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In the t!kyckQ2.2Joctyl series b&se beatmeat of the halokctona yields oxidocahxylic acids. The dilYclmcc 
inbehaviorbetweentbetwosy~isratioaalizedontbebasisofmoleculargeowtry. 

Duringtheunuse0fourStudiesonsolv01yticreaction.9 
of bridged bicyclic la&W-s’ we observed a &iking 
dEereQceinbehaviortowardsbasebetween5-exe- 
bromo - 6 - cndo - hydroxybicyclo[2.2.1)bep~e -2 - 
cndo - cahoxylic acid +actom (l-Br) ad 5 - ao - 
brow, - 6 - en& - hydroxybicyclo[222)octane - 2 - c&o 
- carboxylic acid 7-la&one (ZBr): 
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and tosykx@acto~ l-1, I-OTS and %I and ma. 
Reaction%Br-+4isnotsurpri&gandc~berat&m& 

i7.edintermsofbasellydrolysiKoftbc7-&toneaDd 
intramolecular displacement of bromide anion from the 
resulting rmWbromohydrin 5. 
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Formation of 6 - ketobicyclo(22.l)beptane - 2 - endo - 
&xylic acid (3) is unexpected tspeciany relative to 
the apparently feasiile oxide formation from the 
presumed tmns-brotiydrin 6. 

Thisreactionhasbeenobservedbyothersbutno 
ration&ration has been adduced to explain the 
di&ence in behavior between the two systems.w 

Ketoae formation from ds halohydrins is well known. 
For example, Bartktt observed that fm~ud&l~ 
cyclohed yielded cyc&hexanelf-oxide upon ba8e 
treatment while &2-chlaocyclohexanol yielded cyclo- 
hexanone. 

A priori, three possible pathways may be considered 

for l-Br+3. Fii l-Br could yield 5Ce&~xobicy- 
ch$2.2lpq)talW2- e&-ca&oxyiicacid(7)whichmight 
~uRdert&naction~nsto3.second, 
m of the C-Br bond might occur followed by 
hydride shift of the Ghydroge~~. Third, base dehy- 
drobromination and ke&&ation of the resulting enol 
could account for ketone formation. Tbe first mechanism 
was immediacy &posed of by indepe&nt synthesis 
of7acMdingtothemethodofChristolctoL~aQd 
demonstrationthatitwasnotamvatedto3underthe 
nXction UmditiolW. 

lIenecondmechanismisactuaUyapinacolictype 
reactioninwhichthemigmtiqgroupishydrideion. 
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The cxo-cis l@ride shift is frequently proposed in the 
norbornane series and has been invoked to explain the 
formation of norbornanone from the 2J-d-cwdioL’ 
Certain such processes have been shown to involve 
extensive skeletal rearrangement.’ 

Two obvious characteristics of the pinacohc 
mechanism for l-Br+3 are (a) it shoukl not show a 
kinetic dependence upon base unless the alkoxide anion 
were more reactive than the free alcohol, and (b) a 
deuterium atom should be transposed from Ca to C,. 

Postulate (a) was tested by tirst establishing the course 
oft&reactionwithmpecttoproductsinthecaseofthe 
sodium salt of 1 in the absence of extraneous OH ion. 
Bromolactotm (l-Br) was dissolved in ethanol and 
treated with one quivaknt of 0.4 N NaOH. Solvent was 
removed at KP in wcuo and the resultin sodium salt 
was dissolved in water and heated at 9Y for 6 hr. 

No formation of ketone 3 was observed under these 
conditions. The product mixture consisted of 15% of 
unratctedstartingmaterkd,1o%of5-ero-7-Syn- 
dihydroxybicyclo[2.2.l]heptane - 2 - exe - carboxylic 
acid (8),” and 8% of 5 - cxo - 6 - endo - dihydroxy- 
bicyclo[22.lJheptane - 2 - aufo - carboxytic acid y- 
lactone (9).“*‘* siiresultswereobtaiMdusingthe 
iodolactoneasitssodiumsalt.Products~usto8 
and 9 have been obtained in the acetolysis of SOTS, and 
their formation may be understood in terms of addition 
to the derived carbonium ior~.‘~ Under queous conditjon 
the 3,7-y-k&tone undupoes hydrolytic cleavage. One 
mayconchxfethatckanformationof3doesnotappear 
to agree with the intervention of the norbonyl cartn~nium 
ion in the decomposition of 6. 

Inorderto8aininfommtionaboutthemechanismof 
reactionof1and2witbbaseadetailedproductand 
kinetic study was carried out since one quivaknt of 
base is consumed in hydrolytic cleavage of the tactone 
rin& a second equivalent of base is necessarily respon- 
siie for the formation of 3. 

ReacrionofhaMacrone.r1and2int1wmdar 
@ualenrs of bare 

Beaction of l-Br, 1-I or l_oTs in two quiv&nts of 
basegaveamixtureoftwopr&cts.Inatypicidexperi- 

h.OT8 

men& iodolactone (1-I) was heated on a steam bath for 
lhr in a 40% ethanoL_r solution containing two 
molar equivalents of NaOH. After cbnwatolgephy 6 - 
ketobicycl~22.lpWpeane - 2 - endo - carboxyfic acid (3) 
79%wassepam&dItwasidentitMbyitsmp~and 
indicative absorptious in the IB and NMB spectra. 
Ketoacid3wasreducedwitbsodiumborohydridetothe 
known 6 - aufo - hydroxybicyclo[2.2.l&eptarm - 2 - errdo 
- carboxylic acid y-lactoM (10). 

A second compound (=3%) was identitLed as 
hydroxylactone 9. the compound which was isolated in 
hit&r yields upon hydrolysis of 1 in one molar 
equiwJent of base. 

HO + H & H 
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Under similar cot&ions, the bromolactone l-Br yiel- 
ded 83% of ketoacid 3 and =S% of 9 while tbe tosy- 
loxy&tone 1-oT.s yiekkd about 79% of 3. 

Hydrolysis of bicyclooctyrhelolactone (ZBr, 2-I) under 
similar co&ions (2 quiv of NaOH in EtOH-H20 sobr) 
8ave no ketoackL but quantitatively yielded an epoxy- 
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a~id,S,6-ado-oxobicycb(222Jochae-2-ado- 
cuboxykrid(4).Tbeemlcturcof4wa#ca~oa 
thebMisofthcfollowin#specWandckalkalevi- 
dcnce.TklRspStrumof4con~chncterirtic 
arboxytic acid abBorp& at 3m (-OH) and 17oocm-’ 

(acY?nd 
chuackktic epoxide abeorption at 1257 

(CL.lc, and 84!Jcm-’ (C-H)bald for &cpoxL.k). 
TheNMRspechumshowedadown5cldringletatd 
11.8oforthercidprotonandtwo&m&lddwbktsatd 
325 for the Crcxo rad Geeprotons. 

ChemicalplWfofthestructWcof4asoutkdill 
Chartlwasattahudbyprepuationofanauthentic 
sample by epoxidation of bicycloI2.22Joct - 5 - enc - 2 - 
en& - CdJoxylic &id (11). when the unMturated acid 
wastrutaiwithpclkKok&SdinchloroformacNde 
solid was Mated which showed thne spots on UC. 
Chroumtographyofthccn&product~veS8%of5- 
ao - 6 - ado - dihydroxybiiyclo(2.22Joctaoc - 2 - ado 
- carboxylic acid y-lactonc (l2). Tbc m.p., IR SpcctNm, 
and tic of 12 mre ideaticrl to skilar data nzordcd for 
an autkntic sample.” It should be pointed out that 
Cnmdwell and Templeton” have repoti that hydroxy- 
lactonc 12 was the sole product obtained upon peracid 
treatment of the same starting nmtcrial. Howevcrc in this 
case, chromakqga@y of the crude product also yielded 
two othu compouuds, albeit, in small yield. One was 
aufoepoxyacid 4 (12%) which gave the same m.p. and 
IR spcctru as the product obtakd by hydrolysis of 
halolactone 2 Tk other component isolated in low yield 
(3%) proved to be the e.rMpoxyacid 13. This stluctule 
was vcrikl by cstcrikation with diaxomcthanc to vield 
the methyl ester which had born point and 
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dataidcnticaltotho8c~foranauthcnucMmplc’2 
otmethylm,-5,6-oxo-bicyclo[2.22]octrae-2-~ 
- carboxyl8te (14). 

0th~~ evidence for the sbucturc of adocpoxyacid 4 . 
was adduced by intaAat& t& oarerpondml 
epoxycaters. Tbe epoxyacid 4, the product of hydrolysis 
ofhaloktooc2wasestlXikiwithdiaxoaKthluEto 
yield methyl - ado - 5.6 - oxobicycb[2.22)octaac - 2 - 
en& - carboxyiate (ls). Physical and qzctrai data 
rccordedforlSwcrethcsamcasthoscforthemiuor 
product (24%) isolated from the epoxidation of methyl 
bicyclo(222Joct - 5 - ene - 2 - auf0 - carboxylatc (10. 
The major produd (111%) in the epoxidation was assigned 
structmel4(sccChart1)onthcba.sisofspcctraldata 
and composition. 

SynthuiS of deanim labdd comjwnnd.l 
To determine the fate of the C,+O hydrogen e 

base hydrolysis of norbornyl habktoees l-Brand l-I.5 
-ao-brow,-6-aro-deuterio-6-mdo-hydroxy- 
bicyclo[2.2l]hcptanc - 2 - a& - carboxylic acid y- 
lactonc (d,-l-Br) was prepared from ketoacid 3. The &st 
reaction involval bromktkn of 3 with pyridinium 
hydrobromide perbromide” or bnmdnc in acetic acid at 
WXP. This alfordal a good yield (81%) of 5 - uo - 
bromo - 6 - kctobicyclo(2.2.l] - 2 - CR& - car- 
boxylic acid (17). 

Theassignmcntofexostcrcochanistrytotbebromiae 
was based on af&qous brominations of norcan@oP 
and substiMal norbom8oones“ which gave ew- 
bromia~tion exclusively. In add&n, the NMR spcc- 
hum which had a downtkld sin&t for the acid proton 
alsosbowsdadown&kldouMet(3Hz)atb4.]fartbe 
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chut 1. Corrc~n of atNct0a of bicycb(u.2joctyl2poxydda. 



Credo proton. The doublet arises from lono range 
collpling with tbc Cranti prot4.m. Wli6pb”o”“” ha6 
been well establishal by Meinwald’ for &ilar Q- 
bromo~nes which ahow long-- coupling 
con6tantsfrom3to4Hz 

Tbcbromokctoacid17wa6thcnrcducedwith6odium 
borodcuter& in isopropyl alcohol to yield 75% of deu- 
tcriobromolactone d,-I-Br. In a similar manner. rcac& 
with 6odium bornhydride ykldcd (70%) of the normal 
bromolactonc I-Br. The IR spectra of the dueraM 
compound d,-I-Br and I-Br contained charactcri6tic ab- 
6orption6 at 1785cm-’ (GO) for the lactonc and 
665cm-’ (C-Br) for the ~bond.TheIIt 
spectrum of a concentrated 6olutioa of d,-I-Br 6hOWd a 
C-D stretch at 2250 cm-‘. The NMR spectrum rhowed a 
down&l doublet (JH,-Cllo_H- = 2 Hz) at S 3.9 for the 
6 proton and a doublet (JH-_“, = 4 Hz) at b 3.3 for 
the C, proton. The assignment of proton6 to their rcs- 
pective ab6orption6 was made on the ba6is of a pnviou6 
study” on the compktc NMR analysis of halolactones, 
1-Br amI 1-I. Moreover, by comparison of the NMR 

apebum of d,-I-Br with the spectrum of bromolactonc 
1-Br, tbc position and stereochemistry of the dcuteium 
was dcflnitcly tixed at C&X0. Tllc mein dilferencc be 
twcen the NMR spectrum of d,-1-Br and 1-Br wa6 the 
pmence of a downfkld doublet (JHI-_,,, = 5 Hz) at 6 
4.9 for the Gexo proton in the spectnun of the latter. In 
relPtiontothistbeH,protonappearedrrsatripletinthe 
spectrum of d,-1-Br. One other important feature in the 
spectrum of d,-1-Br wa6 the presence of a weak 
rcsonanceat64.9forthe~aoprotonduetoasman 
percentage of the undeuWatcd hablactone. ‘Ihe amaunt 
of undeuterated contaminant was Mimatal as ap- 
proximately 10% from relative peak area6 in the NMR. 
This &mate was verilkd by deutcrium analysis” of the 
deutcriolactone sample which wa6 found to contain 
9.97%D. Since analysis of a pure sample of d,-1-Br 
should be ll.ll%D, 10.0% of the sample was un- 
deuterated. 

8, 3.9(d) 8 3.9(d) 

8 ‘3.3 (d) 8 b.8 td>8 3.5 (1) 

4-l-B’ - I-Br 

In conjunction with this fact, the elemental analysis 

WBS in agreement with the structure d,-l-Br, if con- 
sideration wa6 made for the 10% impurity in the sample. 
Fiy, the mass spectrum gave the correct parent ion at 
m/c 219 and 217. 

Mechanism of ketoacid formation 

The effect of ba6c concMtrption upon reaction 
product6 provided revealing information concerning the 
mechanism of ketone formation from hablactones I-Br 
and 1-I. when the sub6tratc to base ratio i6 1: 1, there ill 
IR and chemical evidence that the reactant is actually the 
hydroxycarboxylatc salt of 1 in a neutral solution. When 
this solution wa6 heated, the products as mentioned 
above, although obtained in poor yield, were hydroxy- 

lactone9,alMlinthcc!a6cofthcbromnlactoIJc,dihy- 
droxycuboxylic acid 8. These WnQWmd6 UC normany 
expected from a solvolytic procc66 and their form&n 
can be explained by either a “noncla66kzP nnrbornyl 
cationoracla6sicalcationwhkhumkgoc6nuckopUc 
attackatC,orC,~to8and9,respectivcIy.Oood 
analogyforformationof~dihydro crcid8in 
aqucuusmcdiaha6bcenrcpaedby KriQAhohe6 
ob6crval that 6olvoly6i6 of 2 - ex0 - broum - 3 - Lx0 - 
norbornanolinwatuyi&7-syn-2-exo-dihy- 
droxynorbornanc.Inthi6ca6eac&nicintcrmcd& 
6imilarto18caabecvokedtoexp~tbeformptionof 
rearm& syAol. The only Merena between tlm6e 
two 6olvolysi6 rWtion6 i6 that lWra@uWt occur6 
with the opposite 6tenoc~mi6try, i.e. the 0nnebrome 
hydrIn q to an Mtidiol8. A reaction following 
the6amcsteraAemicalcomschasbeengortcdby 
Robert6 d uL2’ for the 6olvoly6i6 of m-23di- 
cbkWonorbomanc.llleab6enccofke&acid3inlWtral 
maliaindicatcsahydridc6hiftproce66isnotcomp&ve 
with cationic reprrppoement 8 and direct solvent capture 
tog&R 

When a second equivaknt of hydroxide was added to 
the solution the reaction course &angcd and a good yield 
(809s) of ketoacid 3 wa6 obtained. Besides 3 a low yield 
(3%) of hydroxylactone 9 WBB Alated upon chromate 
graphyoftbccIudemixturc.ThcdccEa6cin9i6not 
uncxpcctal, since hlcrca6c6 in bn6e concentration6 aR 
u6uallyassoc&dwithadecreeseinproduct6arisingvia 
an unimokcular (SNl)= proce~. However, what is sur- 
pri6ingisthntachangcfromancutraltoa~O.7NNaOH 
sohttion produces such a marked formation of kctoacid 
3. 

To check quantitatively whether there wa6 any direct 
nlation6hip between the base conceatrarjon and the rxtc 
of ketone formation, the OH ion concentration wa6 
varied (0.05-0.10hQ and the time required for di6ap 
pcarance of 25% of the second equivalent of ba6e was 
recorded. Since the moks of ketone formed and the 
moles of bnsc lost were equal, monitorilqt the dc4Xasc in 
ba6c conce&ation seemed an adequate method for fol- 
lowing the reaction rate. For dual runs it wa6 determined 
that the quarter time for reactjon do&M for a pmpor- 
timd decrease in base concentration. In fact, reaction of 
both halo- and tosyloxy-lactone6 in base showed 
excellent second order kinetic6 up to 6046 reaction. 

Assuming for the moment that formation of 3 result6 
from an E2 dchydrohalmn the fate of dcuteri~~ 

m the reaction of barodcutcrioMo~~ d,-l-Br 
might potentially y$ld some relevant information. Not 
only should deutmum be lost if an elimina&n take6 
place, but the rate of ketone formation from 1-Br would 
bcexpectaltobefa6tczthanthcreactionofthedcu- 
tcratcd analog d,-1-Br. When d,-l-Br was treated with 
ba6c,ketoacid3wa6ob&cdwhichwa6ralucaltotbe 
undeuterated lactone 10. Conversely, if the haldactonc 
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d,-I-Br 

Tb8 validity of these excllattge studies have been 
fort&d by the work of other researchers who have 
observed rapid erodeuterium exchange for substituted 
norboraaaoneja4OfMucaolpboiL.‘iDtiC~&XiMe- 

deuterium oxide sohtion. Even wben catalytic amounts 
of deuteroxide are used at room temperature rapid 
exchange is observed. 

II+ cat dD 
D 

-3 m dloranr-op 

l-Br was reacted in a deuterated base-solvent system 
(OLMhO), a ketoacid dr3 resulted which upon reduc- 
tion with sodium borohydride yielded 5-cxodeuterated 
lactone d,-10 (10096 d, as de&m&d by D analysis). 
This latter result saems reasonable, sioce an ehhation 
reaction would form an intermed& enol which would 
tautomerixe to tbe ketone with adeuterahn occuhg 
at the more accessiie exe-face of the nohornyl 
skektoLff Althou& theu? two results agree with an 
elination mechaaism, they are oat unambii ia 
light of experiments which indicate the S-exe-proton of 
tbe product undergoes rapid exchange during reaction of 
I-Br. 

2oqv 60 
I-m - 

I4 
H- 

Dd co2- 

d,--3 d,-t0 

Speciiically, when the &u&rated ketoacid d,-3 was 
treatedwithtwoequivakntsofbaseullde%thesame . . 
co&bona used ia the radon of l-Br complete loss of 
DresuhLInoneequivahtofbasewberetbeketo- 
carboxylatesaltispresu&lypreselltinlRutral8olntion 
tbeDlabelwasMained.Tbefonnerexpehentresem- 
bkstbeco&ionspreaeatatthebeginhgofthereec- 
tion of l-Br while the lattez exchaege e&t 
reqesents conditions at t&e conchl.sioa of reahn. 
More, d,-3 loss of dent&m dmhg hydrolysis of 
d,-l-Br or horpohon of dent&m doriug reactha of 
l-Br could occur by either an ehhation reach or by 
a-proton exchange in the prodoct 3. 

d,-3 

Further experiments aimed at elucidath the elimina- 
tion me&a&m focused on ditTerentiating between a 
concuted E2 of a two-step Elcb pathway. Since both 
mechanisms are consistent with observed second-order 
kinetics, other experimental approaches, such as tbe 
elfect of leaving group and solvent on reaction rate and 
kinetic isotope effect were used as a basis for choice 
between these possibilities. 

I-Or + 

/ = + H,O 

Evidence in favor of a one-step concerted mechanism 
for;dellyQohalosenation is the observed depend= of 
leaviug group on rate of ketone formation. If a two-steq 
(EW process were occur@, the rate dete step 
wonldbecarba&nformationandthekavinggroup 
wouldbeexpectedtohaveverylittleelfectontherate. 
ThisseemstobetbecasefortbeEkbehiaationofHX 
from hrur-2&brocycbbexyl pheayl sulfone and tmns- 
24osyioxycyclobexyl pbenyl sulfony which show nearly 
identical ~yn-ehhtion rates.” On the 0th hand, 
cyclohexyl tosyhte undergoes E2 elhinath more 
rapidly than cyclobexyl chloride.~ In the case of 1-Br, a 
change in leaving group to tosylate increases the rate by 
afactorofgreaterthan20. 

&Ph 
Elcb 

Ii 
E2 
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chlorideisalsoconsktentwithaconrertedE2eiimina- 
tion. surprG@y, the order of lea* groups in the 
feactionof1wastYrs>Br>I.Thelmu!3llalokrva& 
thatiodineisapoorerleavinggroupthanbromidecanbe 
u&Moodifsomedegrecof coacatedaessintbeeli- 
mktion is assumed. In tbe tIansit.bn state for syrr- 
eliminakn the leaving group and incu&g base are 
syn-coplannr. With this geometry, stexic repulsion be- 
twecathe@eriodioeatomandbasemaybeimportant 
andthisfactorcouldcausetheobservedorderofreac- 
tivity, i.e. Br>I. An alter&e explanation for the rela- 
tiverea&ityoftbehalolactonesisbasedondipolar 
effects. In a syn-E2 process iodine beii more polarix- 
able than bromide woukl develop greater separation of 
chargeinthetransitionstate.sincebaseand1eavin8 
groupateontbesamesideofthemolecule,dipolar 
repulsionbetweenbaseandiodinemaydestabibxethe 
tram&ion state for ehmina& (U) in the case of the 
iodolactone. Support for the latter interpretation derives 

IS 

from solvent effects where a change of solvent from 4096 
ethanol-water to ethanol reverses tk bdk-bromide 
order and iodolactone (1-I) reacts faster in ethanol. 
Presumably, the nmre polar solvent favars greater C-X 
bond pokization and larger dipolar repulsion would 
result in this aqueous solvent system. In ethanoI, ion- 
~aofC-Xisnotaswelldevelopedintbetransition 
stateamInormalleavin8grouptrendisobserved. 

Additional evidence for a conce&d mechanism relies 
on base streq#h and type of solvent used in reaction 
l-Br. Ekb processes are favored in strong bases and in 
solvents which do not favor ionixation.” As observed by 
LeBelVn even in the presence ofahaseasstnntgas 
sodium pento* the dehy~on of 2J- 
dihalono&uWesn?ostprobab1ypmceedsviaanE2 
me&a&m. S&e 1-Br and LeBeI’s compouuds (see 
below)arestnrcturallysimilarintbatbothhavea/3- 
hydrogen activated by an electronrgative substiWnt and 
thesamekavinggroup,itis unreasonabletoentertaina 
aubanionintemmd&einreactionofl-Brwithabase 
such as hydroxide ion in an ethanoLwater solvent 
SyStem. 

+i y2pr 
-0c OH 

X=6r,CI NX-Ed 

AhboughabimokcularE2reactkmbest6tsthe 
experimental results, a specuum of bimolecular tran- 
sitionstatescanexistinwhichtherelativedeareeof 
C-HandC-Xhondbre&ngmaydiffer.Tllreetypeaof 
uaMitkmstates(seebelow)canbevisWi%dforanE2 
~acco&gtothebondchan#ss,butallrepreWnt 
NWUllSWhiCllUeStiUCOncsrtadilltheSOMCthaOIlC 

bondfiSSioncanQotoculrwitbouttbeotha. 

The Bdeuterium isotope e&t for I-Br was k,&= 
1.67 +O.OS at 9.P. Usually for a concerted E? reaction 
wberetheC,,-Hbondissub&nWlyebngatedinthe 
tmnsition state, isotope eflects are much larger and 
normally vary from 4 to 8. For instance, DePuy et d” 
have observed a kw/kD = 5.6 at 50” for the syn-II2 dehy- 
drotosylation of 2qbenglcyclopentyl tosylate in KOtBu- 
HOtBu sohttion. LeBel has found the value of k& = 
3.620.1 for the syndehydrohalogenation of 2,3- 
dihdonorbo-, which he argues is in agreement with 
aconcertedE2reactionwithtbetransitionstatelyiqg 
slightly to the carbar& side (Elcblike) of the “synch 
ronou~” state. By comparison, the isotope effect obser- 
Vedforl-Brissmallandisinbe~allreanentwitha 
transitionstatewheretlmreislittleC-Hhondpolar& 
tion.Inasimilarethaad-water solvent system, shrimp 
hasobservedakJkD=1.3fortbe~&u&iumisotope 
e&t in tbe El ehmination of HBr from 2-bromo-23 
dimethylbutane. Therefore, a value of krJkD = 1.7 would 
beexpectedforaE2whichpossessesconsiderabkcar- 
boniumioncharacter.Itappearstbatthereactionof1b 
favored by factors (solvent and kavin8 group) which 
favor C-X cleava8e and is relatively unaffected by fac- 
tors which determine fi proton abstra&n (small fl deu- 
terium isotopeeffect). On this basis an El-like &at&ion 
state seems most appropriate for the dehydro 
halogenation reaction. 

A 6nal mechanism which must be considered is a 
hydride shift mechanism occurring from the conjugate 
base of halohydrin 6. 

-H H 

nle.3eumdequivalentofbaseiarequiredtogeaerote 
thealkoxideion,misprocessisinacuwdwithtbe 
secondorderandthelowisotopeelkt.Aprobkmwith 
this mechanism is the necessity of exchuive hydride 
shiftasamodeofdecomposibion.Inthecbselyrelatcc 
aueof6rearrpsgementpfedominates.Analosousreer- 
rapOanePtintbecaseoftbeabovecarboniumwoukl 
appear feasible. 

Onecuuldperhapsargjuetbathydrideshiftwouldbe 
,gr&yassistedbytheresonancesbbibtionoftk 
iacipialtcarbony1groopasistrueinnormalpiaecd 
reamul@meats. This remGas an ullIesolved point. 
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In stsikhg cmtrast to the b&&or oi 1-Br, is ~?IC 
radon of the bkycboctaac halo- %Br, 2-I 
~~~~~4~n~~ 
baic.Pres~thcepoxy8cidisformedvia~~ 
hyddysis of the kcto~ ring followed by udbackshk 
attack of oxide ion on tbc c-x bond. The fomlation of 
an epoxidc is coo~nly observed from a&dine treat- 
lncnt of 8 cyclic &?zn3-haiobydrilL6 As v&cation that 4 
~by~~~S~2~o~n~~bya 
solvolysis process followal by oxygen attack, the raoe of 
epoxidefommtionwasdctcr&dUpto75%readooa 
linearsccondorderplotwasobtaidwitbt&eiodokc- 
~~~~~t~~f~t~~~~~* 
lJtis order is a normal kaving group effect for an SW2 
W=ss. 

2-Br au 
2-l -H H 

H 

--H -JfF H+ 

H 
-4 

0 95% 
co; 

Factora afixfing nlaffve nracffvify of 1-X vs 2-X dth 
bate 

One elan’ offered for the di&ence in reac- 
ti~~ni~2~~ont~~~~~ 
which have been used by Scbkydg to explaia p&x- 
&id exu-ste?cospcci6city in the IloA ring. 
spcdkauy, formatkn of the eJ&i@-epaxbfe in 1-E 
w~~~a~~s~~~~c,,~~ 
C&I C-H bonds arc becoming eclipse4 (lo). Tbis in- 
crauc in torsional strain prohiiits ardo-epoxidc for- 
lWiOOaodldb/8thCC-~lltO~. 

On the other hand, in the mm-c fkxiik” bicy- 
clo(2.2.2@tane system. Wsiolml angks for rekvW 
~~y~n~~~~t~~~~~~ 
noWmane ring aad iutramokdar dkpkce~nt by al- 
k&k is a favorabk process. 

20 ReactingConfo*nation of 2 

W; 0.6 mm) b yield a solid d&boxy ata‘ of R m.p. 11~12P 
W’O 122-12301; IR (CHclJ) 3610 (free OH), 3530-3200 (Wo- 
ciated OH), lmd 1720cm-’ (ester C=G). 

TbsctlWrso&fmmwWi8wa8se@nu&wsseMponted 
aadO.Ugofathickoilworabtrriaedwhichltavctbneq?o~on 
~(~~~~~~ =Wm@@=& 
byprqudvetk. n l-Br (170 mgl 16%). 9 (51 m 
8%)werc&conlyprodu&idatalmd&dilkdbycomp&inn 
witbsu&f&aampks. 

(2) Io&W (1-I)” (3.0s 18.9 mmol) was di!dvul ia 
etoH(l6mt)and~~18.99ofO.lONNaOH,nK:SOIlt 
~~~~~~f~~~~,w~r 
(3ml)war:addcdNldtbcKI4wasdaxcdfor 18br.Tbssob.l 
macookd,Ix!Wa&dwilbHclC2Dmlof0.1N),sndextrsctcd 
willlfourpfRlioMofetbsr.TbcextrectswgecQ&ned#waabcd 
witbaNsHSO,sq,aaddriu&Uponconccntdonoft&ssdo,a 
yclbwoilwsso&sincdwWaliowdfourcompoo*ltsontk 
(1~~~~~~~ ~~~~~ 



syntbuis of endc-&poxy ate? (HI 
Ae ctbcr aoln of 4 (2.h 119mmoi) wee cookd to 0” cod 

trr!&dwithfrcabtyprqWoddiauwetbpaeieomcf.Afterib 
St&WOWnaction,tbCetha~~~VdMdtbe~ 

yellowoilweevecoamdMkdtoyi&il8eckar&uid;b.p. 
108-1W (1.1 mm): IR (CHCl3) 172S (ceter GO), 12S7 (CpoeW 

0 

eod 847 cm-’ (c&cpoxide); NhfR (CD&I 3.64 (at 3, c -0CH;J 
H-C. 

(CHC1,) 1720 (esta C=O) emi 7OOcm-’ ( H\ P 
,W\ 1; fR 

0 

‘GC’ h3.55 ((I, 3, WCW~13(m.2,itl, \B e -uCH), 3.0 to 
/ 

2.4 (blued m, 31, eed 1.86 to 1.10 @oed lo, 6). 

Frauion (loo InI) FJetion !+olvalc R0duahl.l 

k12 SO% e&u+l?%ro~ctbcr 2.57, m.p. 147-l& 

12-17 SO%etbsr-petrokemetba 1282, azp. 231-m 

lie22 108%etha 7s - 
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l-be ata 16 (3.88 & 23.4 mulol) ill CH& (180 ml) was coded 
illiceandtmtcdwith100mlof0352Y~acidrolaia 
cHcl,ovaO5hr.TlJcmixtwcwaswaabfxiwithKhq,twicc 
Withdil.NoH~.Paddkd.TbeSdDWtUCollWlbtCdto 
yidd4.lgofaydlowoil~~threeapotsontlc(S% 

d 8i ti oh&. hti0n~ i-8 gr~e 1 Y~IOW d8 which SIJOW~ 
oncspotoatk(5%etber-bcxane).Tbeoilwasvitclmm&~ 
to yield 14 2.37 g (51%) aa a cku liquid. b.p. w (0.45 mm) 
@L” l&-141” (19mm)l; IB (CHCIJ) 1725 (ester C=O). 1150 
(cpoxidc), aad 851 cm-’ (ci.scpoxide); NMB (CDCl,) 6 3.67 (s. 3, 

P 
-hCH3),3.12(q,2, ‘O),and 29to 1.1 @roadm,9). (Found: 

ud 
C. 66.06; H. 7.71. Cak. for t&H&: C. 65.%; H. 2.70%). 

AsccondyeUowoilwasobtahlfromfractiona1O-16whicb 
&owed o= spot on tic (5% etba-texRnc). The rn&lixl wax 
colkctcd and vacuum dhtilkd to yield 1.08g (24%) of en&- 
epoxy ester u: b.p. 85-&Y (0.4mm). ‘IEc IB, NMK, tic, and 
ckmentRlxnRiylofthismatuixlwmidcllticaltot&oscrecor- 
rkd for tkc epoxy cstca derived from balo&ctone 2. 

Kcto~cid 3 (3.Og, 19.44mmol) was dissolved in glacial AcOH 
(2Ond) and leatut m. The sotn wax sthd WI& Br2 (1.01 ml. 
2O.Ommol) or &diuium b~dmbmmkk Dcrbromidc” (6.24~. 
19‘5mmoljwas-..Tllct&p.wxsil&iucdto9lPaa;laga9 
(HBr)~evdvedoverOJbr.TbesolnarplbatedPndrtimd 
foranadditiouxlO.5brandthentbeAcOHwasrcmovcdh 
wcRo.Ahwn3olidwasobt&lcdwtlicbwaxpRrtia8ydisolvcd 
inEtOAc(U)ml).TbeinsolnMerrcidue~dissolv~in~ 
(100 ml) aDd the aqucou.3 soln was extracted with thfee portions of 
EtOAc. M JZtOAc extracts were combined, wasbed with dil. 
NaHS4cwlraddriedThesolventwssrcmovcdInwcroaad 
4.O~f88%)ofayeuowishsolidwxaobtxkd.Tbcaukpfoduct 
showed only OIJC spot on tk (4096 acetone-be~) and w-as 
puilkd by cryshlhtion f&m CHCl, to yield 3.6Og (81%) of 17: 
m.p. 142144’; IB (CHCl3 3500 (acid O-H), 1760 (k&me CIO). 
1710 (acid GO), and 670 cm-’ (C-Br); NMB (D$COCq) 8 6.45 
@roxd m. 1. Cookie, 4.13 (d. 2, IHrabrFva = 3H. C,m), and 
3.25 to 1.80 (hoad q , 7). (pound: C. 40.82; H, 3.88. Cak. for 
CJ&BrOj: C, 41a H, 3.90%). 

S-exo-BlMO-6-exo-dcYIadD-6-endo-h~~- 
bicyclo[2211hqJtaiW - 2 - end0 - ca&oxylic acid - y - lactoae 
(d+Br) 

sodium bom&uterkk (ML 35.ommol) WDll dissohd in 2- 
propmml(2OOml)wbichlmdbeeadricdbydi&ntionoverMg 
tumiuga.TberiolnwRsstirrcdaDdmRiIItainaJat5fPtounuplctc 
dissolution of tbc hXkaJtcridc* When a lnnnogeneolls sola was 
owainal 17 (351 15.Ommol) was xdded in soGIl portions over 
5mia.Tbeso~~stirrsdfor1hratuPandovrmight~room 
tcmpTbeaolnwasc41aMiniceandslowlyaciditMtopH=3 
with 10% HCI sp. Water (loOmI) was addal and =w)ml of 
solvent was rmloved in McRo. The remaining beans 
mixture(=5Oml)ml)extMtedwithth?cporthlsofctlnX.~ 
cxtrachwerccombii,waahedwithNaHC~aqmddricdThc 
solnwas~~Plld3.26gofayelkwoilarssobgined. 
Tllc oil was cryshllixcd from acetonc-&xIlne to give 2658 
(74.4%) of dcptcnted bromohctone ld,: mp. 64366.5’; JB 
(CHCM 2250 (C-D), 1785 (&tone C-O). and 665 cm-’ (C-Br); 
NMB (CDCM 8 3.88 (d. 1, I”_,,,,_. = 2 Hz,, C,_@, 3.26 
(brood d. 1. III-HI = 4Hx. C,-lj), 2.67 (1, 1, &AI), aad 26 
to 1.5 (broad q , 5); mu spechn panat m/e 217,219, base m/r 
94, aDd major fragmcntatioa peaks at 189, 191 (P-CO), 175, 173 
(P-C&h 139 (P-Br). and I IO. (Ionixath pota~thlr ol21,14 rad 
8.5 cV were used in obthiag spactra.) (Found: C, 44.27; H, 4.23. 
Cnlc. for C&DBa: C, 44.01, H. 4.5896, Dcutcrium AnnI. Cak.. 
for CJtDBrOs D, 11.11. Foul: 4 9.97%); 10.0% of an- 
&ntuatcd mataial present. 

AnidmtidpwwdurewMuscdtopreppntbs- 
-.Inthiaure17(3.5#.u.ommol)lvMreducedwitb 
NaBH, (133g, 35.Ommd) sod 2.500 (70%) of 1 wan obtakk 
asp. W, IR (CHC13 1785 (hctoac C=O) pad 665 cm-’ (C-B& 
NMB (CDCI,) 8 490 (d, 1, J,,_, = 5.0 Hz. C&-H). 3.90 (d, 1, 
J”,._,,-H,-, = 25 Hz, CL-H), 3.26 (1.1, C,-m, 2.67 (broad m, 
1, C,-Jj), and 255 to 1.6 (broad m, 5). 

Reaction of &~teAobtvmdacta~ d,-1-Br in hue ea~Rhmltwt~ of 
base 

The bromoMone d,-1-Br (0.75 g, 3.3 mmol) wna dissolved in 
EtOH(Sml)and~toasdnofNaOH(6.7mmd)inwater 

with three portions of CHCI,. The extracta wae cumbined, dried 
xnd the sohent was removed to yicId 0591 of a yeuowiah oil. 
This luxtehi was NlKd over !&a gL?J (log) and 
0.318 (59%) Of P Sdid wa8 isolated h the 20% CthCF 
pL?AL?lUllCtlMfMhS.Tbe&idwfLliXySt&iZATdin~ 
hue to yield ketohd 3: m.p. 9!Ll!P~Compound 3 (O.lJg, 
l.OmmoB was reduced with N&L to yield 0.145R (93%) of 10 
after s&math (loo0, Llmm): q .;. 15i-156’ @it’iti-lh; IR 
(CHCI,) 1756cm-’ &tone C-O); NMB (CD&) 6 4.94 (t, 1, 
t&_-Ij). 3.33 (1, I. C,-d) aad 28 to 1.3 @road m. 8). 

R~II&R of bd&ctone (1-I) or hum&~ (l-Br) in da- 
temtedsdocnt 

Iodolacto~ (1-I) (2.5~ 9.45 mmol) or an cquiv amonot of 
hmolactopewaspowducdartdaddcdtoD#contfh&two 
cquivs of NaOEt (1.288,18.9mmoQ The soIn was htcd on a 
stcambathfor lhrapdthcoolcd.Tbcsolnwasaeuhplized 
withHCIQ.Umq).TbeusPalwortopyieldedl.~gofayeIlow 
oil. After crystahtion from ~kumctbcr~ 
1.08g(72%)of5-exo-dmterio-6-kctobicycto[221~- 
2 - ado - carboxylic acid (d,-3) w~a obthcdz q .p. 104-106’; IB 
(CHCI,) 3500-m (acid O-H). 1750 (ketoac GO), 171Ocm-’ 
(acid GO); NMB (CDCl3 8 8.97 (broad m, 1, COOH), 3.30 to 
UO(broadm,3)250tol.S(b~m,5).DwtaiumAnal.Calc. 
for a: D, 10.0. Foundz D, 15.45. The d&crated acid d,-3 
(o.ng,S.Ommol)~eddeddowtytoiropropylalcobd(90ml) 
contxiniru NaBEL (0.57 R. 15.0 mm& The solo was stirred at 50’ 
for 3hr &I &co.& &d&d wi& HCI. ‘he soln stood over- 
nightaodtbmsat.NxHCO,eqwasaddcdeTbevohuncofwla 
~reducedto10mlb~~,~nutnctedwitbfomportioasof 
CHCI,. Tbc extracta were cohned and dried and the solvent 
was removal. In tbi!l maMcr0.68pofawaxyaauwMobth4l 
The material was sublimed (w. OSmm) and cry- from 
autotim to yield m-d,: nl.p. 153-153.Y W” 154-lsa’]; 
IB (CHQ) 2225 (C-D) and 1765~~’ (lactonc GO); NMB 
(CDCI,) d 4.79 (d, 1, JH,_,,=5Hx, C+), 3.21 (broad t, 1. 
C-H). 275 to 1.20 hroul m. 7). Dm&mm Anal. Cak. for 
CJI$C&: D, 10.00. hund: D; 10.01. DL?uM&dkc~3d, 
(0.077 g, 0.5 mmol) was dholvcd in EtOH (I ml) md an ayiv 
aumuntofNaOH(050mlof0.989N).Tbesolnwashtaionr 
stcambathfor 1hranda8owcdtostandovhghtatmomtcmp. 
Tbc soln wan m with dil. HCI (05 ml of 0.99 N). The 
soln was dilutal with water (4Jml) and exbactcd with four 
portionsofEKIH.Theex~werecombiaedaodmiedradtbe 
bdventwssremovedtoyiddO.OTlgofa~olid.Thesolidans 
tMtCdWithNaBH*illiWplUpyl&ohol.l7.hCWtidobth4lSftCr 
reduction gave an NMB specbwn identical to one rcco&d for 
lbd,. 

When3d,wastrcataiwithtwocquivsofNsOHu&ridcn- 
ticalamditions,apmdnctwMoLeRh4lwhichafttrrimiLu 
llTd~thOwithNRB~lpvCSllNMB&Cchumi&ilthltooEIC 
rccor&d for undcutsnted Lctoae IO. 

KiR&mcaaRMm4ats. Tbcratcaofkctoncformation3and 
iutrantokculnroxidcfrea&ion4wwcmeasuredbyfollowiugtbe 
ratcofdeasrreiutbe~oftkescondequivofOH 
ion.Sccoadofdcrratcwastantswaeobtakdffomtheslapcof 
I pbt of l/(*x) va time 

a = (hydroxidc]~ = [sobstrate~ 

x = [hydroxide], 
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404 BTQtt-B*O Btmt 

Substrate cone kxlO'(l-o~l/minl** km1 kxlO'(l~l/minl** & 

l-Br 0.10 2.62 1.00 0.099 1.00 

0.05 2.55 

1-I 0.10 1.60 0.62 0.25 2.54 

0.05 1.54 

d,-1-Br 0.10 1.55 0.60 0.64 0.62 

l-OTa 0.10 a33 a12.70 .** 

2-Br 0.10 0.46 0.18 

2-I 0.10 O.ES 0.34 

Time Bequirad for Loss of 25% of Seccod 

Equivalent of Base at 50.0 + 0.2. 

[substrata] [hydroxide] t 
,/,-min 

l-f = 0.05 0.05 44 

0.10 21.5 

*Although not graphed, rate ccnmtants wem determined at 40.0 + 0.2.C. 
The valuea were 0.096 and 0.056 l-mol/min for 1-Br and d,-l-87. 
respectively. 

**Since maximum precision error reached 50 ppt, the error in reported 
rata constants is + 51. 

***When base was ad&d to l-CT1 in ethanol a precipitate fonmd 
which was assumed to be the insoluble carboxylate salt. This 
solid was water soluble. 

wbcBiBitillWb6tratecoBceBhBtio0cqB&diBiIi9lbasccoBccB 
tntioB.RlrNSac&edoBtwwBm?qlmlcoacentntionr,t& 
quutcrtimcfabacamwl&oniXtbXonlydXtarcportal.M 
marUnntettts were repatcd rad preckion for dupliutc NB 

napdfNm5to5op8rtspI?rtkouMKi. 

AtypkdkincticNnwaaarriadmufolbwr:Atmbly 
raxystdid nmpk of lnlo~or tosyloxy-lactonc 1 (l.OOmmol) 
~ae~inavo~~(lo~mdIbsEtoH(4.oml) 
wurdQd.Atroomtemp.X~colnofNlOH(2W~d) 
wasaddaJtotkabXnokXolrl.Tbeba8cwudiXpasalfromr 
-witbo.olml~.Tbevoblmevuni&?dto 
10mlby&itionofwar.‘fbe1Uwasquicklysb&en.r2ml 
aliquotwuramoval,radtbcractionwuqwncbaibyd- 
ditknml d l.ooatmol of Hcl. Tlle vohunwic !hXk WXS tbell 
wpplwed aad immwsal in 1 columltt temp. bell Xt so.o*o.1*. 
Tbetkqmtbchwetll!aXc&iitioaXMliulmaGonoftbenX8kiu 
tbebatbw8skcpt8t2mia.Tbe8liqlmtnmovcdbcforebubim- 
nlmioowunaunkdtorpbenotpbtb8kinclldpointwith 
0.tZZ47NHCl.Inallcue~,titr~tionoftbcBr~taliqt~~iadied 
ow molar cquivaknt (23%) of OH ion (l.oOmmol) wu con- 
nlmcd initaly. Aliquotl (Zml) wex lemovcd from the vohl- 
mshicdulrltiDkZvXlX.dihItCdUitbC&Jwrtcr,rodtbCCXCUl 
buewasnu~tAiXedwitb-HCl. 

For tbc bicyclooctMc daiwtivu. tbc last aliqllot vu 
nmovedrftaItlact75%96ottbe~oqllivofbrcbdbcen 
amsnmedbyrcadioaNodevi&mfnmrrwoodor&rXtr&bt 
lineplouobservuluptotbBtpointFartbemrbofnyl 
bXbktomdwiuionfnnnrKa?oodordcrstmi#btlincpbt 
ocamddtcr50-60%0ftbc~epuivofbuebrdbeen 
COE8Ud.C omcquenuy, the hat aiiqwta wwc rmovcd before 
6O%~FortbenxtionnioJ!tOH,tbcratchfolbwed 
anlYtbrou6bthc%rXt~%0f~ 

ForructkttmiurbrEtOH.tbcsolventwudi&lcdfromr 
NXOEt-EtOH rol utd the NXOH pdkts used were obaiocd 
fromroewlyopenalcont&er.Otkwisc.tbcproccdPrrwu 
i!dcatical to UK w cited &eve. 

AhrlcdgAartr-R Y M. tbuh Prof. B. WX~B~B, IAmes 
toire&-,Facult6Bt.J6r&~~.UniversityMu~eilk 
forbiXboXpiidufiugmytcnurcuViXitin6Pn?fcuofittLir 
L&onkwy.l976.Tbcamtborsuerlso~toDrR.hHcw 
mumradtkRI+rXtoaofMawilkforatl@ttctt&dis- 
atuiooXdtbiswofk 
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