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Summary: Subatituent effects on *Jpg oy in methyl 4-X- in CRC]; mainly sttributed the ohzerved sulistituant ef-
bepzcsten 1 and 2, 1-4-X-benzoatea 2 appear to focts on ‘Jon o to changes in the r-bond ozder between

K.J he related with cheamiesl-shift variations at the two in- the two carbon atoxas, Thin conclusion was hased esaen
tially on the finding that 4Wep o ncressea with electron-

volved carbon nuclel rather than with' s-band-order
chanpes,

We have recently reported!s® that in both CDCl, and
(CD4)-S0 the responas of the carbonyl cacbon chemical

shift to the effect of 4-aubstituents is much the same in -

methyl 4-X-benzoates and in the corresponding sterically
hinderad? 2,8-dimnethy] derivatives, This and other'™t
results suggest a minor rols for conjugative intaractions
betwaen the mathoxycarbonyl group and the axryl molety
ovan In 2 S-unmbstitntad derivatives.

& X = NMey
M uMe
5 M, 5 Al
x ) X
ok Zaegdh

b X = NHy

o X = OMs
¢ x=F

On the other hand, previous work on ane-bond WC-2C

coupling constants in some 4-substiited methyl benzoates

™

[ XY
W=
mx-:
XK=
ﬁ!-c::
b X =~ N0y
in X = COMe

VPresant rhdsin Drastima
- nt Dipar ito di Chimlea del Polttecnico, PI-
azza Leanardo da Vinel 32, [+20198 Milano. o
¥University of Barl,
<+ Univereity of Bologna.

donating (OMe, Me, F, CI, and Br) substituents, while a
little atgect in the opposite direstion i8 exhibited by the
only electronswithdrawing group considersd (CFy).
into the matier, we have

an investigation aimed at comparing *Jop¢; values for 8
nacte represcntative set of moathyl 4-X-henzoates 1 with
those for the corresponding starically hindersd? 2,6-di-
methy] derivatives 2. Literature on 'J coupling conatants®

mmmmc.;ammr.;um%j:-um.mu
,; Consiglic, O.; Gattl, P. J. Ory. 1958, £9,
%‘%“ri‘l.péco 1 ':l.ﬂ' O’E.;Sm’:;:u:'?,"

) Driirba, s Laaadet, G Toveis, ¥. Gass. Chim. Tal, 1987, 117, 207,

3. .

Banoseasn, F.s Novi, M) Petxillo, G: Acta Eryaiallagr.
) , P. 8 surity, V. Y; Olsh, Q. A. . Org. Chem.
1988 S B0 (5 Hefyammmartiys Yo S Praksh, G, KTy, .
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benzene under argon. ‘The flask was then immetsed in & preheatad
ofl bath and refluxed for 80 min. After the solution wes cooled,
20 uL of DBU was sdded and the reaction mixture stirred for L6
min, Tha solvant wan then yamoved and the mixture puriBed
by flash silica gel chromatography (10-50% EtOAc/hexane) to
afford 17.5 mg (0.051 mmol, 84%) of e, f- estar 13 an
& colariess ol B, = 0.8 (50% EtOAs/hesane); 'H NMR (CDCl)
5716 (t, J = 4.1 Hz, 1 H), 4.62-4,47 (m, 1 H), 435428 (m, 2
H), 3.74 (s, 3 H), 2.58~2.48 (m, 3 H), 2.20 (ddd, J= 18.3, 4.5, L1
He, 1 H), 2.04~1.81 (m, 2 H), 0.87 (s, 9 H), 0.07 (s, 3 H), 0.08 (s,
8 H): “C NMR (CD 180.6, 1€5.8, 141.0, 190.8, €5.9, 63.6, 519,
44.0, 393,847, 34.2, 25.8, 18.0, ~4.8; IR (CHC),) 1758, 1700 om™;
g%hlﬂ'%?/ e (M* - 2-Bu) caled for Cy/H, i 2221002, found

3-(¢ere-Buryldimethylsilony)-2-pyrane, A 25-ml, round-
hottomed flask was charged with 125.4 mg (1.12 mmol) of 3-
hydroxy-2-pyroxe (Aldrich Chomieal (o, 2,3-dihydroxypyridinn)
snd dissolved in 3 mL of OHyCly umder exgon, To this wea sdded
0.16 mL (1.9 mmol 1.2 equiv) of 2,6-latidine followed by 0.91 ml
{1.3 mmol, 1.2 equiv) of TBDMS-OTE This wee stirred for 1 b,
end then the aolvent was removed. Purification by silica gel

phy (10% EtOA«c/hexan

chromatogza; o) gave 170.2 mg (0.75 mmol.
67%) of the silyl ether e & volatile Light yallow oil: '"H NMR
ﬁDClﬂ 57.17 (dd, J = 8.1, 1.8 Hz, 1 H), 6.61 {dd, J = 7.0, L.&

, 1 H), 6,10 (dd, J = 7.0, 5.1 ¥z, 1 H), 0.97 (s, 9 H), 0.24 (g,
8 Hx BC NMR (CDCly) § 160.9, 144.0, 1424, 132.2, 108.0, 26.5,
18.4, ~4.6; IR (CHC),) 17588, 1709 cmls HRMS m/e (M* = -Bu)
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caled for cuHmoﬁSi 408.1192, found 405.1186.
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Diels-Alder Cyeloadditions Using Nucleophilic 2-Pyridones.
Ragiocontrolled and Stereccontrallod Synthesis of Unsaturated, Bridged,
Bicyclic Lactams

Gary H. Posner,* Vigloria Vinader, and Kamyar Afarinkia
- Dapartment of Cherslatry, The Johns Hopking Univeraity, Baltimore, Maryland 21218
Received Jonuary 25, 1962 )

Captodative 8-oxy- and S+{tolylthio)-1-toayl-2-pyridonss 1a-1d arsahown te be reactiva as nuclecphilic dienes

undergoing 2 + tions with virious

e aliconss rmder sufficlently mild eherinal conditions

: (80=100 * thatthehiﬁdb!wﬂehchmnﬂmﬂmhmmpmuhi.nflirhwgwdyhﬂlm—m%)
without loss of on isoeyanate from the hetaroatom bridge. Thase bicyolis adducts are formed with eomplate

regiocontral and stersocontyol
of a captodative ynssturated gulfide acting as an eno|
density in the pyridone diens systams with their Di

For pyridons suliide 14, these Diela-Alder cycloadditions srs the fimt axampiee
NMR data (3C) are presented alactren
Aldar resotivity, and some transfornations of the blcycie

bitarmadintes,

cosrelating tha

lactam adducte ava shown to fhuptrate the value and versatitity of theae richly functionalizerd synthalis

Introduction

A fow yeam ago this Inboratory the first exam-
ples of efficient 2 + 4-cycloadditions of slectron-poor
1,3-disuifonyl-2-pyridanea with electren-rich dienophiles
such as vinvlic ethers.! To complement such inverse-
elactron-demand Diele~Alder reactions, we now report
normal-electron-demand 2 + 4-cycloadditions of capto-
dative 1,3-disubstituted 2-pyridones under thermal (i.e.,
not higk-pressure) conditions with elecixron-poor dieno-
philee auch as CHy=~C(R)EWG, in which the R group is

ogen or methyl and the elsctron-withdrawing-grou
(EWG) is nitro, aldehyde, estar, or katona (ens 1 and 2).
These successful cycloadditions, stopping at the initial
bicyclic lactam stage without extrusion of an isovyanate
frum the hetsroatom bridge,? ave among the few examples

(L) Posner, G, H.: 8witee, C, J. Ord. Chom, 1987, 52, 1644 and rof-
erancsy therein £ 3 + 4eveloadditionn of 2-pyridonms.

00223263 /02/1957-4088503.00/0

7,
Yy .
EWG 90-100 *C 3
.18

| 2,23.8%%

Y sEwa
" &, MsQ B, MOy
B, FIGHLD ) h, CHO
o0, LBMeSID | 1, COMe
d, 7ol 1, COMs

3, 4%

in which normally highly .cromtic 2-pyridanes (more
sromatic than 2-pyrones)® hove entered as enophiles into

cHo arsl
NSO Tl ‘T 85799 °C . a -
o8 h, BHY T, )
14 :
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Cycloadditions Using 2-Pyrldones

thermally mild (90-100 °C) and therefore practieal 2 +
4mlaa¢ﬁ:'ﬁom.‘ We report also 3C NMR chemical shift
data for 8-Y-substituted-1-{p-toluenasulfonyl)-2-pyridones
oorralating electron density in the pyridene diene systom
with 2 + 4 cycloaddition reectivity toward electrom-poor
dienophiles. The cyeclondducts, formed regio icelly
and ste cally, are synthetically versatile, unsatun-

TEOHDE!
rated, bridged, bieyelic lactama. Some transformations of -

these bleyelle lnctams into eyclohexenes
are presented to illuatrate the high valua of these synthetic
building unlts,

Results and Digaussion

In Table I are summarizad some ¥C NMR chemical shift
data for ssveral 3-Y-1-(p-toluenesulfonyl)-2- e8;
these sasignments were made waing C~H cou 'C NMR
spectroscopy.® For comparison, 30 NMR data for sim-
jlarly Y-subatituted benzenes are listed.®

The data in 'ra;l:gl %dme comment, S‘mt',;l::mpaud
to the corrsapon yrones discussed in astont-
panying nﬁcr," these 2-pyridones ara considerably mors
aromatic ee expectyd? with 130 NMTR chemical shift values:
differing from those of Y-bsnzenas by enly velatively smell

- gmounts, Sacond, whereas a 3-pronesulfonyl substituent

is styongly electron-withdrawing, a 3-oxygen substilusnt

that &

alkenea,! It was our expectation that S-ny%au-euhﬁt\md
1-toeyl-2-pyridones would cycloadd to elvetrophilic al-
kenes. The commerclal aveilability of $-hydroxy-2-
pyridone (2,3-dihydroxypyridine) allowed very convenient
acoecs to -oxygen-g

uhstituted 1-tosyl-2-pyridones 1a and

e, pnd the commercial availability of 3-br yridine
enghled casy preparation of 3-{toluenethio)-2-pyridone 1d
(eqs 3~5). )
1] KOM, MeOH, RX *( ;nso,! ol gy
2) MeUl, TOISTHCI :
18, A=NMa
% . 1b,A=PhCH,
NH
1) ERuMa,SICI, f
Imidazale A NSOZTEl (4)
) MLy, 10180,C1
15, R t8ukoS|
1) Bull
“’\O 1) HiO; '“’\&m Tol850Tc! Tm\éjmo.w o
?) AcO 2) LHMDS,
TolSD,C1 14
AWRM»W.P.AJ%SW.OIW.WB.
ridge, J. A J )
BB T i o

Katritrky, A. RK.; Denuis, N, Cham. Rov. 1889, 69, BZT.

2 (G)u‘!nnml.‘l'.;ﬂmdn, Az Kawanisl, M Org. Magn. Reson. 188D,
'F i)

() Breltivaier, B, Vaslter, W. Carbon-13 NMR Spactrcrcopry, 8nd 64}

VCH: Weinheim, m“"’:,!‘l’ PE6-25T,

(7 Posoer, G. H.; Nelson, T. D.: Kinter, C. M.: Johnson, N. J. Org.
Chem. 1952, £7, accompanying ariicle; for s raview of gycleadditions of
2-pyzones and 2-pyridones, seet Mﬂlfuﬂn. K.; Vigader, V.; Nelson, T
D.; Poner, G, H. Telrahadron Rep., in prata.
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J. Org. Chem., Vol. 67, No. 16, 1992 4089
Table [, 0 NMR Chomizsl Shift Data

Y., % o Y,
I /\m @\

Y 1C (ppm) 50 (ppm)
ATBO;- 158.0° 133.6°
" 1817 1286
Br 1318 127.0
Arg- 126,04 12885
RMs,8i0" 108.0¢ 191.48
PLCH,0" 128.0
MeO)- 1924 1207

YAr » Tgl. *Ar = Phb. “B = ¢-Bu. “R = Ma,

Table 11, Yields (%) of Oycleaddues 2 According to sq 1

EWG
Y NO,g CHOB CoMel COMei
o 8 E g -
’ 0 & 70 = 56
z Tolf. ' 15 49 fxaco

Tahls T summarizes results ‘of the successful cyclo-
additions accarding to o 1 in which butylated hydroxy-
toluene (BHT) waz used to retard polymerization of the
glecttuphilic alkenes in all carea except with nitroothylene,
In every cape, bicyclle lactam 2 was formed exclusively with
the regiochemistry and the etereochemistry shown as de-
termined hy 400-MHz *H NMR spectroacopy. of the crade
resclion products. Both reginchemistry and stereochem-
kot P e e e D

ent! epectroseapy showing a 4,6-di-
ebmtituted (bt Dot & 4,6-disubstituted) bicycl
with J, 5, laxger than Jy g, and Jgg, larger then Jpms 'H
NMR E:u for niteo lactam wathyl ether 2ag are shown
here (in which ths nitro group is endo to the 2-carhon
olefinic bridge). Furthermors, exposura of this nitro-
substituted bicyclic lactam to ammoninm formate pro-
duced excluaively and quentitativaly the eplmerie 'nlt_ro
compound (epi-2ug) with the tH NMR characteristica
shown, Note that Ji,, ia smaller than Jy g in the epim-
erized epi-2ag. ous regulta and data were
also with bioyelic nitve-bearing henzyloxy lactam
2hy ord tolylthio lactaxa 23g (see Experimental Saction).
No ratlonale is obvious at present to explain the unidi-
rectional epimoﬂsznlt'l;n oﬁ thz;. % formed endo-nitro
oyaloaddacts 2nd, an carreaponding exn
opimess, Interestingly, simply on standing gt amblent
temperatore inCDC; for 17 days, endo-nitro-substituted
hieyelic actam Zag underwent clean and slmost complete
epimerization into epi-2ag.™ .

To examine what effect, if any, a ameller-gized but less
electron-withdrawing 1-sulfonyl group would have on the
oycloadditions, I-mesyl.S.methoxy-2-pyridone wea pre-
pared in the same way as the corresponding 1-¢tosyl de-
vivative. 1-Mesyl-8-methoxy-2-pyridone, however, un-
derwent an N — O mesyl shift (0% complete) at 20-100
°C for 40 h, whereas the corresponding 1-2osyl system did
not rearzange significantly (Le., <6%) ander these con-
ditions*1® A competition experiment botween equimelar

(a) Haruna, K.; Aokd, Tz Eto, M. Hisano, T. Chen. Pharm. Bull.
llﬁl:,) S3, 1182, (b) Herdeh, 6; m:&.rvpr. C. Liakige Ann. Chem.,
L 1s Bta e A
] 4 M. s .
o Al %&.G.N.LOA:.ML 40, 883,
o, M.; Lira, B. P, J. 1, Cham.
'te Deriva

Izgi 9, 215,
tives, Abramaviteh, A, Bd;
New York, 1974; Supplament part IT, p 7dd.
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Jign = 34D He o s v 2965 H2
| 45,00 = 5.25 Hz: y g = 3.80 H2 |

20y
OMa
s H Jy.ga= 340 HZ: Jy gy = 257 He
Tolzo,N= c:b [Ja.00 = 4.20 H2i by 5, = 10.07 ]
Hy
epl- 2ag

amounts of l-meayl- and 1-tosyl-3-methoxy-2-pyridone
with excess methyl vinyl ketone showed a 1:5:1 selectivity
for 1-mesyl-2-pyridone cycloaddition over 1-tosyl-2-
pyridone cyoloaddition; this small rate advantage in cy-
cloaddition, howaver, was substantially cutweighed by tha
large N — O rearrangement rate disadvantage using the
1-meayl-2-pyridone. Rearrangement of the tosyl group
from N —+ O was sven more prominent in slituted
1-togyl-2-pyridone; for example, at 183 °C for 21 h, 1-to-
syl-2-pyridone rearranged 73% to 2-(tosyloxy)pyridine
whereas undor these conditions 3-methoxy-1-tosyl-2-
pyridone (1s) rearranged only 27% to 3-methoxy-2-(to-
aylmg)pyridim. Even more striking wes the abzence of
any N = O rearrangement when 3-(tolylthio)- and 3-sil-
oxy-1-tosyl-2-pyridones 1d and |e ware subjscted to shnilar
reaction comditions. Thus, a latgs 3-substitusmt effectively
inhibita N — O tosyl migration in 1-toeyl-2-pyridones, In
compariton, N-acyl-2-pyridones have bsen reporied to
undergo rapid N = O rearrangement into 2-scyloxy pyr-
idines even at room Lemperature.tt

A peparate gtudy of eteric and alectronic effacts on cy=
cloaddition rate wes done comparing 3-methoxy- with
3-siloxy-1-toeyl-2-pyridones 1a and lo. Equimolar
amounts of these ‘pyndom reacted at roughly equal rotey
with en excezs of methyl acrylate end separately with an
excesy of methyl vinyl ketone at 80-10D °C a3 judged by
I NMR determination of the zatioa of remaining renctant
pyridones aa well as ratlios of eycloaddusts, Interestingly,
a alrallar competition experiment compuimawmzhu:y-
with 3-(olylthio)-2-pyridones 1a with 1d ed 3-(to-
Iylthic)-2-pyridgme 14 to react about 1.5 timen fanter than
$-methoxypyridons e with acrolein. Finally, uniils ra-
active 3-(tolylthin)pyridens 14, 3-bromo-1-toeyl-2-pyridons
was quite unreactive toward electrophilic acrolein,

Saveral electran-poor alkenes falled to oydloadd with one
or more of the wp!ndom la-1d even upon prolonged
heating at 80~100 *C or, in a few cases, even &t 130 °C.
Exzamples of guch unreactive alkenes include
2-chlcreacrylonitrile, phenyl vinyl sulfons, a-methylene-
I{rutymlnobom, vinyltriphenylphosphonium bromide

thyl methylenemalonate, 3,3-dimathylacrolein, and

maleic enhydrids, Alao unrenctive wers 2-pyyidones
Lacking ¢ither a 1-toeyl group or & 3-hetervatom substitu-
ent; for axample, l-metgz- (tolylthio)-2-pyridone falled
to oycload dwithmthmohhwbnmthem?:ndmg’
captodative 1-tosyl-3-(tolylthio}-2-pyridone (14) rogct
(eq 2), and 1-tokyl-2-pyridone failed to cycloadd with

1) (8) MeXillop, A ; Zaleeks, M.-T; Taylot, B, O. Tetrahodrun Lott.
1998, 2845, Bre alsd! (b) Blngth, P. A} Jonwwen, M. J, Thid. "
(c) Son ral 10¢, pp 'm-'}u. A ' 1w, 4222,
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Poaner et al,
Bcheme 1
ol o sTel
« 1) NaBH,
CHO e i
Telﬁ),} 2) 1EuMa,SI0TY Tmmw}£ oF.
T
2dh (=oTh 4, 9%
l it
AIBN
H
GOk LIDMe } or
or T Tol30,N
Talgd,HN
»,85% 5, 86%
Schome XX
1) NaBH, a o
}_, cHO 2) Bu,NF >. o
To 3)eBuMaSICT  TolSON
" 2eh (oo, B 7, 52%
luom
oH
-ro:snguuf‘ct}::
a, 89

acrolain wherens the corresponding captodative 1-tosyl-
3~(tolylthio)-2-pyridone (ld) did react. Even at high
pressurea (10~11 Khar)! for several daya at ambient tem-
peratura, 3-(tolylthio)-2-pyridene 1d failed to cycloadd to
a-methylanesy-butyrolectons, and likewise 3-(henzyl-
oxy)-2-pyridone 1b failed to cycloadd to methyl acrylate.
1-Togyl-S-heteroatom-2-pyridonea 1a-1d can bs con-
eidered as ive dienes in which C, is geminally
substituted by an slectron-donor hsteroatom and alag an
electrop-withdrawing carhonyl (amide) grouf; 19 The
guccesaful 2 + 4-cycloadditions shown in Table II, alobq
with thoas reported In the accompanying 2-pyrone artials,
:zgmt the first cxamples of captodative unsaturated
and thioethers acting as enophiles.”

To illusixats the high valus and versatility of thess hi-
eyelic lactams, formed as aingle regioisomere and exclu-
aively sa endo-diastoreomers, saveral ring-upening trans-
formationn were performed. Bi laptam aldehyde 2dh
was reduced end O-gilylated to form bicyetic lactam 4
(SchemeoX). Reductive removal of the bridgehead talylthio
group under neutral radical conditions was achieved
BMO0 using tributyltin hydride and ezobisicobutyro-
nitvile (AIRN) to form bridgehead-unsubstituted bicyelic
lactam G; this lactarn represents a formal regiospecific
cycloaddition of N-tosyl-2-pyridone itaslf to acrolein, a
renctlon that cannot ba achieved becauae N —

O tosyl migration ocoura prior to any possible cyclo-
addition. » 3 (tolylthio)-N-taqyl-2-pyridane (Id) i

i reactive synthetic equivalent of N-tosyl-2-
;yri‘hd‘a% in thermal (.6, not hggh-pnum)fbieb-,ﬂder

12) {a) Vishe, H. G.; Jesicuink, Z; Merenyi, R.; 8 L. Acc, Chem
Res, 1 14 A(nl!n.ﬂ. A A Zwick, J.-C.
mh%lgﬁnm%mséﬁo. N Toachno, B Tomarin, I+, OFF.
Cham, 1980, &5, 1024,

18) For an excellent review with lesding referances, e Do Lacehi,
Q. Pasquate, L, Tetrahedron 1988, 41, 67 :
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Cycloadditions Using 2-Pyridones
Scheme 111

C Q. J
GHO __H*‘--_T— oz
alBuMea?Ol IOSChN

; |

Ben.RaMa, 7%
9bh,Ra PhCHg, 84%

quus

A
o
TolBOHN" oE

10ah.AaMa,  60%
10bh, A = PhGH,, 87%

ToISO;N®

2ab, AeMa
2bh, Fim PhGH,

eyeloadditions with acrolgin. of the lactam
bridge convertad § into regioapecifically and atoreo-
specifieally substituted cyclohexene 6 that we are currently
converting into a la- 1)-35-amino vitamin
D; derivative for biclogical evaluation,

In a aimilar fushion (Schema ), bicyclic lnetam aldeh.
yde gilyl ether 2ch waa reduced, desilylated, sd protected
gelectively as the primary elcobol silyl ether 7 using tert-
butyldimethylailyl chloride/4-(dimethylamino)pyridine
(DMAP). Methanolysis of the lactam bridge produced
repioapecifically and sterecspecifically tetrasubstituted
cyclohezene 8. All attempts to deoxygenate tertiary al-
cohols 7 ard 8 wera unauacessful, inclnding, for 3
radical reaction of the vanthate derived Eroxa bicyclle
tertiaey aleohol 7, Likewias, bicyclic tertiary aloohol cthers
9ah and 9bh were prepared according to Scheme IIL
Methanolysis of the bicydlic lactam bridge gave tetrasub-
stituted cycloherenes 10ah and 10bh as single diagtereo-
mera. All attempia to d ta tarﬁmz alochol ethere
9 and 10 were umumnan including Cl, 1t
Zn/NH,CL¥ LIBH, " LiREt,H,'® and HCOONH, using
a palladium catelyst.'®

Coneclusion

1-Tosyl-8-heteruatom-2-pyridones 1a—1d have heen
shown for the {irst time to be reactive ative dienes
that undergo effective thermal 2 + d-cycloadditions with
soveral unencumbeared sloctyon-poor alkenea, Reaetion
sonditions are sufficiently mild so that the bicyelic lactam
edducta can be isolated on gram scals in fair to very good
yislds without loes of an isocyanats from the lactam bridge.
Thase bicyeloadducts, formed as single regioisomers and
oxclusively as endo diastereomere, represent easily pre-
pared, compact, and polyfumetional synithetio intermediates
of copsiderabla valua.

Exporimental Section

Conoral Experimental Data. Sse ref 7 for detaila,
A, Preperation of Pyridones. 3-Methoxy-1<{4"-methyl-
benzencsulfonyl)-2-pyvidene (Ja). To a stirred solution of

(14) For related work, som Poaner, @, H.: Nolesn, T. D, Guyton, K.
Z;;(lfgnlhr.'l.'. W.}i. ﬂd. Chm..'i‘n Lets. 1976, TS
Jahiknws, H.; Muolalyama, T, sts. 1976, 737,
(18) Halton, K. A3 Crouse, D, J.; Williams, 4. D Kenredy, RSM. J.
Org, Chem. 1987, 52, 2317, .
{17} Brown, H. C. Hydroboraticn: Benfamaln & Co- Beading, MA,

189%; p 245.
(-.-13; Rabe, J; Hoffmann, H. M. R. Angalw, Chotn., Int. Ed. Engl. 1968,
(16) ‘Twali, 3 Yusmakuwa, T. Tstrahedron Lett. 1579, 613,
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3-methoxy-2-pyridone (165 mg, 1.32 pymol) in dry THF (10 mL),
maintained at 0 *C under a dry nitrogen atmoaphere, was added
MaLi (1.4 M solution in Et,0, LO mL; 1.4 comol). ARer 20 taln,
&methylbeszencenlfonyl chloride (255 mg, 1.24 mmol) was sdded
as a THF solution (16 mL). After 16 h the solution was poured
into weter (50 mL) and was extracted with Et;0 (2 % 100 mL).

of palvent; under reduced

Drying (NaS0,) followed by on v
preasmuro and flash chromatography (eilica gel, Et:0) of the residue
afforded white solid 1a (285 mg, T8%): mp 146~147 °C; "H NMR
(CDCOY,) & 242 (3 H, v, CHyAr), 8.78 (3 H, 5, CH,0). 6.18 (1 H,
H JH - l’H = 74 Haz, pyridvnv H'E)o @.51 (1 Hn ddl JH -T74
Hz, d,q = 1.0 Ha, pyridons H-4), 7.32 (2 H,d, 7 =79 He, tosyl
H-8), 773 1 H, dd, Jps = 7.4 Hz, Joy= 1.0 Hz. pyridons B-6),
802 (2 B, d, J = 7.9 Hz, tosyl H-2); **C NMR (CDCly) ¥ 21.61
( , 68,20 (CH,0), 100.20 (C-5), 112.62 (C-4), 122.38 {(C-6),
125,49 (C.29, 130.11 (C-3), 133.85 (C-1), 14621 (C-3), 150.84
(C-4"), 166.20 (C-2); IR (CHCl,) 1678 (C=0), 1620 em™; MS m/e
(M*, 13), 215 (39), 314 (20), 124 (27), 96 (26), 82 (22),

91 (100), 65 (24); m/e (CIfammonia) 250 (MH*, 100). Ansl. Calcd
for Oy Hy,yNOE: C, 65.90; H, 468; N, 6.01, Fonmd: C, 66.83; H,
4.72; N, 5.00. .

ﬁ'w'-mmymuummmnyl;a.(phnylnemn)-z-
pyridans (Ib). This compound was prepared in aceord with tha
genergl procadurs described ahove. Thus, etarting from a solution
of 8- (benzyloxy)-2-pyridens® (1.29 g, 6.41 mmol) in dry THF (75
L) gnd using lithium hazamathyldisilazide (LHMDS) (1.0 M
aolution in hexene, 9.61 mL., D.61 ramnl) and 4-methylbenzene-
sulfenvl chioride (344 g, 12.62 mumol) wa obtained afier orys-
tallization ( gﬁ%&% white golld 1b (L72 g, 76%):
mp 160161 °C; 2 [(») $ 248 (3 H, », CH;Ax), 5.00
(2 H, », O0H,), 6.11 (1 H, &, Jp. ¢ = J4 = 7.41 Haz, H-0), 0,65 (1
H, 4l Jog w41 He, Jog = 156 He, H-4), 7.31-7.34 (1 H, m,
HAx), 772 (L H, dd, Jg ¢ = 7.41 Br, Jpq = L58 Hz, H-6), B.02
(0, d, Voup = 8.40 M, 11> ond H-6); 56 NME (CDClg 6 21,80
(CHeAD), T1.14 (OCH,), 10522 (C-5), 11593 (C4), 12267 (C-6),
12152, 128,88, 12872, 120.60, 180.19, 13345, 185,57, 146.24, 14986
(C-2); IR (CHC),) 1672 (C==0), 1619 em™%; MB m/e (ED) 355 (1.7 o
2), 201 (8), 200 (39), 155 (6), H1 (100), 65 (8); HRMS enled for
C; H;NO 8 (M) 350.0573, found 268.0882.

%[ {tart-Butyidimetbylsilylloxy]-2 pyrldons. A solution
of tertutyldimethylsily]l chiaride (TBDMSCY) (306 mg, 2.02
mume]) in anhydrous dimethylformamide (DMF) (6 mL) was
delivered to a stirrad mixturs of 2, (220 mg,
2.00 mamo)) axd imidazals (340 wg, 6.00 munal) maintained under
a dry nitrogen atmosphers. After 3 h, the mixture was pourad
into HL0 (10 mL) end was extraetad with Er,0 (2 X 75 mL). “Ths
compbined etheral extracts were washad with watar (10 mL) and
dried over Nag30,. Evaporation of eolvent afforded a pale brow
sclid (435 mg, 67% ). The crude product can be undslmﬂyfﬂr
e ﬁmnhﬁknmmo’ " (1:10) v/ ; ...’:‘:’m':.’

H v/
f;l'ifl. 117 *C; *H NMR (@% (8 M, », CH,SI), 0.99
(OH.l?(&Hg) , 1.6 (1L H,bs, NH), 6.13 (1 H, &.J,hriﬂ -
7 Hz, H-5),6.89 (L H, dd, Joy = 70 H’z.Ju = 1.7 He, H4), 8.07
1 H, dd, Jgs = 7.0 By, Joq = 1.7 Hz, H-6); IR (CHC),) 1658
C=)), 1621 cm-t; MS m/e (Cl/ammenla) 228 (5), 227 (17), 228
, 100), 168 (M* - ¢-Bu, 16), 129 (4), 118 (3), 112 (63). Angl
Caled fur .HENO{B‘: C, £8.69; H, 850; N, 8.22, Found: G,
58.47;3,8 B:NIGI 1.

3-[(tert sButyldimethylallyl)oxyl-1-(4-mothylbenzene-
suifonyl)-2-pytidone (1c). was prepared in
accord with the general procedure described previously, Thus,
starting from & solution of 3-[(tere-butyldlmetbylsilyl)oxy]-2-
gﬂdma(&ﬁﬁg.mvnmnhﬂwmumﬂ)mdmzm

4 M solutloh in Bt0, 15.0 mL, 21.0 mmol) and 4-methyl-
benzensculfonyl ehloride (3.95 g, 20.7 mmol) ws obtainad after
chromatography (silica gal, 10% v/v Et,0 in hexane) white solld
le (7.0 g, B0%.): mp 78-79 °C; ‘H NMR (CDCl,) 8 0.11 (8 H,
s, CH, .0-90(91*."(@43);055)-?-43(3}1-&03 ), 8.08 (1
H, ¢, pq = Jyq = 7.3 Hz, pyridono H-5), 657 (1 H, dd, Jys =
RICERAA S nd A LT A

(o » o ™ = L.{ BT, P,
F.0),.7.98 @ H, o, J = 7.0 Hs, tasyl H.2); ¥C NMR (CDCY) &

(o0) Herdnin, C.; Dimmexling, A. Hetcracycles 1984, 22, 2277,
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-4.80 (2 x CHgRi), 1849 i), 21.78 {CHpAr), 26.68 ((C-
H,),csn 105.58 (C-5), 122.90 (C-4), 129.81 (0-8), 120.46 (C-27),
12977 (C-8), 133,67 (C-17, MB.S7 (C-3), 14745 (C49, 16790 (C-1);
IR (CHCL) 1674 (C=0), 1620 ex™; MS m/e (BI) 323 (41), 322
{M* - ¢-Bu, 100), 167 (28), 156 (91), 162 (27), 81 (100}, 72 (26);
m/e (Cl/ammonia) 380 (MH*, 160); HRMS caled for OyqHysN-
i (M* ~ £-Bu) 822.0670, found 522.0575.
s-(l."-Mothylben zanalullnnyl) 1-(4"-msthylhenzene-
oo it Lo ot ecosdiute seoefbed shove. m.,g“ g
eribed above.
from & solution of 3-(4-methylbenzenesulienyl)-2-pyzidane! (43
g, 1.99 mmol) in dry THF (20 mL) and using LHMDS (L0 M
soluﬁon in hezana, 2.46 mL, 246 mwmol) and 4-mﬂ1ylbmma-
oniy) chloride (575 g, 3.02 mmol] we obtained
hllnm:on (CHs‘Ula/EhO (1:2) v/
0%): mp 185168 °C; '"H NMR 5237(3H,a, CH,-
244 (3 H,n, Cug-cm,aosuu t, Jpq = Jpg = 7.19 He, H
646 (L ¥, dd, /.5 = 719 Ha, J ..-Lasmf'k.q,-m(zu,d,
dpg = 7,49 Hz, H-2” and K-8 7-38(4H.¢J—'I.BSHS. H—B’.
H-, H-5", and H-5"), 7.86 (1 H, dd, Vg = 7.19 J%'
Hz H-8), 791 (G H, d, Jpg = 48 Hz, HeZ and H-8;
(CDClY) 621,49 (CHzC4”), 21.94 (CH.-C4%), 104.59 (C-5), 126.21,
126.81 (C-9), 128.73, 130,18, 130,59,-152.62 (C-1), 193.95, 135.56:
137.34, 140.06 (C-3), 146.40, 158.08 (C-2); IR (CHC),) 1660, 1601
cm 1 MS m/e (BY) 373 (MH*, 11), 371 (M*, 45), 308 (12), 307
(51), mm. 217 (19), 216 (100}, 119 (68), 81 (51), 68 (21); HRMS
ealed for CH,NG,S, (M*) 8710650, found 371.0647.
3-Methoxy-1-(mathaneyulfonyl)-2-pyridone. This com-
ground was praparad in atcord with the ocedire de-
seribod above. Thus, stasrting from a solution of 3-methoxy-2-
ryndoua(m mg, 4.38 mmel) in dry THF (40 ml.) using MeLi
1.0M solution )uEb,O 500 mL, B-Onuml) end MsCl (0.6 mL,
6.5 mmnl) we obiained after nﬁhﬂm a white solid
91%): ) Hp 126 *C; TH NMR ( 63.58(31{,!;
SE,500, 375 (3 H. 5, CHy0), 816 {1 F by
pyridone H-5), 6.58 (1 H, ¢, d, iy =14 m\g& ’iu X 0 42
(LH, d, Jes = 7.4 Ha, pyridone H-8); ¥C {CDCL)
(CH, , 58.81 (CH. 0). 105.53 (C-5), 113.21 {C4), 191.66 (c-ez
16071 (E9) 16719 {C-2); IR (CHCY) 1671 (G0 1610 s
M3 m/e (EI) 203 (M*, 86), 125 (100), 124 (99), 103 (22), 98 (941
a5 (24), 82 (21), £5°(37), B4 (25%; m/e (CI /ammonin) 221° MNE.
), 208 (5), 206 (9), 204 (ME*, 100), 129 (39), 125 (8), 96 (6). Anal
g‘lﬂg I(qlné-gaﬂﬂ& C, 41.37; H,d.iﬁ;N.B.ES. Found: C, 4L.44;
B—[(wﬂ-Butmeothﬂaﬂyl)ow]-l-(mnmuultml)-z-
pylidouo This compound was prepared in eceord with ths
general procadurs described above. Thus, starting from a sofutlon
da—[(wt-hatytd:mthyhﬂmml-z-mﬂnm (1.89 £, 840 el
in dry £4,0 (40 mL) ueing methyltithivm solutisn in 4,0,
7.00 mL, 8.6 mmol) arad M:sCl (1.00 L, 129 mnd) we abtained
after {lash chromatogzaphy (sflica gal, 20% v/v diethyl ethier in
(CDr ) : gg;h&nﬁl'id U 703?;03? ér?;,cs;)ﬂs.so @
[ 0! 'l
s By Js‘ =74,JH=7.ZHzpyri ona

H), 487 ry a'm = 1'% Ha, pyridons HA),
LK ddd w7 AT, Jyy m%’-ﬂﬂ Y
(GD 2x CH,Si). 18.83 Mes&ﬂ). 2502 ((CHY),CBL).

4121 (CH.BO,). 124.71 (C-6), 125.03 (C-9), 180.87 (C-6), 139,28
(C-9), 142.98 (C-1); IR (CHCI,) 1687 (Cral3), 1618 cx’; MS mfe
(EI} 248 (18), 168 (14), 183 (100), 187 (26}, 152 (16), FTb) (16), 76
{35), 78 (16): m/e (CI/ammonia) 305 (10), 304 (62), 207 (25). 182
(5). 181 (8), 180 (100), 168 (7), 112 (34); HRMS calcd for G-
H,.N 885 (MY - £-Bu) 248.0268, found 246.0960.
-(M&thu-ullonyl)-ﬂ-(d’-mathylmumulfulyl)-z-
pyridone, Thkmmpnundwnpupnadhwxdwiﬂ:tha
genera) procedure desczribed above, Thus, trom asplution
of 3-(I-nethy[bonunnu!fmy1)-2-pyudm (500 mg, 2.8 mdl)
in dry THF (20 mL) uaing LHMDS (L0 M achstion in
aazml.mmnmmmmnh,mm«nmomm

after crystallization yellow )
D wg, T0%): m-m'»o,!n mx(vto'npélﬁ 69.24(3H.
ﬂz, ),850 (3 1., CH1,50,), 526 (L1, & - .11
).&mun.aa,J.,= 11 Ha, o, g = 162 Hs ﬁ*—q,no
e s A
mﬂm 6 (GEL 540, 4219 (RS0, 1068 (50)
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126,97, 126.40 (C-8), 131,00, 138.45 (C-4), 196.56, 187,15, 140.22
(C-9), 168.00 (C-2); IR (CHC,) 1654 (O=<0), 1596 ex™s MS m /e
(ET) 298 (M*, 29), 218 (13), 217 (100), 216 (64), 184 (m, 118 (1),

?l‘n(:dz" 48 (70). HRMS caled for C“HMNS!OB (M ) 2965.0237,
0!

B. 'l.‘hmnal Rearrasgement of Pyridoues. Typionl Fro-
cedure: Tho correeponding pyridones wers dissclved in CH,CL,
mdhnduhmmhuwah\aualed tube at 90-100

C. Periodically, the tubs was cooled end was remaved.
Radnl of pyridones/pyridinols were detetrnined on the basia of
the *H NMR spectxa of the crude materials. The reaiducs wore
then redfssolvad and subjected to beat again, At the end of the
the rearranged products were sepacatad by mpamﬁvo
phy (PTLC) and cheracterized as follo

2:{(¢-MethylbongenesnifonyljoxyIpyridine: guny; 'H NMR
crby At Can pi L et
= r ) » - 1O
Hi, .y = 0. Fo pyelding B, 7.34 5 g w0 ]
n-sf).v.wm-r,d -B.IHI,JH-EAHz,JH-z.OHz.
QH-4’,7-89(2 J = 8.0 Hz, tosyl H-27), 6.26 (1 H, dd,
=50 He, Jog = %Hhmmdms H-8); IR (CHCL,) 1692, 1872,
1!70em . MS m/e (B1) 186 (7), 186 (65), 184 (£1), 157 (26), 82
(8), 91 (IOD). Gﬁﬂ , 83 (1) axd 51 (7); m/e (C1/exnmoniz) 260
(100); HRMS for CpryHuNO (M* — BO,) 185.0887, found
0541

166

S-Mathoxy-2-[ ({-methylbenzenes ulfonyl)oxy]pyridine:
mp B1-82 *C: VB NMR (CDCLy) 3 2.49 (3 H, », CH,Ax), 3.85'(3
1.+, CH;0),7.20 (1 H, d J-MHB. 48 Hx ¢ H-B), 7.27
M, dd,J =82 1L6H;s, 95-4).7.34(23 ﬁ,J-B.ﬁHz.
tosyl H-39, 782 (1 H, J = 48, 1,

IR (CHCI;) 1688, 1674, 1332, 1194,1181 em™; MS m/e (B1) 27
az,. ;s (61), 214 (20) 124 (25), 86 (25), 82 (25, 1 (100), 65 (24)
m{fe (Cl/ammonia) 280 (100); HHMS caled for O, HpyNOS (M*)
m%ﬁ:ynﬂz—[ﬂum 1 |}o lwrlm oll; 1H
3 asulfonyljoxy 4
NMR (GDCY) & 5.49 (3 H, v, CH,S0,), 890 (3 H, s, CH,0), 7.25
CIH dd,J-' 8,1, 47 Hz, pyridine H-5), 7. 83 (1 H,dd, /=81,
idine H-4), 788 (1L H, dd, J = 4.7, 1.5 Hz, pyridons
{CDCL,) 5 40.86 (CH,80,), 56,08 (CH,0), 12123 (C~4),
ma-n (C-5), 18782 (04). us.se ( , 147.80 (C-2); IR (film)
1574, 1229, 1163 em'; HRMS caled for CHNOS (M*) 203.0250,
foupd 203.0254.
a-((nn-nwmmhyl-llyl)m}z-[(mhmumnyl)-
axyloyridine; pela yallow 30.26 (6 H,
GHnS') 10381, (Qﬂa)sCGiD. 8.60 (8 I'L 8 118
de 8.0, 48 Hs, pyridine H-5), 7.20 (1 4, = 8.0,
pyrl H-4), 7.80 (1H.dd.J-4B 1.6 Hz, pyridone
O e s
Hﬂ)' 199.28 (C-2), 142.98 (C-3); IR (CHCly) 167, 1256, 1168 cin™; MB
m/e ED 246 (17), 210 (3), 169 (12), 168 (100), 167 (24), 162 (13
73 [19): mfe (Cl/mmmﬂn) 808 (B), 305 (19), 304 (100), 228 (
148 (12), 112 (3), 102 (8), 96 (2).
, Cycloadditions of Pyridones. 4~Methuy-2v(4’
g e A e
b mg mg
48 1) wna addad to a solution of 1a (150 iz 0.557 meuol) in CH.Cl;
(2.6 mL) in & sealsd tuboe and was heated st 80 °C for § days.

white golid
Chromsatography (silica gel, Bté))!ﬁﬁmiod é.g a:) a‘ thite ok

' 13.08 Hi, Jg_,s = 9.5 He, e =215 Hz,
n L'ﬁ.ﬁ(au,.,cnw‘i'“vs‘ (IH,deld = 1ags
R g g e e o saﬁﬁ“ iy
» 502 - =
H-5), 5.4l (L H, m B a.sl(m,"ﬁ'a:'.r.,-mn'i,”'.r._,sw-

5!.“‘3 .ﬁ-ﬁﬁ(lﬂ.dd.JH=mHaJHﬂ6.13Hz.Hﬂ.;‘33

(€3 qrigthan, D.; Ra L.B.nmuthm.a..Mahnﬁu.A-lﬁ.
lymszrnl.‘-u o Ory. Chem, I&G.“.
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(CHCly) 1736, 1660, 1366, 1172 cm™'; MS m/ec (ED) 155 (z). 110 7292 (2H.4,J=86 Hn,myl H), 7.87 (2 H, 4, J = 8.5 Hb, tasyl
(71. 104 (100, 81 (16), 77 (8% (CI/mnoniu) 370 (MNH,*, 1 H); 130 NMR 75 (CH,Ax), 32.20 (CH,CO), 3268 (C-8),
353 (MH*, 24); HRMS caled for C,cH, N,0,8 (MH?) aﬁa.nm 47,02 (C-5), 62.93 { 1). 55.14 (CIi,O). 84.24 (C-4), 128.03 (c-z'),
- found 353.0800 129,83 (G-7/C-8), 128,78 (C-8’), 182.41 (C-7/C-8), 135.42 (C-11),
4-Mnh¢xy-3-(4 -methylbenzenesulfonyl)-3-nxc-2-azubi- 145,97 (C-4%, 160.42 (C-9), 208.84 (CH,CO); IR (CHC!,) 1722
cyelo] -1-eme-G-endo-carboxaldehyde (Zah). A salition (C=0), 1669, 1360, 1171 cmn*; M8 m /e (ET) '152 (16), 187 (30),
of eerolein (0.115 mL and 0.170 mL aftex 24 h) and one la L10 (9), 109 (100), 84 (B), S1 (28), 77 (8), 66 (18). m/a (Cl/am—
{46 mg, 0,172 mmol) {n CH.Cl; (0.5 mL) was n agzaled monia) 367 (26, 352 (7), 361 (20), S50 (MH'
tubs at 80 °C for 6 Removal of solvant followed by ehro-  (41), 189 86), 162 (a). HRMS walcd for cm.&o ukm
matography (silica gel, 25-50% Et,0 in hoxane) gave 2ah a 350.1082, faund 85
white solid (40 mg, 69%): mp 138 °C dec; 'H NMR (CDCL) cinonzyloxy)-z-(d' mhylbenzonumllonyl)-s-mdo-
2.11-2.14 (2 H, m, H-), 244 (8 H, 5, CHAs), 262 (1 H, 7 H—E), nitro-3-oxs-2-azabicyclof2.2.2]-7.00tane (2bg). A eclution of
3,68 (3 K, s, OCHy), 535 (1 H, m, H-1), 6.98 (1 H, d4, nitroothylene (409 mg and 400 mg after 48 h) and pyridons 1h
He, 1.4 Hz, H-5), 6.60 (1 H, dd, J = 8.2 Hs, exns.l-!—'l).'r.ae(n (200 mg, 0561 mmol) in CH,;Cl, nglnl.)wuhuudlnssmhd
H, d,J = 8.2 Hz, tosyl H), 7,55(21-1,4,,}':.3.231,;0,;1}1),9.65 tabs at 50 °C for 5 days. Removal of soivent followed by prep-
¢ H. s, CHO); m(cncm 1728 (C~D's), 1698 , 1188, 1172 mhva thin-layer chromatography (siltica gel, 60% EtOAc in
cni; MS m/e (E1) 138 (96), 110 (12), 109 (100), 106 (22), 84 (26), s, three elutions) afforded Zbg as a whita solid (190 mg,
91 (7). 77 (17), 85 (22); m /s (cl/mom) 354 (MNH.*, 18), ma). mp 172-113 °C; SHNMR (CDCL) 6222 (1 H, d. J, ._&
553 (100), A4 (19), 526 (MH®, 8), 280 (41), 162 (21), 138 (z'n, o 10 He g = 883 B s = 14 1 B, £ Xl

1268 (29), Angl Ca!ﬂl wNO, 57.30; 1 N, 4.18, C!#Cl !3.'19 H, d - 14.0 = 9,36
Found: C, mza.n.an,i'aaue's' C. 67,30 . 814 " o 6 30 T XAk
Methyl 4-Mothoxy-2-(4-methylbenzenesulfonyl)-3-oxo-2- (Tll d, J = 10.02 Hs, th-i,) sl1 (1 Hl. ddd. p.haﬂ 9.96

s2ableyclo]2.2.2]00t-7-an8-6-0ndo ). Thm- = 3.69 Hz, Iy = 1.22 ¥z, H-E), 5.44
mal. A golution of pyridone 1a (mmaz In!lml)(z'1 = mf'ﬂ" EG.HHA.J = 2.14 H=, l)- 836 (l H
exyiate (021 mL, 19 squivh.and BHT (2aag) s OH.OL OB M) dhy = BTG, HLB), .08 (LE, &g = 811 H"""dj
wan heated for-64 b at 130 °C. Chrematography (60% Et,0 in H:.I-I‘D.‘ﬂ&-'l.&'l(ﬂ!.mﬂ-h).'lﬂ ¢Hd,J, urz,
hexane) afforded an insepatahle mixture of 2al and 3-methoy- H-2 and H-6); “C NMR
2-{(4-methylbenzanesulfonylloxylpyridins a8 a pale yellow gum 60.62 (C-1), 70.00 (Cﬂﬂ‘hl. 83,90 (C-5] uﬂB {C4), 127-@. 129-
{44 mp, 3:1 in favor of the cycloadduct aa datarmined by *H NMR). 128.58, 128.62, 130.00, 131.60 (C-9), 133-10- 138.60 (C-D, 137-@0-
mxh Prassure. Msthyl acrylate (0.2 mL, 38 equiv) and BaCO, 145.78, 160.00; IR (CHCI,) 1736, 1686, 1372, 1166 em % MS o:ﬁ
) trere added to a soluiion of pyridone la (17 mg, 61 amal) (¥1) 186 (10)4 184 (8). 165 (10), 81 (100). 77 (20), (
mc Cl;@&ml.),mdhmkbukumbﬁe&edbmkbn &80 (MNH,*, 8): HEMS Caled for CpH N8 (MNH®
preseure for 144 Thmﬂhnggmwutnkeuuplnhn ﬂ&lmtnundu&.ﬂl&
methanol and ﬁlta!edmtemov':gclymene impuritisz. Ramowal 4-{Pencyloxy)-2-(4-methylbenzsnesullonyl)-3-oxe-2-asa-
of wolvent afforded en ofl which wae purified by preparstive bleyelol t-7-one-5-endo-carboxaldebiyds (2bh), A eo-
%) T NME (RS o8 i ?ﬁ?ﬂ rid vy - m%mﬁ“&f'a, (0 i) ey bienemd i mevalod
= 4.9, 1 mg, was ]
H-6,,), 245 (4 H.m.CH,-Ar l-i ;&f.x' ddd..}rl:' tabe at 80 °C for 6 days. Chromatoyraphy (eilica ge), 30% EtOAc
0.8, 4.9, IIHI.H-B).SGEG!H.:. l-h. !ﬁ-,mr inhm)nﬂorddwﬁunﬂdﬂbh(ﬁ?mz.ss%) This com-
Cl-i;) 637 H, m, H-D.GS?(!H.dd.J-&l 14 ,6.5‘1 pourd wuo found to be unctable and was charsctsrized es the

(1H, 4, /= 81,40Hz, -7).?.31(2H4J-&1Hn, corresponding
7.87 (2 H, d, J = 6.1 Hz, tesyl H): IR (fma) 1733 (0-0), 4-[{¢ors-Butyldimethylsilyl)oxy)-2-(4-moethyibenxeze-
1389, 1229, 1172 cm; M8 m/e (BI) 366 (M*, 8), 168 (77), 109 sulfonyl)-5-endo-nitro-8-oxo-2-axabloyelofd.2.2]oot-7-ene
o Ll 054 0,5 1,7 6.0 A0 e Clammnty) (o). A mlaton of ridone Lo (160 o8, 30 mmc) sad aL
1] Ve » (]
Padiyer iy Cuatt ° ) i GHgCls (8.0 mL) was hoated in a saied ube for 160 h at
a

Dimethyl 15-Msthoxy-4a-[(4-methylbenzenesulifonyl)- 80 *C, Chromatography (60% Et;0/hozane) afforded 2c¢ as
swinoloynlohex-i-ene-1,2-dicarboxylate. n-Buli (0.8 mmn}) whits eolid: mp 112-113 *C; 'H NMR (| §~011(8H,8s,
weo addzd slowly ta MeOH (6 mL), and the sohrtion thus vbtalusd CH.SD, 0.28 (3 H, ¢, CHySl), 0.68 (0 B, 8, (CHy),C), 2.12 (1 H,
wus added to the cruda mixturs of tha bicyeilc Iactam 2at (44 did, J = 18,2, 4.3, 1.8 Hz, H-0mu), th-.GH;A:).a.w.(l
ut zoom temperatura undap dry N, atmosphors. After 2 H,ddd,J = 18.2, 9-&M11&H'5m)n‘-' (1H,ddd, J =0.8,4.8,
standard workup procsdure followsd by purification. by flxsh 1.2 Ha, H-5), 6.30 {1 H; ddd, 7 = 8.1, 8.6, 1.8 Bz, K-1), 6.10 (1
ammw(w%mhhme)wmm ned H. dt, J, = 8.0 Hs, Jy = L4 Hs, H-5), 0.43 (L H, dd, J = 8.9, 6.1
Simpousd s o guamy e G0 g, 075 fom prdcat T2 1 B} nas G- e 0 10 B e

m, H 2, 8,
CHAr), 892 (1 H, dd, J = 120,28 Hz(, H-2), 3'35’ {3 H, v, other 17.95 me.c's:). 41.08 (CH,Ar), 24.67 ((CH,),CEd), 84,18 (C-5),

CH,0), 3.54 (3 H, », ester CH,0), 3.77 (3 H, &, esster ), 395 8191 (C-1), BL48 (C-4), B2.55 (C-5), 127.72 (C-2), 128.80 {C-5),
(1 1, m, H-4), 5.80-5.83 (1 m. H-7 and H-B], 730 (2 H, d,J m.m (C-1/Ca), 133.23 (C-7/C-8), 13457 (C-1), 145.62 (C«'),
=MH=.WIH).7W(2H6 = 8.0 Hz, toayl H); 2C NMR (C-9% TR (CHCL) 1745 (C==0), 1688, 1662, 1370, 1255, 1188,
CDCl) § 2168 (GH?AI‘). 28.79 (C-6), 43.30 (ds) 4654 (C-2), 6205 u'm amt: M5 m/e (E]) $85 (M* — ¢-Bu), 323 (21), 322 (85), 209
0D, , 30 NMR ), 70.52(C-1),~  (85), 165 (’IO). 151 (47), 91 (100), 73 (83); m /e (Cl/mmmonia) 455

) mm%.umz( 7 ).ms( 2, 183,04 (C-7/C-6), (MH", 56), 385 (M* ~ £-Hy, 51), mm).m(mo).mm). 156
17,61 (C-4, 14374 (C-1, 170,68 (0O;Me), 170,95 (00 Me); IR L“’ 91 (39), 73 (7). Amnl, Caled for CHaN,0,388: C, 53.08;
)ms(c—m,usn 1 cm; FRMBE calod for OnHpNOS .28 N, 819 Found: C, 58.08; H, 6.23; N, 627.
~ MeOM) 865.0953, found 365.0943. H(lm-BlﬁldlmnhyMbl)o:ﬂ-:-("-nuthylb‘lm
, 5-ende-Acetyl-d-malhvky-2-(4"-wethylbenzenerulfonyl)- onyl)-3-oxe-2-azableyelo[22.2]uut.7~one-S-ando~car box-
! hu-hmbioyvln[ﬁ&l]m—‘lﬂu {2a})). A wolution of pyridonsy Ald'hyllo {2oh), A golution of pyridens l'l' (L0765 ﬂ- 284 meol)
i In (146 mg, 0.52 mme}), methy] vinyl ketons (0.76 mL, 17.1 squiv), and acatein (4.00 ml, 21 equly) and BT (50 mg) Cuach(w
" MﬂBHT(SOmg)mCHQCh(‘Om[Jmhemdhrmhat ml) wes heated in s scaled tubs For 148 | at 00 °C. The esirad
90 ~C, caumtnmphy {80% Et0 in hoyane) nﬂadadth. product Zoh was leolsted by chrematography (silica gel, 10-50%
Starting pyridone (75 mg} and 2aj a8 & coloriess gum (78 mg, 42% EL,0 In hezans) as a white solid (863 mg, 70%). As analytically
'H NMR (CDC)p 4 1.856 (1 H, ddd, J = 129, 4.8, 20 He, H . pmmphmabhmmibywlhllh h (1:2 v/v BL,O/hex- -
;232 (1 . ddd, J = 12.9, 0.4,3.7 Hz, H8,,.), msu,-.m, ), m°c-lummncwa-on(sﬂ.-.cmsﬂ'om
243 (3 H, 5, CHyAx), 3.01 (1 H, dd, J = sc.qu.H 8.5 (an.u. 1), 0.50 @ H, », (CH,),CSi), 2.08 (1 H, ddd, J = 13.8,
(2 ¥, s, CH,0), 6,35 {1 M, ddd, J = 6.0, 38, 2| x-m,u 1), 6.32 4.8, 2.4 Hz, H-6,), 214 (1 H, ddd, J = 10.9, 859,85 n’“’
(1 ¥, dm, J = 8.2 He, H.7), 6.60 (1 H, dd, J = £.2, 6.0 Hz, H-8), 2.43 (3, s, CELAT), 285 (1 H, ddd, 7 = 8.9, 46, 1.0 -6
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5N (1K, m H-1),806 (1 H, d,J =80 Hz, H-8),6.43 (1 H,dd,
J = 8.0, 8,0 Hz, H-7), 7.33 (2 H, d, J = 8.5 Hz, toayl H), 7.84 (2
H, d, J = 8.6 Hz, tosyl H), 9.77 (1 H, 4, J = 1.3 Hz, CHO); 1C
NMR (CDCYy) ¢ -3.93 (CH,SI), ~2.85 (CH,5i), 18.63 (Me,C8Y),
21.68 (CHyAr), 25.58 ((CH,)CNI), 28.57 ( 50.37 (C-5), 62.86
{C-1), 8L.02 (C-4), 127.86 (C-2), 12067 (C-39, 13L94 (C-1’ arid
C-7), 136.21 (C-8), 145.28 (C-4"), 169.87 (G-Bg, 200,01 (CHO); IR
{CHCly) 1728 (C—0), 193¢0, 1166, 1172 cm™; MB m/e (E) 578
(M* - 2-Bu, 11), 522 (96), 167 (26), 165 (82), 152 (24), 161 (26),
91 (100), 79 (38); m/e (CI/ammonia) 463 *, 1), 437 (23),
4%8 (ME*, 78), 381 (26), 382 (11), 380 (100), 322 (9), 226 (8). Anal
Caled far T HNOSSI: C, 87.90; H, 6.7%; N, 3.22, Found: C,
57.84; H, 6.67; N, 3.24.

Moetby! 4-[(¢ert-ButyldimethylsilyDoxy]-2-(4-methyd-
honzenesnlfonyl)-3-0xo-2-azabicyclof2.2.2]oot-T-ene-5-endo-
carbaxylate (2ai). A solution of pyridone 1o (43 mg, 0.12 mmol)
and methyl acrylate (0.11 mL, 10 equiv) and BHT (3 mg) o
CH,Cl;3 (0.8 mL) was heated in a sealed tube for 130 h at 80 °C.
The desired product 264 was fsolsts:d by chromatography (sflica
gal, 50-100% Et,0 In haxans) e a white solid (10 mg, 56%): wp
118 °C; B NMR (CDCl,) 8 ~0.14 (3 H, s, CH,S1), 0.21 (4 H, 8,
CHSSi), 0.84 (8 H, &, (CH,),051), 1.76 (LH, ddd, J = 1298 Hz, 6.2
Hz, 1983 Hz, H , 2.39 (L H, ddd, J = 12.9, 0.7, 1.8 Hz, H6,,,),
343 (@ H, 8, CH,Ar), 288 (1 H, ddd, J = 9.7, 5.2, 1.1 Hs, H-6),
3.64 B H, ¢, estar OCH,), 6.29 (1 H, ddd, J = 8.0, 3.8, 1.0 Hg, H-1),
€.10 (1 H, di, JJ;, = 8.0 He, J; = L5 He, H-8), 642 (1 H, dd, J =
8.0, 8.0 Hp, H-7), 7.80 (3 H, d, J = 0.4 He, tenyl H), 7.84 (2 H,
d, J = 8.4 Hx, tooyl H); IR (NaCl) 1786 (C~=0), 1598, 1487, 1381,
1172 cm*l; MS m/e (EI) 408 (41), 322 (100), 288 (21), 211 (60),
1E5 (82), 161 (47), 81 (91), 73 (61); m/a (C1/mnmenin) 468 (19),
487 (80), 488 ', 100), 408 (M* - ¢-Bu, 4), 380 (9), 322 (5), 226
{3), 211. (8). Anal, Caled for CHuNOSSE G, £6.76; H, 6.71;
N, 2.01. Found: C, 66.62 H, 6.67; N, 8.00.

8-endo-Anstyl-4-f(tert-butyldmethylsilyony]-2-(4-
methylbenzenenulfonyl)-3-vxo-2-avabicyclof2,.2.2Joct-7-vne
{2ef). A polublom of pyri e (200 rug, 0.628 ramol) and wethyl
vinyl ketons (0.76 mL, 19.4 equiv) end BHT (10 mg) in CHCly
(4.0 mL) wan heated in a sealod tube for 132 h. The d
product 20} was isolated by chromstography (sflica o), 10-60%
ether In haxans) an a whits olid mags (132 mp, 68%): mp 127-199
°C; *H NMR (CDCL) 6 =0.19 (3 H, 8, CH;S1), 0.19 (8 H, 5, CH,8),
0.86 (@ H, 5, (CHa)sCB1), 1.79 (1 H, ddd, J = 128, 5.1, 1.8 Ha,
He.), 221 (L H, ddm, v = 12,9, 9.2, 3.8 Hz, H-6,5,), 224 (38 H,
8, CHyCO0), 242 (3 H, 8, CH,Ar), 3.01 (1 H, dd, J = 8.2, 5.1 H,
H.8), 6.28 (1 H, dad, J = 7.8, 3.8, 1.0 He, H-1), 598 (1 H, din
J = 8,0 Hg, H-8),642 (1 H, dd, J = 8.0, 6.0 Hz, H.7), 720 (O H,
d, J = 8.0 Hz, 108yl H), 7.82 (2 H, d, J = 8.0 He, tosyl H};
(mgg) 1738 (C==Q), 1721, 1587, 1473, 1580, 1171 em™:; S mg
(D) 5392 (80), 322 (7), 209 (46), 155 (28), 167 (23), 165 (72),
(46), 91 (190), 73 (58); ni/e (CI/ammonin) 452 (13), 451 (31), 450
(ME*, 100), 381 (19), 380 (74), 322 (12}, 296 (15), 168 (D). Anal.
Culed for CpHy NO8Si: C, 6B.77; H, 6.05; N, 412, Found: C,
£8.68; H, 68%; N, 2.19,

4-({4""Mecthylhenzenequlfenyl)-2-(4’-methylbengenc-
sulfonyl)-§-sndo-nitro-3-oxo-2-asmhicyclof2.2.2]oot-7-nne
(23g). A swlution of nitecethylene (73 mg and 73 mg after 48 h)
and pyridons 1d (74 mg, 0,199 mmol) in CH;CY, (1 ;L) wag heated
in a sealed tube at 50 °0 for 5 days. Ramoval of eolvent and
purification by preparative thin-layer chromatography (ellica gel,
30% EtOAc in hexens, three elutions) afforded 2d¢ gs e white
nalid {40 %1465): mp 169160 °C; "H NMR (CDCL) 5 2.35 (3
H, &, CHyC4”), 2.44 (3 H, 8, CH-C4), 467 (L M, 44, Jp o, = 2.08
Hﬂd&ir;-ﬁlﬁﬂhliﬁmﬁdm(ldemlJLq=ﬂJl J}ﬁﬂ
= 3.97 Hg, Jm- 1.80 He, H.1), 6.20 (1 H, d, Jor = 7.40 B2,
R-8), 6,62 (1 H, dd, o, ; = 7.0 Hz, Jp_; = .81 Hz, $#1-7), 7.18 (2
H, 4, Jpo.sv = .90 Hz, H.2” and H-6%),7.35 (2 M, 4, Jyn g = 100
Hz, H-3" and H-5"), 750 (2H, &, ., = 851 He, M-8 and H-5),
7.81 (A H, d, Jp_y = 8.31 Hz, H-2 md H-5"), (H-84, and H-6,.,
are pardally everlapped by the methyl groups); “C NMR (CDCL)
82145 21,95 ( , 34.02 (C-5), 5147 (C-1), 61,57
(C-4), 8425 (C-5), 198.00, 128.64, 129.85, 130,68, 132.27 (C-5),
18290, 136.80 (C-7), 196.09, 139,00, 145.73, 168.20 (C=0); IR
(CHCIl) 1780, 1662, 1357, 1172 cm™ ;Ms%a (i1) 247 (8), 217
i D2 020 80 o L 5 19 s 1
J » 3 h 'y mje

462 (MINELY, 3), 445 (MH*, 3); HRMS ed;d R/w c,.{i,,n.ogsl

L2
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(M*) 444.0814, found 444.0811.
4«(4'"-Methylbenzopeaunlfenyl)-2-{4’-methylbenzene-
sulfonyl)-3-oxo-2-avabicyolof2.2.2]04t-7T-ene.G-anda-carbox-
aldehyde (2dh), A solution of acrolein (0.173 ;L and 0.173 mL
after 48 hours) and pyridons 14 (100 mg, 0.260 mmal) in CH,Cl,
(1 wL) waa hested in a sealed tube at 90 °C for 6 days. Chre-
matography (silica gel, 30% EtOAc in boxene) afforded 2dh as
a white solid (€7 mg, 42%): mp 134186 °C; 'H NMR (CDTly)
£2.09 (1 H, ddd, J, = 1920 Hz, Jy 5% 384 He, I
= 20 Hz, H-6,.1.), H, 5, CH;<34"), 2,40 (1 H, m, H-6,,),
2.44 (S H, s, CH,-C4%), 2.74 (1 H, ddd, J, =.9.68 Hz, J, =
3.04, Toono = 265 Hz, HoB), 6.99 (1 H, ddd, ,., = 6.87 Hz, J;
= 3.66 Kz, J;g_ = 2.0 Hz, H-1),6.01 (1 H, d, Jy, = 7.77 Hz, H-8),
€.64 (L H, dg, Jyo = 7.77 Hz, of;., = 697 Hz, H-7),7.09 (2 H, d,
= 776 Hz, H-2” and H-6”),7.31 (2 H, d, J3ov = 7.76 Hz,
M8 and H-6"), 7.48 (2 H, d, Jy.o = .81 Hz, H-3' and H-59, 7.88
(2 H, d, dy.ar = 8.31 Hz, H-2’ and H-6), 8.70 (1 H, d, Jeno s ™
2.66 Hz, CHO); C NMR (CDCly) 5 21.23 (CH,-C4”), 21.71
(CHxC4), 32.09 (C-5), 4717 (C-8), 62.61 (C-1), 61.21 (C4), 125.57,
12797, 128.14, 129.69, 130.03, 132.38 (C-8), 135.08 (C-7), 135.87,
189,68, 145.98, 167.69 (C-3), 188.38 (CHOJ; IR (CHCY,) 1724, 1697,
1172 cra™y} MS m Je (EX) 281 (10), 220 (68), 229 (1), 228 (3), 202

(8), 201 (26), 124 (45), 123 (67), 91 (62}, 77 (), 76 (17), 65 (21), °

£4 (2), 40 (100), 48 (8), m/e (CI/aminomia) 446 (MNH,*, 57), 428
‘%Ho‘gl'%ﬁ; HRMS csled for CpHyNO S, (M*) 427.0012, foand
5-Methyl-4-(4”-meshylbenzencsulfenyl)-2-(4-methyl-
bonzenesulfonyl)-3-oxo-2-azabloyclof 2.2 2]oct-7-ene-5-onda-
carhoxaldekyde (3). High Prassure. Methacrolain (0223 mL,
27 ramof) was added to a solution of 1d (0D wg, 0.230 mmol) in
OH,CY, (1 mL) in a Teflon aealed tubo and was subjscted to high
pressure (12 kbar) for 5 days. Salvent was rernoved from the
reaction mixture, and ths reaidue wes chromatographed (wilica
gal, 30% EtOAc in hexane) to afford 3 es a white solid (62 mg,
64%). Thermal. Msthacroleln (0.223 ml. and 0,228 nal. after
48 1) woa added 10 a solution of 1d (100 mg, 0.260 mxmol) in CHCY,
(1 mL) In a sealed tube and-was hested at 80 °C for S6h.
Chromatograpby (silica gel, 30% EtOAc in hexans) sfforded §
a3 awhite solid (48 mg, 40%): mp 184-135 *C; 'H NMR (CDCly)
A )
- , 2.10 (1 » . @ 1326 g =
207 Ha, He6,id), $31 (3 H, 8, CHy- 01, 244 (3 H, 8, CHy0A),
687 (1 H,m, H-1), 5.97 (1 H, d4d, Jpy = 780 Hz, Jy., = .78 Hz,
H-8),8.80 (1 H, dd, J, ; = 7.80 Hz, Jy., = 6.07 Hz, H-7), 7.05 (2
H, d, Jp~o- = 7.67 Hz, H-2" and H-§"), 734 (4 1, t, J = 8.41 He,
H-37 and H-5” and H-2' and H-5), 792 (2 H,d, Ja.y = .41 Hz,
H-2’ and H-§7), 0.52 (L K, », CHO); 3C NMR (CDCly) ¢ 18.87
CH;-C-5), 21.21 (CH~-C4"), Z1.73 (CH,-04"), 40.94 (C-6), 61.98
(C-5), BLE2 (C-1), 6576 (C-9), 126.19, 12845, 130.20130.97, 13255,
134,77, 13588, 188.17, 185.42, 145.44, 167,46 (C-9), 160,30 (CHO);
IR (CHC),) 2724, 1724, 1657, 1867, 1172 cm%; MS m/e (ED 245
(2), 244 (18), 216 (28), 216 (9), 124 (14), 123 (21), 51 (48), 77 (12.
€5 (14), 64 _2,49 {11), 41 (100); /e (C1/ammonia) 459 (MNH/*,
4), 442 (MH*, 24); HEMB caled for CpsHpNO 8, (M*) 441,106,
found 411.1079.
D. Epimerization of Niteo Blsyclic Addacts. 4-Meth-
oxy-2-{4-methylbenzenesulfonyl)-5-0x0-nitrg-3-0x0-2-138+
[222]act-T-onv (apf-2ag). To a solution of 2ag (26 mg,
0.07 mmol) in MaOH (1 mL) and CH;Cl; (1 mL) wes added
ammonium formats (8,95 mg, 0,142 mrmol) in ons portion, snd
the reaction mizturs was atirted for 20 h at room temperature.
Removal of the golvent and purification by column chromatog-
vaphy (silica gel, Et,0) gave epi-2ag a8 B whits solid (23.6 mg.
M%) mp213-214 *C; *H NMR (CDCly) 6224 (1 H, ddd, J,
= 140 Hz, J, s = 428 Hz, Jg_4 = 5.40 He, H-8,.), 236 1 B,
ddd, o, 5 14.0 Fiz, Jo 3 = 10.07 Bz, J,__, = 2.97 Hz,
H-80), % (33.5033513.{33(33&00 L 4.77 (1 H, dd,
w 10,07 He, Jy, o = 428 He, H-5), 549 (1 H, m, H-1), 652
8.14 H, . 5_9;%5. 100 (BT 6 e M3 Fog HS
- ol =Th ts { Z dnd
and H-6), 795 (3 H, d, Jos = 848 Bz, H-2' and H-69; 1*C NMR
ggncm p2LYd , 34,29 {C-5), 50.68 (QOH,), 6547 (C-1),
100 (O-4), 84.65 (C-5), 128.68, 129.81, 120.88, 130.89 (O-8), 136,41
(C-1), 145.89, 165.82 (C-3); IR (CHCL,) 1741 (CaaQ)}, 1565, 1367,
1172 cm"5; M8 m/e (ED 155 (2), 110 {7), 109 (180), 81 (12}, 77
8% m/¢ (CI/ammonis) 370 (MINH,*, 100), 955 (MH?*, 30); HEMS
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Cyclondditions Using 2-Pyridones

calod for CygHeN0.S (MINH,*) 370.1073, found §70.1080.
4-(Benzyloxy)-2-(£-methylbenpenssulfogyl).5-wn -nitre-
J-oxo-2-aeabicyolo[2.2.2]uct-7-eme (sp/-2bg). To a solution of
$hy (60 smg, 0.101 mmel) in MeOH (1 mL) and CH,C), {1 mL)
win added ammonium formate (12.7 mg, 0.202 mmol) in one
portinn, and the renction mixture wes stitred for €0 h at room
lemperature. Removal of the sclvent and purification by eslumn
chromatography (30% EtDAs in hexane) gave 38,5 mg (89%) of
ept B8 a white solid: m 195“0.‘HNMR( 62.‘&

(IH t J ==140 Jg_.g‘=4mﬂh
M d -’ﬂ&? -y
Ezﬁr?hcnﬂ a"r‘f dd, W’%&’FE“ ot J:.m%
() id - ll -
H-8), 521 (1 H, o, J = 1146 Ha  ThCH,), 6,51 (L H, 1o, B-1), 648
(L H, dd, Jy.q = .11 Hz, Jp = L69 Hz, H-8), .70 (1 H, dd, J;.»
= 8,11 Hs, J7y = 593 Yz, H-T), 1.27-1.37 (T H, m, H-Ar), 7.88
2 H, d, Jp_y = 8.87 Hz, H-2 mnd H-6'); PC NMR (ODCl,) 5 21.84
(CHy-C-47), 34.28 (C-8), 60.70 {C-1), 68,83 (CH.Pb), 84.28 (C-4),
8488 (C-5), 127.30, 1.25-02. 128.61, 128.62, 129.80, 191.57 (C-5),
135.08, 185.74 (C-7), 197.54, 145.80, 167.03 (C-3); IR (CHCR) 1740
(C=0), 1585, 1366, 1364 1166 e MS m/e (EX) 185 (9), 184
(2), 166 (6), 91 (100), 77 (3); m/e (Cl/ammoma) 44¢ (MNH,*,
4); HRMS caled for Gy Hp,N:0.8 (MNH,*) 440,1886, found
446,1392,
4-(4-Methylhenzonasulfonyl)-2-(4-mechyibhenzane-
sulfonyl)-5-exs-nitro-3-0x0-2-azabicyclo[2.2.2]-7-00tene
(opi-24g). To & solution of 23g (131 wmg, 0,295 parnal) in MeQH
{1 mL) and CH,Cl; (2 mL) was sdded mmmonium formate (3388
ag, 0.59 mmol ln ons portian, andthe runtlnnmizhrewu
shmd for 20 h at room tesperature. Bemoval of the selvant end
wrification by flash column chrnmumphr 0% EtQAc In
Eemo) afforded ¢ ;-21!: as a white solid (125 BE%): mp
165-188 °C (ftom H;Cl;/. 1-2) v/v); 3H Nﬁh

233 @H,s, Ci"), 244 (3 4’). 487Q o
aHzf.;m' ==515H'5,H5 ,.:‘-'v?is'ﬂ%
w Lao o . H-l). (

H"ﬁ‘a.r,,-'mi'f":r -IEOHz,H-B).G.Gl(lH
w776 HE, 7., = 693 1z, H-7), 118 (3 H, 4, Jp.gr = 80 Hz, H- et
nndH-B"), '7.84 2H,4 JM = 5,0 Hz, H-B" snd H-57), 1.51 2

‘H, d, Jyy = 834 H; H-¢' and H-53, 701 (2 H, d, Jop = 884

Hz, H-2 and H-); 40 NMR (CDCly) 8 8L42 (CHyC4"), 21,95
(CHgC47, 35,00 (C-8), 51.11 (C-1), 6LET (C-4), 84.82 (0-5), 123.90,
126,62, 129,06, 160.65, 132,72 (C-9), 13&.41 (C-7), 138.01, 140 97,
189.58 (C-3); IR (CHCL,) 1725 (C==0), 1580, 1354, 1165 cm™%; M3
m/e (EI) 247 (2), 217 (12), 2186 (38), 201 (37). 186 (7), 124 (19),
128 (100), 119 (33), 91 (80), 79 (14), 77 (18), 85 (49); m/e (CI/
ammaonia) 462 (MMNH,*, 7, 446 (MH*, 12); HREMS caled fo
C-,;HHN,O.Bg (MEL*) 444.0892, found 4440888,

Chemical Manipulatisn of 1-Azahleyolof22 2lostanss.
B-nndn- (Hydroxymarhyl)-4-(4"-mothylhanrepesulfenyl)-2-
(v-mnthylbamnuultml)-a-om-z-aublcnh[mw%
eno, NaBH, (10.35 mg) waa sdded io a solution of 2dh (2185
my, 0.511 mol) in CH,Cl, (3 mL) end methans] (5 mL) at 0 *C,

the rucﬂunmhﬂmwusﬁmdfcrlsmmd t.lunpmmd
and extragtad with CH,Cl, (3 X 50 ral.), drisd

(M%ni). ﬁlh! , and concentrated. Purification of the residus

column ch:omahgmphy (nlllea gal, Et0OAe) afforded

ep;-ﬂﬂh en a clear ofl (208.9 mg. 93%): 1 NMR (ODGI;) & 150

(1H.ddd. = 13.0 Hz, 1= 20Hz,
) LT e O G T B OB o

CH;-C4"). 238 (l H. m, H-8,.), 244 (3 H. 8, OH04'). 342Q .

H-: dd. Ju.n 11134 Hﬂ, J...; = 6.94 HZ, quibOH)l 8.02 a
H, d4, Jopg, = 1L Hz, Jopg = 5.17 Hz.-CH..H“ H), 5.30 (1
H,ddd, J; ;= 6.02 He, J, = 3,49 Ha, J, =2.0Hz, H-1),
5.82 (1 H, d, Jp.p = 7.80 Hs, -8), 6.50 (1 . Gd, Jrg = 7.00 Hz,
I, = 8.02 Hz, H-T), 7.05 (2 H, d, Fyngr = 8.0 Haz, H-2%, H-6),
730 (2 H, d, Jgupr ™ &OHz.H-S"de-B") 730 CH,d, Jyy
-B.S'IHz.HS'de-B’).'LSG(ZH.d = 8,37 He, H-2 and
EL6); °C NME (CDGL,) 5 21.29 (CH, C.4 2181 @, 00,
43.65 (C-5), 38.96 (C-6), 5243 (C-1), 63.75 (C-4), 64.38 (C-8), 127.07,
198 27, 129.69, 12052, 132,79, 145.08, 13481, 13545, lwu. 1519,
130.29 (C.9); IR (CHCI,) 3812, 3514, 1713, 1596, 1304, 1172 e}
MS m/e (BI) 232 (M* — TeNCO, 3), 1566 (2), 123 (4). 109 (8). 91
(8), 42 (7), 41 (100): mfe (Cl/ammonis) 447 T, 3), 430
mﬁu, HREMS for CzH, NO,S, (ME") 450.1147, found

-

" CH,5i), 0.52 @ H, 8, (CH,),CSD, 126 (1 H, m, H-fin), L44 (1 H

]
@o\

—_
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S-endo-[[{tort-Butyldimethylailyl)oxy Imethy]1-4-{d"-
methylbenzenesulfenyl)-2-(4’-methylhenzenesulfonyl)--
oxo-2-axabicyvlo[2.22)act:7-one (4}, Triethylamine (0.019 ml,
0.151 mmnl) was added to the sclution of G-thydroxyzasthyl)
4-(¢"-methylbenzencuulfenyl)-2-(4"-methylbenzencaulfonyl)-3-
ox0-2-avshicyclo[2.3.2]oct.T-ame {54.4 mg, 9,128 mmol) in-CH;
(ﬂnL) toeC. Aﬁa!ﬁmm.mmm(o.m mi., 0.151 mm

iqmn yringa. After 6 min the veaction mixture was

(6 mL) and exteactad with Bt,0 (3 % 76 ml),

(MISO,.) and concentrated to giva A sasidue which

was purified by colutnts ehromatography (eflica gel, 30% EtOAc
in hexane) to give 4 ea a clear oil (85 mpg, 85%): *H NMR (CDCly)
§-001 31, Cﬂasﬂv 005 (3 H, ¢, CHaSU. 0.89 (@ l'L 5,

= 12.92Hz, J; {DAHy,
T A S
10 Ho Jp = 6331 Flo, CHp F 080, 357 (1 1, de, Jora

= 1o.oH¢,JH -LOSHz.—O ,bos ,6.35 (L H, ddd, J,;
= 597 Ho, oyt = 4-05[-!.? = 201 Hz, H-1), 582 (1 H,
d, Jy., = 7.8 Rz, H-8), 6,61 xﬁ‘za, 450 He, J7. = BT
Ha, H-7), 700 2 H,d, -2" and H-G‘ ), 135 (2
H,d, J=4 = 8,0 Hz, . andH-E”), 744 (H:l y &y o = 841
Hz, H-¥ and H-61, 748 @ H. d, Jy.y = 841 2 and H-87;
B0 NMR (CDCly) 2 -5.34 (OHSi), ~5.26 (CH;B!). 18.20 ((C-
Hy)5C80), 21.27 (CHy-C4"), 2182 (CH- 047, 25.90 ((CHy,C31),
33.02(C-5), 38.97 (C-6), H2.56 (0-1).63.22 (C-4), 63.04 (C-9), 127,65,
12830, 199.63, 129,81, 182.33, 138 136.57, 13843, 45.02.
189.52 (C-3); IR (CHCY,), 8038, 8&, 1719 (0—0)- 1695, 1364,
i e 1 s e o o o
347 (15).239 4 . L 8 . mfe ama-
suania) 488 (M* — t-Bu, 2); HRMS caled for CyHNO,S.SE (MY
= t-Bu) 485.122), found 486.1292.
Fudo-[[(ton -Butyldinethylsily))ony Imetlyl]-2- (4~
wmesulionyl)-3-0xz0-2-axabioyels{2 2 2]cat-T-ano
6)- nH (0.076 mL., 0.283 mmol) and azobislsobutyronitrile
ATBN) (48.4 mg, 0.253 mmpl) were added to the solution of
ommmd 4 (70 g, 9.128 mmol) in achydrous banzana (3 mL),
the mizture was hastad at reflux temperature for 2 b, enother
02063 mpaol of AIBN waa edded vie syrings in bengene (0.5 ml),
elmﬂiuﬂuthuu?hnmhmﬂmmlg to room
temperatuze, the solvent was remgved under Pressure
and the resultant residue wan purified by PTLC (mllmgd, 20%
EtOAcmmth!uduﬁnns)h?'wE(ﬂ BS% ) an A clapy
oil: ‘H NMR (ODCly) 5 -0.01 (8 CH#Si), 0.84 (OH.e,
ST e T
3 L = - -1
-a.)esx-xz.u-e...i 2.40""(‘!!' B EAL L H, b g

z, JM = 7‘52 Jy ™ 166 Hz, l-l-a). 6.60 (1 H. ddd. Jq..
- 752 He, Jy; = &, BHz.Jq.‘ w L6382, H-D, 727 (2 .d.Jr.g
= B.25 Hz, H-9’ and H-5), 784 (3 H, 4, Jpey ™ 835 Fie, H-2" and
H.¢; UC NMR ( §-637 (CH,S!) =525 (CH;8i), 21.76
(CH;-C4), 25.34 ((CH,),CSI), 2597 {(CH,)xC8i), 30,57 (C-5), 35.40
(C-6), §7.92 (C-4), 5386 (C-1), 6481 (C-9), 19811, 129,61, 129.72
(C-8), 129,88, 182,36 (C-7), 144.72, 171.27 (C-3); IR (CHCJ,) 1712
(C=D), 1605, 1354, 1255, 1102, 1030 e MS m/e (ET) 422 (MM,
Qe e B e

b » » hmfe m [ By (]
(5) (M.H).I ;. : 4 (M* - l Hu, 4); HRMSuledfnrc“HﬂN
O‘le (MH?) 422.1621, t‘ound 201618,

Methyl Gc-[[(em-nutyldlmaﬂlyldlylm]nothyﬂ -d8-
{(4’-methylbenzenesulfeuyl)nmingjcyclohoxone-1i-
urboxyhto (6). To a sclation of LiOMe (0.32 ml of n-BulLi

6M io huxanes in & mL of anhydrous MeOH) at 0 °C, a solution
ol'mpumd § (11 mg, 0.026 mmal) in CH;Cl, (0.6 tl) wos added
vin ¢annule. The raaction mixturs was warmed to room tom-
perature snid atirrad for 4 h, quenched with saturated aquoous
NHLC1(5 L), extractsd with CH,Cl, (4 ¥ 20 L), dried (MgSO),
filterad, and coticentratad. The rasnltant residus was purified
by ptic (30% EtOAc in hezanes) to give 6 a8 a clear ol (7.7 mg,
€6%): TH NMR (CDCl,) 5=007 (3 H, 5, CHSD, DO (G H, n,

1, Hot), LOT-2.04 (LK, m, H-6), 2.42 (3 H, a, GH,-C47), 2.53
(2'H, ra, H-32,5), 2.76 (1 H, m, H-4), 3.47 (1 H, dd, J7,. o, = 100
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- OB, . 4471
Lt e 8.0 Hz), 686 (L H, t, J = 8.35 Ha, H.2), .25 (2
H,d, Jy.p = 831 Hlf H-3" and H-&), .77 (EH,d Jy.g-ﬂ.al
Mz, H-% and H-6% PC NMR (CDCL) 8 =5.47 (CHa0H, —5.87
(CELSi), 17,63 ((CH);0Si), 2172 (CHL04"), 26.02 ((CHo3s S,
8980, 54.12, $7.01, 48,04 (0CH,), BLEI (C.9), 6481 (C-7), 121,07,

122,03, 130,13, 13828 (C-1), 199,27 (C-2), 143,35, 166.98 (OD,Me)z )

IR (CHCly) 1707, 1648, 1608, 1265, 1165, 1078 cm; MS m/e (EI)
87 (24), 396 (M* - ¢-Bu, 100), 224 (18), 225 (83), 155 (?), 115 (6),
81 (40}, B2 (84) &8 (14), 58 (B, 57 (4), HRMS caled for CoHeN-
0381 (M* — t-Bu) 398.1201, fcund 398.1305,
4-[{tort-Butyidime thyll Niyl)oxyl-b-endo-(hydroxy-
mothyl)-Z-(4-mothylbanvengsnlfonyl).S-ano-2-azableyelo-
{z2.2]lect-T-ane. NaBH, (49 mg, 1.29 parsol) was added to &
solution of Zeh (561 g, 1.29 mmol) in CH,OH (10 mL) &t room
tamparature. The reaction mixture was etirred for 16 min and
than paured into F,0 (10 mL) and wea extracted with CH,Cl,
{3 X 60 k) and dried (Na,S0,), Removal of eolvent followad
by fash cohamm uhrom (ulicn :el, 50—100% m&o in
hexane) affyrded lohtl MR
{CDCl;) 5034 (3 H.

0 24 (3 l'l, [ OH,S:} , 0.89 (0 H,
-9 (CH;);CSI). 1.00 (1 = 184 0. 4 8 10 2-14
H, m, H-5), 2.27 (1 l-l,

, o = 13,0, 9.&.86!!:.1-1 ..).242
{8 H, s, CHsAr), 3.5 (1 H, dd,d-ul 4.6 Hz, CH\,OH), 3.69
(LH, dd, = 103, 8.1 Ha, CHLOM), 5.8 (1 H, 1m, H:1), 607 (1
H.d,J=8.0Hn,H-B),B.aB(1H.dd,J-8.o. n-'f.na
Hd,J-B.EHz,mylH),'I.Ba(szJ-B.BHz, ) H);
NMR, 4 -2.88 (CH,8i), —2.69 (CH,8), 10.41 (Me,(lsi)
1, 5098 (C-6), 30.71 (C-5), 62.04
, 83.06 (C-4), 127.62 (C-27, 12947 (C-3),
130.EB (C-4/ and C-?). 186.04 (C-8), 195.39 (C-19, 171.02 (C-3);
736 (0=0), 1688, 1472, 1381, 1188, 1121, 1030 an*L,
GMMC;H,.ND;&BI: C, 5784 H, 7.14;: N. 8.20, Found:
C, &1.7; H, 7.16; N, a.18.

I-Hy:lro:y-s-uda ~(hydroxymethyl)+2-(d’-methyl-
beuzenesulfonyl)-3-o0xn-2-azabloyclo{2.2.2joet-7-ans. The
alochol fram the nbouprapauﬁon (78 mg, 0.167 mmao)) was
dissolved it THF, and totra-n-hutylammonium fluorlide (TRAF)
{1 M sclution in THF, 1 mL) was added at toom temparatyxe,
Aftar 20 min, the-olvancwu svaporated and the realdus was
chvomatographed diraetly (E1,0) to sfford g white solid (32 mg,
GMB). mp 174 *C; *H NMR (CDCly) § 1.10 (1 H, ddd, J = 13.0,

Hz, H6,4.), 202 (1 H.m.H-B). 291 (1 H,ddd, J = 13,0,
9.5.3.8!{: H-8,,), 2.44 (3 Y, 5, CH,Ar), 345 (1 H, m, CH,0H),
376 (1 H,d44, /= 114,94 Hz,OH,OH},&.% (41 K,dddlﬂ 78,
38, 19 ¥z H-1), 620 (1 H, d, J = 6.0 Hz, H-8), 643 (1 H, dd,
J = 7.5, 6.0 Hg, H-7), 732 (3 H.d.J=BOHa.hsylH),'l&4 (2
it A e Oy s o et

am™ T 1 0, y
133, Founds c.ﬁm.mf.a' M L

This his-aleshol is senaitive to ch:amahtn hy. hwvﬁm
for the next step, the cpide product obtained after atapd
Aq‘w;uudwhp‘_ wud 3

-Hydroxy-t-eado-[{(2er: -butyldimethylsilyl)oxyl-
methyl})-2-(4'-methylbenzenesul fonyl)-8-oxe-2-azabloy,
[22.2]oct-T-eme (7). To g CH,Cl, (§ ml) sclutlon of evudw
bis-aloohol, prepared as described by addidon of TRAF
gl&&lfdmluhm in'[‘ul-%zmli) to aleshol (mmu%mml) was

TRDMSCL mg, 1.0 mpof) {018
1.05 mmol). After 8 h, th!lﬂuﬁunmmmpomﬁnmm%
u;l)wlm mmotedm e ;:m: CH,(C), (2 X 50 ng‘o »
ol chromstography (16~60% in hexane)
T oo i e i
y By ) B,
(CH,),CA0), 148 (1 H, ddd, J = 13.1, 4.6, 1.85 Hr, 1.6 na'.oo
(H m, H-s),m {1 H, dd J-13.1.9.4.s.7lh,!-! , 342
(sl!.c.c %348 (1 H, dd, S =09, 72 H 03,080.376(1

H, dd,JJ =950 66 GH‘;OBD. 6271 H, :H:.J- 6.0,9,7, L.96
Hg, H-l), 003 (LH,d,J =30 Hz,H-B),ME(lH.dd.J- 890,
E-OHz.H-‘?). 7.80(2}l.d,J-s.Gﬂz,tuyl , 786 (2H, 4, J

= AE Ha mﬂcNM(cncms—s.u( ), —5.40
( i). 1811 (Me,081), 21,67 (CHyAr), 25.77 ((OH), , 81,88
(C.2), 15,90 (63 1954 G0y o o ot e

3 2 y 186.37 (O~ ISE.QB C-
8/C-7), 14624 (C-l’), 172.44 (C-3); IR (CHCL) 1}?21 c=0), 15(98.

LADAD @ FAMRNT LLE RNT

@geioseia

[E—

Posner et al,

1472, 1961 1188, 1172, 1089 e, Ansl, Caled for CnHyNOSS:
C, 57.64; H, 1.14; N, 2.20, Found: G, §7.51; H, 7.08; N, 3.18,

Methyl ca-[[(m-:-Butyldim«hyldlyl)oxy]methyl]-lﬁ-
hydroxy-do-(4-methylbenzonomlfomamido)eyolobex-2-e10.
carboxylate (8). n-Buld (32 mmol) was added alowly to MeOH
(10 mL), and the anlution thus obtained was added to bisyclic

lactam (360 mg, 0.822 mmol) et roum teimperature underdry N, -

atmosphare. After 2 h, a warkup procedure as deseribed above
followed by pwlﬁuﬁon by flash ¢hr {(50% Bl in
hexane) afforded 3 as 8 pummy solid (280 g, 81%): 'H NMR
{ 80.00 (3 H, 5, CH,51), 0.01 (3 H, s, CH,S0), Q.85 (9 H,
8, (CH,),C8i), LEB(IH,E,H-S).LBE (1 B, dm, J = 18.0 Hz, H-5,),
LG?(I!I,dt.J-IIHz. —Il.EHS".H-ﬁ 243 (3 H, s,
CH,A), 3.4 (U'H, dd, J = 4.3, 0.9 Fir, CI,08Y, 3.61 (L H, d,
J = 8.7, 3.8 Hz, CH,O80), 2.74 (3 H, 5, CO,CH,), 8,87 (1 H, m,
H-4), 4,81 (L H, bd, J = 8.0 Hz, NH), 560 (2, d, J = 10,0 Mz,
H-2),68.84 (1 H.dd.J=‘0. 10Hy, H-3), 731 2 H, d,J = 80
He, AcH), 7782 H, 4, J = 8.0 Hx, ArH); 3¥C NMR (CDCl,) §
-5.84 ( ‘) 1831 (Ms,C), 2148 (CH,Ax), 2555 ((CH,p)C), 2741
(C-5), 87 , 4112 (C-4), 52,93 (eator CHy), 6268 (CY.Q),
.45 C-1). 128.92 {C-21), 128.61 (C-2/C-3), 129.75 (C-7), 13150
(C-B/C-S). 187.80 c-l'). 143.46 (C-19, 176.18 (COMe); IR (film)
md 9596, 1735 (C—0), 1427, 1250, 1086 emL
for CorHuNOGSi (M* — ¢-Bu) 412,150, found

5-emdo - (Hydroxymethyl)-4-methoxy-2-(4'-methyl-
hﬁmuﬂfonﬂ)dmz-mhwﬂﬁlm]mtﬂ-onm Thin
compowd wupmmui I aocordance with the generat
described p: . Thun, etarting from a wolution of a.lduhyds
(357 mg, 1.07 ) in MeOH (10 mlL) and HaBH, (38 wg. 1.0
mmol), we chtained & wexy solid (313 mg, 24%): *H NMR
(CDCY,) §1.02 (1 H, ddd. J = 12:6, 4.4, 1.8 Hz, H-6...). 214 (1
H, m, H-5),2.282 (1 H, ddd, J = 128, 5.7, 1.7 Hz, H-6,,), 244 (3
H, 5, CH,AY), 332 (1 H,dd, J = =114, 4.1 Hz, CH,OH), 354 (1
H, dd, J = 114, 8.5 Hz, CH,0H), 368 (2 H, ¢, CH,0), 5.26 (L H,
ddd, J w 6.0,8.7 LB He H-1),643 (1 M, dd, J= A2, L4H1.H—5)
658 (1 H, dd, J = 8.2, 6.0 He, H-7), 7.92 (2 H, d, J = 8.9 H, tosyl
H),7.88 (2 H, d,J = 8.3 Ha, towyl H); IR (film) 2522 (OHJ. 1728
(0==0), 1697 (C=C), 1355, 1170, 1089 ex™); HRMS caled for

8 (NIH*) 938.1082, found 538.1069,

4-(Benzyl¢!y -5-endo-(Bydroxymothyl)-2-{4-methyl-
begizanesulfonyl mmmwgmmn». NaBH,
(1‘7.67 was pdded to a solution of 2bh (192 mg, 0467 mamol)
(3 ml) and MeOH (6 mL) at 0 *°C, and the reaciion
mixture wen stirred at this e ture for 15 min, pourad into
%nbdmo.mmdmth ; (3 % 60 mL), dried (MgE0,),
fHtared, end concentrated. Punﬁcaﬂon by coluanm chromatog-
raphy Gilica gel, 50% EtDAcin hmno ve n white solid (149
mg, 88%): mp 105-106 °C; ‘H NMR (CDOl) 5 1.11 (1 H, m,
H .M@Hmﬂ-ﬁmﬂﬂ'ﬂm’ 5-“(81‘1.!.91'13&)
278 H.ohmd.om.uﬁ(l H, I'..J IIBEHn-GHn.H.; OH),
3.69 (1 H, dd, v a, = 11.36 He, 8.0 Ha, ~CHp Hy,0.
468 {1 H,d, J-lﬂmnz.PhC‘-Hg) 511(1H.ELJ- 12.031'15»
Phcm.m(lﬂ,ddd.JH=6.MHaJ = 5,34 Hz, J;
= 1.76 Hz, -1, 6.46 (1 H, 4, J;; = 821 H, T1-8), 6.5 (1 H, o8,

dygm a.mHz. Jaq = .04 He, H-7), 7.30-7.40 (7 H, m, H-An),
7-00(2 . d -mnz.ﬂ-z'-ndn-s');"cmccn

s 71.05 ( f 2185 (C4), 3828 (Ce), 6235 (), o452
(PLCH,), 6997 8817 (C-4), 127.80, 12808, 12818, 128.176,

183,09, 13109 (G-B) 182.51 (C-T7), 13564, IB'IM 14646, 170.87
(0-0)- IR (CHCIy) 3671, 3542, 1725, 15986, 1225, 1173 ¢m; MS
mfe (K1) 217 (9), 216 (M* - TuNCO, 1), 165 (2), 126 (2), 91 (100);
“{a (CI/ammonia) 431 £ ﬂ), 414 (MH?, 100); HRMS
od for N8 (MHY) 4. 4.1375. found 414.1378,
§-ando-{{(sort-Butyldimethylsilyl}oxy Janthyl]-4-meth-
:y-z-u'-nﬂlylbuumunonylH—o:o—a-nabtoyolc

(Hlloet-f-eno {9nh). This compound was prapared in ac-
eopdancs with the genaral procadirn dem'ihad previously. Thus,
fram a solution of alcchol (313 mmd) In CHy

starting
(16 mL), TBDMSTY (06 nL),dehN (016 mL), we ol
93k ey gummy solid (389 mg, 81%): *H NMR (CDICly) & <0.02
8 R, ». CH,8i), 0.00 (3 1, s, CH;S1), 0.83 (@ H, », (CH,),C81), 1.63
{1 H,ddd, J‘-ls.l,{.d 1.9 He, H-6,...), 2.18 (2 H, m, H-6 and
!‘H..). 248 (3 H, 5, CHaAID), 593 (L H, dd, J = 8.8, 7.6 Hr,
CH,08D, 3.68 SH. CH,0),3.73 (1 H, dd, J = 8.7, 9.9 Ha,
CH,DSi). b25 (lH.m.H-I). 621 (1 H, dd,J = 8.2, 1.8 Hz, H-8),
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344 (1 H, dd, J = 8.2, 5.9 He, H-7),7.29 (2 H, d, J. = &6 Hz, taeyl
H), 7.66 (2 H, d, J = &6 Hz, toayl H); ¥C NMR (C| 3-540
(CH,Si), 16.16 (Me,CSi), 21.78 (CH,Ar), 26.85 ((CH,),CSi), 8167
(C-8), 32.04 (C-B), 52.56 (C-1), 64,25 (CH30), €2.09 (CH 05, 83.20
(C-4), 12602 (C-29, 120.64 (C-37, 191.03 (C8/C-7), 13558 (C-4),
192.01 (O-B/C-T), 146,04 (C-17), 172.40 (C-8); IR (CHC,) 1728
(C=0) 1598, 1472, 1380, 1262, 1172, 1081 em™L; MS /e (EI) 34
(M* = ¢-Bo, 200, 187 (30), 122 (100), 103 (38), 61 (32), €9 (41), 85

{34), 79 (45); m/e (CI/ammonia) 469 (MINH,*, 10), 483 (41), 452 - .

(MH?*, 100), 365 (14), 38 (50), 140 (10), 122 (22), 75 (20); HRMS
caled for C,pgHp,NOESSI (M® - £-Bu) 3841145, found 894.1162.
4-(Peonzylozy)-b-ando-[{iert -butyldimathylsiloxy)-
methyl]-2-(4'-methylbensgnenslfonyl)-3-0x0-2-azabloyclo.
[222)ac1.7-an0 (Obh). Tristhylamine (0.027 mL, 0.274 mmol)
wus added 10 the molution of 4-(benzyloxy)-S-endo-(bydroxy-
methyl)-2-(¢-methylbenzenesulfonyl)-3-o0xo-2-gzableyclnf2.2.2]-
oct-7-ene (1039 mg, 0.249 mmel) in CH,Cly (3 mL) at 07°C, end
after 5 min TBOMSTY (0.038 ml., 0.299 inmol) was edded via
syrings. The reaction mixture wan quenched with H;0 (6 wL)
after 5§ min and was extracted with E6,O (3 3 76 ral), dried
(MgS0)), filtared, and concentrated to give a residus which was
purifisd by columm chroratography (silica gal E0% EtOAe in
bexpme) 1o give the title compound a8 a alaar ail (128 mg, 88%):
*H NMR (CDCly 3 =001 (3 H, a, CH,Si), 0.2 (3 H, ¢, CH,5i),
Q850 H,u, { i), 1.67-1.73 (2 H, m, H-8,,, H-5), 222-2.26
(UH, m, H-6,0)) 243 (3 H, 5, CHy-C4), 348 (1 , 34, Vpees =
10,0 Hs, Jou 5 = 6.84 He, ~GH; M 08i), 9.80 (1 H, dd, Joy.0, =
10.0 Jore = 2.78 He, ~-OH M, 08i), 4.77 A 1, d,J = 11.62
He, PhCH), 4.08 (1 H, d, J = 11.62 Hz, PhCH,), 526 (1 H, m,
H-1),627 1 H,d, Jaq = 169 He, 11-0), 8.46 (1 H, dd, J7p = 748
EPhJiasagéfﬁa;ﬂJ?izggiﬁ;a(Tlii“hlu*?:gsotzlt|t
[} =2’ AN H NMR m Bﬂmu
=533 (OH,8i), 16.60 ((CHy),08i), 2.7 (CHy04), 25.92 ((C-
H;)C8i), 3168 (C-6), 38.68 (C-8), 52.82 (C-1), 62.69 (C-2), €5.84
(C-10), 84.41 (C-4), 127,61, 127.88, 123,05, 128.46, 129.76, 19102
(3-8), 132.49 (C-T), 186,93, 138,58, 146.10, 17116 (C-3);; IR chC],)
1726 (C=0), 1695, 1472, 1380, 1020 emL; M3 m/e (EI) 225 (27)
189 (19), 187 (4), 166 (1), 115 (21), 113 (100), 81 (60), 67 (13; mfe
{CI/ammuonia) 545 (MNH,*, 1), 628 (MH®, 25); HREMS for
Casll g N40,581 (MNH,*) §45.26085, fourd 545.2499,

Methyl 648-[((tert-Butyldimethylsiiyljoxy]mathyi}-18-
methoxy-4u{(4-methylbapzencsullonyl)aminoloyclohax-2-
engearboxylaté (10ah). n-Bul.i (4.8 mmol) was added slewly
to MaOH (1& mL), mitd the golution thus obtained was added to
bicyelic lactam Sah (380 mg, 0.842 mmol) at toom temparature
under dry N, stmosphere. After 2 b, o worlnip procedure o
dmerihad aheva followed by purifiention by flash chromatogeaphy
(0% Ev0 in hexans) afforded 10ah as & whits enlid (388 mg,
30%): mp 106 *C; *H NMR (CDCl,) § =001 (6 H, s, 2 X CH,S1),
Q.85 (9 H, &, (CH),CSi], 1.64 {1 H, dt, J = 14,0, 3.1 He, H-B,),

198 (1 H, ddd, J = 5.3, 115, 6.3 Hz, H-5.), 225 (1 H, m, B-8),
243 (3 H, s, CH,Av), 3.98 (3 H, s, CH,0), 3.95 (1 H, 44, J = 104,
7.9 Hz, CH,08S1), 8.6 (1 H, dd, J = 10.3, 6.2 Hz, i), 3.78

G H, ¢, CO,CH,), .04 (1 H, m, H4), 461 (1 H, bd, J = .0 Hz

NED, 5.89 (3 H, m, H-2 and H-9), 7.51 (2 H, d, J ~ 8,0 H, eyl
W), 7.77 (2 H, 4, J = 8.0 Hz, tosyl H); ¥C (CDClL) & -B.40 (CH.S),
18.38 (MeyC), 2169 (CH,Ar), 25.99 ((CH),O), 27.79 (C-5), 30.76
(C-5), 47.22 (C-4), 52.20 (ester CHy), 63.00 (sther CH)), 62.11
(CH0), 78.62 (C-1), 127,02 (C-2, 128.60 (C-2/C-9), 12978 (C-7),
131,64 (C-2/0C-8), 138.14 (C-4°), 142.84 (C-1), 179.22 (COMe);

IR (CHOL,) 8382 (NHD, 1744 (C==0), 1686 (C~=C), 1413, 1337,

1221, 1160, 1091 am™. Anal. Calcd for CeaHuNOSSI: C, 67.11; -

JH

, T.TL; N, 2.80. Found: C, 50.98; H, 7.75; N, 284. . .

Methyl 13-(Benryloxy)-85-[[(rers-butyldimethylsilyl)-
aylmethyll-4a-(4-methylbenzenesulfonsmido)eyolehor-2-
enecarbaxylate (10bh). To a sclution of 110Me (2.26 L of

LMBNo0 O ranpnt LLr- AT

”
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n-Bul ] 1.8 M in hexanes in 16 ml. of enhydrous MaOH) at ¢ *C
was added & solution of eompaund 3bh (128 mg, 0.242 mmo]) in
CH,Cl; (2 mL) via cannula, The ragction mixturs was warmad
to room and stivred for 16 h, quenched with saturstod
aaoecus NHLCl (5 ml), extracted with 5 {3 % 60 mlL), dried
(Mg80Qy), flitered, and concentrated, and the resultant residue
was purified by coburan ducrastogrephy (30% Et0As in hezanas)
to givo.10bk as s cleas oll (117.5 mg, 67%): 'H NMR (CDCly)
5 -0.02 (3 H, n, CHSN, 0016 (@ H, s, CH,8i), 084 @ H. 5,
(CHy)yC51), 160 (1 H, m, H-59), 1.84 (1 H, ddd, Jgs = 13.8 Hz,
Jopy® 121 Ha, J,_ = 5.28 Hz, H-5a), 2.30~2.37 (1 H, m, H-6),
2.44 (3 K, g, CH,-C4), 3.36 (1 H, dd, J/;,m, = 10.17 Hz, dne=
7.32 Ha, ~CHy Hy O8), 272 (3 H, 8, CH,0), .77 (L H, dd, Jay 14
= 10.17 Hz, Jq,¢ = $.78 Hz, =CH, H;,08i), 384 (1 H, m, diﬂ.
439 (1 H, d, J = 10.78 Ha, FbhCH,), 4.69 (1 H, 3, J = 862 Hz,

NH), 4.70 (1 ¥, d, J = 10.78 Hz, PRCH,), 6.83 (1 H, ddd, J,
981 Hz, Jyy = £.44 H, Jy-g» = 3.58 Hz, H-3), 596 (1 H, dd, Jp»
= .91 Hz, Ji = 1.46 He, H-2),7.27-7.31 (7 H, my), .77 (2 H,
d, Jz.z = 851 Hz, H-2 and H-87; “C NMR (CDCly) § -5.44
(CH,S3),-E.31 {CH,Si), 18.06 ((CH,),CHi), 21.66 (CHyC4'), 20.10
( ), 27,45 (C-5), 40.08, 47.40 (C-4, C-8), 52.20 (CH,0),
€268 (CH,08S1), 67.23 (CH,OFb), 76.13 (C-1), 127.16, 127.45,
137.48, 128.27, 120.27 (C-3), 129.03, 13105 (C-2), 138,07, 130.24,
143,56, 172.60 (C=0); IR (CHCL) 1748, 1695, 1597, 1225, 1166
cm™; M8 /e (E) 603 (2), G028 (M¥ - ¢-Bu, 4), 896 (2), 894 (4),
171 14), 166 (9), 136 (13), 118 (26), 107 (2), 9% (100), 69 (L7), 67
ammonta) 677 (MNH,*, 4), 560 (MH?, 8); HIREMS

{20); mfe (CL, s s
caled for :3NO S8 (M* - e-Bu) §02.1720, found £02.1722.
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES

EXPEDIENTE No. 05.050.160 |
SOLICITUD DE PATENTE A NOMBRE DE THE PROCTER &
GAMBLE COMPANY.

Yo, JIMENA ESCOBARV URIBE, identificada como aparece al pie de mi
firma, domiciliada en la Carrera 11 No. 86-53 Piso 6, atentamente digo a
usted que sustituyo el poder con que obro a la doctora DILIA RODRIGUEZ
D ALEMAN, domiciliada en Bogotda, D.C., portadora de la tarjeta
profesional No. 20.824, con las mismas facultades con que me fueron

JIMENA ESCOBAR URIBE
C.C. 39.779.452 de Usaquén

T.P. 68.228 ,

conferidas para este caso.

Acepto sustitucion

DILIA RODRIGUEZ D "ALEMAN
C.C. 41.654.882 de Bogota
T.P. 20.824
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