
a-ACYLIMINIUM ION-ACETYLENE CYCLISATIONSt 

Catiooic nqciisation of a-acyIiminiu ioos has been 
developed into a general me&# for the stcrcosekctive 
synthesis of hdcmcyclic compods. Tbc sylltbdic 
pa&ntiaIofthelattertcchniquecanbcenhancedcob 
sidwablythroughthestdyoftwoofthcnnstimpoeant 
aspcctsofthisrcact&viz.thcscarchforwvelinitiatiag 
systems3 and the ineo of d&rcIlt fiudiod 
gronpssuitabkaspad$dugr-moietiesillthcsecycC 
isations.Intbelattcramtcxttheb&aviourofthcacdy- 
klEbOdtbSthCff-moietyiOtllCCyClisationreactioaWaS 

iIWdg&d. 

Starting materials. AS model ~~mp~uads tbc N-snb 
stituwl Mthoxylactams 1lAzb were stlectcd in which 
boththedcctaofring&eadtermidacctylewsub 
!dituents could be iovestigated. The etboxy-lactams can 
be obtained by NaBH,/H+ rahdoo of the cunespond- 
ingimidesla-l2a.AIlofthcimidesuscdwcrcsye 
tlESi.dlbccordiOgtOtbeOXi~tCChnique’ 

io which the N-H imide is co&used atroomtem- 
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tPnbbbcd in Part Tj. Boer-Tapstm, J. Dijkhk, If. E schob 
mPlmandW.N.Qdamp,!D9(1977). 

Cyclirolions. The cycEsatioo expainnts wae carried 
out with chromatographically bomogcomu sampks. 
AwaghtIwctd~~i.utitrpeof~ 
CbSWCiStllCdbOxylactam,thCN3lllintamedratemost 

pMably iS the Cyclic a-aCy- SpeCicSs A. 

Cycli~ati~o of 3b in HCOOH for 72hr at mom ‘p” 
pcmturc aerdcd after hydrolysis of tbc illtcndmtc 
VinyIformate ester and work-up the bicydic kctooc 3c in 
9796ykldasanoil,whichcrydaIlisdupoastand& 
CommdkwashydroeenatedtH~,PtOr,AdlH)~a 
mixturcofcompodsI3nandl3b.Ffomthismixture 
theknown61actamakohol13acryMid 

Thccyclisatioorca&mof4bhadtobepuformedioa 
WRe dihlte sohdon to avoid the formation of the 
dimdcpdIlctc.I)uetothclathesIowcyc~ 

bCgiMtoUMllpdC.PormationofthCClMddCBilltbL? 
gh&mkkse&?sisafast(alKlrevcdSible)proccss,whik 
ing8lKdthc5-m#xnbcd CtbOXylacEams~lCSSpfOIlC 

to aoamidc form&m. Thus. cydaation of 0.5 mmok of 
4bin3mlofHCOOHatTa&da5:1m&m?of4cand 
tbe dilm?r c (R,=3-butynyl, 0=2) whik cycIisatkm of 
OJmmdeofIbin40mlofHCOOH~hr,roomtemp.) 
atRdcd afw work up exchuivdy the bicydic ketone 4c 
in88%yidd. 

IngcM?ra&plu&&noftbereactionproductsvia 
cdanm chromatogmphy or distilIa&m is not possible due 
toscvcredecomposition.Thl&inanattcmpttoepalatc 
4cadthedimwC(ui&supm)viacdPnmchromato- 
graphyonlydimcrc’wasisoIr&din12%yiddand 
compomrd~~~compktely. 
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Eaamidcfornmtionwasthe.soknctionobsencdin 
tbeHCOOH-expaimcntswithcampo~d2b.Notrace 
of cyc4isal products could be dchctod Treatment of 
compoaadlbwithHCOOHremltedonlyiatbcreuwery 
of starting mate&l. 

Althgbacc&ingtotbeBaldwinclassificationPa 
S-endo-Digringclosufcistamcdasafavorcdproceas, 
tbefoMlath0fthcrdativcly~615and5/5faasd 
bi@ick&mcsisrathrditIUtio~tbistypcofa- 
acylimihm ion cyclisations with Ma&Wed ac&yhws. 

3c: n=l, m=l 

4c: n=2, m-l 

5c: n=l, m=2 

5c: n=2, m=2 

7~: n=l, m=3 

8~: n=2, m-3 

OH 

1% -OH 
lsb: -OH 

Aimiog at the improvwt of sylltkk matal 
towards7-Mdbigbt!Xmcmbl?Xcdring8,thelingchtrc 
ofalkyebomologswasalsoiav~Thas,cyciisa- 
tionof5band6binHCO0H(5dxys,momtcntp., 
0.013mok/l)alfordadthecrysUnc5/7and6/7fuscd 
bicyclickctoncsScaad6cin92%rcsp.88%ykld.Tbe 
httcrresIdtswurcso~Jurprisineinviswofthc 
fatbcrshlgt$hcyclisationnactionsoftbecomspoadipp 
okfhic cthoxyhtam8.‘” The athctiw yku of the alk- 
yaereacthsprompt+ustostudythEcyclisath+ 

CycIisationof8binH&OHa&&dafter6daysa 
mixture of enamide B (B,=5-hexynyl, 0~2) dboxyl- 
actamabaDdcycti!uXlproduct&.whotbemixtaRcwas 
sthcd over a period of 14 days, tbc sok product 
obcsineacIs96yield)8ftCXaqueoaSWWk~,WaSthC 
aystaIline als fused bicyc4ic ke&nm 8~. In a similar 
maMLV7b&XdCdtbeCry&lhC5/8fUlKdbicyClk 
k&mc7cinWI6yield. 

TbestriKwcoftheabovenntio&ppodudsjc-8c 
was e-j from the ‘H NMB analysis, impohnt 
charactglsbcsbcingthebroadsignalvaryingfrom6= 
3.4&3.&I for the axial Wtiary N-CU proton pnd the 
multipkt varyine from 8 = 3.W.W, for the deshkldaJ 
eamdalyN-Q?protoadwtotbcanhtmpk~of 
tbeamidccarboayl.Intbc8-membendringLebnesthe 
pSCWbaxialsecoadaryNX!IjplWOiSObWVCd 
eparatcly as a Gpkt (J=llHz) at 8-291 in corn- 
poMd 7c aod 8 = 3.13 in compoMd tte. The abovemen- 
tioncdnsnltsckarlyiMIicate&ctermhalalkyneCatom 
asthemostrcactiveccotrc,mostlikelyasarcsultoftbc 
markcddithnccinswilityofprimaryvs8ccQ&fy 
vinyl aItioll!L 

Inthccaseofametil~rtcetykne,tben- 
moietyiS&Xh~M~M,OpriolibOthreaC- 
tioopinduchmaybcexpected.RccentresuIts”oothe 
hydrolysis of vinyhrilwa hdicatc that bent vinyl 
cationsafClesSSt&kthalll&WViI@C&hlS.AhthC 
formathlofthe5-mcmbaedLhingiIlbiomin& 
w -12 hvd@# w pprticipation b 

dicatesapfcfaencefortbefonm&ionofacychation 
pnnlnctviaatinearviny1cation” 

Cyctiaath of the C-Me slhsthw alkync 1uJ 
(HCOOH. foum temp., 3 days) a&ded a mixtnrc of two 
cyctiscdc4ImpuMdalocandlod@mbinedykld92%)in 
aratioofappfoxhtelyS:1(bascdapooNMRamdysis).. 
AsextectedS-~*formathviaalinear 
villylcatiMistJn?pfef~uKldeofcyciisatioll. 

Cyctisath of 9b (‘HCOOH. room temp., 3 days) ah 
alhkdamixtmeoftwocompouhkaad9d(com- 
bhcd yield 91%), howwcr, the ratio )r:Y being 1:9. 
Compa&9dayshh!dfIvmtbeprodadmixture. 
Thus,intbclattcreddi&moftlIealkyllc6-membefed 
liqfowltionistbepfefsrrsdreactionmode.Tbefore 

+c+~==+hI 

Intbe’HNhIRspcctrumo:~!~: 
tuiaticai@mhfortbcaxialtutiaryN-CHprotonamltbe 
&zWhkdemdnryN-C?jprotonwgeimmediately 
appareat.Tbe(p8C&)UtWohlpoSithofthC~MC 
IIlhthnt wan clvidw!romom~~~~ 
N-waioprlpo==iw 

and1ed.TbcstrwuraofcompolMdl~wasdaivod 
fromthe’HNMRanalyhofthuudcrca&mmixIurc. 

Incompopnd1Oethetim~NCJjpwn1~haveap 
phmat4$theaamecbemicalrllift(6=3.6O),theefled 
z_‘zz ~0” *” N542 potons 

aub&twtIsfoMdasa 
siage at a=i21. After c.olMm chnwatolpspby oil 
sitkagclwithEtoAcasallchIent~impurcledwas 
hhtCd.hC0mpoMdlOdagGlthedCSbkldCd!3U!0P 
dary~protonisfaMdasamultipktatS=4.98,tbe 
t&iaryprotonat6=334,whikwhikCH,signalisfoMd 
aa a duubkt arwmd b = 1.11. 

CompuMd lee had decomposed compktcly dhlg 
cohmm cluomatag@y. 
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RingskainetkctsanTnolol@erimpatantinthe 
cyclisation of the ethoxylactams llb ami l2b. ‘he C#LC- 
tion pruce& via a linear vinykation-like trans&m 
statear~itk5/6resp.6/6fusediuabicyclicsllca1~ll2c 
arefofmedinabout9096ykIdeach.Inbothcycliaatkms 
a9:1mixtureofacetylsi&chainephm2rswasohta&d, 
the ratio of which remains unchanged upon treatmeat 
withh4lse.Inthcepimermixtureofcompoundsl2ct& 
major stereoisoma (equ&ial s&chain) was purifkd by 
c&mm chromatogmphy. The majar cpimer of llc was 
~AKI characW by crystall&& of its tosyl- 

Tbe(psLudo)eqmto&lpositionoftbea&ylgroupin 
themajorepimersoflkandl2ewasimmed&lyap 
parent from the width of tl!e &Gary N-CH signal, 
possessing a large (pseudo) ax&&al umpling with the 
CIjCOMe proton. 

JQhoughkiadic lMSufementswmnotcarrkdout, 
the cyclisations of tbe Me-&&u&d acetyknes seem to 
bemuchfastathanthecarespondingunsubstitntad 
acetyknes, e.g. cyclisa&ms of Mb, llb or 1% were 
completed within 18 hr. 

Tbe synthesis of N-bridgehead bicyclic ketones via 
a-acyli&ium ion-ac&ykne cycEsations is both ver- 
satikendpractical.WithtaminalU~ 
knestheL&odallowsthehighykldsy&sisofzz 
bicyclic ke&tn?s containing 6,7- or &membered r&s. In 
vkwofthesmuothcycliMtionoftbeserksofsuc- 
cc&e alkyne homologs, of which the anpctcedentecl 
fomtat+nofmediumsizedtingsisofpr&icaland 
&ore&alintefes&tbesyn&esisofhigbermembned 
&gsviathisronteIlUJyalsobeefGaged.Tbe&Utillg 
cqmtmds (acetyl& alc&ols, N-subs&&d imides 
and cu4hoxylMams) are mostly easily access&k. 

with the abovementiolnXl ek&o&auy b&ed acety- 
lenes only k-en&-Dig type of cycliaa&s are observed 
(k=6,7,8). 5-e&-Dig r&&swes umld not be in- 
ducuiunderthenXctioncoaditionsstudiad. 

Illtbe~ofClC&Il3l&llyl&ia&ecdyleoes,two 
modesof~arecompet@,viz.k-emfoX&vs 
(k- l>cXo-Dig cyclisations. Acc&ing to t& Baldwin 
classi6cationbothcyclisatkmmodesareMnedas 
favomedprocc3sesffftbeuctboxyla&msstudkd(k= 
6.7). 

Theactualoutcomeofthecyclisationrea&nis 
governedbytwo&urtantfactors:(i)tbeobsrrved 
ulderofstabili@ofero-andmdo-vinylca&msand(iii 
lillgsMlleffectsilltbeMlltiUgp&lEtS.Genaally,ill 
catiuaic cyclisations with ekc&nMly unbiased acety- 
km?s,theobsaVedmodeofringclosureisofthe(k-1). 
t?xo-lXgtypeduetotbelarged&fenceinstab@ 
hetweenlinearandbentvinylcations.”Fzampksafe 
tbe 5-membered rS* farnation in !&?&I synthesis,” 
hydrindan formation’ via wn cyclisation, 
epoxy-acetykne cyclisaGolls,“, the imblium ion-acety- 
kne cyclisatS* in tbc t&ahydr+ca&oline se&s 
andourownresaltskad@totbeac&ylsubs&uted 
a&cyclic!3 llc and l2e. 

Ringstraineffectsbecome&atantinthecyctisa- 
tionsoftheethoxyiMams9bandlbb.InthecyclisaGon 
of lBba5-cxo-Digtypeofringclosurenevertbdessistbe 
preferentialmodeofcyclisaGmLThe~straine&cts 
PMllmoMy 8cunmt fur tbe formation of 15% of 6/6 
fusedproduct!Smilarresults”wererepMtedintbe 

catbn-acdykne cyclisations kading to simpk hydrindan 
systemsasatmXklforstuGdCIDringfusion.Cyclisa- 
tion experiments co- with systems containing an 
add&ml B-ring exchwively furnished cyclisation 
produ&withaS-memberedDring. 

Cycliaationof9bpfoce&p&&oantlyviaaC 
cFufo-Dig’9 mode of ring closure. ti strain e&t.? 
obvkuslyhavingamarkedi&enceonthetransition 
state of the reaction. Thus, the formation of a 5/6 fused 
productisthemajorprocessinspiteofthegnXiter 
stability of the linear exe-vinyl cation. 

Q-Acyliminium ion-acetylene cyclisa&ms induciag 
S-membered ring forma&m deserve special attention. 
Attempts to syotbesise 6/5 and S/S fused hetaocyclics 
via S-en&~-Dig ring closures faikd under the reaction 
co&ions studied. Howeva, the use of electronically 
biased disubstituted acetyknes am kad to the exctive 
formation of N-bridgehead S/5 f@sed pyrrolyzidine? via 
5-cxo-Dig mode of ring closure. 

The application of a-acyliminium ion-acetylene cycl- 
isationspromisestobeagreatvahIeinthesynthe&of 
naturalprodu&ortheiranalogs.Anilh&ationoftbe 
synthetic potential of the technique is found in the 
sylltlSsiP of the alkaloid mzsembrhle, the a-acyli- 
miniurn ion-acetykne cyclisa& being tbe keystep of 
the synthesis. 

Of rema&able interest also is tbc synthesk” of a 
ALp-13-azastaoid via conse&ve acctyknc and aryl 
cyclisations ObGoMly, the !3tudy of acetykoe cyclisa- 
tionsinwbichtbeintamediateviaylcationiscaptmed 
by nuckttphiks other than HCOOH will expand the 
scopeoftlEme&odclMlsiderably. . 

solvedinTHF(be&datiDedfmmIiAD4).Totbeu~Msnd 
stirredsola1alofdimculviIlTHFwasa&tal 
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l26-l.~*Am3m 

130-146°fo.04r 

9+100’/0.02 = 

s-98 A01 m 

110*/0.02 m 

110*/0.005r 

ll6-126*/o.annB 

law26'/0&4r 

l36'/0.03 I 

176S 17lS r.zs[a, 2.66 2.23 - 

;g 4.uw 2.69 2.27 - 

- 1705 3s9 2.72 2.01 

1726 f% 363 . 2.56 1.66 - 

3*66 2.66 1.93 - 1705 

1715‘ :Ei 37S . 2.53 1.m - 

1695 3.49 2.67 1.92 - 

1720 - 1669 3.67 2.57 1.64 

1760 1705 350 . 2.96 - 1.67 

1720 1670 376 l 2.r) - 1.69 

177S 1706 364 * 2.64 - 1.72 

1726 lrm' 3a 2.66 - 1.79 

8) 

bl 
C) 
a) 
8) 

n 
g) 
h) 

7H) 1.28 (t, 3H, CH$ An exact mass de&&don gaw m/c 
181.1099 (Cak. for C&sN~ 181.1101). 

(a) l-(3-Bhw$)-S-&oxy-pydi&me-2 @I& Compoud S 
(3.21 g, 21.3 mm&) was r&d in EtOH (3fKIml) with 6g of 
N~~~~~4~.W~~~c~by 
onsilicsOd(actI)wahCH~~4:laspnehlsntrflhrded 
3.4Dg (18.8 mmok) of 3b aa an oil, ykM 8896. IRdCHCU: 
168Scm-’ (CO), 33SOcm-’ (C&-H). ‘H NMRz 6 (CDCQS.13 
(m, lH, C!~OJJt~ 3S3.8 tm. 4H, OC& + NC43 2.~2.80 (I& 
6H) 2.00 (t+ lH, C&G&) 13 (t, 3H, O-CH&&I. 

(b)Cydi~~df3b.CompOlmd3bf5oOmp,276mmok)~ 
disdvdinlOmlofHCOOHad&imdfor72bratrmwrtcmp. 
Work-up a&w&d 412~ (2.7Ommok) of 1 as aa oil. which 
txy&&d up00 stMd& ykfd: 97%. m.p. B-P. IRwCld: 
17t0, 168ocm-’ (CO). ‘H NMR: 8 (CDC& 43Ms8 (m. lH, 
de&id&d see Na 3.694.01 (m, 1H. text N-CJJ) IS-3.19 (m, 
9H) (Fad: C, 62.9; H, 7.1: N.9.1. C&N& M= 153.18. Cak.: 
C, 6272; H. 7a; N, 9.14%). 

(a) lB~yMdM~-P4wllidorrc-? (4). campwad 
U4.0RU~~)vor~inWOH(200ml)with4.6got 
NaBH,at-l2’dwingSbr.WaLupami~chrotMo- 
grphy~~3~g(a0.l~k)ofRsllpaoil,~:~. 
IR(CHC!I& 164Ocm-’ (CO), 331Ocm-’ (CzC-H’). ‘H NM& 
&DC& 4.73 (m, IH. C&O&) 3.0&J.@ (a~, 4H. OC&+ 
NC&) 1.14 (t, J = 7 Hz, 3H, O-CH&&) 1.40-275 (m, 9H). 

(b) cydiJ&M of 4. Compod 4 (looma 0513mmw 
wasdissolv#lia5OmlofHCOOHsndstirmdfor92hratroom 
temp. Work- a&&d 76m (OAS5mask) of C as an oil, 
ykId: 89%. IR(CHCi& 1635 aed 172&m-’ (CO). ‘H NMR: 
S(CDCl,) 4.7S5.02 (m, lH, d&k&xl SC NCH) 354-3&l (me 
lH, M N-CH) 1.45-3.08 (m, 11H). Cunqwnd 4c was + 
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taiscd as its 2.4.DNP-hydrazoae: m-p. 224-221” (dec). (FouDd: 
C. 520: H. 5.0; N. 20.0. C,,H,,N,Or M = 347.33. Cak.: C, 51.87; 
H, 4.93: N, 20.17%). 

l-Azubicycfo[5.3.O]&cunc-5.lO.&ne (Sr) 
(a) I-(CPeJVyny/M-uhoxy-pya-2 (ss). canpound sa 

(1.05g, 6.2mmok) was rabccd in EtoH (lOOmI) with 225g of 
NaBH,atIPduring4br.Work.upandco4mmchnwrtoDnpby 
atbrdcd 1.10 g (5.4 nmmk) of sb as an oil, yieM87%. lR(CHCl,): 
l@Ocm-’ (CO), 331Oa1-’ (C&H). ‘H NMRz a(CDCl,)z 498 
(m, IH. Clj OU) 3.lb3.70 (m, 4H, NC& + oC& 1.65-2.74 (m, 
9Hl 1.23 (1, 3H. C&). 

(b) Cyksation of sb. Compoaad S4 (101 rpe, 0.52 amok) wss 
dissolved in 40 ml of HCDDH and stirred for 5 dan at room 

c$aUkcd @on stand& yidd: ##6, m.p.: 81-839 IR(CHC!l$ 
16&m-‘+ 1710cm.’ (sbadda) fCO1. ‘H NMR: 6 (CDCIJ: 
4.28A52 (m, IH, desl&lded s& ‘Ncir, 3.65-3-S (m, ‘Hi, t&t 
NC@ 1.50-295 (m, 1IH). (Found: C. 64.6; H, 78; N, 8.4. 
C&NN4 M= 167.20. CA.: C, 64.65: H, 7.84; N, 838%). 

I-Azabicyc/o[5.4.0lundcrruu-S,1 I-&Re (cc) 
(a) l+PenIynyf)&thoxy-pipuicaonr-2 (6b). Coqound (r 

(1.01 g. 5.6mawk) was ndoced in JItOH (lOOmI) with 2.250 of 
NaBH, at -12” during St Walrup and cohum~ chromsto- 
graphy a&&d 0.8Og (3.8mmok) of (b as an oil, yield: 68%. 
IR(CHCl& 163Ocm-’ (CO). 3310~~’ (M-H). ‘H NMR: 8 
(Ccu: 4.57 (m, IH, CB OEt) 3.03-3.71 (m, 4H, NC&t 
DC&) 1.40-2.40 (m MI), 1.19 (t, 3H. CHd. 

(b) Cyrlisation of 6b. ComDound 6b (110 nu 0.525 mmok) 
& di.&lved in 40-d of HC06H and stirred f& 5 days at room 
temp. Work-up afforded 86 mg (0.475 nnnok) of (c as oily ays- 
tals, yield: 9046. IR(CHCl,): 1630 amI 1705cm-‘. ‘H NMR: 8 
(CDCI>) 4.M.85 (m, IH. &ahkMed set NCM 3.65-3.95 b,!H, 
tcrt NC& M-2.95 (m, 13H). Cuqoaod (c was &mctmwd 
as its 2,4-DNP-hydrazone, m.p. 200.201’. (Fonndz C, 53.3; H, 5.3; 
N. 19.2. C&&O, M=361.35. Cak.: C, 53.18; H, 5.30; N. 
19.38%). 

I-Arabicyclo[6.3.0]undcconrb.I l-d&e (7~) 
(a) I-(5-Haynyl)-S-cthoxy-pyr&donc-2 (7b). Componad 78 

(l.l2g, 6.3-k) was reduced in JZtOH (1fJllml) with 1.8g of 
NaBH,atU’durirg4hr.Work-upandcohum1chmmatoOraphy 
onsilicagcl(Merck,Lc4mr)withEtOAcasanclucntaffordal 
965 ~qs (4.6mmok) of 7b as an oil, ykldz 73%. lR(CHCl,): 
168Ocm.’ (CO), 332fJcm-’ (C&-H). ‘H NMRz 8 (CD&) 4.90 
(m, 1 H, CIj OEt) 2.S3.59 (m, 4H, NC& + DC&l 1.30-2.68 (m, 
11H) 1.16 (t, 3H. CH& 

(b) cyc/iSaion of 7b. calqnnlnd 7b (92 II& 0.44 nrmok) was 
dissolvedin200mlofHCOOHsndatimdfor14daysatroom 
temp. Wwk-up a&&d 64 mg (0.35 mmok) of 7c aa an oil, arhich 
crystallized upon stand& yield: 8096. m-p. 89-w ciy- 
k&r). IR(KBr): 1665 t 165Qcm-’ (CO). ‘H NMR: 8 (cDc13: 
3.65-3.98 (m, 2H, text NCH + dcshkldcd set NCfj) 2.91 (t, J = 
llHz lH, shkidcd set NCH), 1.3&280 (m, 12H). (Foumk C, 66.2: 
H, 8.5: N, 7.8. C,oH,rN@ M= 181.23. Cak.: C, 66.27: H, 8.w N. 
7.73%). 

(a) l~Huynyf>aethoxy-PM-2 (8b). componaa Ilr 
(1.6g, 8.3mmok) was reduced iq J!tOH (MOmI) with 23g of 
NaBH, at -tP d&g 5hr. Work-up aad c&am chmmate 
@phyonsaicagcl(MerclzL4Ibar)withl?toAcasiul&!nt 
atTordsdl.5 g (6.7 mmok) of Bb aa an oil, yieldz 81%. IR(CHCi,): 
163Ocm.’ (CO), 332Ocm.’ (C&-H). ‘H NMR: g (CDCQ: 4.57 
(m, lH, CY On) 296-3.83 (m, 4H. NC&t DC&) 1.35-2.55 (m, 
13H) 1.23 (f 3H. CH,). 

(b) Cycktion o/b. Compound ) (40% 0.18mmob) WM 
dissolvuiia4OmlofHCOOHandstirmdforl4davsatmom 
1*np.Watup~~nme(0.14mmok)of&c~moil.ahicb 
crystalbed upon baading ykM: 77%. m-p. 6768” (ii). 
IR(CHCl& 162Ocm-’ (CO), 169Owi’ (CO). ‘H NMR: 8 
(CDCl& 4.08 (d of m, Jd = 11 Hz_ lH, deshkkkd aec NW 

353-3.80 (m, IH. tcrt NClj) 3.13 (1, J = 11 Hz, lH, shielded sa: 
NCm l&268 (m, 14H). @and: C, 67.7; H, 8.1; N. 7.1. 
C,,H,,N@ M = 195.25. Cak.: C, 67.66; H. 8.78: N. 7.17%). 

~M~h~-l-ruobicJlrlo[43.0l~~~d~ (NJ 
(a) l-&muynyi~s-cthoxy-pyIofwfw-2 (*I. c0mpotmd h 

(12g.7.3mmok) was rebccd in EtDH (1OOml) with 2.7g of 
NaBH,ntU’d1uiag4hr.Work.ap~dcohu~chromatogqhy 
audal 0.85g (4Ammok) of 9b a8 all oil. yield: 68%. 
lR(CHCl,): 16&m-’ (CD). ‘H NMR: 8 (CD&) i.04 (111, lH, 
CM OEt) 3.05-3.75 (m, 4H, NC&t OC&ll.85-268 (m, 6H) 1.70 
(t,3H, CX-CH,) 1.16 (t, 3H. OCH#&). 

(II) Cycfisafion of k. Compound )b (650 ms. 3.34 mmok) was 
dissolved in 8Omi of HCOOH and s&cd for 5 dws at room 
tcmp.wcRk.npfdTa&da9:1mixtuTeofcompouiYaDd9c 
(5OOm&3.lommok)ykkl:#)96.compound9dcryatalbcdfmal 
this mixtu~ (21 m& m-p. muccu&d). Gmpound w: IR@HCld 
1680 cm-’ t 1720 cm-’ (sbouldw) (CD). ‘H NMR: d(CDCl,): 4.38- 
4.60 (m, lH, rkahkkkd set NW 3.22-3.52(m, IH. t@ NCl$I 1.05 
(d, 3H, CH3 MO-3.15 (m, 8H). Compamd Y was m 
its 2,4DNP-hydrazone. m.p. 21K22JP. (Found: C.Sl.9 H, 4.8: c 
20.0. C,&N& M = 347.33. Calc.: C, 51.81; H, 4.93, N. 2Il.1796). 

Coatpound lb (13g, 8.4-k) was reduced in EtOH 
(1Wnd) with 241 of NaBH, at -12” duriug Shr. WoA-up and 
cohmmclmm&gmphyat?~ I.lg(5.3mnmk)ofl8baSall 
oil, ykhl: 63%. lR(CHCl~): 164Ocm-’ (CO). ‘H NMR: d (CDCI,) 
4.76(m, lH, CJ$OEt) 3.06-3.94 (m, 4H, NC&t OC&) 150-270 
(m. 8lfI 1.79 (m. 3H. C&!-C&l 1.25 (t. 3H. DCHXHI). An exact . . . : . . . . . . 

ddammahon gave m/r209.3ii3. (Calc. for &H&J@: 
z416). 

CydiSatiGw of IO. CoqKumd 10 (487% 2.3mmok) was 
dissolvedin200mlofHCOOHaadstiaredfor’jdaysatroom 
temp.Walrup~~~~(21mmok)ofan85:I5~ 
of1Land1qykM:92%.Itwasootpwsil!ktosepafat& 
ColDpdSdoetfdemmposition~mlnmnC~ 
grspbyadcdhtwnAlson,uy~daivafiv~mklbe 
obtaid. IR(CHCl,): 162Ocor’ and 171Ocm-‘. ‘H NMR: 8 
(CDCl& cbuactnistics for M: 3.45-3.80 (m, 3H. NC&t NCFI) 
221 6, 3H, CH,CO). &r&&tics fop l(d: 4.9t~(m, lti, 
dcshkh.kd sex ‘NCH) I.08 (d. 3H. Me). An exact mass deter- 
minaia~ (auk r&tum) gave m/c 181.1092. (Calc. for 
C,&N&: 181.1092). 

S-Ac~~-1-~otobicpc/0[4~.0]~-~~ (llc) 
(a) 1~4&xynyI)-5-ahoxy-py1~u/i&w-2 (lib). hnpouod lh 

(203g, 1.3mmok) wns reduced in I&OH (2OOml) with 4.5g of 
NaBH,atO’dnring4br.Wo&11p~dcohum1&om&g@ty 
afforded 1.18g (k65mmok) of llb as an oil. ykldz 5096. 
IR(CHCI,): 1685cm-’ (CO). ‘H NMR: S (CM&): 4.~5.06 (m, 
IH, CIj OU) 3.07-3.73 (m, 4H, DC&t NC&) 15-274 (m, 8H) 
l-78 (m, 3H, 6C-CH3 12 (t, 3H. OCH&lId. 

(b) Cydisofion of llb. Compoud llb (113 w 0.52mmok) 
wasdisaolvedin40mlofHCOOHrmdstirredfor24hratmom 
temp. Workap aiTo&d #)mg (0.495 mmok) of llc aa an oil, 
yield: 92%. The c#pimcr do was appfoximatcly 9:l. 
lR(CHCld: 1675 and 1710 cm-’ (CO). ‘H NMR: 6 (CD&): maior 
cpimcr: cl5 (d of m, & = l$Hz, lH, &shkkial see: N&j’) 
3.45-3.78 fm. 1H. tat NCHl 1.20-275 fm. 1OH) 220 (a. 3H. 
CHgo)* ih; m& epima-&- prrified &. 

tosylhydmzonc, m.p. u8” (dec). (Found: C, 58.5: H, 6.7: N. 11.9. 
C,,H&St& M = 34938. Cak.: C. 58.44: H, 6.64; N, 120396). 

7-Acet~-1-azabicyclo[4.4.OJdtxa~e-2-ow (UC) 
(a) ~-@-~txmsfl-&eth0xY-ri UsI. Comwlmd 121 

(I& 6.4mniokjwas redikci in EtOH (iWed) v/i& Wg of 
NaBH, at -lT during Shr. Warhp sod ctthmn cbronmtc+ 
&r@lyaiYaNJal662nIg@98mmok)oflsaYImoil,ykld:46%. 
IR(CHCld: 1640cm-’ (CO). ‘H NMRz d (CDQ): 4.ao(m, 1H. 
Ca OEt) 3.03-3.85 (m, 4H. NC!&+OC&) 1.4.%250 (m, 1OH) 
1.71 (m, 3H. C!=t!-CHd 1.19 (t, 3H. OCH~J). 

(b) crcurolror, of la. ComPoud la (43Owh 1.93mdd 
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wm di,olved in 50 ml of BCOOH and st~red for 72 Hr at room 
temp. Work-ap afforded 333mg (13mmo~) of 12c as u ot~, 
yield: 88%. The Crepimer ratio was aRz'oxinmely 9: !. The major 
epinm, could be puri~d by columm cbromatOlpaphy on s i l ~  
with CHCl~lacetooe 9:1 as an eluem. I]~CHCI~): 1620 and 
1710 cm -~ (CO). tH NMR: a (CD~):. 4.69-,1~ (d of m. J,, = 14H,~ 
IH, deshielded sec NC~I) 3.30-3.36 (m, IH, tert NCI~I) !.1..¢-Z61 
(m,-12H) 2.15 (s, 31L CH~'O). This mjor  epimer was chm'acterized 
as its t c s y ~ ,  m-p. 250" (dec). (Found: C, YLS; H, 7.0;, N, 
I 1.6. CmH~sN~qO~ M -  363A0. Calc: C, 59.49; H, 6.93; N, ! 136~). 
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