5.1. C, H,,NO, requires C, 61.9;
H, 9.3; N, 5.2%), IR(CCL,) 3400-3100 cm '}, ‘H-NMR(CDCI,, 250 MHz) 4.10 (2H, br s, NH and
OH) 3.79-3.33 (SH, m), 3.45 (4H, q, J 7 Hz), 2.41-2.18 (34, m), 2.30 (3H, e), 1.85 (1H, ddd,
J 14.2, 2.8, end 2.6 Hz), 1.51 (1H, dd, J 14.1 and 2.5 Hz), 1.10 (3H, t, J 7 Hz), and 1.07 (3H,
t, J 7 Hz), m/z 242 (3%, M° - Et), 227 (10), 226 (18), 225 (20), 224 (20}, 211 (11), 208 (27), 198
(30), 196 (100), 178 (11), 145 (20), 94 (21), and 84 (53).

Crystal Dau for the Amine (28).—C, H,,NO,, M = 271.35, triclinic, space group PI (No. 2), 8
7.048(1), = 991‘1(2)‘ ¢ = 10.518(2)A, a 86.68(1), 8 = 91.02(1), y = 102.50(1), v
12, 2(2)A’ =2, D =1.265 g cm' !, A(Cu-Ka) = 1.5418A, u(Cu-Ka) = 6.84 cm'*, F(000) =

2547 mtensmu mmmrod (5 s 20 5 125°) on a Syntex P2, diffrectometer, using an /20 cetn
technique, and averaged to give 2236 unique data. Structure solved by direct methods (SHELX
88) md Fourier difference techniques, and refined by full metrix least squares to R = 0.050 and
R 0.063 for 1987 unique observed reflections with F > 4o(F). The atowmic coordinates for this
er are available on request from the Director of the Cambridge Crystallographic Data Centre,
University Chemical Laboretory, Lensfield Road, Cambridge CB2 1EW (Great Britain). Any request
should be accompanied by the full literature ciution.
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10, lO«Diethoxx 9-exo-hydroxy-2-exo-{ N-methyl-N-(3'-trimethylsilylpropionyl)amino ] -5-oxatricyclo-
{4.3.1.0° ' ¥jdecane. —The amine (26)(400 mg), 3-trimethylsilylpropionyl chioride,’® (246 mg), and
triethylamine (180 mg) were mixed in CH 2Cly (25 ml) at -10° and kept at 0* for 30 min. Aqueous
workup and chromatography (SiO,, EtOAc) gsve the amide (486 mg, 83%), Rf (EtQAc) 0.65,
IR(CH,Cly) 3300 and 1640 cm ', ‘H-NMR(CDCl,, 250 MHz) 4.05 (1H, s), 3.89-3.70 (2H, m),
3.61-3.47 (6H, m, including OH), 3.03 (3H, 8), 2.58-2.47 (ZH, m), 2.32-2.23 (2H, m), 2.05 (IH,
dd, J 13.5 and 3 Hz), 1.64 (1H, dd, J 13.5 and 3 Hz), 1.28-1.1 (8H, mw), 0.88-0.71 (2H, m), and
-0.13 (9H, a)(Found: 384.2199. CNR,,NO S{ requires M - Me 384.2206), m/z 384 (158, M - Me),
381 (10), 222 (100), and 178 (100).

10,10-Diethoxy-2-exo- [ N-mpethyl-N-(3'-trimethylsilylpropiony!)amino }-5-oxatricyclo{4.3.1.0* " * Jdec-

an-$-one (28).—The alcohol (1.17 g), propylene oxide (0.255 g), and pyridinium chlorochromate
(PCC)(0.946 g) were stirred in CH »Cly (100 ml) for 3 h. The black solution was filtered through
celite, evaporated, and the x-esidue chromatographed (Si0,, Et,0) to give the ketone (1.01 g,
87%), Rf (EtOAc) 0.75, IR(CCl,) 1765 and 1860 cm *, ‘H- NMR(CDCI,. 250 MHz) 3.96-3.48 (7H,
m), 2.97 (3H, 8), 2.75-2.26 (SH, m), 2.18 (2H, t, J 8.8 Hx), 1.84 (1H, br d, J 14.7 Hz), 1.2
(3H, t, J 7 Hz), 1.11 (3H, t, J 7 He), 0.86-0.71 (2H, m), and -0.03 (8H, s).

S-Aza-13,13-diethoxy~1-hydroxy-9-methyl-5-oxa-11-trimethylsilylmethyitetracyclo(8.3.1.1*" 707" 7 Jtr-
idecan-10-one (29).—The ketone ( 27 mg) and potassium t-butoxide (40 mg) were kept at 80° in
t-butanol (10 mi) for 2 h. An aqueous workup and chromatography (SiO,, Et,O-light petroleum,
4:1) gave the diasterecisomeric alcohols (102 mg, 80A). Separated, these had the following
properties: more polar isomer, Rf (Et,0) 0.28, m.p. 158-159* (from hexane)(Found: C, 80.1; H,
$.15; N, 3.8. C,,H,,NO,Si requires C, 80.4; H, 8.8; N, 3.54), IR(CH,Cl,) 3450 and 1650 cm ?,
'H-NMR(CDC1,, 250 MHz) 4.74¢ (1H, s), 3.94-3.56 (7H, m), 3.4 (1H, br s), 2.84 (3H, =),
2.35-2.45 (2H, m), 2.24-1.95 (4H, m), 1.27-1.19 (7H, wm), 0.82 (1H, dd, J 15 and 7 Hz2), and
0.04 (9H, s), m/r 397 (3%, M°), 382 (100), and 212 (50); less polar isomer, Rf 0.38, m.p.
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162-183" (from hexane)(Foumd: C, 80.4; H, 8.9; N, §.), IR{CH,ClL;) 345¢ and 1640 owm %,
PHANMR(CDCL,, 250 MHz2) 4.78 (IH, s), 3.93-3.58 (?H, m), 3.44 (1H, br =), 2.92 (3H, =).
¥.82-2.74 {RH, m), £.24-2.06 {4H, m), L.25-1.18 ("M, =, Including & %, 4 7 Hz), 0.89 (1M, &4, J
13 and 8.5 Hz), 0.73 (1H, 44, ¢ 13 end 8.4 Hz), and 0.07 (8H, =), miz 387 (408, M"Y, 387 (1003,
and 212 {BO).

18, 10-Disthowy~2-axo-gthoxvesrbonyiamino-S~oxatricyelef{4.2. 1.0% % jdecan-S~one  (30).—The alcohol
RN £}, propylene oxide (1.34 ml), snd PCC on aluming > (18.%7 g with an oxidation
equivalent of | mmol/g) were styred In CH,Cl, (80 ml} snd hexane (80 mi) for 14 h, An
additionsl portion of PCC on slumine (¥ g) was asdded and stivring contlimed for 48 h, and this
was repested once wors, before the wixture was [ltered through Si0, (18 £ sluting with Bt,G.
The solld was also bolled with move Ei,0 (4 » 15 ml) and {iltered off sach time. The combined
orgenic solutions were ihamghiy svaporated to glve the ketons (8.4 g, 91%), m.p. 110-148%,
guitable for ﬁm next stags. Rocrysialllsation geve plates {from o1 diisopropyl ether), IR 3408, i'&'@i},
and 1710 om ?, H-NMR{CDCL,, 253 MHz) 4.83 (14, br d, 4 & Hz, NH), 4.23 (IH, 4, 4 & Hz),
4.08 (8H, q, J T Hz), 3.85-5.88 (3H, m), 3.82-3.43% (4H, m), 2.88 {1H, s), 2.54-2.41 (%H, m),
2.35 (1H, ddd, 4 14.§, 5.7, snd 2.7 Ha), 1.93 (1H, 44, J 14.5 and 2.7 Ha), 1.20 (8H, ¢, J ¥
Hz), 1.10 (3H, t, J 7 Hx)(?mmé* MY, 327.1835, O, H,,NO; requires M, 3%7.1889), m/z 327 (3%,
M*) end 288 (5).

10,10-Dlethoxy-2~exo-gihoxvesrbonylemino-f-oxa-8-vinvitrievclol 4. 3. 1.0% " * Idecan-8-0  {31}.—Vin~
yizmgﬁwium bromide {14.7 ™l of @ 1M solution In THF) was added rapldly to “to the ketone (1.2 ) in

THF (23 ml) & -18°, the mixture kept for 2 min at -107, snd then for 10 min at room
temperature. An sgueous workup and flssh chrosstography {5&02, £¢,0) gave the slechol (1.17
2, B0%){Found: €, 80.8; H, 8.4; N, 5.8, O, H,.NO, requires C, 80.8; H, 8.2; N, 3.9%), Rf
(K, 0} 0.38, IR(CE Clg} 3438, 1710, and 1630 cm ', ‘H-NMR(ODCL,, 280 MHz) 8.08 {1H, dd, d
i7. 8 and 10.8 ﬁ&), 5 48 (1M, m' s, OH), §.34 {1H, {i, 4 17.8 Hz), 8.33 {IH, 4, 4 10.8 Hz), & od
(IH, ¢, 4 3.8 Hg, NH), 431 (IH, 4, & 3 § He), 4.08-3.4¢ (8H, m), and 1.28-1. a7 {8H, m}., The
stereochemistry was ussigned by sssuming an “equatorlal” aspprosch of the viny! groun.

§-{2'-Chicrvethvlidens)~10, 10-disthoxy-2-exo-sihoxyoarbonvismino-S~gxatrioyelol4.3. 1.0%  jdecuns

{32) .—Trieihylemine (0.58 wl) and thionyl chioride (0.26 mi) wers successively sdded fo & solution
of the aleohol (1 04 g) in THF {28 wml) and dimethyl formamide (0.1 mi) at 0°. After 2 h at room
temperature the mixiure was acidiffed with hydrochloric acid (0.1M). An aguscus workup using
ether followed by flash chrometography (Si0,, Ft,0) gave the chlovide (1.06 g, 57%) as a mixture
of sterscizomers {Found: €, 57.%; H, 7.38; N, 3. {i. CNEMCX!\IB‘; mqumm ¢, 57.8; H, 7.88; N,
3.8%), RY (R0} 0. S".ig IR{CH Gi,} 3400, 1700, end 1708 omt, H-NMRB{CDCi,, 280 %Eﬁm} fp 85
{(O,8H, dd, J & and 6.8 Hz), §. 55 {B.8H, t, J 8 Hz), 4.77 (0. §§§, br d, NH), 4.82 {0.8H, be 4,
NH), % 344,27 (1H, mi, $.17-4.0 (44, m}, 2.88-3.78 {3H, m), 3.87-3. ‘3* {4H, m), 2.05-2. 98 {1H,
mi, 2.684 (1H, m), 2.23-2.14 {¥H, =), 1.77-1.88 (1Y, m}g and 1.0%-1.97 (8H, m), miz 373 (5%,
M), 338 {30), and 118 (100},

g8-{2-Trimethyislivisthyvlidena)~18, 10~-diathoxv~2-exo-ethoxyvearbonviamine-S-oxairioyoio{ 4.3.1.6% % §-
decans [33). -«»Tmmmyisﬁy&iimmw* (8. @ mmol} in HMPA {3.45 ml) and ¥£,0 (4.8 ml from the

Meli) was diuted with THF {13.7 wml) st ¢°, CuCN (308 mg, 3.42 mool) wne added, and the
mixture kept at 0° for 20 min.*® The sllyl chloride (294 mg) in THF (1 ml) wes added to this
solution 8 -78° and the mixture kept atl tha! tempersiure for 12 min., An agueous workup and
flash chromstography (810,, B, O-Ught petroleum, 4:8) gave the allvisilane (272 mg, 84%) as a
mixture of sterecisomers, RY (B{,O-light petroloum, 4:6) 0.%4, IR(CH,CL;) 3410 and 1700 ow’
PH-NMRB(ODOL,, 250 MHz) 5.34-8. 21 (1M, m}, 4.84 (0.8H, br d, d 6 Kz, N%i}, 4.58 (D.5H, br d, 3
€ Hz, NH), 4.8] (0.8H, 4, J & Hz), .21 (0.8H, d, S Hz), 4.14-6,03 (2H, m), 3. st-s 78 (3K,
m}, 3.88-3,48 {4&; m}, 2. Q@-? 18 (14, m), 2.55-2.47 (1H, m), 2 17-2.08 (2H, m), 1.72-1.8 {2H,
my, 1.21 (3, t, J ¥ Ha}, 1.18 (3H, t, 4 7 Hg), 1.10 (3H, ¢, 4 7.1 Hz), and .04 ami 2.92 (8H,
% x s){Found: M, Mi F4RT. Cp M4, N0, 8 requires M, 411.24327, mm 4311 {472%, M), 386 (30), 3es
(22}, snd 284 (100).

3-Aze-I-sthoxvearbonvi-12-oxg-f-vinvitetracyelo[§.2.8.07 %, 5““}&6&%&*‘?«»@% {343.—1,3,5~
Trioxan (19 mg) was added to the a%ymmm {42 mg) in formde scid (0.5 wi, 98-100%) at 0°. The

solution was aﬁmd for § min at this lempersture snd then for 18 h al room lemperaturs. The
formde acid was sveaporated off, and the residue taken up In EtQAc {5 mi), weshed Mzh sodinm
bicarbonste solution, water and brine, and dried (MgS0.). Fleeh chromstogeaphy (810,, E,O-light

putrolsum, 8:2) and Kugslrohr distillation (%i} *{0.3 wmHg) geve the ketone {24 mg, 85%}9 RE
(EL,0) 0.37, IR{CH,CL) 1710 and 1870 om ?, 'H-NMR{C,D,N, l”ii} Mis, 370°H) 5.80 (1M, dd, 4 W7
and 11 ﬁz}, 5.28 (iﬁ, d, & 11 Hzi}{in CBCiR st normal tsmwmmm a further doubling of &. § Hz
is resolved), $.22 (1H, 4, 5 17 Hzi(in CDCL, at normal tempersiures s further ﬁ@nbﬁng of 0.8 Ha
is resolved), 4.83 (1H, s, AOH or NCH)Y, 4.28 (3H, g, 4 7 Hz), 4.04 (1H, &, 4 11 Hz, CH H ),
4.03 (14, 8, NCH or OCHCQL 3.88% (1N, d, d 1iHz, CH HO), 3.42 (2H, e, CH SN}, 2.93°(1H, s,
bridgshend CHCO), 2.30 (24, brosdensd d, which looks as though it hes -3‘ 16.8 Hz; COSY
connections indieate thst these overlapping signais, presumebly from the brdgehead CH on C-10
and one of the C-% CH, H's, are coupled to the bridgehead CH on C-i, at § 2.44, and fo the
other CH, proton, at & 1.88), 2.4 (IH, 4, 4 & Hz, CHCH,O), L. 3& (18, d, 4 14,8 Hz,
CH H CHCO), and 1.28 (3H, t, 4 7 H2){COSY connections were aiem apparent within the olefinie
pet belween § 5.90 and § 5.26, between the wethylene signals et § 4.04 and § 3.85, snd bhetwsen
the signals of the Q-ethy! group at ¢ 4.28 and 4 1.28. NOE connections were apparent (1)
between the signels at & 5.80 and § 3.42, (i) from both of these signals to the signal at & 2.83,
(1) from 8 5.80 to & 1.98, which impHes thet the & 1.88 signsl I8 the "mxiai® hydrogen on C-10,
and {iv) from & 3.42 to 3 5.22, & 2.30, and § 1.28], VC-NMR{C,D,~CDL;) 204.88 (s), 154.% (8}
134,38 {d), (18.08 {1}, 74.81 {d), 63.43 {8), 8L.50 (){n CQC&, this signal bscame two, one at
§1.30 end the other at §5.08), 60.78 {d)Xin CDCL,, In one spectrum, this signal wes resolved inte
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two, one at 60.53 and the other at 60.46), 55.32 (1), 44.88 (d), 38,14 (d), 25.49 (t), and 14.88
(q){(Found: Mr, 277.1308. C,,H,,NO, requires 277.1314), m/z 277 (37\, Mr}, 248 (15), 233 (8,
220 (14), and 186 (100).
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