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Abdmct-The synthhs of three bridgeherd hnocunciiWs ncetaks viz Lbromopcntacyclo 
[4.3.O.d”.d’.d*‘l~~-!I-ollb~oae efbyknc k&l 4-acetate (IQ. 1-bromope0tacyck[4.3.0.~.0”.090o1m1~ 
M (22) and peotacyclo[4.3.0.~.dJ.ti’jnonan-!hIc ethylene kctd Cocetate (31) b haii, start& from 
the IXadely Wlilabk holnocubanc carboxylic acid (4). The base and acid catalyzed bomoLetoniPtio0 lvactioo of 
tbcac acetates has been studid Under basic condiliona tbc acetates (10, 22 and 31) arc wovated into 
tctracyclo(4.3.O.~.~‘jnona derivatives by a cycbproped ring &am. This homo&tonizatioo ration is a 
a&Wpcc& process procesdinp with lWntfon of colltl@dolL The effect of al@ sllaiu 00 tbc stcreocbalialry 
d base induced hmokctonivtioa d brid&md cage ahhots is dhaaed. 

The acid catalyzed bomokctonintion of acetate (10) was also found to occur excksivdy with nteoliLl0 of 
codgration. 

Base catalyzed ekctrophilic substfiution on saturated 
carbon with carbon as kaving group (SE-reaction) has 
been systematically studied in open chain systems.’ The 
stereochmuical course of this reaction is strongly 
depcmknt on the nature of the solvent, e.g. inversion of 
cotl@ration (with respect to carbon as kaving group) in 
solvents of high dissociating power capabk of donating 
protons, and retention of con&m&on in low dielectric 

mhsso&& solvents. 10 cyclic systems in which the 
Z kaving group remains in t& same molecule, stnrc- 
rural effects seem to be more important than solvent 
effects in governing the stereochemical course of the 
SE-reaction.’ This has been ekgantly demonstrated by 
Nickon et aL4 for the homoketoaixatioo of l-acetoxy- 
nortricyclnne 1 and 2-acetoxytrhxaa 2. Both in polar 
and non-polar media the cyclopropfd ring openiug in 
these polycyclic struchues proceeds almost exchtsively 
with inousion of con&uration. 

The base iuduced homoketo&ation of strained poly- 
cyclic b@re&d alcohols in which the btidgehcad is being 
Sanked by 4’ arul/or S-6membered rings has actively 
been investigated in recent years. It was found that in 
these structures homoketonkation proceeds’with ex- 
clusive rctartion of conflguratioa independent of the 
solveot, which is in contrast with the inomioa observed 
for the aforementioned cycloptopanol cootaining poly- 
cyclic Wmpounds. 

The bridgehead polycyclic alcohols, cootaining cyclo- 
butanol aud/or cyclopeotanol rings, which were studied 
in this context, show quite a diversity, viz homocu- 
bads, 1$biimocubads. birdcage alcobul. t&y- 
clo[3.2.O.O-jheptanol and tricyclo(3.3.O.O9ctanol. 

However, the cyclopropanol cootaining systems, studied 
so far, are limited to two ratba related stluctures. 
Therefore, we @red that inversion of configudoo 
observed for Niikon’s n&ricyclane and thxane 
system, may not be a general feature for the base in- 
duced rjq opening of cyckpropanols constrained ,in a 
polycyclic structure, but instead may be typically asso- 
ciated with these substrates. . 

Consequently, we decided to study the SE-type reac- 
tion in the homoctmeaoc cage system 3 in which’s 
cyclopropanol is incorporated in a polycyclic structure 
related to trkxane but which is considerably more 
strained. 

In design our synthetic approach to the homocutkane 
ouckus was based upon the Ag(&catalyxal cage trans- 
formation’ of the homocubaue skektoa l-bromo- 
honmcubane&arboxylic acid 4 was chosen as the 
startingmaterialasitisreadilyavailabkinkrgequan- 
tit&.’ Its tramfomwioo into the desired 4 
homocuneatte acetate 10 is outllned in Scheme 1. 

Attempts to prepare homocuneaoe carboxylic acid 7 
by direct isomerixation of 4 or its methyl ester with 
either AgNOs in &OH/H& or A&lOr in ben&ne were 
Dful. After re6uxiog for 24hr, no trace of tbc 
hired ho- derivative could be detected. To 
circumvent this problem, the acid 4 was reduced to the 
homocubane methylalcohol 5 which was treated with 
AqNO, in MeOH/HsO. A rapid and quantitative . . . 

mcnzabon to bomocunmnc tuethylakohol6 was ac- 
~Oxi&tionof6withKM&.tm&rhvo 
phase couditiom9affortkd homoca#aae carboxylic acid 
7inanoverallykldoftSO%. 

Transformation of carboxylic acid 7 into acetate 10 
was achicvd by conversion of 7 to carbonylaxi& 8, 
subsequent Curtius vat to amine hydro- 
chloritk9amld&otatknof9withNaN~inAcOHto 
amixtureof1Oamlchlorhk11.Tbelattertwoproducts 
cooId easily be sqmmted by column dtroma@xaphy on 
silica (yields 64% and 16%. respectively). AMnative 
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routes for the conversion of 7 to 10 were considcfcd viz 
a Baeyer-Villigez oxidation of Qhomocuneone methyl- 
kctoac. and an oxidative decarboxylation with 
Pb(0Ac)&l(0A& uoder photolytic conditionst, both 
were found to be unwccessflll. 

&ally. WC also exam&d the A8WXtalyzad 
isomerixation of 1_btomohomocubana-%ae ethytene 
ketal 4-acetate,‘” which is readily avaikbk from homo- 
cubaoe carboxylic acid 4, as a po&k route to the 
homocuneaae acetate IO. However, serioos problems 
were eocolmtered in the crucial cage isomeri7atioo step. 

The homocuneaoe alcohol 12 could neither be obtained 
by direct deam&ioa of amiae hydrochloride 9 in H20, 
nor by LAH reduction of acetate 10 and acid catalyzed 
aeon of 10 itl ethanol. In all three cases, 
mixtures of cage opened products were obtained. The 

.fneamiaeof9isaisoveryunstabk.Itsbouldbenoted 
that aortricyclanol is readily accessibk from its acetate 
1 by LAH reduction.~ 

The homoketooizatioo experimeots with acetate 10 
werepmformedbytreatiogitwithNaOMeinMeOHat 
room~.InafastreactioalOgaveacrystal- 
tiot!mixtureoftwoisoa&c &ones, m.p. MS-13(P, in 
86% yield. SepaWion of these ketooes was accom- 

plished by fractkoal crystallW&~ from CCL or careful 
columo c~ma~hy on silica Struchnes 13$ (m.p. 
12%1310) and 14# (m.p. 155-156~ were assigned on the 
basis of elemental analysis and spectral data supported 
by chemical transformations as will be outGoed below 
(scheme 2). 

Ihc IR spectra of 13 and 14 dibitcd cycbpropaac 
absorptioos at 3UXJcm- aod typical cyclopentaoooe 
absorptions at 1730 and l72Scm-‘, respectively. The 
NMR spectnm~ of 13 in CDC% showed a complicated 
pattern for the br@&ad protons HI, IL H7, & and 
the exe-proton H. at 8 2.22-2.84. All asylMWrical ethy- 
leoe ketal proton absorption m at b 3.9W.42, 
indicative of the molecular dissymetry in U.” A sharp 
~~t(o~~of~~~)w~~~at~ 
1.98 (J-IlHz, gemioal coupl& with H3 which was 
attrWed to the mdo-protoo H, This absorption coin- 
cidedwitbthatofH,.Theass~otofH.isbaaedon 
the shift mt experiments (ui& infm) and the anti- 
cipated higher field positioo of H. compared with H,, 
due to either an anisotropic d&khling effect of the 
ethylene Le&l function oo H=, a shielding c&et of the 
aubooyl function oo H. or a ~~0 of both 
&e&s. IMliermore, mokcukr models show the dihedral 
an& for H., H, to be very close to 909 which is in accord 
with JH,.,,,-OHz. 

upon the add&o of tbc upfkld shift reagent Pr(fodh 
both the doublet sod the underlying one proton absorp- 
tion et & Ml, togetb with one protoo from the =pkx 
pattcro at b 2zL2.84 showed huge upfkld shift 
gradkota. These absorptiooa must be attributed to the 
protons H., H:, sod H, resp., as these protons are spati- 
ally close to the compkxiq CO goap. Uoambi@ous 
assignment of aU sigoak was pcoomplished with the aid 
of spinqm &coupling experimcots of the katbahk 
compkx& compound I3 as showo in Fii 1. 

~~O~~~~t~~~H~~ve~ 
apvof aoewdoubkt(J-8Hz)atd -0.24attS 
butabk to protoo HX. irradiation at this positioo caused 
thedouMetforH.atb-3.ntocdlapsetoasingbct,At 
tbesamctimctbctripktat8488chaogcdintoabrwl 
sinjjkt revealing the positioa of H3 (JH~J~, - 8 Hz) and 
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conscquc~~tly ah the position of Hs (6 -5.14). On ir- 
radiation of Hk cro-proton H, appesred as a doublet 
(JrqJ&-llHz)atd-o.29. 

‘lk NMR spectrum of 14 showed a nice doublet 
(JSS, - 11 Hz) for t&e e&o proton H. at 6 154 ppm. In 
contrastwittlthcspccbumofl3tbeexpectcdquaItctfor 
the so-proton H, (JH.,,,-11Hz. Jw_,,,-8Hz) was 
visible amom absorptiona of tbc remainin cage protons. 
Both H. and & in 14 showed a coddcrabk change in 
chemical shift a.3 compared with tk corresponding pro- 
tonsH.andH,in13,vizanupf1~ldshiftfor.H.amia 
&wnfieldshiftforHnia14,whichisinNl’accordwitb 
the expectal deshi&liug c&t by tbc adjacent bridgc- 
kadbromincatomontk3cprotonsintbcproposcd 
eWuras l3 aod 14, rcspcctively. In addition, the use of 
Pr(fodballowaltbcobsen&mofado&Mfor&,dm 
to coupliug with H. (JR& - 8 Hz) which can only be 
rccoocik?dwitb sbuctuE 14. uadsr the same c4&ith& 
protonH,ioWappcamdasabroadtriplstbcamscof 
additiomd splitthg by the brk&h~I proton rt (JaMa - 
8?4 Jn,.,,,-4IW. 

Thestnxturd&tionshipbctwecnUand14waa 
unequiv&provonbyLAHredactionandrnbseqoem 
dcbromination witb Ii in t-BuOH (!khemc 2). As expcc- 
ted for sti half w ketones, LAH rcducth pro- 
ceodedwithahiglldcgreeofstericappMachca4eol 
yiehhg excltlsivcly the oxy@n inside ako&ols l5 and Ii. 

In these alcohols the severely congested en& proton H, 
is stroaoly d&i&led by the OH-function. Tbc spectra 
of these alcohols were in M agreement with the pro- 
posed shucturcs Is and 16 (Experimental). The bridgc- 
beadBratomotC,couldbe~ilyremoved.withLiin 
t-BuOH to give the si@ akdd 17. 

TkstcruxhmllisbyoftlJc~openingofacctateY 
was studied by performing the homokctoni&on with 
NaOMe in MeOD. A mhre of two momxkukratcd 
ketonesl3aandllrwasobtained.TbeNMRspectraof 
botbl3aand1hsbowaltbccompletcabacliccoftk 
doublets for H. at 6 198 and 8 IJJppm, rcspectivcly. In 
addition,tkPr(fodhsbiftedPMRspcctrasboweda 
douMet(J-gHz)fortbeH.protonin1JrPodasimpli- 
fkdpattcrnforH,in14nduetothlolWofstroDggcmi- 
nal coupling. The signah for all otk protons remained 
uncbqal.ll~NMRdatackarlyindkatctbein- 
axporationoftbcdu&umatomintot&endoposith . 
HeaCe,tbsb&EC&Y?X?d~ ‘nofhomo- 
--n~tbitbdhmeatioa0f 
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22 @chme 3) and 31 (!kheme 5) were synu, 
respectively @xpcrimcntal for details). 

Trcatmcntofxetatc22witbNaOMeinMcOHu&r 
‘the same colulition8 a8 de8crii for the kctalizcd 
acetote 10, gave a mixture of ketone8 24 and 25 in 
quantitatiVe yield (Scbam 4). 

Altkmgb several analytiad tc&iquM were u8cd, 
separationOftk3CkCtODC8CddnOtbCachieVCd.The 

PMR 8pccmlm of the mixture (CDch) displayed an 
extremely complicated pattern between d l.!UM.lO and a 
8hfUp doublet for one proton at b 1.72 (J - 12 Hz). when 
the bomokctonization reaction wa8 carried out witb 
NaOMe in McOD, tbi8 doublet tagctk with a one 

protonab8orptionintkmultipktwa8ab8entintbc 
Spedrum of tk deukratcd kCtoM!S. However, the 
compkxityoftbe8pcctradidDotallowanllMmbiguou8 . . 
de&mm&on of the stereochemistry. To circumvent the 
8cpara&probkm,tkmixturcofketolreswa8reducod 
with JiAlH(O-tBuh and the obtained mixture of &obols 
wb8cquently debrominatcd witb.Li in t-BuOH. Tk cinpjc 
alcohol X wa8 i8olatai in 7296 overall yield 
(fkbeme 4). It8 8trMtIWC Wa8 unambiguourly aSS&d by 
IRandNMRf@&ntcomparkontwithanautbeatic 
sampk.” Detaikd Ull’aV&q& of t& 8pCCtrUI Of #, 
needed for a88ign& tbc aignal8 of H. and H,, wa8 
accompli&d by using double rwonance techniques on 
the 8pc&um of the Ian&an& (E&tpmh) complexed 
compound. A8 expected large 8bift.8 were obaaved for 
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protons H> H, and endo-proton H.. After having 
established the positions of the cr~~cial protons H. and 
H., the stcrcochmnistry of the ring opening could be 
readily detmmined by &eating acetate 22 with NaOMe in 
MeOD and subsequent reduction and debromination of 
the ~o~e~c~~ ketones 24a and 2Sa NMR arudysis 
of the monodeuteratcd alcohol 26a showed that the deu- 
terium incorporatioa was spcoitkally into the Crcndo- 
position as evidenced by the absence of the H. proton 
absorption and the appcamncc of ths exe-proton H. as a 
doublet (JHIJII- 8 Hz). Ckarty, the stcrcochemical 
course of the base induced homoketonization of the 
d&&lid homocuneanc acetate 22 is the same as that 
of the ketal comaining substrate 16. The stcrcochmnistry 
is not afMctcd by the ketal function. 

With NaOMe in MeOH the dcbrominated acetate 31 
was rapidly transformed into ketotm 32 (m.p. 73-74’9 
(Scheme 5). NMR-analysis (Experimental) of both th 
nondeutcrated ketone 32 and moaodcuterated 32a 
ckarly nvcakd that the hO~kC~~D proceeds 
again with exchtsive retention of con&nation. 

The base induced homoketo&ation of homocuncanc 
acetates is a highly stercospccific process proccuhnu 
with exclusive retention of corQuration. This stcrco- 
chemistry is completely opposite to the results, vix. 
inversion of contigu&on, obtained by Nickon et ul’ for 
the Cyc~~o~oI opcn.iq in l-~~x~o~~ycl~ 1 
and 2-&toxy&xanc 2, but rather conforms to the 
general stcrcochemical pathway observed for the base 
catalyzed ring o+tg of cyclobutanol and cycle- 
pcmnnol contaimnJT strained polycyclic suucturcs?b 
Conclusively, the stereochemistry of the base induced 
cyciopropanc ring opening in polycyclic mokcuks is not 
primarity dctumined by the specitk nature of the cycle- 
propane ring. The striking difference in stereochemistry of 
cyclopropanol ckavagc in the uiaxanc and 
honmcuneanc sy8tcm can hsrdly be attribWd to s&tic 
factors, as both substrates and their homoketonixed 
products show a strong structural relationship. However, 
a considtrabk amount of strain energy is introduced by 
~~~c~ the urns e skeleton from the triax- 
ant system by commcting the C and G carbon atoms, 
sllggcsting that strain effects may play an important role. 
Additiousl support for this view was elegantly provided 
by Miller and Dolce,‘3 who recently studied the base 
catalyzed bis-homoketonixation of homocuncane 4,Sdiol 
33. They observed exclusive retention of con@ratiott in 
the first horno~~~n step (A) and complete in- 
version of con&nation in the subsequent cyclopropanol 
ring opening (B) (Scheme 61. 

The stcrcochrXnical course of the initial cyclopropanot 
ring opening in homocurmane dial 33 is consistent with 
our results on the stercospecit3city of the ring cleavage of 
homocuneanes, whereas the inversion of stcrcochcmistty 
for the subsequent cycl~~l bond cleavasc in the 
kss strained half w ketone 34 conforms to Nickou’s 
observations on the stereochemistry of the bond 

ckavagc of the uiaxanc 2. Ahhough no expcrimemal 
dataoatbesarrinenergyof3J~Zareavailabk,itis 
likely that these substrates have about the same energy 
content. 

The rcmarkabk divergency in the stcrcochemistry of 
the cy~l rbg opening reaction can be explained 
by considering the effect of strain on the process of bond 
ckavage of the respective homo+molatc anions. The first 
step in the homoketonization process involves the 
formation of a c&anionic species. In highly strained 
polycyclic structures one may expect that the 
c&anionic ccntrc will rapidly move away from the 
developing CO Freon with a inapt rckast of a 
consi&rabk amount of strain energy. As a conscquencc~ 
thccarbanmnicoentrcwiubehardlyshisktcdbythe 
dqarti~ CO function and rapidly be protonated on its 
open face by solvent molecules favorably disposed 
around the polar CO groap. The stereochemical result is 
retemion of con&uration. 

In less strained systems, the strain is not Nrgc enough 
to enforce the c&anionic centrc to separate completely 
from the ekctrophilic CO function leaving a substantial 
homoconjugative stabihration of the iociient 
c&anionic species. Protonation of this carbamonic 
specks in which the u&-side is bomoconjugatively 
shielded by the carbonyl group, will preferentially take 
place from the exe-side and accordiq#y will result in 
inversion of con6guration. 

In conclusion, we suggest that the stcrcochtmkal 
course of the base induced homoketonixation of strained 
polycyclic akohols, in general, is highly dcpcncknt on 
the possibility for homoconjugatjve stabiin during 
the C-C bond clatvage of the homocnolate anion. 
EtMctive ~nj~vc stabilization can only be en- 
visaged in those cases where the strain energy associated 
with the C-C bond to be ckavcd in the homoketonixa- 
tion process permits effective orbital overlap. 

In acid media the ckavagc of cyclopropanols generally 
occurs with retention of cor&umtion at the site of 
eWrophiiic attack.=k The homotnols and homocnol- 
acetates which have been studii in&de l-acctoxynor- 
tricyclanc 1 and 2-acetoxyaiaxane 2. Until recently, this 
stcrcochmnical pathway was accepted as a general 
charactmistic for the S& tea&on. However, Nickon et 
d_4b.l4 demonstrated that both stcric factors and solvent 
combiins can play a dramatic role in controhing the 
stcrcochcmistry of this ring openklg in polycyclic strut- 
turea. As shown above, strain features in the polycyclic 
systems may also be of importance in dctcnninin3 the 
stcrcochemistry of the acid induced homokctonixation. 
Thmefore, we invcstigatcd the acid catalyxcd cyclo- 
propanol ring opcniag in the homocuneanc system. 

Treatment of acetate 16 with HCI (a@ in McOH at 
room temperature afforded a mixture of ring opened 
ketones 13 and 14 (Scheme 7). 

The ~tcrcochemistry of this SIG reaction was 
established by pcrfonniq3 the reaction in DCUCHJOD. A 

Scbtme 6. 
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mixture of moaodeuteratal ketones 13r and 14 wan 
obtakd. NMR-analysis unequivocpny showed that dcu- 
tcrium was intiucal exchGvely a! the en&-Positions. 
Evitkntiy, the acid cataly& homokcto~n of 
bomocimcanc acetate 10 takes place with retention of 
con&ration. This result nicely conbrms to the pncml 
@em of the SE, type reaction in cyclopropanols. 

-AL 

IR spectra were taken on a Perkin-Mmer 257 @it18 apec- 
trometer. NMR spectra were recotded on a Varkn HA-MO. 
VarknEM-)900rBrukerWH-%3,uain8TMSaaintmnalstan- 
dard. Mass specbn were reco&d on a Varkn SM-IB apec- 
lrometcr. All IlLpa are uncmlnc ted. Bkmmual a&aea wae 
carrkdoutintbemiaoanatyticaldqmrtmentofttktJniversity 
ofQroaingenu&rsupervkionotMr.D.tlPmminpr.andiatba 
micrn anaivtkal deDsutmeat of the Univasity of Nijmepen under 
supmbki 0f Mr.J. D~IWIWI. 

I-B~opalor)clo[4.3.o.~.~J.~‘]e~-~e ethylac 
ketd +catboxYuc acid (4) was prepared in 7O-8O% yield as 
described by k&y?” m.p. M-1890. _ 

Ul-Bmm~acrclo143.0.dJ.dJ.~‘l~rl-Ponr ethdae 
kuijc4fbid (8) WL pipid in~uan&ativC yield as duc&aI 
by Key,15 m.p. 84-8?. 

~l-B~0pcnrocyrlo[43.0.~.~.~7~n~-~~ uhY/ae 
kcru/)car6h10I (6). &NO, (1.08.5.9 nunok) was added to a sda 
of 8 (1.08.35mmok) in MeDH (2Ond) and Hz0 (5mB. After 
retluxin8 for 24hr, the MeDH was evap0raW tlk lnaiduc 
diluted with water and extracted with CHCl3. The combined 
CHCI,LyefiwawubedwithNlClul(ut)~wrta.~ 
subs0quamly drkd @&So,). Solvent was removed ykMin8 al- 
c&0l6uayenowoilwhkJlcryst&&afteradditknofalittk 
ethL?r(O.8&l$3%).Recrystauix&ntromn-hexane8aveapure 
aanwk.. IILD. MI-tofi IR vZ 3Mo. 3240 (O-H), 3(130 (cycb 
propyl H) cm-‘; NMR (CDCI,) d 3.86-4.38 (III, 4H. ketal qoup). 
3.78 (AB q. J - I2 Hz. W, -CH&-). L!Xt-2.48 (m, 6H). 1.92 (s, 
IH, OH); m/c 284.286 (M’, 1Br). (Pwad: C. 50.92; H, 4.M Br. 
28.11. Cak. for CuHI&O$ C, SO.SJ; H. 4.60; Br. 28.03%). 

I - Brom~loc~do[4.3.0.0U.dJ.d”~aror - 9 - ollc ethyfene 
keteI +catfkqfic acid (7). Benzene (3Oml). tetnbylm- 
monimnbromide (0.5 8 I .6 mmok) atni 6 (3.2 8, I I.2 inmok) wat 
added to a aoln of KMoO, (4.88 3O.Jnun0k) in water (5Oml)., 
After rtirriq at room temp. fur 3 days, 5% NaH!Q mj was 
added. to deab~ tbc excess of KMnD,. IIte MnOz Ppt was 
8tteredoff,thewaterlayersepan&amiabJi6adwith6%HCl 
aq.lIbccnnkacid7waa%teredoR,wasbadwitbwaterand 
dried h WCIW (CaClxl(263 878%). Cry-n from acenrna 
8ave au anatytiatly pun? sampk, dac0nlp0aitkn >26(r. JR *,” 
1675 (C-D) cm-‘. NMR WaDH. d 430-4.70 (m. 4H. Retal 
proup). 232-2.30 (m, 6H): m/r 298,300 @f+. IBr). (F0und: C. 
48.21; H. 3.67; Br, 26.59; Cak. for CI~HIIBrO~: C, 48.16 H. 3.68; 
Br, 26.76%). 

1 - B~~~~/O[4.3.O~~.~J.~‘]~~ - 9 - one &ale 
kual4-enbh~hf0tt&(9).Toastinndicbcodeds0lnd7 
(14.0& oO47mok) in acetoln! (IOOml) and watm (Ird) wna 
added dropwise E&N (4.88, OO47mole) in ace&ma (IOOud). 
After addition. a solo of ethyl ckkrof0rmate (6.6 1.0.061 mole) ill 
acetcme(22ml)waaad&dduriq45mia,tbent&mix~stbed 

a&k was dk&ed in anhyd b&&a and r&x& for 6br. 
solvent was removed ia muw a&din8 the irocyuute U an 08. 
whicbcryshnixedonrtand&fR*woo2270cm-’.TlkcNde 
~wudkrolvedinTAP(lWml).coacHCI(~ml)wu 
addedandtbemixtureblWedundern?8uxfor2lu.IbeTHPwna 
~lllOVUliUwrro.t&d&CdihltdWidld&ilk!dWnterllKl 

et&rextRcted.Tbe4ue0ushyerwasevap0ramdtodryness 
&in8 the cvtuk amine bydrucbkrifk 9 (11.0876%). q .p. 194- 
l!?P. JR vz 3lOO-2SOO. XIOO, MOO aud 1510 cm-‘; NMR @p) 8 
4.28&N (m, 4H, ketal8mup), 2.U3.2O (m, 6H); m/r 269,271 
(W-HCl. 1Br). 

1 - BrWrropauO~&[4.3.0~.~J,~~‘]~ - 9 - one erhy/e0e 
kuu! 4-0~ (10). NaND, (16.08 0.232 mok) was added in 
small pot?Jona ti 2 ltr to a s0k of 9 (4.0 B 0.013 m0k) in 
AcOH @ml). Aftm a&& at room temp. for 2Obr. the aoln 
wasneutr&&witbJ%NaHCO,aq.Tbemixturewaschkn+ 
famextrauadandtheot8anicphr#waabedwith5%NaHCO, 
4 aml water. After drying 0,). a0lvent was removed ykid- 
in8 a yellow oil (3.248). GLC (column: SE 30.118 in temp. zoo3 
aJnWdtbepreaenceof2c0mponenta.Tbeoilwaadksolvedin 
t0lueneanddIromatq@ai overaitka.Bktionwithtohvae 
flu&al the I - bmno - 4 - cbkropentacyck 
[43.0.d*.O”~‘konaa - 9 - OIY ubykae ketal 11 (0.68. 16%). 
RecryrtgmtionfromBtOHpveapuesampk m.p. lO5-lW.IR 
“~30l0;cyekpopylH)cm-‘.N~(C~~)~3~~(m 4H 
Lctrl goup). l&i-26O (tn. 6H): ir 29O (M’. IBr, iC.1). (IL&: C: 
4.94; H. 3.42: Cl. IUO; Br. 27.68. Calc. for CIIH&CI~&: C. 
4.5.62, H. 3.48; Cl. 1225: Br. 27~39%). Further ehttbn wittr CHCI, 
ykkkd 18 (263 8 64%). Recrystallixatkn from CHCIJpet. ether 
6O&rpve an analytka8y purr aampk. m.p. 81-84’. IR vrr: 3O65 
(cydoppopyl H). 1750 (C-D) cm-‘; NMR (CDCI~ 8 3sc1.30 (m. 

P 
4H. W poup). I.96260 (tn. 6H). 2O2 (a. 3H, -O-C-CH,): m/e 
312 314 (M’. IL). (Found: C. 5O.OS; H. 4m Br. 2S.89. Cak. for 
C,&Br04: C. 49.8? H, 4.19; Br, 25.52%). 

Ring oparirrg of acdate 18 with NaOMe in MeOH. NaOMe 
(0.58, 9.2mnmk) was added to a stirred loin of IO (Log. 
32mn10k) ia &OH (25nd). After stirriag at r00nr temp. for 
Ibr,mtawu~udtbcmixtureex~~withetber.Tbc 
etbcr kyer was dried (M&SD,) and the lotvent evaporated t0 8ive 
amixtmcofWmdI4(0.7Sa86Jk)aracrystrrlliae~.Tbe 
SUM was dksolvai in totuani and chromotoprsphed over silica 
(Merck. H Nach SW. tvn 60). Blutkn with totuene/cbkrnform __ 
(1:5) auccaaively pve 14, a n&m of t3 and I4 and ketone 13 
e fnnn CC& (3x) mve putn salnpkr. 8Brwno- 
tUmcycb[43.O.d-59dioru 5bihrlcru kual U. ma. 
129-131’; n .,u 3O7O: 3035 (cyckptnpyi H,. l73O (WI) cm-i; 
NMR (CR3 6 3=.00 (m. 4H. ketal PWD). 2.2O-2.8O On. IH. 
H.), 1.43-2.33 (m, JH). -1.78 (d, J,,,-Ilk IH. H.)f NMR 
(CDCh) 6 3.93-4.42 (m. 4H. ketal grwp). 2.55-2.84 (m. W, H, 
and HI). 222255 (m, 3H, Ha.,), W-2.15 (W. m for H,, d for 
H.atlBKJ,- 1 I Hz); m/r 27O. 272 (M’, IBr). (Fwad: C. 
4838; H, 4.W Br. 29.63. Cak. for CI,HllBrCh: C. 48.73; H. 4.09, 
Br. 29.4816). l-B~tu~(43.0.~.~J]~~e-S~ 9- 






