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Subatituent Effeote on One-Bend hbc..ItC NME Coupling Constants between the ()rbonyl 

Carbon and Uj in Methyl Benzoatee. 19 There a Dependence on ir-Bond-Order Changes? 

IIc9’i91D 

Milo Dell’Erb; Andrim Melot’t Roberta Mtmlo,1 Marine NOVI1 Qj1j pflj0,t 
Oronnu Sciacovelll,1 and Domenico SpInellI1 
IaLUviio dl CWmica Org.m,eo deliVathsap5i&e g CNfl,Centm dl Studio ngj Dtarjjjd1 o ko AppUciziirni, Corn £uro’po 28, 
1-18132 Oe7wz’O, ItoM’, D4=rdYwd90 dl Chlmka deWUrduirpftO e CNR, Cwfrr.s diBtodlo eu2c Met4doIog4 hmowztoo dl SuUesi 
Organiohe Via A endoia 137.1-701M Bart Italy, and Llipartfmer.to di ühzivO Orgoz*n L Monin4" Vi.’ Son Donate 15, 
F40127 Bologna. Italy 

Racawed Novenibor I3 1ØA (Reui,ed Manuscript Reeekied April 22. 1992) 

&rn2mw: Subatituent effecte on Wbox in methyl 4-X-
betas 1 and Z ethyl4-X-benzoatas 2 appear to 
he related with cbemtcel-shfft varlatlone at the two in-
volved carbon nuclei rather than with ir-bond-order 
changes. 

We have recently reported" that In both CDC1, end 
(CD ,)SO the reeponee of the carbonyl carbon chemical 
shift to tire effect. of 4.aubetituaiite in much the name In 
methyl 4-X-benzoetoe and In the vorreapuiidlng aterlcally 
hindere42 2,9-dhnethyi derivatives. This and cthar" 
results suggeat a ielnor rate for cenjtigative interactions 
between the niethonycarbonyl group and the aryl mdety 
even In 2,8-uttiubst1tntad d.rivekvca. 

I X -Wag 

me pump 
k X - NH, 

X.OM. 
Mu dF 

- At 
f.X - MX 
� X � 14 

4. 
it.k Z,.iJ 1. Z - NO2 

k X - OCt.41 

On the other hand, pravct.e work" on one-bond UrrOC 
coupling conatenta In acane 4eubsdtutad methyl betwnatea 

- 
tUnLvdtsiy oGencra, 

�I  Pr.’i.’nL aae,t DipMtlmeIflo dl C hWft 8.1 Poiltecetco, P1-
ime Leonardo da Vinci ne. 1.20199 MIlnao. 

’Uth’srdt3r of But 
£ UntnI2fty of Bologna, 

in CDCl mainly *ttrlbutcd the obuerved subatituent ef-
fect.. on ’J00, to chaugna in the w-bapd order between 
the two carbon atonaa, Thin conclusion, wee boned eucn 
tinily on the finding that ’J, increasna with electron-
donating (OMa, Ma, F, C1 nd Br) aubstftuenta, while a 
little effect In the oppualte direction is ealithitod by the 
only e on.wfthdrawiug group considered (OF5). 

For a better insight Into the mat..r, we have imdertaken 
an inveatigetlon aimed at comparing U.01 valuer for a 
more reprenaritative act of u*athyi 4-X-benzcatna 1 wIth 
thnee for the corresponding eterlcaUy hindered2 26-di-
methyl derivatives 9. Ut.eralzire onJeoup1inconetantae 

a 

.’n.L NM. 145 PtQk. G 14 

.tL P. AQri Che’,’. 
M; P.trifl 14SeflCUn4 
2 ISN, Md. (c) D,I1’Erba. O. 
trill,,. O. 14th A 9pindll, Di 

DeWrba,C $w -a 
L- Jimcon C.. F.ra,nL F. J (I 

of 

iaIti, tcsther w4th tI..puu4bU*tr ar oft .eeo Amrw 
,.inutu% rDoir the qoidwfm that aannIMdIterIehtn-
at(on Is effective to w.Muda a. 
.49OCCe5INl,P4NOYL M4 Peilk,O.Agra iMtLoe-. 

. S.; Kni.bnanethy, V. V. Ojeb OA. J Org. O,.m 
8j, IV aggpPftkW?O4 Tyur, P. 

P1, 

0/26/2000 TUE l551 (TX/RI NO 75051 Q004 
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il. Uig. Ufl6FII, o/, 4Ue5-44M1 

beiizeee ender argon. The flank was then ieemeieed Inn preheated 
oil bath and refluzed for 50 min. After the solution wee cooled, 
20pLofDHU was added and the lnaetOhItote stirred for 15 
nib,. The solvent wan than removed and the mixture purified 
by 3mb alUm gel chromatography (10-50% EtOAc/haxene) to 
afford 171 mg (o.UM nimel, 84%) of-niiutirated anter 13 as 
a cujoelse oW R, 0.9(60% EtOAa/hexeNWne); If N (Ct)CJe) 
81.15 (t, J 4.1 1h I It), 4.82-4,47 (in. 1. N), 425-4.28 (ni. 9 
H), 3.74(1,3 H). 2.se-3.45 (re, 3M), 2.29 (ddd, J 194 4.8, Li 
He, 111), 2.04-131 (ni, 3M), 0.87 (a, 9 H), 0.07 (ii, 8 H), 0.08 (a, 
3 H)  WC NM (CEO)3) 180.6, NSA, 141.9,130465.9.63.8,513. 
44.0,29.3. SC7,3424 M, 19.0, -4.81 W, (CHCI,) 1789,1709 c&; 
fIlMS wife Or t-u) ealcd for 017}IO8i 21002, found 
283.1005. 

3-(cert-LbyIMlm)-2-pyrene A 25-niL round-
bottomed flank was charged with 125.4 nig (1.12 w’wl) of 3-
bydi’oz}’2-py7onc (Aldrich Chemianl Co, 2,3-dlhydrozypyzidino) 
and dissolved in 3 niL of OH1CI3 wider argon To 6i1. wee addod 
0.18 niL. (1.3 nimeL 1.2 eqiv) of 2,64ndiue followed by 0.81 uiL 
(1.3 mmol, 1.2 equlv) of ThDMS-OPL This was atlnnd for lb. 
and then the solvent wee remłved. PuritimUm by silica gel 
chromatogaaphy (10% EtOAe1niwÆu) gave 170.2mg (0.70 nimeL 
67%) of like ally1 ether an a volatile light yellow olk ’H NMR 
CDC,) 87.17 (dd4J’r Lt. 1.8 MA, IN), 8.61 (ddJ. 7.0,1.8 

zen, 1 11), 0.10 (dii, J - 7.0, 5.1 Hz, 1 H), 5.97 (a, 9 H), 0.24 (a, 
6 H)  NC NMP. (CDCI3) 5160.9,144.0,142.4,122.2,105.0, 35A 
15.4, -4.8; IR (CHC)3) 1759,1709 cnr’ HEMS sn/c (M - f-Be) 

valid for CRMOaSSi 408.1192, fowid 406.1186. 

Acknowledgment. We think the NIH (Grant C1I4 
30032) for financial eupport. 
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2-pyrunc. 504-31-4, heiwane. 11.43-2. 

9n.$enintary MatothJ AveitabicT Oh t’tlan of new 
coueeiYa by 21MR (12 pegha). This materiel is contained in many Ilbaurlee on zofcxoticbe, )snmedl.tely follon this etk]o 

In 
the microfilm vasim cltba jovrza1. and can be ordered from the ACS; we any current masthead page for orderhig Information. Dials�Alder Cyoloadditions Using Nunleuphilic 2-PyrMonen. Roginoontrollod and Storeocontrollod Synthesis of Unsaturated Brldg9d, Bicyclic Lactoine Gary H. Posner,* Victoria Virieder, and Kamyar Afarinkla Department of Chwnlau3’, The inline flopMna Uidverafty. Battlmore. Maryland 21218 Rcceiced January 28,1392 Caprodative 3-my. and 3.( y1tb1o)4-tcayt-2-pyrocae It-Id areabewn to be reactiv, 

an ziucleophilic dlenea undergohrg 2 + 4-cycloadditlona with vaticila elecirophille alkOnea under ,uffIcIontly mUd therSzal aonditione 

(90-100 Ci that the initial blcy]lo lantern adducta can be inalated anpram1e in fair to vanygoodylelda(28-91%) 
without to.0 of on iunyanatc from the heteroatom bridge. Thee hIeyolIa adducts are (brined with .’.wpI..te regiocontrol eitd uteraccontraL For pyridona aulfide Id, thee Dish-Alder cyoloadditione are the Amt aramplea of a captodetivewisaturated sulfide acting 

an en enephele. NTidnta (’C) axe presented coriwIa%1ith,e1necrca density In the pyrudons diana .yataxnl with their Diele-Aldar reaaliviIr, and some tru u(crinatioeaof the binydile Jactain adducts as shown to lilucuars the value and umeatibty of then &a1yftnn4kmHII uynf1itinbttduT. Introduction A few Years ago thin 

laboratory reported the hit main-plea of emolent 2 + 4-.7doadditione of electron-poor ,3-dinulfonyl-2-pvidonm with eloctron-i’Zeh dienophilea auth a vinyl!c othrs. To complement such inverse-electron-demand Dials-Alder reactlona, we now report no-a1ectron-4emd 2+ 4-cy’cloadd(tlona of capto-dative 13-diaubetituted 2-pyridonca under thermal (1.0., not bigh-pzeeeuze) eotidltione with electron-poor dieno-pbflea such as 0H2�’C(R)EWG, in which the  group in hydrogen or metbyl and the electzcn-wlthdxawlng-group (EWG) is intro, ahdahyde, eater, or ketone (eiu land 2). These eucceeafol cycloadditione, stopping at. the Initial bicyclic, lectern 8tage without extrusion of ear iaoc’ana$e from the heteroatom bddW are wno,g the/ma examples rot--- (1)Pca01 1, IL; 8*ltanr, C. J. Org. Chew. 1337,52.1644 

it 
therein to 21- yalaaddlllen. of 2-pyddonee. &TdI EW (1! -IN OC IC4 .140  Ewe�Ott Tel ewe a. MOO ojiot a, Ph0HO Si. OHO It. a. t-ThIMI3SIO I, coils d TelS cot. SO h, BuT r.mo,N5/l 14 . in wkkls nornsaUy highly aromatic 2-p.yrZdonee (rnOrO aromatic than 2-pyronan)’ have entered or enophtn into 0022-3283192/19674088$03.00/0 0 1992 MacrIcan Chemleni Societe 06/16/2009 TUE 15:51 ITX/P.X NO 75051 0005 
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cyo1oaddIUona Ukig 2-Pyrldonea 

LAD ANNY LLF NY 

J. Org Chem., VOL 57, No. 15 1992 499 

therm,Uy mild (90-100 ÔC) and therefore preieUeal 2+ 
4cti* We report elao 13C NNE chahelahift 
data for S-Y.uhetitgd.1-(p-toLuei,eauUouyfl.2.pyrldonee 
corgolathtg electron denilty In the pyridone diene system 
with 2+4 cyd*addltion reactivity toward electron-poor 
dieflo7phiie1. The cycloadducta, formed rgioepecificelly 
iiid etereenpecliIcaliy are a3ntheUc&ly vereatile, w.atu-
rgted, bridged, bicyolie Igetama. Some fxaaaformatlone of 
thtgebtcydlicbtarev into pUrndc1dobezene 
ie preeenLed to Ulimtzate the bigh vu)ue of theac eyitthetic 

building unite. 

Resolte and Discussion 
In Table I are enmmniizad some V NMR cheioical ahift 

data for evera1 3.Y-t4.tohunefonyl)2.pyrldonee 
thew 

o ce mad. uelng C-H aoupled ’C N1W. 
speCtro8copy.8 For comparison, O NMR data for a-
ilarly Y-anbatituted benzeoea are Fisted,8 

The data In ’rahia I deaarva comment First, compared 
to the corre.po*dleg 2.pyronas diecuseed in the aecom-
pa" artkle,1 these 2-pyrldones are considerably more 
aromatic m eipected/’ vdth 11(  NUR chemical abUt values’ 
differing front those of Y-bsnzoima by emly ralattv* amen)] 
gmnennta. SŁcand whereas it 3ateneaulfcnyl sebitituent 
Is strongly electron-withdrawin& a 3-cvygen substiluant 
Is strongly electron-roleasimig. Because we eheadyalmowed 
UM 3 pVrldones cy&addto naeteopWjk 
$Thene9,’ It was our oIpcctuton that 3ozyesm-euIntituted 
L-toeyl-2.pyridunea would cyctoadd to eIsctrophSUc al-
kane.. The commercial availability of 2-hydruzy-2-
pyridone (2,3-dlhydruxypyddlne) allowed very convenient 
ace.sa to 8-oxygen-subatltated 1-1oeyt-2pyridon.e In and 
to, and the commercial nveiiabWty of 3-brozeopyridlue 
snabled easy preparation ut3(toIuenetbi9)’.2.pyTmdone Id 
(eqs 

a-&). 

13 K.1. NOOK ax (3) 
MsU.TofSCI 

II,R.MO 
ID. H. PhOH5 

NI) eeuMa,SIOI. 
Imidazon 

cm - 

MeIJ.TsISOaCIhb0ONso9ToI 

IcR. WuVO,.S 

1) U. 
1)   N11 7945%T01 

Tots 

N2OTQI (5) 

2) U4MUS. 
TosD,cI 10 

aZT,kr, P. A. I. C1I012 Soc. C 196711949. 
(9) (a) idrIdga, 3. A. J1m, I.. IL J. QMm. Sam. tisi 599. (bI AIbam.,J.J. Am. Ozwa. à,a 1910,89,2759. (0) B1cI1 C. W, 2blmlwthvn 2,55 dr, Be. (’S (a) $deln 04 itcn*a. C. Uee.ocy1ca 1969,29,597. (la) Nn H.Tov1iawi, iLi Bnge, N.J. Chin. Sam, Chem. Commun. 1969, t15 (c)TcnIiawa. IL:Nakaso. lt:Eose, K Hcurocycfu ISK 

0. 919.9W zamleea ice (d) Shudwtfivi, bL P Rgc, Chin. Rcs. 19Y4, 43.591. (a) ICsuttaky, A. L Die.ii, N. Chum. Rau Ion, 8% ezi. (6) Imqawa. T4 Rumed., 

hi 1awasla, K Qrg Mojn.RaMO. 4999, Z3, M. (0) Bamltam.iam, 04 Voeluer, W. C w6irr-I3NMJt Spctrorcop, 3rd e’14 Your. W.Snhilm, FD9,j 1987; pp 256-251 (’7) Poiner. G mr. eqczice. ’1’. D.: Kintat C. hU Jobnwn. N.. .L Org. Chic,. t9sZ7, ercurzzpgu.iug arlde for a icvlew af cInddI0)oiu of 2-ponaa rnd 2-pyridanu,

 era Mic1nk K. Vludcr, V.; Nekon. T. Pearar, G. K. Trbohgdamn Rep., [A pen. Table L °O NMR Chamaleel ShilI Data 15O2T9I -- y - - tic () tic Pp1n) Ar54, - 128,0’ 133.66 12&6 Br 151.8 127.0 Ar8 129.2’ 125.9’ RMe9SiO 123.0’ 121.4 PhaNsO.- 193.0 MOO- 112,4 120.1 ’AraTel. ’AXPb, ’B - C-ThL Table U. mid. (15) of Oy.leadducl 2 £as.rdhig to as I owa V N0g CHOb CO&N61 CONxi a. MOO so 09 41 12 b, Ph3U,O 76 

99 
as l-0uMe8iQ 00 ’70 25 66 46 Tom 48 40 Waco Tablo II summarizes results ’of the aucceaefui.cyclo-additiona according to eq 1 in which butylated hydroxy-toluena (BHT) was used to retard polymerization of the s&,cttr’phfllc alkenmin all rases except with nuethylene. Ia avarycase, bicysife Inctam two formed ere4iafvejy with the reglochemietsy end the atreacheraistzy shown 

as de-tarthhed by 40041Hz ’H NMR speckmwm, of the =-âde reaction products. Both regkichemlatry and etoreochem.-iatey wore e.tabllehed in enslogywith ellent literature precedent by ’ NMP. opectroacopy showing 4,5.dt.. substituted (but not a 4,G.d1ubtltuted) bicycic lactam with J. Larger than J1 and J larger then Amu Ljf NMR data for nitre lactam methyl ether 2s are shown here (in whIch the ultra

 group Is endo to the 2-carbon o1.iuic bridge). Furthermore, exposure of this nitro, substituted blcyclic Inctam to ammonium formate pro-duced zo1usivoIy and quwttitetisiy the epinmaric ultra cowpund (cpi-2ag) with the 1H NMR cb*uracterietica shown. Now that Is smaller than 4 In the epLin-erhod api.2ag. Analogous reaulta and NMR data were obtained also with blaldic nitro-baaring baxerylo*y lactam Zbg and tdylthio lastara Zdg (ace Experbonte) SectIon). No rationale is obvious at present to explain the unidi-rectional ep1aterlatIon of the Initially formed thdu-nitro cyoloo.ddncte 2.g, 2bg, and Zdg Into the carreapondhig ore oplmem. Interestingly, simply on standing at ambient temperature ln-CDC1, for 17 daye. endo.nitro-sulmetituted bicyelk)aetsm 2ag underwent clean and almost, complete opimezlzet.ion into cpiZag.er To swaine what $ffsct, if any, a smallor-ateed but boa 1-aulfonyl ponpwould have on the cycloadditiona, 1-mesyl-S.methozy-2-pyrfdone was pre-pared In the same way 

as the corresponding 14000 de-rivative. 1-Me yt-8-znethosy-2.pyridone, un darwezt an N� 0 maayl shIft (50% complete) at 00-100 °C for 40 h, whereas the corresponding 1-tosri*yatem did not rearrange elguifloantly (La., 570 under these eon-A competition experiment beven eqwInclAr (9) (a) Names. K Arid i. B 4[tJuaun.T. Ch*tn. F5arei. DuO. 090,82,1182. (b) linduJ. 04 Heetlam-Karea; 

C. Lubii.pkut. Chin., 1991,00. 
Cc) Bbu.bpdna, J. P. Pfllpuukc,V. 84 Ebeera. 0. K4 GNU", 0.14 Stipaaywti, A. 11 J OFL cairn. 025R lese. * 2947. (9) (0) Abaaawftch. ii. 

hi Knee., 0. NJ. 0x. Chcnr. 117040,896. slee (b) Hem.,. M. Lire, 0. P. J. J1OIiPicL CB99t. mM, 9.215. (10) Sam olin P-y1d(ae end ((a DazfteUera.A mect1tcb B.A., P4; Intendance New Tick, 1974: SupplenreL put III,p 744. 06/18/2000 TUE 15t51 171/OX NO 75053 II006 
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amowe of 1-,nesyl- and I*sy3-methoxy-2-pyridone 
with e*os methyl vinyl ketone showed a 15:1 selectivity 
for 1-meayl-2-pyrlduxie cyoleadditlon over 1-eesyt4-
pyddone cyoloadditlon; this email rate advantage in cy-
cloadditlon, however, was substantlaRyontws4ghed by the 
large N - 0 rearrangement rate disadvantage using the 
1-mesyl-2-pyridone. Rearmpment of the tosy) group 
from N - 0 was even more prominent in 3-un bri(uted 
1-2-p3zldone  for example, at 133°C for 21 h, 1-to-
sy1.2-pyidone rearranged 73% to 2.(toey1exy)pymldlne 
whereas under these conditions 3-msthoy6-1-tosy1-2-
p.yridcno (La) rearranged only 27% to 3-ntathony-2-(to-
sy1oy)pyiidine. Even more striking was the alnence of 
ny N 0 rearrangement when 8-(tolylthlo). and 3-all-

ozy.l-tceyl-2-pyrldonea id and to ware eubjected to sbnlhe 
reaction conditions. Thua a large 3-substihmt effectively 
inhibits N Otosyl migration In 142-pymidums, In 
comparison, N-acyl-2-pyzidonev have been reported to 
undergo rapid N � 0 reammCemaut into 2.agyjony pyr-
idines even at room Lempergture.0 

A separate study of etarc end electronic effects on cy 
cloaddition rate was done comparing 3-methoxy- with 
3-slioxy-1-teayl-2-pyridonu la and lo. Equlmolur 
amounts of theec pyridonee reacted a roughb’ equalrates 
with on ezeem of methyl acrylate and separately with an 
exceeg of methyl vinyl ketone at 90-100 ’0 as Judged by 
Lfl

 Nbffl de nnlziation of the raliea of remaining reactant 
pyrideaM as wail as ration ofeycluadducta. bmteresthigly, 

Airnihe competition experiment Comparing 3-msthury-
with 3�(toiyttho)-2-pyridone. La with id showed 34o-
lyltbio).2.pyriduee Id to react about 1.6 tIm.s faster then 
3-nethoiypyridone In with acrolein. Finally, unlike ra-
ctivc 840bWro)pyrldcna Id, 3mu-1-tceyl2-pyridone 

was quite wucactive toward electrophilic aerolela. 
Several electrim-poor alkenas failed to oydoaddwltlm one 

or more of the 2-pyridunee La-Id even upon prolonged 
heating at 00-100 60 or, in a few cases, oven at 130 ’C. 
Examples of such wireactiva łlkenes Include aer$onlfrfle, 
2hloroaerylordtnle, phanyl vinyl sullen., a-metbylene-

-butyrolaotone, vinyltriphenylphcgphonium bromide 
disUsyl mothylemiemalonate, 33-dImathylscroleth and 
meleic anhydride. Also imroaetiye wera 2-pyTldonan 
iack1g itha a 1-tonyl group or a 3-hetoroatam subatitu-
ont for example,1-rnethyl$’(tolyltbio)-2-pythlowe failed 
to cycloadd with nzethacro)ain whoreee the corresponding 
captodatAv I-toayl-34olyItbIo)4-pyr1donç  (14) did react 
(eq 2) and yI.2.pyrldone failed to cycloadd with 

(U) s) MvK1Ilop, M ZiI.ko, It-P.m Ti’kr,g, 0. Ttinihvdrun I., it. 
ISOL 4948. Ru a1uo (b) SlegiS, P. A-i 3gee,n, It J. flkL 1911,4228. 
(v) BIDS rd tOc. pp 176-r84. 

J Tfc’1i 

Passer et al. 

Bcheine I 

01 CHOOL
 

7619o. 2)01 f.BuM,WQTI 

�1)NS8Hi 

2db 4,93% 
tSusnH 
AlaN 

?t-
-d

 

LOW OD 

’rdM0,HNj:X 
or ToISO8N 

9.88% 

ashen. IX 

1) NaSH4 

3)t.BUM,SlcT yaaoHCP*O 
2) Bu4NF 
-pCm 

0D,El1N 
2a11 

ILIOAft

OH 

TOna*HNLcOZ 

a, ew 

acrelein whereas the corresponding captodativo 1-tosyl-
$-(tolylthio)-2�pyzidone (Id) did react. Even at high 
preaaorea (10-I1 Xbar)’ for several days at ambient tern-
psrsbJIs, 24tolyltbio)-2-py*kne id failed to cycloedd to 
z-mcthyl-butyroleeton, and likewise 3-(benay1. 
uxy)2-pyrIdone lb foiled to cycloadd to methyl acrylate. 

l-Tosyt-3-bateroatom-2-pyrldonee Ia-id can be con-

sidered as uaptodative them in which C8 is geminally 
suintituted by an ehtran-docior Zwteroatom end also an 
electron-withdrawing carbooyl (amide) group. The 
aucecasmul 2+ d-cyclondditiora shown in Table ii; along 

with these reported In the accompanying 2.pyrone ortiele,7 

represent the /ir.t wiowipic, of citptodtitive csn.aticratcd 
ethers and thkwtheta acting as erwphifes. 

To illueksth the high value and versatility of these hi-
cyclic lactame, formed as single regloleomere and c*clu-
sivoly as endo’dlaetOreomare, several ring-opening trace-
forasatiorm were performed. Bicyclic lectern eldebydo 2db 
was reduced and 04lyiated to form bicycle lectern 4 
(Sehamel). Reductive removal of the bridgehead tolylthio 
group under neutral radical condfltons was achieved 
smoothly using tributyltin hydride and onobhiiobutyra-- 
nitrite (MEN) to form bridgehead-unsubutitutad bicyllc 
laden 5; this lactłni tpaasnts it formal rcglqspsclfic 
cycloaddltlon of N-thayl.2-pyrldoue itaelf to acrolein, a 
reaction that cannot be achieved thermally because N - 

O tosyl mgration 0000ze prior to any possible cycle-
addition. Thus, I(*o1ytho)-N-toy-2-pyriddna (Id) is 

o highly reactü,e  synthetic equivalent of N-tosyl-2-
pyridone in thermal (i.e.,. not Jtijlr-prewzre) Dish-Alder 

4l2 (a) Vhlms IL Q.m Jasaiark 7j M,ianyi H.;Sidle 
1 1 

. Z Ace. 
CChema5.erZvlek J..C. 

Rcbl, M4 J.-LSa,’1eeo. 544 Tacao, L omens, .1 (irS. 
ChesT. 1510. as. 1024. 

8) Fcr ec uc.11est review with Iredi fexazsus,.ia De Lgtcll, 
04 .ae8us1e, I.. Tq*ighdr,i 1189. 44,87 
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Cycloedditlona Using 2-Pldonee 

Scheme III 

OR 
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,.DuO#Iti3’2) t"GgWl 

SebR.Me son. RWe. 97% 
2bPLAPhQH2 .bhRFtM21a4% 

1LlCMft 

ToIOrJ1N" 

lOah.R-Me. 0 
IObh, R. PiCM?.a7% 

c1awkUtfons witi acroIein Metbanolysfe of the lantern 
bridge converted 5 Into mpoapecifitally and ateree-
pfefly substituted ajdahezene 6 that we are orrenty 
nOVOTting Into a la. (hydroiyrnethyl)-3P.amlno’ vttamln 
Dil derivative for blolo1cl evaluatlon,14 

In aalmIlai fashion (Schema II), bloydic lactem aldeh-
yde eilyi ether 2ch was redvoed, deeDylafod, 4od protected 
selectively as the primary alcohol all)rl ether V using ter-
butyldlmethyhilyl cb1or1de/4-(d1methylsrnno)pyT1ilina 
(DMAP). Methanolyals of the lectern bridge produced 
regluapedikally and ecereoeped9c&ly totreaubatituted 
cydoh*zcne 8. All attempts to deoaygenato tertiary e1. 
cohola 7 and S were unaucceaaful including, for example, 
radical reaction of the r.anthete derived from bicycle 
tertiary alcohol 7. Likswiae bicydlc lnrtiaxy aIbel others 
Gab and 9bb were prepared according to Scheme UL 
Methanolysia of the bicycle lectern bridge gave tetrasub-
etituted cyclobexasiss lOch and lebh as single dfasterao-
mere. All attempts to deozygenete tertiary alcohol ethers 
9 end 10 were wasuccesaful, iic1uding LtAlR4MCl4,’ 
Zn/NH4CI,tg LIBH," L1RRtIi,10 and HCOONfl1 using 
a palladium catalyst." 

Conoluaton 

1-To -$-heteroatorn-2’pyridonea l-lJ have been 
shown for the Ilust time In be reactive ceptodative diaries 
that undergo effective thermal 2+ 4-cycloadditlona with 
several unencumbered electron-poor ilkenea. Reaction 
conditions are sufficiently mild so that the bicyclic lectern 
adducto can be Isolated on gram scale In fair to very good 
plaids without Ices of an isocyanate from the lectern bridge. 
These bicycloadducta, formed as single regioleomere and 
ezclueively a, endo diasteroomera, represent easily pre-
pared, compact, and polyfunetfanal Bynthetto IIktezuiedIatrn 
of considerable 

Enperiarorital Section 

General Eaparhunulel Data, See retl for details. 
A. l’xeparatlou cC Pyrldcraa 9.M6they-144’eretby1-

bcnzareeul1ony1)-2-pyrldone (Ia). To a stirred solution of 

(14) Far Mated vmwk, neat i’eannr, 0.11.; Nolacz, T. D4 Cuyean, F-
M; XahwUr. T. Z.;Xenil.r.T. W. J. Med. Chan, In sr. (15) Jihltawu, H.; M alynu. T(Thon. iere, 137. (is) Hettea, K A; C.eunv D. ij Willis.,W A. DXsnuedy, 9M J . Clem. 1151, 52, 17. (11) 8ruwu. N. C. !ioboraeic,u fleejesda & Co.. RSIdISj. MA. J.ae see. (1a’ibbe,J.; 1iafzana, KM. R.A,taew. Clins.,Irt EcqL 1031, (l*)?eejI. J. Yu,uehw., T. Tetrahedron tedt. 197*. 515. 

IM 

rflhlIlT LLr MT EjoIDf91D 

I. Org. Chem., Vol 57,44o. 18, IM 40*1 

ethoxy-2-pyrldons (165 mg, 1.32 naol) in dry THF (10 niL) maintained at 0C under a thy rnagen atmosphere, Was added MaLl (U M solution in HtO, 1.0 eeL, 1.4 unscU. Alter 20 

mm, 4-metbyThemanseulfonyl chloride (266 =I, 134 meeDi) wee added as a THF sdutice (15 mL). After 16 h the alutlon was pour.d Into water (50 eeL) and was extracted with Et50 (2 K 100 zoL). Drying (Na80.) TOUOWS4 by anworedon of oPrcn$’ under reduced premiru sad flashbrometcgrephy Mimin1. EtsO) of ti’s raridus affardnlwhlte mild 1k (285mg, 7911a); mp 1464f7 ’pre. ’H M. (CD015) 6142(311. so CffAr), 8.78(3114 a, CHrO). 6.18(1 H t.,1&4 - tF&. - 7.4 H& pyr(duizn 11-5), 6.61(111, dd, J - 7.4 Hz. 

44 1.0 Na, pyn&tous H-4.7=42 H. d. I 7.9 Hz, tosyl 114), VIa (1R, dd, J,. - 7.4Hz, 
44 1.0 Hz.pyzldoco 8.02(211, d, J = 7.9 lix. tcsyl 114); ’C NMft (CDCh) 621.81 (CR5A), 68.20 (CH,O), 106.29 (C-S), 112.52(04), 122.36(04). 123.49 (C4’), 130.11 (C-a’). 133.85 (C-I’), 145.21 (04), 150.84 (C.4’). 166.20 (C-2); 12. (Cxci,,) 1673 (), 1820 ara’ MS rn/a (El) 219 (M’, 13),215 (39),214 (20), 124 (27),96 (261.92 (22), 91(100), 65 (2; rn/a (CIfemrfleIila) 280 (P.’, 100). Anal.Ccial for C 1,,W0,9 0, 55.90 IL 4.69; N. 5.01, yourub C, 65.53; 11, 4.72 N, 5.00. 1,(4LMethyIb.CZene.ulfOa3r1.2(PhUnYlmeth017)2 yr1done (ib). This compound was preperod in accoad with the general penodeen described above Thus, .terUhgwa emintlu of

 9.(bciiy)oiy)4pyrldenem (1.29 If, 8.41 remol) in thy ThF (76 eeL) and using lithium hazamt (LHMDS) (LOU ealution In kerase, 9.81 niL, 8.61 mical) end 4-msthylbmene-aulfonyl chloride (2.44 g, 12,82 nunot) we obtained after ezys-taBiratlon (CH,CIi/EtO (h2) ’h-I wldtc solid lb (1.72 g 76%): eep 160-161 ( ’U NMR (OD016) 12.48(3 H,,OHz.4r) 5110 (21La,0011,11(IIJ44-7.41H4H5) 8.05(1 H. dd, 

4. 7.41 Hz. 4. 1.56 H; H-a), 7.314.34 H, H-Az), 7.72 (Eli, dd, J,4 7.41 Es, J, -1.68HZ, a-B), 6.02 (2Hd,J,&t6a,H4 and H;ND0ts)6 (CifrAr), 11.14 (0011, 105.28 (C-S). US3 (0.4), 127.62, V.SS, Mn Mft 190.19,133.45.138.67,146.24,149.90 (C’2); JR (01101,,) 1670 (CeO), 1819 cnc’ MS in/s (El) 335 (M’ 2), 201(6).200(33). 185(6). 91(100), 63 (8); HEM calcd for 011111 NO,S (M4) 356.0378, found $Ij&0882. 9.f4ept.But,hlimethyJlUyl)oZyJ-2.Pyrldflhie. A solution of ter1..hutyLdImethyWy1 chloride (TBDMSCI) (806 mg, 2.02 zoniel) in o.nhydrous dlrnethylforniim*de (DMF) (5 inL) was deliverz.d 00 a stirred mixture of Z3.dIhYdmzYPl7rIdIlW (220mg. 2151 mmcl) and bidgiOl, Can rag. 6.00 imeol) ealiteIso.l ini1r a dip nitrogen atmosphere. After 3 h, the mixture was peered into H,,O (10 niL) ejidw* e’t’,saA with Rr) (2K YSmL). eninbinat etheral extracts were washed with water (10 ml) and drj@dqqwjj%$0,r Evaporatlonuf solvent afforded a pais brown solid (435 mg, 67%). 

The crude product can be inted directly for the r.t at.ep;.bawevsr, an analytically pure aar*pIo may be P, by orwtaflhetlou (Et,Ofheaaae (110) vfv) eec whit. 50241 mp11?C;1HNM(CDClr)&O.25(6ll,1lCHrSO,O (9H,x,(CK),0i),1.BB(1H,bz,NH) eJ3(1JL 9. JwJ-7 Es, H’S). 6.69(1 H dd, 44-7,0 1 4eL7 Ha, 11-4), 8.97 D100).d, 44 7.0 Hz,4., 1.7 Ha, H-C); IR (C11C1) 1653 ,l21 cnc MS rn/c (Cl/ammonIa) 228(8).227(17),728 129 (li’ - I-Ba, 19),120(4). 110(3)112(82)- An*1. Calud far CnHieNOiSc C, 58.63; 11, 8.80; N. 8.9.2, Poun’b C. uiulfonyl)-2-pyrldume (Ic). Tide compound was 

I 
reprvd In accord with the general proesdure described previously, Thus, starting from a solution of 8((ts.bu$dlomthylallY1)a*Yl’2. gildane (U8g.20.1 sane)) In dry Et50 (160 eeL) and ciafngMsTA 4 M solution in 11t50, 15.0 ml, 21.0 mmcl) and 4-methyl. be’’onsndfonyl chlorIde (9.95g. 20.7 mmcl) we obtained after chromatography (dice gel, 10% v/V E60 in hexuna) white solid ie (Mb g,80%): inple°C;’HNMR(CDCI,,)SO.U(BH, 

a, C11,gI) 0.80(9 11 a,(CH)CS1), 3.4.3(3 H, s, CII5ArJ, 6.08(1 H, t, 
44 4.7.a Ha, pyridone 11-5). 6.67(111. M, 44 

1.3 lIe,, 44- LI Hz, pyrHone 11-4), 7.32(211, d. .F 6.4 Hz, tw’yl 11-9’), 7.71 (lx, dd, 44-7.3 llz,44 1.7 Ha, pyridofl. H4),.7.99 (211,4,17.9 Wlazy! 11-2’); "C IIMK (DCI0) I (20) Herdnn C.; bheuorihig, A. Hztorcoycice 111141 

22. 017-06/19/2009 TUE 15:51 (TX/RX NO 76051 IJ008 
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-4,58 (2 x CHS, 10.49 (MeC0i), 21,78 (CH!Ar), 2168 ((C-
H,h0,  

103.67 (C-lI, 143.91 (04), 141.45 (C.4’), 167,90 (C4); 
in 

(CHCI,) 1874 (C"O). 1620 cm’; MS rn/c (EL) 328(2]), 322 
(M -. C-Bu, 

too), 

167 (28), 155 (91), 152 (f7), 91 (l00),’72 (25); 
rn/c ((A/nunonia) 380 (MW, 200) HEMS calod for CHN 
OSSi (M - f-RU) 322.0570, found 322.0075. 

3-(4".M.thy1benaeuI1ony1)-1-(4’..jałehyIheneeoe-
(14). ?)I1JI compound wan prcpercd In 

accord with the guacre] prooedwe deceded4bova. Thu., thig 
from a anlution of 344 1banecnanu1fenyJ)-2-p’z1dcne’ (432 
mg, 199 romol) in dry TH7 (2D m!.) and using L.NMZS (1.0 2,1 

1I31ioo in hezana, 2,49 niL, 2.46 niuzol) and 4-methylboneeiw-
eTJIEOIIyI cho’d6 (675 mg, 5.02 nimol) we obtained after ceys-
tion (0 IeOIe,’EteO (12) v/v) We yellow mild 14(616 wg, 
70%)i mp 180-160 °C; HNbfl(01CJ) 6221 (a H,., CHrC4I, 
2.44(8 R, n, CH -04’), 0.00(1 111 t,J-4.- 7.19 He. 11-5), 
3.45 (l B. dd. J4-& 712 Re, 4.- LaB H Ii-4), 7.10(211, d, 

7.49 1b, B-20 and li-r), 7.39 (4 H. d.J’tO3He, H-W 
114r, H-8", and H45"), 7.80(1 H, dd, 144 = 7.19 He, 4. 1.96 
Hz, H-6).7.91 (2 H, d, 4., = 0.46 Hz. H.2’ and H-6’); uØ NMR 
(CDCI,) 621,43 (0fc04M), 21.94 (CHrQI’), 103.50(0-B), 120,21, 
125.91 (C-0), 125.13, 18010.130.89,132.62(0.4), 13339, 13156, 
137.94,140.06 (C-3),14L4% IMM (C-2); lB (CRC).) 1860.1601 
cm ;MS m/e (B!) 372 (MW, 11), 371 (M". 45),303 (22).307 
(51), 306(23), 21.7(19), 216(100), 119(661 91 

(n), 66(21); MIIMO 
celtd for C NO0S1 (Mt) 371.6050, found 871.0947. 

3-M.tbozy-1-(uznthan.,u1fy)-Z-pyri4an& ThEe corn-
pound was prepared In accord with the general procedure de-
uoribd above. Thug, atoflthg from a solution of 3-uzethozy-2 
pyeidove (541 

*ng. 4.33 m=4 in 4"T3F (40 mU veing MaLi 
(LaM .olutlon in ENO, 5.00 mL, (L0 minol) and Mid (0.8 niL 

6.6 mmol) we obtained after c,yutailizativn (Et.20) a white rolid (SOSmg,91%): m126’C;1MNME(CDCl.)5$,32($H,a, to 

3.78(811, a, C11O). 8.16(1 Ht, J.4 -4  
pyndonc H-SI, 6.68(1 H, 4, Ji..a -’1.4 112, pyxldono 11-4), 7.42 (111,4.4. 7.4 He, pyridoue 11-0); °CNM14(CbC1) 6 41.?’? (CN6O,), 6151 (CR30), 105.53 (C-a), 113.21 (C-4). 121.66 160.71 107.19 (0.2); 

lB (CRC).) 1671 (C--OX 1619 MS rn/c (El) 203 (M, 00),126(100), 124(90); 109 (2), 98 (94, 66(24)32(21), 55’(3’I), 64 (23); rn/c (Cl/emmonin) 221(MNH4, 3), 206(5), 206(9). 204 (MW. 100). 138(92), 125(6),95 (a). AoL CeinL for JN04& C, 41.57; H, 4A6N 6.69. Ponnd 

0.41.44; 21,4.49; N, G.W. 3[(tertBnczrI4thyIeHyI)o*yj1.(mer1ianeiu1fany1)2. pyridone. This compound was prepared In accord with the 

general procedure dcccribed above. Than, atorthig from acoluthin 
(tort-bthyleily))oxy]-2.pyr1done (1.20g. 8.40 mniel) in ay UW (40 niL) ueiiig moftftldum (14 Machit1cn1nEt0, 7.00 mL, 0.8 mmcl) .nd MaO) (L00mL 22.9 niw1) we obtained after (laehcbroroatograpby (elba gal, 20% v/v diethyl ether in a white edild (1-77 g, 70%); mp 50 C deci ’H NMR 0.24(611, 

e, 
CH,SI). 0.99 (9g., (CH,),CSI), 5.60(3 H, 

a, 0It8S0), 6.14(1 R,d4,’/ - 7.4,4 =’l.2Hzpyldoac H-S), 5.67(1 !j. dd,4. 7,2 !,ZJ,... 16 fb,pyidcooH-4J, 7.52(1 H, dd,J - ?A 1h; iY -1.6 11z,pridvne H-B): "0I’4MR (CD CW 6-4,45 (Si CH,Sl), 18.39 (64e,CS).25.02 ((Clli).CSi). 41.21(011,503), 128M (0-6), 125.02 (C-3). 180,27(04), 169.29 (C-4).14U§ (0-1); tR (01101,) 1667 (Cu-C), 1619 cm4 MS rio/c (El) 248(10). 188(14). 168(100), 167 (20), 152 (16), 111 (15), 70 (3508 (15): We (Cl/ammonIa) 305(10),34M (62). 207(20), 122 (5). 191 (8), 100 (100), 108 (’fl 112 (34); HPQdS caled for C, HNO4Sa’l (M - t-Bu) 246.0268,10uod 248.0200. 1-(M6tbone.utouy1)-24-12ethy1heuzezeiU1fy1)-Z. pyridowe. This compound weu prepared in accord with the 6900&promdam decod ibore. Thu., aInrBng from asoludon ofll-(4-n&ethylbenauW.nyl)-2-pyridone (500 mg, 2.8 mmaD in dry TH? (20 mL)unlng LMMDS (7.0 M .elution in home, 2.83

 rel, 2,23 mmol) end MaCI (0.270 mL,M9 minel) we obtained after ystallieatEon (01f20)./Et20 (12l v/v) � pth yellow wild (480 mg, 70%); rnp 170-471 °( ’H 111111 (ODd),) & 924 (3 H, 5.06(111,1,4.- 4., 7.11 8.48 (1 

11. dd.4. 711 - 1.9211a, H-1),7.10 (10, d, 4.,- 849 Hz, H2’, 114); 7,20(211, d1 J,,,,y -9.18 tIe, 11-8’ H- 7.00(1 K. dd, 4,- 1.11 Ha, 

4. 1 ’C 272,{ft(4rJeJ).) 621.46 (CH,-C-4), 454.9 ((H,SO.,), 106.83(0.6). Penner et .1. 126.37,126.40(0-6). 131.00, 133.45 (0-4), 183.55, 137,15,14022 (C-a), 16100 (C-2);M (CR01,) 1654(0=0). 1695 cmtt MS rio/v (El) 295 (Me, 20),219 (23), 217(100),216 (". Ia’S (v),119 (17). 9 (12),45(70); HEMS cilcd for C1H,,NS,O, (Me) 290.0227, foimd 295.0841. D. Thermal Eearrahgeimeaat of Pyzldonu. Typloel Pro-. endure. The corr ep ding p)tldonu- we dliaalved to C19106 and die puMcmna,, heated In a aealed bydrolale tube at9O’-190 0. PorkxI#vally, the bibewee oeled end tim colvent wee removed. RetIna of pyzidonee/pyridbzoli were dctatminad on the bmie of the ’H NMII epacina of the crude maCannie. The residues Were then redlmolved and eubjected to beat again. At the and of the ezprnlntent the manwadpanlucte wore sepatated byprepar&lre thin-layer thremateçaphy (F1%C) and tharactaeiaed a, follow.. 24(4’.MetbytheflacncaulfoDyI)Ozy)PYrIdlnn gmg ’H NbIP. (CDCI,) I

 2.46(311.., CR,Ai), 7.17(1 H. 4, 4. 8.1 Hz. Jim -0.9 liz, pyridine H$),-7.21 (1-H, d4d,J4, 8.4 Hz,4. - 5.0 Re 4.- 0,9 Hz, pyrldlna H-B), 7.34 (2 0, d. J 0.0 lIz, tnayl H-8’),7.ddd,J,.,&1Hz,J..- SA Ift 4,20Hz VeHd),7.69(2H,d,J3.Oib.,toayrlH’.2’),8.26(L11.dd, D lIz. 4, 2.0 Hr, pyddine H-B): IR (CRC),) 1502, 1872, 1170 owl, MS in/c (El) 186 (7), 186(65); 184(41), 167(26), 92 (8),91 (100), 65(27), 05 (7) and 51 (1); info (Cl/umveonie) 280 (100); HEMS cakd for C,H,,N0 (M - SOS) 180.0637, found 185.0241. mp 61-82 SC: ’1jUM ((J)Cl,) 52.49(311, a, CHM’), 3.8513 IL 16 (H2O),7.20 (IIL,3&J3.2Rr,, 4.618pytldlndH.5),7.21 (IL H, dd, J..82.1.0liz.pyrldineH-4),IM(20,d,1"UHz, ayl 114’), 7.85(1If. dd, J -LL Hz. pyridione 114)7.94 (2H,d,J&31b.tmyl H-2’)C(CDC).) B21.69(OH,Ar);6&93 (01130). 120.68(0.4). 123,69 (0-5). 1-23.69 (C-B). 129.62(0-3’), 134.41 (0-11 138.14 (C.5),, 14448(C-4114&69(C’3), 147,09(0-2); IR (011011) 1598,1674,1282,1194,1.191 em MS rn/c (El) 279 (12),216 (61), 214 (2L. 134(22). 08(23).92 CO. 01(100)65(24): Ir$/* (Cl/amnidnil) 280 (100); HuMS caled for C,R00,5 WI 210.0577, found 270.0665. 3.Methey-2n.1u1fOn7l)O3Y)DYYdIfle oil; LH NMS (CJX3) 63.49(3 14,u, CR,SQ,), 0.90(811,., 011,0), 7.26 (111, dd, J844.7 H,, pyiidine 11-5),7.33 (1 IL did, J -8.1-, 1.6 lIe, pyridlne 11-4), 7.88(10. did, .1 - 4.7, 1.0 X%pyrldone 114); "0(0001,) 8 40.58 (CH,8Q,), 56.08 (CR,O), 121.23(0-4), 123.71 (C-b), 187.92 

(0-6). 148.85 (00, 147.0 (C’S); 

lB 
(film) 1574,12001 1153 

om hEMS ealid for C,H61NO4$ (Mi 206.0250, found 203.0254. ozyjeyddine; pale yellow liquid; ’HNMR (CDC1) 60-26 (6  

H, 
a, CH,Si), 1.03(911, a, (CIT,).CSl), 3.60(8 H, S. 011,802), 7.16 (1 0 dd, J &Q,4.5 Hz, pyrlilbia li-fl), 7.29 (iN. dd, 41-8.0, LB Re, pyrldlne 11-41,7.90(1 H dd. 41- 4.8, 1.6 Hz, pyridone 114); "C (ODd),) I -4.45(011,60,18.23 ((0U,),C91), 25.02 ((0-H.),(1), 41.21 (011,80,), 128.71(0-4), 125.09(0-5), 1302? (04) 139.26(r.-2).14298 (C-3); JR (CHCI,) 1871, 12K 1158 anf’ MS ni/c (ED 248(11), 21-0(3), 169(12), 168 (100), 187 (24), 122(15), 73 (19); mj a (Cl/ammzade) 306(91.306(19). 804(100), 228(0), 199 (12), 112(8),102 (4).95 (4). - - - C. Cycloadditieo. of Pynidonea. 4.Methony-244’ methy1ben8eneU1tony1)-6-ondO-l11t4l4.bIo-2-’azaMoYCtl1 [23.2loct-T.ciao (2a). Njboeth$en." (190 ing etid 190mg after 48b)wee added tea solution oUi(150*ug.0.52lnmwDmCH,Cl. (2.5 niL) in a reeled tube and wee heated at 00 OC fUr 5 dnye. OhromatoJlapby (idUne gel, 51,0) afforded 2eg 

cc a white notid 461mg. 60%); op 155-156 C; ’Ii lIME (CDC,) 42.91(1 H, ddd, JL. -19.99 Jie, J -3.S6 He, 21S }Ie H TM3’ (311. a. on,AJ.76 (lIT, ,Id4J -12.92 liz, , -925 H&J, 3.40 He, 

H4..$); aea°(t, C000). 0.02 (111. ddd. J 9.25 He,4..... - 318 Hz,4., 1.28 
He, H-5), 5.41(1 

H, 
mR-I), 8.31(1 H; dJ.., M6 44 1.50 He, 11-8); 8.89 cilL dd, 44 8.13 Hz. 4.i 6,12 Hz, U-fl. 7.33 J.43fTz,H-W and H-5’),7.84(2N. d,J.v 5.48 Hz, 11-3’ and R.B); 40 NhRL (ODd),) 621.09 (OH,Ar), 35.47 (C’(3, 61.68 (0014,), 58.05(0.1), fall (04), 64.00(0-4), 1.2119.129.85, 120.04, 130.13 (04), 132.14 (0-7). 14t06,. MOO (CO); IF. (31) Ilengreathen, 0.; Rio1 1.. R. 9 on. a.; Molirotra, A. JC.. tyanger, 9. J Qrv 0mm. 1980,441185. 0 06/10/2009 TUB 15:51 (TX/RI NO 75051 Il009 



I 
2 

t 

-- ’. 
� �� 

-- -�’ --� 

2’1$22. 
- 

1-;- - I-..’ � 

1 .- ’--. - -� � 
2 

I - � 

-44s- 2 
I 

1 
II -,2’-I. 

� - - 

2 
- - -’ --� i- - � 

V - - � 

2 

-’ --� --- 
1, r . 

S 

- 

-V. - 1’22. V 
� :2 - ’, 

’: 

’,4sr - �V.V’ V’,� 
� I: ’ 

V 

2’"’ �1 

212’VI2’ I4 

� 2 1 s-’ 
- -’  ’ - 22’ V. 2IN’V 

’4 -� - � i’* - 6’ �ViVS.VVV6V1,22 -VS -’ 44 t -’-’, S - 1’’-’’ ’I-..�s-’. - - 42’-, � :I’ � iVV4 - ’ IAl Zv Is ’ 122. I ,44 �,1l I 2.4 --� V 2 S .I.42’2 1 ’2 �-- 4. --� 7.V’4 ,’,5, V4. --4 - I 

12 t4 I I I V’’ VI I’Vsio.I V.1II.I,VS.�V2* H VSI-- "-Is2 , � 

’2 

H A I 2 4 4 2 : -’’- -’.�’ 

Vi4, 2- .VV4V � Aw sA- - - V I 



Cyoloaddittona Ucing 2-Pyridonee 

IM 

LMDAU 0 raflr,r LLr MT to 91PIV 1 .3 

J. Org. Chem., Vol.37, No. 15.1992 4098 

(CKCl) 1736, 1560, 1368, 1172 crnt; MS rn/c (El) 165 (2), 110 
(7), 109 (bOX, 91 (16), 77 (9); (Cl/ainmoffig) $70 (MNHd4. IU)), 
353 (MW, 84); HRMS caled for C,,HO3 (MW) 353.0507. 

- found 353.0800. 
4-M.thozy-3-(4’-mylbsnzone*uIfonyJ).3.uno-2.egebl-

cyc142.Z2aet4-ene-5-uab-oarboza1dehyde (Zah). A Mh9kM 
of Uur44eiJl (0.115 zzzL and 0.110 niL a(t.r 24 h) and pyridone la 
(46 nig, 0.i’12 moaol) in 

ciçci2 

(0.5 mL) was heated In neanled 
tube at 90 00 for 6 days. Removal of solvent falleead by ebro 
inatography (eikica gel, 25-60% E120 hi hew.) gave 2uti ap a 
white solid (40m2,09%)1 mp LBO CdecI4 NNE (CDCL) 
7.11-2.14(2 11, m, 11.6), 2.44(311. a. OH,Az), 2.82(1 H,m,H-5), 
2.66(311, ., OCil.). 5.88(1 IL M, WI). 6.39(111, iLl, J -5.2 
1in. 1.4 lfz, 11-8), 6.60(111, dd, J 8.2 Hi, 6.1 Hz. W70.22  
g d,J’&2Mz, toaylli), 7.85(211, cl, Je.a2Kz,to.y) H), 9.68 
(1. IL s. CRO); ffi(CH0I11) 1723 (C-O’s). 1998 0)-C), 118$, 1113 
nir MS rn/c (El) 138 (90,110 (12). 100(100), 109(29),04 (M, 
91

 
(37).77 (17).05 (22); rn/c (Cl/ammonia) 334 (MNH., 19), 

363(100), 327 (19), 326 (MIt4, 99), 260 (41). 182 (21), 128 (27), 
12609). AnaL Calcd forC HuNOeS C, 57.30; Il, 9.11i N, 418. 
PowiiL C. $7.23; 11,5.11; N, 4.16. 

Methyl 4-thoxy-2.(41methy)benz.nmulfoiiyi)4een.2. 
.ubI civiL Ioot-7.ena4.cndo-eerboiyiate (2a1). Thor-
mel. A coltitlon of pyrldona 1* Mg rag, 0.132 nirnol), methyl 
ciayiate (0,21 oiL, 10 equ&v), and BHT (2 tngJ In C7401 (U mL) 
wee heated for64 1’ at 180 OCL Chromatography 160% t0 In 
beaen.) afforded an imepaiabla ntatu,e of 2a1 and 3.aethury-
2((4-metbythey1)uxyJpyridInees a pak yellow gam 
(44 mg, 3:1 in Favor dths cycIoaddet 

s 

dotermhwd by 1HNMS). 
High Preirnire. Methyl .m4ate (0.2 L, 38 eqtdv) and 1111130 
0woopez  Added to a aeletreri of pymidoe in (17 rag, 61 pio1) 

in 011.C1 (0.5 niL), and the miztnre we, eubjected to 10 kbir preinwe for 144 Ii. The resulting gum Was taken up in hot mtthanIand filtered to remove polymeric impadtle. Removal of advent afforded an oil which was purified by prepamuva thin-layer chramsbwraphy (R1,O) to afford Zat as a guy (8 rag, 35%): ’11NMR(CDC1,)41.U(lHdddJ.i1&o,4.9,1Jliz, R-6), 2.45(4 H, m, CHa-Airand H4,,,), "39L IL ddd,J 5.8,4.9,1.1 He, H-B), 3.66(3 H,., other CU,), 3.08141,2 H, a, eater C}l,),s,37 (111, M. H.B.02? (1 H. dd.J 9.1, 1.4 IlzH-8),6.6’l (IH,dd,J’a 8.1,4.OIlk, 11-1), 2.21(2 Il,d,J- 8.1Hz,tz,yIlI), 7.67(2 H, ii, J 9.1

 Hz. teryl Hk IF. (Ilbo) 1733 (0-0), 1598, 1339, 1229,1172 cm’ MS rn/c (El) 366 (M", 9). 168 (77), 109 (100). 108(22), calc 94 (8), $1 (22),77 (8). 66 (13); !aft (Clfuaimonls) 366(100); HRMS d for CieHwNO&S 1W -DMa) 3342749. found 334.0762. Diniutbyl 10-Mathoz-4e.1(41-metbyjbyLzenepuUqn,l). aoloynlehex-5..na4,z.dfcarbogylste. n-BuLl (0.8 inmid) wia added alowly to MaI11 (5mt), and the eoluUcn thin obtained win added to the orude miature of the blcydkileł.em 55.1(44mg) at room temperature under dry I41 nbnoephare. After 2 l standard workup procedure Followed by pualfiretlon. by (leak iwn.pi..gvaphy (50% Et10 In It a) aded the ring-opened compound 

a. sguramy aeltd (30 rae 57% from pyridQna)i ’H NM9(CDC1) 61.90-2.15 (2H,In. H4,,and M-30), 2.62 (3 1k s, CH,Ax),3,22(11j,dd,J-13.0,2.flHz H-2),S.25(8Hs,ether CH30), 3.84(3 Ka, eater CUe0), 3.77(311, b, eatoc CHaO). 2.98 (I Hero, 11-4), 5.80-5.83(111, in, 0.7 and H-B), 7.30(2 it 4, J 8.0 lie, Loyl H),7.77 (211,d,J- &0 Ho toeylfl); MCN?vW. 6215$ (CHAr), 28.78(0-5), 43.30 (d.6) 46.94(C4), 52.05 (etler Clj,), 62.68 (0010He), no NM (C0,17}I,), 76.52 (C-I).’. 127,03 (C41,127.72 (C-’7/44), II8 (C-2’), 159.05750coi-A 4), 127.61 (041,14104 (0-1’), 170.68 (COeMo), 170.86 (lB. %rn) 1735 (C’-O), 14s, 1101 cm ERMS enlod for  (M’ - MaOH) 385.0923, found 865.0943. b.(148 mg, 0.32 mm*. 

iiyi vinyl ketone (0.75 mL, 171’agidv). and B1D (30 rag) in CHad. (40 m!J was heated for 132k at 90 Chrowatogreph (50% EfeO Ilk hezan.) afforded the ltattiugpyddone (75mg) and 201 an a agoam gum (78mg,42%: HNP,th(C1.651H,d4d,J2..9,2.0Hz,H I 212 It H. diM, J = 12.9,9.4,3.7 He,H�,,l, 2.30(311, s,CH,d)), 2.43 (3 H, a, CH.Ai), 3.01 (1 H, 66, J = 9.4,4.8112,11.8). 8.07 (3 H,., 011.01.5.35 (1 11, ddd, .1 0.0, 3,4, 2.0 Hz, Hi), 6.12 (1 H, dni,J 8.2 Us, R-7), GM (1K. 4 J L2, ED Ha, 114), 7.32(2H,dJ = LS W tcsylH),7.87(2 Fl, d,J. LSRv,tosyI 11); 40 NM (01)01.13 2L75 (011eAr). 32.20 (CHICO), 5259(0.5), (7,02(0-5)62.53 (C-I), 563.4 (CHO), 84,24 (04), 123.03(0-2’), 129.63(0-1/0-5), 12078 (0-31,132.41 (C.7/C4), 325.42 (C-I’). 148,37 (041, 169.42(0.3), 205.34 (CHeCO); Ut (CIICI.1 1722 (0-0), 1598, 1360, 1171 car’, MS rn/c (51) 152(16), 137 (20), 110(9), 109 (100), 04 (8), 91 (25), 77(8), 85 (12); vale (Cl/am-wan Cl/emnionle) 367 (20,252 (7). 351 (20). 690 (MM’, 100), 281 (6) 280 (41), 169 86). 152 (9), HEMS aelod for CtiHmNOe$ (!kne) 300.1, found 3801068. 4-($nnylony)-2.(4’.inathylbeneenawultuikyl)-S.evJe-nit, $.ea.2-aenbicye1ot32.2J-7.oatone (Zbg). A naltitim of nitrocthylene (409 ing end 400mg after 48 Ii) and pyrtdone lb (200 =I, 0.561 mmcl) In OH,Ct,, (a 

ml.) wee ha.tedln a settled tabs 91) 5Q (orb dem Rmovel olsolvent followed by prep-arative thin-layer chromatography (ethos gel, 60% EtOAc In harene three elolione) afforded 3bg as a white solid ([90 mg, 79%): mp 172-178 Cl ’H.NMR (CDCI.) 62.32(111, d. J,. - 14,0 Hz, - 2.98118, J, , = 2.14 Ha, l(-8,,,d,,). H,,, Cl1e-C42.79 (111, ddd, J - 14.0 Hi, J 9,35 3.62112. 04_,,), &88’t!, J 10.92 14hCH.), 8.04 (111, d,J 10.02 Ba. Ph0111,,), LU (111,644. J6.36 Ra,41_-&63Ha,J..3- L22*,FE)44(1Hd,4, =6.11HiJ u’3.5211z,J 2.1411a,114),&86(1kf, L4q se &d t1-8),6,58(LJy,.’1’&11Hz.Ji.c’6J1 Ka,li-7),7.37(TH,m,H.Ar),7J9(2 ’ LG dJ lN2i 11-z’ end 11.6; C DM(CDCl) 621.70 � 34.264040. 50.63(0-U, 70.00 (CHPh),83,90 (0-8), 84.28(0.4), 1216% 120.62, 128* 129.02,130.00, 131.6$ (04), 133.10, 105.60 (C-?), 187.90, 145.79, 160.0Ø Ut (CUd,) 1738,1566,IM, 1100 cnMS ’n/c (El) 185(10), 184(8), 155(10). 91 (100).77 J20L (Cl/ainteonla) 440 (MrD14,. 6); HENS Oiled for CI N.0,$ 440-1389, found 446.1383. 4.(raenzy1org)..2(4’-metbyTh.nra1Z..u1fcny1)-8-ox*-2-eea. b1eyc1oJeot-7-eeaJ.ceMo-earboxs1d.hyde (Ebb). A laden 

of 
analain (OJlSniL arid O,300mL after 48 h) and pytidoan lb (2Mmg, 0SSlmniol) to (2nd) ena Seated insawded tube at 90 0 C fbT &dau. Ch enatoyaphy (silica get 80% HtOAc In benano) affovdd whit. solid 2hh (182 rag, WY.). This corn-pound wee found to be imitable and was charactei1zd as

 the coneaponding alcohoL 4.((tcad.BatyldhoethyW]-2-(4’-inothyThenaseia-.ulfonyi)-Sdo-nitre.3-oza’2eabteyele(2.22]uot-7-.ni, (2eg). A solution of pyridone to (159 mg, 4.20 mmoD and iii-ttoetbylane (170 mg. 3.5 equlv. and 205 sag, 9.6 equk, after 67 h) In CHad’. (2.0 wL) was healed in a zealed tube for 160 ii at 910 10. Chromatography (50% EteC/harane) a(fardd 2cg 

as 
a wbiçseoUd; nip 112-113 ’C ’H NMR (CDC1iJ 6-0.11(3 H,,, 011,50, 0.23(311,e, C lSH09(0 

H, 
. (Cg),00l) 9.12(1 H dddJ-12.2,4,3,18liz, 2.43(311,., CH5Aa), 2.74(1 H,ddd,J= 

13 3,3. 11r,H-0,,)4.82(1H,di9.3.4.3, 1.2 M. 11.3),5.86(111; 414. J -0-1,3.6, 1.8Hz, 04,J4), 5.10(1 H.dt,J 8) ’8.0 z,J-L4Ih.H-.6.42(1lLd4,J’LU6.l Ha, H43,2.82(2H,d,J" Lb Ea.t.ey1in, 7.02 (211,dJ’&b Hz, tinyl W. ’C NhUI (CDCI3) 6-409(011,51), -2.15(011,81), 17.1% (Me1CSO, 21.02 (CH,.&t), 24.67 ((C113)5081), 91.26(04). 51.31(0.1), 51.48(0-4), 82.05(0-B), 127.72(0-2’), 125.60(04). 130.80(0.7/00), 133! (0-7/00), 134.87(0-1’). 145.62 (041, 1.87.57(C$) 1R (CIXCI,,) 1745(0-0), 1689, 1652,IBM, 1555, 1160. 1172 cwt-,MS in/a (El) 395 (Me - t-Oii), 323(21), 822(85), 209 (86), 165 (70), 151 (47), 91(100),78 (0.- rn/c (Cl/aninionie) 453 4U’, 96), 298 (Me .-t.Eu, 51), 380(47),322(100),209 M 155 16), 91(89), 73(37). Anal.. Cued for CHNaOel C. 53.08; , 6.261 N, 8.19. Pound: C, 53.08111,0.23; N, &.2’7.. aldehy&(8oh), Aaolution of pyrldon. to (1.076g. 2.54 niniOl) and wolein (4.00 ni., 21 .qulv) and EXT (50 mg) InCH1CI3 (IS 

mL) wan huiatedlnaaeiiled tube for l4Ahat90’C- Th.da.lred ifiudud Zhwa.Iaoktod by thnwretiogrephy (,ilicagul 10-509 E40 In hezane) as a white aoUd (863mg, 70%). An easlytfoiuly pure ample was obtained by eiy.tslllze$on (12 v/v EI01hex-anb) nip 121 ’C: ’11NM(CDCte) 60.I1 (311. 011.81), 0.27 (8H,s,CH,3Q,0.88(9 ff. ,. (cfl.J1(1),2.08(LH,ddd2J.’ 18.3, 4.9,2.4Hz, 1{4). 2.14(111, ditat, J -13.8,0.9, 34HxI1 u-b),,,), 2.43(311,5, CH.Ar), 2.85(1 H. 441, J- 8.9,4.8,1.0 11%  06/16/2009 ThE 15:51 ITi/RI NO 750511U10 
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521 1H-1),6.08(iH,d,Jn8,0 k2.11-3).6.43(1Hdd. 
&0, 6A Hz, 11-7). 7.33 (2 11, & ,7 8.6 lIz, toy1 H), 7.84 (2 

H, d, J 84 Hz, tozyl 13), 9.77 (1 M. , J n J..3 110. MO); 
NMR (CDCI&) i 3.93 (CHS1), 2.85 (013SI). 18.69 (Me), 
21.86 (CEzAr), 25.9.8 ((CH,j8081), 28.67 (C4) 50.37 (0-5), 62.38 
(C-I), 81.02 (C-4), 127.26(0.2’), 129.97 (C-S’). 1$L94 CC-11 end 
C-?), 135.21 (C-8), 146.28(0-4’), 169.87(0-3), 200.01 (CR0); 111 
(CHOW 1728 CC-a) 1250, 1188,1172 cz; MS rs/e (El) 575 
(M - c-flu, U), 322 86), 167 (25), 155 (82), 152 (24), 151 (26), 
91(100). 18 (38); rn/s (Cl/ammonia) 463 (MN1l,", i). 437 (23), 
436 (MH. 75),301 (26) 382(11),380 (100),322(9), 276(9). Anal. 
Celcd for CnH2tN0I: C. 117.90, H, 8.7% N. 3.22. Foundi C. 
51.94; 11, 6.67;-N, 5.24. 
Methyl 4.1(tert.Butyldlmetbylzflyflozy]-Z-(4’-uiethyl-

narbuxylnte (2d). A eclutlon of pyrldwm le (45 mg, 0.12 mmol) 
and methyl zcrylat.e (0.11 ml., 10 equlc) and 1113? (3 cog) In 
011z016 (0.8 niL) wee heated In z reeled tube for LID  at 30 ’C. 
The deaired product 2e1 wee leolated by cbomategzaphy Ilica 
not M)-1601(. MO In hazane) es a white tolld (19 m& 86%) mp 
118 ’C J}f NMR (CDCIz) 3 4.14 (3 H, i, CRSQ, 0.21 (8 11, z. 
CHSi). 0.84(911,; (C)CS, L76(1 H, ddd, J- 12,9 Hz. 6.2 
Hz, L93 Hr. H4,), 2.39(111, ddd,J Mg, 9.7, &8Hz,11.,), 
2.43 (3 H,; CHaAI), 2.86(1 H, ddd, J 9.7, 641, U He, H5), 
3.64(8 H, e, astar 0013e), 6.29(113, ddd, J.’ &0, 3.& 1.0 19s, fl-I), 
6.10(113, d(.J1 = 8.0 Hit, Jd = 1.5 Hz, 114), 6.42(111, dd,.7 
3.0, 0.0 Ha, H-’fl, 7.20(2 H, d, J = 8.4 Hz, tocy) 11), 7.84(2 H, 
d,.! 9413’, toeyl 1fl Ta (11*01)1736(0-0), 1694 UBZ 1381, 
1172 1; MS rn/a (El) 408 (41), 323(100), 268(21), 211 (90), 
128 (62), 151 (47),91 (91).13 (61) rn/a (CIfmmonie) 466(10), 
487(30). 466 (MH’, 100), 408(34’- c-flu, 4)1380(9), 322(5), 226 
(2), 211(8). A,riaL Celcd for Cn1lNOASh C, 8&7 H, 4.71; 
253.01. F.un& C, 58.62111,6.67; N, 0.00. 

(2e)). AeottiUun 01 pyrdcno Ic (200 nig 0.B28rniiol) and 
m~vinyl ketone (0.18 19.4 19.4 eqidv) end fliT (10 ing) in 011z01z 

(4.1) niL) was heated in a urelod tube for 132 h. The deeliad wudzct2oJ wee leoleted by chromatography Mice gel, 10-60% ether In barnum) u a white wild man 

(132mg, 58%) nip 127-129 ’C; Zfl N?vflt (CDC1,) 3 -0.19(3 IL; CH$I), 0.19(811, 

a, 
CH89, 0,80 (8 13, a. (CHe)rCAl)p 1.79 (1 H, ddd, J a 12.8, 5.1, 1.9 He, 134,,,), 2.21(111, ddnt, J 12.9,9.2,3.8Hz, H.6,,), 2.24(311. 

a, CHC0), 2.42(313, a, CHAi), 3.01(111, dd, J -9.2,5.1 Hz, 11.6). 8.28(1 11, dde), J st 7.8,3.8,1.9Hz. 11-1), 5.98(111, din, J &O Hz. H-S), 6.42(113, dd. J 8.0,8.0Hz. 11.7), 7.29(2 H, d. J -0.0 Hz, zasyl H), 7.82 (2 

H, 
d. J = 0.O He, toryl H); IR. (OH01) 1728 (0-0), 1721, WT. 1473,1520,1171 0rn’ MS in (El) 382(20), 322(97). 209 (40), 165(23), 187(23),186(72).151 (46),91 (100). 78(86); rn/a (cI/airimonle) 452(13),451 (31),450 (MW, 100), 381 (1*380(74), 322(12), 226(16), 168 (9). Anal. Calod (a C iNOeSSh C, 88.71; IL 8,95; N, 8.12. Found C, (25g), A volution of pliacathylcue (13 mg and 73 mg -after 48 ii) 

and p7rIdorn Id (14 nig.0,199 mmcl) in CH1OI, (1 ml) wee hiatad 
scaled tube aOuO for Sdayz. Emovelofuolventand purification by peepamtM thin-layer chromatography (etHos gel. 90% EtO/ig In hazon. three eluttona) af5,rded Ugge a white solid (4Oing,45%)z mp169-I60°C;H NAM (CDCl.)$z38(3 H, a, 0H-C41, 2.44(311, e,CH-C4’), 4.67(10,dd, Ji 3.08 Rz,J,-8.15 Hz,H-5),5.49 (1H,ddd.4., 5.HiJ - 3.97 11i -1.90 Hz,

 11.1), 6,20(1 H, 6, 4., 740 He, 114), 8.82(1 H, ari, ,J - 7,40 Hz. 4 - 6.81 He, X-7),7.10 (2 H, 4, J. - 1.90 HE, 11.2" and H4), 7.35(30,6, 4. 7.90 Hz. 11-3" and H-51, 1.50(213,4, .1 - 9.81 Hg, H-A’ and 11.3’), 7.91(211,6, J -0.31 M. 11.2’ and 11.5), (H4..,, and He, we psrdallyovariappwi by the isthy1 peep,); NMR (()Cl,) 321.45 (Cff.C4’), 21.95 (CH,-C4), 34.02(0-67,6147 (CI). 61.31 (0-4), 84.25 (0-8), 125,00, 128.64, 129.86, 130.88, 13227 (C-8), 15120, 185.80 (CM, 138.03,135.00,145.73,158.29 (C-0); 

Ta 
(CRC!.) 1750, 1502, L957,1173 ur; MS rn/c (El) 247(37,217 02),216 (71). 202(10), 201 (64),200(11) 155 (13) 124(18),, 123 (197,119(437,91(100), 79(14), 77 (14), 65(38); in/a Cl/emiylonfa) 402 (MNN,1, 37,445 (MH’. 3); 135949" afor H5oNz0eSe J Vi 1f910 - -. Poonar at al. (Mt) 444.0814, found 444.0311. d.(4"-gethyuzariteneaulfcnyl)4-(4’.methylbeuene. gulfonyl).8-oz’zgableyclo2.2.Zloer-T’ene.5.snda-earboz-eldebydo (2db), A solution of aczoleiu (0.173 teL arid 0.173 mL after 48 howe) and pyridone 14 (10D eeg, 0.260 mmcl) in C110l (1niL)w heated inaeeatad tube at90C for 5day. Ohio-ratabograph,y (.lIloag,l, 20% EtOAc In beneze) afforded 2db az a white solid (47 mg, 42%)i nip 124-188 °C ’11 NMR (CDCI,) 82.03(l}I, ddd, 13.29 Hz, 4..., 3.84 HzJa..j =2.0Hz, , 25k (51I; a, CH,.C4")L40 (1 14, m,114,),

 2.44(313,a, C11,-C4’), 2.74(1 H, 4th!. 4.g ".9.43 Hz, J,.n 3.54. J = 2.65 Hz’ 114)8.39(111, ddd,, a 5i.7787Hz, J =8.8611ZJ1.2.01(z,11.1),6.91 (1H,d,Je, - 7.77Hz, H6) 6.64(111, dd,ç.. 7.11 Hz, .f,.. 6.97 Hz, 13-7),7.09(213,4, 7J76 Hz, 112" and 13-8"), 7.31 (2 H. d, Jr..r - 7.6 Hz, 14-3" and 11-6"), 7.48(211, d, J,..., 8.51 Hz, 11-3’ and 11-5’). 7.88 (211,4, dFr-4y = 831 Hz, 11-2’ and 13-0, 9.70(1 H, 4, J - 2.68 Hz, CHO)l 130 NMR (CDOI3) 821.23 (CHC4i, 21.71 (CHrC4’). 3258(0-37.47.17 (C-8), 82.81(0-1). 61.21(04), 120.57, 127.37, 12814,129.69, 130.03,132.38(0-3), 125.09 (Cl), 136.87, 139.69,145.29,157.69(0-3), 198.38 (ClI0); ZR (CHC33) 1724, IM. 1172 cra MS rn/c (54251(10),220(59), =9 (1),239(8)202 (37,201 (25),124 (45), 123 (57), 91 (62),77 (5), 76(17), 66 (21), 64(2),49(1007,49(9); az/c (CIftiinsnoia) 446 (NNH44, 51), 428 (MW, 74); HRZsIS soled for C,,I3nN041Sz (W) 427,0912, (owed 427.0016. E-Medhyld.(4"-mehylb.nannciulf.nyk)-2-(4’-*thyI-henueauy1).3-ono.2.aanb1eya1oE&Z23ocs-7.cne.&-auda. carhoenldabyda M. HIgh Pressure, Matbaciolelra (0.293 niL, 27 mmcl) was added to a solution of 16 (100 reg, 0.260 =me]) In OHC), (1 niL) 

in a Teflon sealed tube and wee sbjectad to high pressure (12 kbar) for 5 days. Solvent wee removed from the reaction nihitura, and the resides was chromstographed (afire P1, 80% Et0Aclnhezene)to afford 3ae a white tulid(G2nig, 54%). TheemaL Methacrolehi 

(0.228 inL end 0.223 sal. alter 48hiwrn addedtuaSulivnuf 14(100 mg,0.260 mmcl) in 0N,Ct (1 niL) In a sealed tubs and-wan heated at 80 ’C for 90K Chrumategraphy (alike gel. 30% EtOAc In bezane) afforded S as awbite solId (40 m& 4(1%): nip 134-138 t ’H Nb’flI (12)C1.) 10.03(311, a, CM,-C-5), 1.82(1 H, dd, 4.,. 12.26 H1, 4, or 3.52 Hz H-8,), 2.10 (114, dd, J12.26 Hz,J, 2.071126 11. 6,, 231(3 H, 

5,CCr47’) 
l.144 (311,’, CHC4’, 527(10, 

ea 
H-I), 5.91(1,11, 64,47=7.30Hz, 4, = 1,.72 Hz, 6.07 Hz, l(-7). 7,05(2 11, d, J5 7.67 Hz, 112" and 11-811, 7.24(411, t, J = 841 Hz, H-Y’ and H-’andW3’andH.61,792(2$,d,J,,.,341.Hz, 11-2’ and 114), 9.62(113, a, CR0); "C NMS (CDCI.) 118.87 (CH.0-0), 21.21 (CH,-04"), 21.73 (CH,4341), 40.94(0.6), 51.68 (C’S), 6292(0-1), M70 (C-4, 126.19, 128.45, 130.29,-130.82, 132.55, 134,77,135.88, 186.17,139.48,140.44,16748(0-3),199.39(000), 111 (CHCI3) 2724,1724,1687,1261,1172 cm MS rn/c (El) 245 (2),244(15), 218 (28),215 (91124 (10,123 (21), 91 (46), 77 (1)i 58(14), St TI, 49(11).41 (100). rn/c (Cl/nm’iwmin) 459 (MNH4. 4),442 (MR, 23); IUIMS caled far C,g}X2,N0,,$, (11’) 441,1069, found 41.1.1073. D. Eplmerleation of Nile,, flicyolic Ad,lucti. 4-Math-uzy-Z44’.niethy)benzsnesulfonyl).5-azo-nitro.3.oan.2.ua. bte,ndol2.2.a]eel.y.ene (epi-Zag). To a solution ct2eg (28 mg, 6.07 mno1) in MaCH (1 ml.) and CH,C12 (1 niL) wadded ainmonlum formats

 (0.95 tug, 0.148 teniol) in one portion, and the reaction mlntre was stirred for 20 hat room temperature. Removal of the solvent and purification by column Chroinatog-rzpby (ollica gel, E150) gsve cpi.2ag as a white solid (23.6 tug, 94%)i mp212-214 00, ’H NMR (CDCI,) 80.24(111,ddd, t4.0 Hz, Ja,,, 4.28 Hz,Je,,,.., 3.40 lIZ, 11-6,,,,,), 2.26 ddd,J-lLOHr,J 1U.ffIIfz,J ,.,-"23711z, H, R. CH,Ar3.35 (3$, a, UCH4.77 (A 11 dd, J5.,, 1021 H’,J - 4.28 Hz, 13-5),5.49(1 H, m, 11-17,8.52 (I. 11dd, 

47 8.14’1 4., -1.89 Ui, 13-9), 6.’18 (113, dd, 47 
-814 P.W.4, &93 Hz, lI-I), 7,98(20,4,4, 0.43 Hz, 11-3’ endJ4-5’), 795(2)1 4,4., M811Z, 11-2’andll43 I’C NMP. (ODd5) 821.99(00,0-47,34.29 (C-4), 50,68 (00115), 58.47 (C-L), 82.00(0-47,84,86(0-5) 138,58,129.81,129.86,180.59(0-8), 130.81 (C.?), 146.68, 188.82 (Ł-3); 111(01101,) 1741 (0-03,1565, 1367. 1173 arc1 MS rn/c (El) 156 (2),110 (7),109 (100).91 (12), 77. (Oh We (OX/ammonia) 370 (MNI%,’, 1007,288 (MW, 30); HRMS 08/16/2009 TUC 15:51 ITX/RX NO 1505) M011 
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calod for C,f1N50S (MNH44) 370.1073. found 570. 1080. 
4.(8eazy1ozy).2.(4’.methy1benmonlfuuy3)$nitpo-

Sro.2-ariblcyoi.(Z.2.2]eat-1.ene (apJ-2b). To a solution of 
2h (50 mg, 0.101 inm1) In MoOR (1 mL) and CH,C11 (1 jnL) 
wa added ammemitun fermata (12.7 mg, 0.202 ramol) In one 
1ioytin, and the reaction mixture was atiried for eQ b 4t rneac 
.emperatw.. Barney.) of Urn solvent and puriftoatloa bymlumn 
chmmatepaphy (aO% EtOMin hazena) gave 3L5 mg (89%) of 
cpI-2 as a white solid asp 125-196 C; ’H NMR (CDCJ3J S 2.36 
(114,dtJ =14.oHz,J=4.2aHJ - "346Hz. 
H-0_, 24iePddd, - 14.0 Hz, J.  .h17 Hz, J_ 

2.59 Hz, H-, 2.48 (314; CXfrC-4’), C3 (1 H, ii, J - 11A9 
lit, r’hCH2), 4.85J(1 H. dd, J&.&__ 10,0? He. J 4.28 Hz, 
H-S), 5.21 (1 }1 d,J 11.49 Ha,PTiC[1,), 5.61(111, in, H-1), 5.49 
(1 H. dd, 47 8.11 Hz, J 1.69Hz, 11.9), 0.70(111, dd, Jp.e 

0.11 Ho. J.,_ 5.93 Hz  H-7),7.27-7.37 (7 H, m, [1-Ar), 746 
(2H,d,J,-8,37Hz,Hruzd Ii-ft NMR(CCl)i2124 
(CH1-C-41, 34,29(0-0). 50.70(0.1), 09.53 (CH2Pb), 84.28(0-4), 
64,38 (0-5); r7.30, 128.02.125.51. 128.62,129.60,131.5? (0-0). 
120.06, 135.74 (C-7).127.% 145.80, 167.03 (C4); IR (CHQ.) 1140 
(0-n0), 1505, 1606. 1354 hoG cm MS rn/a (El) 165 (9), 194 
(2), 185 (6). 91 (100), 77 (8); rn/c (01/ammonia) 446 04NH,4. 
); BF(MS catod for CwH,,NeOeS (MNH4I 446.1386, found 

446.1892, 
4-(4"-Mashylbeenaaulfanyl).2-(4’.mocbythenuon.-

�u1fony1)-G.ezo.nhtro-*-oo-2.azabIoyo1o(2.2.2I4-oosetie 
(.pI-24g). Tea 1ü&iii of 2dg (131 g, 0.295 imiol) In MsOH 
(I =W and 0H5013 (2 aL) was added mamoiduas ferm*te (3826 
mg,O.SS ,nmol) in one portion, and the reaction mixture was 
stirred for so 11 atrooth *$ rtwc. Resouval of the *41v*ntasd 
puri&ation by flash volurnn ebromato9raphy (30% EtOAc In 
hexane) afforded cp-24g us a white solid (125mg 95%): asp 
168-138 "C (from OICl2/EeO (12) vfv); ’11 NMR (CDOI5) I 
2.30(3 H,s, CH3-C4"), 2.44(611, s,0H3-C-4i. 4.67(10, dU. 

J?95, 
8.98Hz, 4c 5.16 Hz, 11-5), L46 (I  rn,J..7 5.93  

= 4.29 1Jj - 2.41 liz, J 1.50 lIz, 11-1). M  
U, , J = 7.’76 1li7 � 1.80 Hz, H-B). 6.61(111, dl. JT.c 
- ?.’76 Hz, 47-5.93Hz, H-?), 7.18 (2 H, d,J. � 5.0 liz, II.2’ 

dH$"),5.34(214,d,J,, -5.0 Hz, 11-r’ and H-5"),7.51 (2 
H, d, 4.., &84 H,  H-B’ and 11-51,7.91(211, d, Ju..e’ 9.84 
Hz, 11-W and B-B’); Nh (0D015) S 2L42 (CHC4"), 21.95 

38.00(0-6), 5141 (C-i), 81.97 (C-4). 64,02(10.5), 12220, 
128.0s, 129.35,18045. 132.72 (C-B), 136.41 (C-?), 19&01, 140.97, 
182,58(04); IR.(CHCl) 1725(0-0), 15110. 18%, U66 cm MS 
m/e (51) 247 (2).21’7 (12), 219 (36), 201 (37). 155 (7). 124 (13), 
123 (100). 119(33). 91 (90), 79 (14). 77 (16). 63 (45); rn/e (01/ 
enioida) 482 (M:NB1. 1), 449 (MW, 12): HRMS caled for 
C,HwNzO,S (MR’) 444.0599. found 444.0305. 

5. ChemIcal Mauhmuixti.n of l.Aasblcvolol22.2loetana.. 

ene, NBH, (19.35 mg) was added to a solution of Zd1i(21&& 
Mg. 0.511 muiel) In CH,015 (3 aL) and methanol (SeaL) MO ’C, 
and the raction minti.we was athved for 15 mm and then poured 
Into HO (25 mL) and extracted With CHCI, (8 X 50 niL), dried 
(M1805), filtozed, and concentrated. Purifkation of the residue 
by flash column chrornatoaphy (allies gel, 54M) afforded 
epk  clew oIl(203.O tog, 93%) 1HNMR(0D0ljöl.59 

R(l-H,.dJd.d  13.O0Hz,1 -424J.  -2.0 
H

 In. 
EL7Wfl, be,  

t211r., 
(3 H.  

CHrC4"), 2.95 (j 11p m, 11-6), 2.44(3 H, a. 0H.5-C4’). 3.42 ft 
11, ’Id, J, 11.34 Hz,J, -5.94 Hg,H2,0H), 8.92(1 
H. dd,J,,,.g, -11.24 Hz. Jee - MI Hz, -CB5J1O1fl, 5.30(1 
H, ddd, 4 6.02Hz, Jj.j ’.3.46Hz, 4,,, 2.0 Hz, B-I), 
5.82(1 H,d,J 7.8O1fz,R-W,84O(1 H,ddd,J 7.BOHz, 
J, -.6.02 Hz, 11.7). 7.05(2 H, d. J. = 3.0 31.% 11-2", 11-61, 
7.30(2 H, ’I, J. 5.0 He, H-3" and H-B"). 7.99(211, d, 4-, 
-8.37 Hz, Xi.3’ end 11-51,7.09(2 H, d, 4.-SI He, 11-2’ end 
R.w); 12C NMR (CDC1,) 521.26 (CHC-41, 21.91 (CR,-C-41. 
8305 (04), 38.95 (04), 3243 (C-1), 60.15(0-4). 64.25(0-9). 127.97, 
12.827,129,69,129.92,132’79, MCC Mal, 135.45,12844,140.19, 
18829(0-2); JR (C1IC1) 3812,513, 171.3, IM. 1304,3172 our 
MS rn/a (51) 222(34’ - T.N. 3), 156(2), 1.23(4), 109(8), 91 

47 (fl, 41. (1.00): rn/c (Cl/ammonia) 447 (MNH,’, 3), 430 
(MH’, 21); HRMS caM for CuH,NO4Sz (MN’) 43D 1147. found 
4301141. 

3-ando.[tert.flvtyJdJmethyIaUy1)oxyJmeth,y1J.44"-
methytbaunegasulfenyfl.Z-(4’-rnethylhancono.ulfonyl)-8. 
oxa.2-aasblcyolo[2J.2laot.7.onu (4). PdethyIarrfna (0.019 aL, 
0.151 amt)) was added to the solution of 04hyd,ozyzaethyI)-
4-(411.methylbenzenasulfon,1.)-2-(4’.methylhunzene.uuIfonyI)-2-
oxo4arabiayelc(Z.2.2]oot.?..ene (84.4mg, 0.125 nimol) iii.CffCZ 
(2 niL) jet0 °i1 After & mm, TBDW0Tf(0,05d nit, 0151 pnnclJ 
was added via syringe. After 6 mlii the reaction mixture was 
qu.nclwd wIth klO (6 =L) and entcacmd with ENO (3 XIS niL). 
dried (Mg504), filtered, and concentrated tugiva armidue which 
We4 purified by cohiam chmmato’aphy (sWea get, 30% ErOAc 
jii give 4 eaa clear oil (65 nig, 95%): Iff Nb (CDC1) 
6 -0.01 (8 H, e, CHS0, 0.05 (3 Xi, a, CH,,SI), 0.96 (6 H, a, 
(0H3)5050. 1.82(1= 12.92 Hz, Y.  = 4.091J. 

201 Hz, H � 2.12.11 K  
z.i(31i,,01f,-C4’ 220(3H,n,CHr-C41,8A6(1H,dd,J 
� 10.0 Hz Jg, &31 Hz, CHsoHmOSi), 3.97(1 H, dl, Jso-c. 

10.0 Hz, Jn,., 4.08 Hz, -OHJtgbOSi), 6.35(111, ddd, J 
� 6.97 Hz, J[ 4.05 Hz,  

.,.,.     
- L7d, 1.8 Hz, 0-8),  J7.80 Hz  Ji1 

Ho  1-7), 1.09(2 II  d,J-8.0H11-2°  end 116),
 

7.35(2 
R. d, J- 8.0 Hz, M.  and H-B"), 7.44 (211, d, J,,...,. 841 
Kr, lI-rand 11-61,7.49 (2 IL d, 4, 5.41 lIz H-21’aud H-M; 
n0 NMP. (CDCI) 6-6.84 (OH,Si), -5,26(011,80, 19.20 ((C. 
1ICSi). 21.27 (CH,-04"). 21.92 (011-C49, 25.90 ((CH09i), 
33.02 (C-6). 38.37(04)52.50(0-1)43.22(04)48.94 (C-9).127* 
12880,129* 129.81- 182.83,123.29,13442, 135.1, 13843.145.02. 
129.62(0-3); JR (CHCl), 8036.2984,1719 (C-i’D), 1695,1204, 
1240, 1169, 1096 cm MS uei(c MD U4 (MW, 100), 890 (13), 
347 (15),289 (4).229 (16). 168 (z), ft (8). 08 (4); in/a (Cl/ann. 
nionls) 488(34"- t-Bu, 2); HuMS ealod ton C,HWO.,S,9i (M 

486.1229, found 4$6i2 
5,adoC((S.t.py1dIiacoh,1lIyJ)UZYJm.J-2.(4" 

mdhy1beuaoneaulfon7fl-9-,zO2-*zab1oY(t2.2]0et-7-4fl0 
(5). EujSnH (0.076 ml., 0.283 mmcl) and enobiefsobijtyroniUe 
(A1BN) (48.4 eag, 0.253 mmofl were added to the solution of 
compound 4 (70 mg, 0.1.28 assool) in .nhydroZs basrena (3 miL), 
the mixture wu heated at refunt temperature for 2 h, another 
0.282 rnmol.IAJRN wa. added 41a inngo In benzenł (0.5 niL). 
altos 2 h yetton the reaction mixture was cooled down to room 
tesaperatuze, the aelvant was removed under reduced preasilse, 
and the nesultantreeidue was purified by P1’LC(aillea gel, 203’. 
MOM Iu barena, three elotlons) tsgre8 (48uiL 69%)eiaeiear 
o2 H NMR (011(11,) 6-0.01 (5 M. a, 0J15-Si), 0.84 (9 0, a, 
(CH,)CSi), (1.97(1 H. m, H-6). 1.24-1.35(211, so, H4,,a, and 
H-4),2,18 (lii, dill, J ..e 14.0 Hz, J,.,5.26Hz’ Ja,,, 

(1 H, t., - 
1.0.0HZ.Jir -10.0 Rz-O&..E,,,OS0, 5.41(1 IL dd Ja,e.’ 30.0 
Hz. J, 8.26 Hz, -CH,,J450&), 5.31 CL IL ddd,Jjq ’6.9 Br, 

-30112 .  , n 1.41 Hz, 0-1)8.14(111, ddd. J1.., � 

;We,47 7.52 igj,4 Lee  11-8),6.50(1 H, ddd. 47 
- 7.52H2,4-L 8.8 Mr. J, - LOS 11z11-7),721 (2H,d,4, 
= 3.2511z, 11-3’ and H-B’), 7.64(2 H, & J,,’. 8.35 Ha, 11-2! and 

C MM (OD05) 6-5.87 (Cif,", -5.28 (MM, 21.75 
(Cli,yC4’)p 25.84 ((CH5)5(l), 25.97 ((Caf)5C1), 80.37 (0-61, 35.40 
(C-S), 47.32(0-4), 53.88 (Cl). 64.81 (0-9). 128.11, 172 
(C-SI 129.38,183.85(0.7), 1"12,17L27 (0.3); JR (CHCI,) 1713 
(0-6), 1695,1264, JIM 1102,1090 MS ,If (91)421 (Mu", 
2),864 (Me - I-Bu, 24),167 (43) 155 (21),10 (41), 116 (7), 100 
(6), 51 (72),69(16). 87 (4); rn/a 0I/ernmanIn3 439 (MNHI’. 2), 
492 (MW, 100), 364(14"- t-Bu, 4)s HRM esled for OuLN-
08Sl (Mu") 422.1621, found 422.1818. - - -- . - 

qirbaxylato (4). To a solution of UOMO  (0.22 oiL of n-SeLl 
1.814 In h.- -n’, in S niL ofsuhydzoueMeOH) at  "C. a soluarn 
ofcompound 4(11 mg, 0.0211 mum)) In C1(01, (0.0 ml.) was added 
via cannul.. The reaction m6"’e was warmed to room tome-
perature and stirred for 411, quenched with saturated aqueous 
1W,1(8 ml,), extracted with CffCI5(4 IC 23 niL), dried (Mg804), 
iltenid, and concentrated. The resultant residue was purified 

by pSic (35% EIOAc in heranes) to gIve 6 as a clsr OR (77 mg 
66%): H lIMB (ODd],) 6 ’-0.07 (8 H. a, Cr1.81). -0.03(3 H, 16 
CH5SR. 0.62(911,., (CB,)5C81). 1.26(1 IL as, H-&O, L44 (ill, 
re, H.fl), L97-Z04 (1 H, as, 040. 242(30, a. 011,-Of), 2.62 
(2 IL in, W3st.ft), 2.78(10, a, 11.0, W (1 H, dd, 4,,, - 10.0 
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Lmono a rflflFIT LLr FIT 

Z. J, 7.02 Hz -C1l71UOSI), 8.01 Cl 11 dd, J,. 10.0 
Hz, J, 3.291k  -C11JIO3i), 3.70(3 H,. CHO), 4.47(1 

1-jr-8.0w).6,65     (1 H, 4, J - 8.36 Hz, R-2), 1.25(2 
H, 4, Jer 8.31 Hz, 11-3’ and 11-51), 7.77(2 11, d, J -8.31 
Hz, H-2’ and H-61 "C NMR (CDCI3) S -547 (CH.8J), -0.27 
(CHSO, 17.63 C(CH.)iCSi)p 21.72(0113-04’), 28.02 ((CHa)aCSi). 
MO. 34.12,97.01,48.04 (OC), 6L82 (C-33, 4.81 (C-7),10.17, 
12988,130.12,129.38 (C-1), 139,21(C-2),14:L35, 166M (CO2Me) 
1K (CHC) 1701 WAS, 16M 1255. 11M 1078 MS rn/c (31) 
397(24) 390 (M - t-Bu, 100), 228 (18), 225(89), 185 (7), 115 (8), 
91(40), 89(84)59(14), 580,67 (4). fIRMS calM for C1,HN-
OSSI (M - t-Ru) 398.1201, found 898.1305. 
4-Utłrt -lhitytdtm.thyiJflyl)oxy)4..izdo-(hydrax3l-

methyl)-Z-(4’.mathy1baniuu1fony1)4.ozo.2.aiabicte1c-
(Z.22lecL-7..nc. NA8H1 (49 tog, 129 cuo() ee added to a 
solulion of Zak (581 mj6 1.29 riirnol) in CHaOH (10 n1.,) at room 
tathpmratur.. The reaction mixture was stirred for 15 min and 
than poured into 1I0 (10 ml.) and was extracted with CH3CIt 
(3 X 50 ziL) and dried (Na$04). Rezzovil of eolvan$ followed 
by flaib cohanin chrom*togtaph (.ilka gel, 60-100% L%O in 
bexane)affordad a gucacay solid (568 ing, 100%): ’H Nhfll 
(COOl3) 1 -0.14(311,., C118, 0.24(311,., 0113S1), 0.80 (OH, 
c, (CH,)3C91), 1.09(1 H, ddd, .r 110,4.8,1.0 Hz, H .2.14 
(1 R. me 11.5), 2.27(111, ddd, J -13.0,9.9,8.6 Hz, H. 3), 2.42 
(311. � CH,Ar) 3.30(1 H, 44,1- 118.4.6Hz, CH1OH), 3.99 
(iN, If, J 11,3,8.1 Hz, CH209), 8.20(1 1X, m, 11-1), 607 (1 
H, 4,1 8.0 Hz, H40, 6.98(1 Be dd, I - 8,1), 5.0 Hz, H-?), 7.98 

(2 H, d, 1 8.6Hz, toayl 11), 1.83(2 IL 4,1-3.5 Hz tyt H): MAR (00013)5 -3.88 (C1iSi), -2.89 (0113ffi), 18.41 (Mva(i), 2U3 (CHiAr), 2525 ((OH3)gSl), 80,98(0-5), 39-71 (0-5), 62.04 (0-1), 84,85 (C110H), 83.09(0-4). 121.82 (04’], 129.47 (C-SI, 130.55 (0-4’ end C-?). 136.04(0.8), 195.99 (C-I’), 171,02 (C-a); 

ZR (CHCI3) 1730 (0"0), 1698,1472,1881., 1.1.88,1121, 1090 az" An.L CalM for Ce,HkNO,SSk C. 87.84: IL 7.14: N. 8.20, Foun& C 87.Th H, 7.16 N, 3.16. 4-Hydroxy.-5..endo -(hydiZyniazbyl).2-(4’.imIhyl-benanneUonyloxo.21oyt.nL The alcohol from the above preparation (Is tog, a167 mniol) was 

dlaielved 11iTHF, and tctra.n.butyiammmlum t1i1d.. Th&8) 
(I M salation In THP, 1 niL) was added at tom temperature. Aftax 20 mm, the solvent was evepereted and the rrn14za wee obro*tographed dfraetly (Et20) to afford a whit. solid (32mg, 60%): rap 114 III NMR (CD

 )6L10(IH,dd .J" 13.06 425,1.9 Hz, H-6,, 2.02(1 Ii, in, 11-5). 3.91(1 IL ddd, I ISA 9.8,3.8 Ha. H-B,,,,), 2.44(913.., CHeAZ), 8.45(1 Hpin, CH0H), 3.16(1 H, 44,1 = 14, 9.4 Hz, CutOff), 5.28(111, ddd, I - 7.5, 3.8, 1.9 liz, H-i), 8.20(1 H, 4, Jr in 9-ONe, 1141.643 Cl H, dd, 1-7.8,8. Hz 11 0, -7), 7,32 (2 H, ell J- 6.0 Hz, tasyl ID, 7.84(2 H, d, ’J 8.01k, byL 11), ZR (CRC],) 3483,1728,1609,1519, 1174 om1. AneL Caled for C,)Z,.1NO5Si C, 50.721 H, 530; N, 4.33, FitJid C, 55.61;11, 6,32: N, 4.28. Thin bin-Ic*ho1 in sensitive to thrometography. Therefura, 101’ the asat stop, the crude product obtained after atendard aqnceue workiip was used. 4Hydro3f-6-..ado.f( (tort -butyIdteantbyhUyI)axy. L32.2Iuvt-7.vne (7). To a 011,01, (0 mL) aoludon of cmda bh-alcohol. prepared as described pravioudyby addidon otThAP (1 M solution in T.W, 2 mU tothaeho) (420 log, (198 mmcl), wan added TBDMSC1 (150 mg, 1.0 toniol) .udlethyWibm (O,lBmL, LOB anmol). Alter 85. the anlution wan poured Into watar (10 ml) and wü extracted with 0113C1,, (2 X 80 eeL). ’pezatlosi of solvint followed bythromatni*plq (15-80% EtO 

to hexane) .tforddwhk. .olH7 (MD zag 80% ever two elap). rep 112 GQ 1HNMR(00013) 4-0.01(6H,a,(CH3)381),Q,34(9H,,16 (CK,)1C80. 1.48(111,Mile 

J 111, 4.9, LBS Hr., 11-6,,,,,J, 2,00 (1 N. m, 13.5), 2.26(1 H, 444, J 18.1,0,4,3.7 He, H-.6,,J, 2.42 (3 H, a, CHAr), 349(111, 44, Jr-0.5.7.211; 0ff308Q, 3.76(1 R,dd,J GO, 8.611z CH5099, 627(1 H,ddd,I-60,$,7, LOS Hz, 114), 8.08(1K, a, I 8.0 Na, 114), 6.35(111,44,1-8.0. ILO Else M,7.30(21J see asH,7.85(2i!J 8.8 Hz, touyl H)i DO NMP. (MCI,) 8 -0.41 (CH,l), -6.40 (011,90,13.11 (Me,(flL}, 21.6? (ClljAr), 25.77 ((OIJ,JzCSl), 31.33 (0-5), 2943(0-5), 62.81 (0-1),63.e7 (CH0fi u), 73.63(04), 12r$O (0-21), 130.03 (0-3’), 1,29,94 (0810.7), 135.37(0-4’), 135.86 (C-3/C-I), 14.9.24(0-1!), 172.43 (0-3) 

ZR 
(011C1,) 1721(0=0), 15w Power at .1. 1412,13611188,1112,1089 cm. Arial. Oiled for C,I131N0,9& C, 67.64; H. 7.14, N. 320. Pouii& C, 57.81; H, 7,09, X. 8.18. Methyl 8.(((t-11uy1.tby1.ily1)oy]w)4]-W hydruzy4o.(1’.mclhylbonanieeeu]fenseeldo)cyolob.*-2’e’3e. unahenjIate (8). ,pBtTA (3.2 mmQfl wan added slowly to Me011 (10 niL), and the anlutlon tlnie obtedned was added to blcyclio lactam (350 rag, 0422 mmcl) at room temperature twdcr dry N, .tmo.ph.re. After 2 b, aworkup procedure as described above followed by prI6at(urt by flash chromatography (50% Et,0 In b.xano) effirdad * 

an a gummy solid (280 mg, 81%): ’H NM (CDCI) S 0-00(311. a, CH,$I), 0.01(311, a, CH,,80. 0.85(911. z,(CHahCS5(1R4),L55(1H, dm, J 0 Hr. H-5,), L67 (1 H, di.. .1, -

 44 Hz. J 11.5 Hz, H-5,), 2.43 (5 H. e. 011,-Ar), 3.43(113.44.1 44. 9.9 11z 01308I), 3.61(111,44, si - 8.7,0.9 Hz, CH,OSl), 8.74(311, a, 002CN3), 3.87 (1 ft, in, 11-4), 4,81(111, bd, 15.O He, NH), 8.60 (211,4, J - 10.0 Hz, 11-2), 8.84(1 H, 44,1=4.0, 10135.13-3), 7.31 (211, d, I = 8.0 Ba, AriD, 7.78’(2 H, 4,1= 80 Hz, Arl); "C NMR (00013)5 4.64 (C058i), 18.31 (M.10, 2148 (C11,A4 25.85 ((CllI3)C). 21.41 (0-6), 8758(0-6), 47,12(0-4), 62.03 (eater 011a)’ 82.59 (C1i0), 71-46 (Q-1). 128.92(0-2’), 128.61 (C-2fC-3), 129.75(04’), 23140 (C-2/C4),137.00 (04), 18.7.48 (C-i’), 176.13 (CO2Me)1R (film) 8278 (OR and M. 2926, 1735 (0-0),1437, 1250, 1086 cre" HEMS C" fur C,,H,gNO688i (M - Ca.) 41.2.1250,4-114 412.1868. 5adł-(Hydr,pynitkyI)-4-m.thony-2-(4’-m.tky1-berraane.ulfonyl)4-oao-ZbioyoloP.ZjJooI-T-ene. TM. uany.asalwmpzupaxml In annzdanni with thevnvauil procedure deecribad previucaly. Thu.. cterthig from a votutlea of aldehyde (357 mg, L07 mmcl) In McOH (10 mU and NeEH,1, (88 rag. 1.0 mao!), we obtained a wany solid (313 rag, 94%) 11114119. (CDQ,) 51.02(1 H, ddd. I - 12,6,4.4. LB Hz, 11-5..,,,), 2.14(1 IL ni, 11-5), 2.22(1 

H, ddd. J- 12.6,8.7,3.7Hr, H.G.J. 244 (2 IL., CH,Ar), 3.32(111,44,1=11.4,4.1 Re, 014011), LM (1 IL dd. J 11.4, U lie, Q4OB). 3.68(811, a,CH0), 5.28(1 

H, 
444,1-8.0,8.7. LS Hr. lf.1), 8.43 (1  11, d4,J. 8.2, 1.4 Hz H6). 8.58(1 If. dd,J&2,&OlIz, 11-7)7.57 (211,d.J 53 lfztueyl )f), 129(211,4, J -5.9 H.e,tevy) H); 111 (film) 3522(011), 1728 (), 1597 (0=0), 1355, 1170, 1098 om’; BRAtS mind for C,,HmNO,8 (WI4) 338.1062, foUnd 338.1069. 4-(Eanzyl.zy)-5.owdo-(bydroxymetbyl)-2-(4’-m.thyl-f(*8H4 (17.67mg) was added to a solution .f 2bh (192 rag, 0,467 amal) in C11201, (3 mL) and 11.011 (Sink) at 0 IC, and the reaction muter, was atirred at thin temperature for 16 min, pawed intoML f H101 eztract.od with Cli,CI (3 SO toL), dried dgSO), 84*zed, end conoantrelod. Purification by coiwnin chromatog-raphy Offica gel, 60% EtOAc In hoxan.) gave a white solid (149 mg, 89%): rap 105-106 C; ’if 141111 (dDe!.) 8 III (111, m, H’6,,,,), 2.29-2.20(3 Nm, B-S and H-C.,,), 2.44(3 If, z,Ol4Ar), 2.7B(lKskoad,01O,825(l IL t,J = ll2CHz,-CH,,,Hai3O}t), 3.63(1 H, dcl, Jg, - 11.30 Hz, J, w &0 Hz,. -CHJIg,OE), 4.68(1 If, 4,1-12.03 Hz. PhCH.), 6.11(1 IL d,1 12.03 Hz, PbCH3), L25 (111, ddd. 4., 4.04 Hz. J.g,*5.34 Hz, d 1.76 Na, H-i), 6.48(113,4,4,, - 9.21 Hz.1.8), 8.56(1 R’& 

4. - 8.21-liz, 1g. 5.04 Hz, H-I), 7.90-7.40(7 H. to. B-Ar), 730(3 H, d,4,,. &8d Ha, 11-2’ tad H-8’) "C TOM (ODC1,) ’52245 (C113A.rJ. 31.68 (0.5), 38,88

 (C-C), 62.39 (CI), 64.82 (PhW3), 6997(00113), 9017(0-41.121.80.128-08.12818.123.16, 198,09,131.09(0.8), 132.54(0-7), 138.04, 187.68, 146.46, 170.3? 

ZR 
(CHC23) 8574 3642 1725, 1596, 1225, 1172 om’; MS rn/c (50217(5)216(M4 - ’1’6NCO, 18).155 (#.),129 M91 (100); rn/c (Cl/.mmunu.) 491 (MNH.,, 23),414 (MN", 100); fiRMS Wad for CJLMN0I9 (MW) 414.1375, found 414.1372. (2i.2]oct-7.cri. (Bnk). This compound was prepared in coedenco with the gener*l p’nn dmezfhe previously. Thrn Ungfwina solcjljon ufakuhol(Bl3iz,g, 0.829 wane!) 1 CHCI,, (lb .ilà. TBDM1’f (0.5 niL), end Bt,N (0.26 teL), we obtained 9th as guwwv 1uSd (388 rag. 82%): 3H NJflt (COd,) .3-0.02 (3 U. s. CHAD, 0.00(3)1, s,CHgSO, 8.83(911.., (CH3),C2O. 1.83 (111,444,1’ 18.1,8.8,1.9 Iii H4.,3), 2.18(2 H, m.H-6 and H6.,.). 2.43 (3U.z, CH5Ar), 3.32(1 R. 44, J -.9,9,7,5Hz, 014081), 3.68(3 H. a, 011301,3.73(111,44,1 M. U ifs, CH,0Sl), 525(111, m,H-1), 6.21(1 H, 44,1 - 8-2,1.8 Hz. 11-8), 08/13/2000 TUE 15:51 (TX/RX NO 75051 IMOIS 
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M (1H,dd,J. 8.2,&9 Hz, H7),7.292H,d,J.&6 Hz, th8Y1 
10,7M6(2H,dJ- 8.6 Hz.toayl 10; ’C NMR (CDC1) 5A0 
(C1lSi). 18.15 YSi), 21.78 (C11Ar), 25.85 ((C )1CYS1), 81.57 

38.04(0.5), 52.58 (C-t),64 6 (OHIO),62.. 09 (C Q31), 83.20 
(C-4)6 128.02(0.29. 129.64(0-39, 1n .o3 (08/0.7), tas.so (041, 
132.01 (0.8/0-7), 146.04 (0.1 1, 172.40 (0-3) IR (OHCl) 1728 
(0=0) 1598, 1472, 1360. 1261 1172,1081 czu’… MS r’ft (El) 394 
(M - t-Hii, 20). 197 (30). 122(100), 109(28). 91 (32), 89(41), 88 
(34), 79 (45); rn/c (CE/ammonia) 489 (MNH. 10), 458 (81);462 
CMII’, 100), 355(14), 338 M. 140(10).122 M, 18 (20)j HUMS 
calod for Cie1IN09SI (M’ - t-Bu) 394.1145, found 894.1162. 

4.(y1oxy)-.endc-((tait .btatyldbnathylailoxy)-
iaethyl]2(4’.mnthylbnnati1tonyl)-8-o0-2-0ztb1oyvin. 
[2=]act.7..ana (9bb). Pr3o6ylamino (0.027 ml, 0.27.4 inmol) 
was added to the solution of 4-(benzyloxy)45.vido.(bydroiy. 
unthJ)-2.(Ir-mathr1bonzthamfonyl)-3.00.2.amb1Sydct2.2.2j-
oct-7.crw (103 mg, 0.249 mmcl) in CHCls (3 oiL) at 0°C, 
after 5 win TBDMSTf (0.038 ml, 0.299 W*kwl) was added via 
cyringe. The rMatfan mlztwu was quenched with H20 (6 ml) 
after 5 min and wes cxfzaotad with Et20 (3 X 75 mQ. dried 
(MgSOà,  flttamd, and concentrated to give a randue which wea 
purIfied by colamm cbromatoqraphy (silica gel 50% 111CM in 
hewie) to give the title compound as a dear all (128 mg, 98%) 
1I NMR (CDCIz) 8 0.01(3 H, a CU$), 0.02(9 H, a, CH380, 

OAS (911, a, (CH,,)4C80, 1.67-1.73 (211, in, 114 11-5), 2.22-2.26 
(111, o, H’6,gj 2.43(3 H1a, CH3-C41, 8.49’Vadd, 4.�. 
10,0 Hz, J 6.84 Hz, -cH.H1.OSi), 3.80(111. dd, JSb-t1 
10.0 Ha, ,7 2.73 Ha, -0Ha0Si), 4.77(1 H, d, .1-1102 
En, FhCH,), 428(111. d, .1 - 1162 Ha, PhCH2), 8.28(1 H,in, 
11-1),8.27(1 H, d, .754 1.59 11,, ’lW, 8.46(111, dd, .174 - 7,69 
Hz, 6-15 Hz 11-7), 7.27-7.43 (711. rn, ArH), 780(211, d, 

104 Hz. H-2’ and 11-69; C Nffl (l)ckJ I -5.20 (OHiSJ), 71 (OHM, 16.50 ((CH 090. 21.78 (CHrC41), 25.92((0. 
U.).CSi). 31.58(0.6). 28.59(0-6), 52.08 (C-I). 02.69(0.9), 8184 
(0-10), 84.41 (C-I). 127.51, 127.89,128.05,125.40,129.75 131.02 
(0-9), 135.49(0-7), 135,63,13858.146.10,171.10 (04)1f1 CH4) 
1 (0-0), 1695,1472,1380,1090 cm MS rn/c (111)228(27). 
139(19), 197(4). 158(1), 115 (21), 113(100), 91 (80).67 (10); M  
(OI/wziw.otha) 545 (MNfl’, 1), 628 CMII’. 25); HUMS caled br 

02.IL1NO0051 (MU1) 545.2500, found 546.2499. Methyl 6IY-[((*anButyldlmethyIiflyl)oz73*ethyl]-lp-math(4cm.thy1ene.ufl)imnocydobez2-aimcarboiyktO (10th). n..UuLl (4.2 mmcl) waudded slowly to MeOH (16 ml,), and the solution thus obtained wee added to bleyclic lacEam 9ah (380 Amg. 0.842 maid) at mm temperature

 under dry N,, atmosphere. After 2 h, a work4i procedure as deeerihed abOve followed by pt1Ttian by Saab cbrometo6znphy, (60% 11t30 in hexane) afforded ioan as a whit. solid (888 ma, 90%) mp1O0’H NUR (0DCl,)I-0.0i(6H,e,2xCH,,Sft, 0.85(011, a, (CK)*J. 1.64(1 11, dt, J - 140,6.111; LID (1H,ddd,J*&3, ILS,&3Ha, 114g), 2.25(1Hm,M-6), 5.43(3 11, a, 0H3A.r), 3.29(3 H, .,CR5C). 3.88(1 

H, 
dii, 7" 109, 7.9 Hz, 011*0811,8.89(1 K dd,J -10.3,8.2Hz, 0R2081), 3.73 (3 H. a, CO,,C}I,,). 3.04 (111, in, 11-4),4.61(111, bd, 1-9.0Hz, Nil), 8.82(211, in, 14-2 and H-5),7.21 (211, 4,J- 8.0Hz, tmyl H), 7.71(2Hd,JeI &o Hz, thy111);nC (cow s4Ao(CHi), 19.8$ (Ma,,C), 21.58 (C}l,,Ar), 25.99 ((Cff0), 27.19(0-5), 39.75 (@4).47.22 M4), 52.20 (ester CYH), 63.00 (ether OH,,), 82.11 (OHo), 78.52(0-1).127.02 (C-21,12&6D (0-2/0.8), 178 (0.21. 131.09 (0-2/0-93, 188.14 (C-Il, 143.38 (0-1’). 173.22 (CO3Ma); IR (OHCI) 3382 (NH), 1744 (C=0).1596 (C-C), 1413, 7237, 1221, 1160, 1091 cur’, Anal. 04cd for C,,5H$0.SSh 0, 5711 H,771 N 2.50. Poundi C. 58.98; H, 1.754 N. 2.94. To a solution of LIOMe (2.28 ml of ii-SuI,J 1.6 M in hezanea in lb oiL vfubydzni* MaI]H) .10°C was added a $oLution of ompaund ahh (129 ma, 0.Zt2anmofl In 011a01r (2 ml) via eannula. The zoaction mixture was warmed to room tempe

 atu.ead stirred for 18 Ii quenched with anturated imoimNilaCi (5 mL), cnfsmted with óHeCIi (3x 60 inLI, dried (Mg$01), filtered, and cnacentrate4, and the resultant rasidue was punfied bycolwzw UcteSsoRbY 0% MAO in bananas) to give. 10M .s. clear all (117.9 n. 07%): 

111 NMP. (ODCI,,) 6-0.02(311, 
a, 

C}I,,8i), -0.018(311, a, CH1SI), 0.94(911.., (C 081) 1.80 (1 H, cri.H-619. 1.84 (ilL ddd,J1, 12.8Hz, � 12.1 11*, 1,,,.. -5.29 Hz,H-Sci). 2.30-2.87(1 

II in, 114) 2.44(3 
H, 

; C11r049, 3.36(1K dii, Jm.eb - 1017 Ha, J, 7.32 Hz., CN,,,HmOfli). an (311.5,011,0), Mi (LU, dd,J1,.,,, - 10.17 Hz, jm -0.78HZ- -Cfl7fl,frOSl, 3.94(1 H. m. 114), 4.39(111, d,J = 10.711 Hi. PhCH2), 4.99(1 H, d. J W 8.62 Hi.. NH), 4.70(1 H, d,.1 - 10.78 Hz, PhCH2), 6.83(111, ddd, J 9.91 Hz, J 4.44 lIz, 4,. 3.82 Wv., 11-3)5.96(114, dii, 9.91 1.46 liz, H-2),7.27-7.41 (7 H, m), 7.77(211, d, J - 8.31 Ha, 11-2’ and 1149; ’C NMR (0D017) 6-5.44 (011,913, -5.31(011,91), WAS ((CB),CSI), 21.58 (CH-C4), 20.10 ((CH,)CSi), 27,45 ("), 40.05, 47.40 (C.4, C-6), 52.29 (011,0). 02.68 (Cg,,081), 67.28 (CHOPh), 70.13 (0.1), 127.16, 127.45, 127.49,128.27,128.27(0-3),129.93,131.95(0.2), 138.07,139.24, 143.58, l’72..9e(C"0); UI (01101,) 1742,1695,13$7,1225, 1155 cm" MB ,ir/e (111)608 (2), 502 (M’ - t-Bu, 4), 395

 (2), 894 (4), 171. (14),266 M.116 (18).118 (26), 107 (2), 01 (100), 68 (1.7), 67 (20). rn/c (C1/emnnnta) 677 004II1’, 4), 560 (MB’, B); 1HIMS esled for 001JN0,S9I (W- t-flu) 502,1700, found 002.1722. Ackn,wledment. We thank the NI!! (Grant CM-$0052) fur finanIol support. Victuds VInadr tl.aahe the F1brigh9 ComiziJtt46 Spanish Minia5i7 of Edticatión and Salaries for genercue flnandal support.. Reglilly Nc. Is, 141637-20Q lb 141667-30-3; Ic, 14166741-4; Id. 141607-32-5; 2a (EWG 0113014), 141867334: Rag, 141667-24-7; epi-2eg, 141728-484; 8th, 141.687-258; 24 14-38-9; 2eJ, 14107474.- 2b (EWG -011,0Th, 141867484; 2bg, 141667492; epi-2bir. 141725-49-7; Zbb.. 141607-40-Si 2e (EWC - 04014), 141681-41-8; Zcg, 141�0-42-7; 2eh 141M-43-9; ZcI, 14166744-9;ZeJ, 141657-46-01 ZdL 141067-48-1;epi-2i1a, 141726500 2dk 141887-4143, 1417-48-3;3 (WO 141867-48.4; 4, 141651-50-7; 8, 141661-61-61 6, 141607-82-% T. 14108743-61 1 (Z n 10, 141W7-54-1-,8. 141687-55.2 8th, 141667418-8; $hh, 141687-57.4; 10th, 141684-41-5; ldbh, 141684.42-9; Sb yloy)-2.pyridone, 94475644; 3-1(torr-bu-tv[d16thv1sI1vDv1.2-iWl1dOne. 141667-58-5; 344-methyl. roii 108 methyl aerylate, 96’8$-3; uijthyl’vinyl helene, 78444; metheerolein 70-85-1 - Sapplamantary Material AvaSablee 

01 raeterlmton of new compounds by lIME (41 pege. The material Is caztaI*d In mmsy libraries on releroficha, Inidiedl.tely followa this article, in the anicufilm version of the jounidl, and can be ordered &om the ACS; we any current masthead page

 for ordering £nfcnnaticui. 05/10/2009 TUE 13:51 (TXIRX NO 75051 I014 
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0 
Clarke, Modt & Co 

COLOMBIA 

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO 

DlVISION DE NUEVAS CREA ClONES 

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

Yo, JIMENA ESCOBAR URIBE, identificada como aparece al pie de ml 

firma, domiciliada en la Carrera 11 No. 86-53 Piso 6, atentamente cligo a 

usted que sustituyo el poder con que obro a la doctora DILIA RODRIGUEZ 

D ALEMA.N domicffiada en Bogota, D.C., portadora de la tarj eta 

profesional No. 20.824, con las mismas facultades con que me fueron 

confendas para este caso. 

Acepto sustitución 

Gkoal/*-
JDIEMA ESCOBAR URIBE 

C.C. 39.779.452 de UsaquØn 

T.P. 68.228 

DMA RODRIGUEZ D ’ALEMAN 

C.C. 41.654.882 de Bogota 

T.P. 20.824 



� itbIUN PIER m 
El anti t3c14o fue afo’bm to 

quierl ethibiO Jac.c. 

Y Tarjela Pro1sjona No. 


