
REACTIONS OF DISPlRO[2.0.2.2]OCT-7-ENE. 
EL~TROPHILrC AND FREE RADICAL ~D~ONS~ 

hrtal dispiro@.O2.2lec&mes 2 derivabk from 1, as+w”u 
astbetIawithstateaiIltbeitformationalldreachoM 
areakoofin~t.I.o1%8,Dolbier,~,aadT~; 

w d 
I 2 

I, X=Br; b, X=I; c. X=OH 

we have found that f call be pnppned convmlkntly ill 
8096 yield in 4 stcjm from methylenecyc~, whicll 

akofotmdtbatlisfe8so&lyst&kasaca1O96 
SohItioll in CmIlmon organic 8olveata. cowq~y, we 
tmvebeenabktortndysomeaddithoalreactionaof1, 
whichwedefic&bcoe. 

Jxspifo[2.02.2Joct-74iw 1 is prepex& @sadily and in 
quantitative ykid by treatment of c&- sod rmns-7,8- 
diilnodkp@2.0.2.2joctene 3e‘ with lithiom aiomhum 
hydride (qn la). Al&o@ the trmu isomer unb;yper 
morerapidconvasioato1,itarrrctivitykolllyeligMy 
~~~~~~~.C~~~n~,l~ 

b, :: X R 9 = ; 3b X Cl * = 

Ionic additions of bydrolDea bromide sod bydrqen 
iodi&to1indrycarboat+&kidegavcmixtnrcsof 
the wxapou@ 7-lmh@@.O22W 2 and 4. 
kab-4~i23~ 4 ia total yicids of 75% 
and 60%;ftspcaiv* (c!qn 2). Itltaestilt&ly, the dis- 
pko&bne2wasthtm8jorpodslctfromtbt~of 
bydrogcnbromidcaadthcminorpnhctfromtbcad- 
dition of hydraq iodide; tbc 2:4 jrddwt ratios 
rbro@m!the~~ 1.0:0*74imd 1.0:3.2Afcu 
~~~~~~~~~~~6~ 
onrtrblecompuedw&i&tkbromidw,aad7- 
~~.2.2locta~e 2b appwcd to be more up 

a, Xdr; b, X=-l 
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7-Broatodispiro(20.2.2loctaae 2n has also been 
obtained from cyclosdditjon of atethykaecyclopropaae 
and broat0methykaecyclopropaoe.l The structural 
assigaarenttotheiodide2bwns~ooathebasisofits 
amssaad’HNMRapcctra,whichweresiatikrtothose 
of2aThemassand’HNMRspectraof4nand4h 
CStaMisbedtb8ttilCyll8dthe~&OSkClCtOOiUld 

th8ttlKyWWi!MlClXOf288Dd2b.IlldditiOOtUtbU 

mar syOmetricd bmds cultcral between 9 0.7 and 
0.8ppm due to the cyclopropyl protons (4II), the ‘II 
NMRspectraof4aaad4bconsistalofsiatikrunapkx 
patterns between co. 8 1.6 and 3.6ppm (7H). which 
coallnaal thst they had no vinyl protons. In light of what 
is kaown &out cyclopropylcarbmyl cation w 
OlCOt8,‘~tk4GtberelldtbCSt&iidtbCOlIlpOUOdSiO 

the presence of excess bydro9at halide seem coasistent 
oaly with stNctlae 4. 

EfUlyintlJerWtioaof1withhydrogeabroaluk 
(Cl096 conversion). a third product was aoted with glpc 
nteationtimesislilartothatof&and~pnditconsti- 
tutal about 15% of the product mixture. As the reaction 
proce&d,t&amouatofthisthirdproductrelativeto2a 
andb~uatiloalyatracecouldbeaotulatthe 
eadofthereact&ThisevideaceofluWumtkak9ds 
ustocoachukthattheuastabkproductis4-(2-bromo- 
ethyl)spiro[2.3Ihex4eae Sa, which cull arise to@ez 
with 2a sad 4x from the cyclopropykarbiayl-like ioa pair 
(depicted as 6) formed by proton tmasfer to 1 (eqa 3).’ 

x-+ 
2 

HX 
(3) I - r-l 4 

1- * 

a, X=Br b, X4 

The l-hydrogen iodide reaction adxttue wfas also 
examined by glpc at low conversions of 1, sad no evi- 
&ocewasobtaiaedtoiadica@tlklxeseaceofiodideSb. 

ob&TWioas require that sa, if formal, is 
sigaillcnatlymoreau&ophGthaa1.Iathisreg8rd,1 
didaotrcactwithhy~nchlorideiadrycarboa 
teWhk&atooor6tP.Thedispiro&teae1wouldbe 
expectedtofona6,asopposedtoadeloc&ulioapair, 
moreeasilywithhydrogeaiodhkthaawithhydrozea 
broalii;aadoace6wereform&theiodidewouldbe 
expected to collapse to 7-hnkdispiro[2.0.2.2)octaae 2 
anuereadilythaathelxo~.Iaothcrwords,reuctkn 
oflcia6shouldgivekss vat with ‘hydrogen 
iodide than with hydrogen bromide. Conceivably, soak 
proton traasfer is assisted by a cyclopropyl ring to give a 
delocali& ion pair directly. Mae rlssistaace would be 
rquiral for proton trnasfer from hydrogen bromide thaa 

Bi 
(4) I - 

0! 1 

~hydrogeoiodide,aadagaiaaddiiaviathkpath- 
way would give more rent=@?“‘. ““,hg=; llroalide. The results caa be mtloa&& 
Rau+aof1withhydro9uMideoccursataialyby~ 
bhaokcukr route to give a. which ua&goes extensive 
vat; with hydrogen bromide, reaction occurs 
ialargepartbyatriarokcularprocessiawhichproton 
mdbrornideioatrWferoccUrsimtdtWXWly.Deta- 
minrtionofthestereochuaistryofadditioaofthedeu- 
taituahalidestolwouldprovideoaetestdthis 
ratioa&a&ul. 

Free-r&al addition of hydrwa bromide ia the 
presence of beaxoyl peroxide to 1 lpve 7broauuW 
pirol2022)octaaeIria80%ykhltog+$&rwithsatall 
amouats of 2 otlkr products with sialikr glpc ret&on 
tiaks.Theratiooftheseatituqproductsclmagedfrom 
1:5ot1096coavenioad1to1:0.5ot~%convasion, 
WhilCtbCGitiOOf2rtOWht3tWMpttkStthClUiDlXSidC 

product remaiaal coastaat Wougkmt the reaction at ca 
5o:1.cIhisshowsthatverylittle~anyoithe2rfo~~ 
inthep&ously&scriireactiooof1withhydrogeo 
bromidearisesbyafree-tadicrlp#hwny.)Iali&tof 
what is kaowa of the bclmviur of cyckpropykarbiayl 
freeradicak~itseefaslihelythnttheuastabkmiaor 
product is 6brom&ethykpii[23jhex~ae 8, which 
caabefonnedby nWlnguaeot of the iaitklly-forakd 
cycloprapylcarbinyl-like free radical 7 (cqa 4). The stabk 
minor product was not charW&ed beyond observation 
ofitsglpcbehavior,whichwasveryshaikrtotlmtof4a 
rektiveto2n. 

Bromiaation of dispiro[20.22)oct-7c 1 ia peatans at 
either -750 or lP yklded about 40% tmW7& 
dibromodispirol20.22kctatk j. aad 30% of aa isoakr 
(autss spectra) with 4 cyckpropyl protoas and ao vinyl 
protons (‘H NMR). IO addition, the presence of at least 7 
adaorproductswasaotedbygtpcexaminotionofthe 
coaccatrated reaction mixttae. The only elk of these 
ariaor products that was tentatively hkotilkd was cir-3n 
(glpc), sad its yield was estkmtal as <3%. The 
stereosekctivity seen in this reactioa kdkutes thnt most 
of the reaction occurs vie tIk cyclic bromoaitaa ion 9, ns 
is typically obtaiaal from ekctrophilic attack of bromine 
on a doubk bond (eqa 5)” Attack ia a tmn.r maaaer on 
9 by bromide ion provides the best expkaatkn for the 
large tmru : cis-3m product ratio. An nlteraative mode of 
attack on the bromoaiuat ion ceater is by the cyclopropyl 
riagfromtlkskkoppositethebroatiae.Sucharoute, 
assisted or followed by attack of bromide ion, would kad 
to cis4,6di~o-4,5-ethaaospiro[23)hexaae 1L (eqa 
~webelkveisthestnktureoftksecoadmajor 

Chlona&aof1wascarrkdoutincarboatetra- 
chlorkk in the preseace of oxygen9 at both -7r aad V, 
nndthesereactioasgaveatkast1oprodWtswithglpc 
reteatioatimessilaikrtoori&otkalwiththoseofc&- 
and rm~7&dkhhmxGpii2022kctaae Ja6 For 
comparable coaversioas of 1, the product compositioas 
attlk2tealperatureswerevaysimikr.ofthe10 
p&uctsobservalbyglpc,4wereunstabkua&rthe 

I 20 
Br, 

34 -Br’ 

7 
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Br 

rc8ctkacoaditionnandarcpreMlmedtobc- 
At conversions of 1 of 75% or k~. 5 of the products. 
inchlding2thatwerelmatabku&rtherca&ncoDdi- 
tions,~madeupotleast10960ftbeproductmixture. 
The only 2 products that were identifkd were cis-7% 
dkhlo&iapir~2O.2.2locta1e @is-3b), the major 
product, cod its tmn~ isomer. At the conch&n of the 
Ractioa at 0” (75% convasion of 1). cis- and Inms-3b 
rccountcd far 30% and 446, respectively, of the product 
mixturc,andtMrykldswere&imatcdbyNMRas2O% 
and 3%. 

Theobaervationthatabout7timesasmuchcis-7Jl- 
dkunWGpiro[20.22JoctaDe (cis-3b) was formed as 
:rcuu-S is most sign&ant. A simpk c&o&ion 
lnechaniam involving an in&mK!di& that can be 
pkturadmoatsimplyas11istukdoutbccauscitwouM 
8ive at kast aa much PUJW- a.9 cis-3b. Intermediiy of a 
cyclk chloronium ion 12 !3imikr to 9 would favor the 
forma&n of troru-3b even more. The most teauMBbk 
explanationfortbelarBecis:trens-jbrotioisthataPion 
pairWisfotmedwhich~s’Otoformcls-3btopn 
app&abkextcntbeforethcchloridciondBuscstothc 
other side or away from the cyclupropylcarbiiyl-like 
c&m&ion. A compktc expknation also requires that 
moBtofthefreecarboc&nsformedlunkQoeitbgring 
openi~ ar ring expansion before attack by chloride ion 
WSXlrs. 

II I2 I3 

Hyd&ora&-oxidation of 1 at 25’ gave a 90% ykld 
of a IMU equal mixture of ‘I-hydroxydis- 
piro[20.22Ioctane 2e snd +(2-hydroxyethyl)spiro- 
[23)bex4cne 14 (cqn 6). The 6M4Hx ‘H NMR spcc- 
tlum of 2c, which is aimikr to that of 7- 
chlorodirpiro12.0.22]octaDc6 aad tk c.Wcsponding 
bromide 21 and i&k 2b, consisted of compkx cycb- 
PropylP~~ at 6 -0.25 to O.Wppm. the 
variabkOHprotonrcao~nccatco28ppm,thcC,- 
protonre8onancesintczpretabkastbeABpartofm 
ABM pattern, bA 239, & 221 ppm, Ju= (Ilk” 
I,~=6.5Hz,” 1~~=6.0Hz,” and the Crproton 
mmauce, a bro&Wd apparent tripkt at 8 4.31 ppm. 
That of 14 con&al of a bro&ned s&k line at U 
0.68ppm due to the cyclopropyl protoaa, the varkbk 
OH~~reronaacertco.27ppm,~ysplitbpndrIt 
b 240-255 and 5.70-5.80 ppm due re3pectively to the &- 

and c5-prot4nls, and triplets, J = 6.6 Hz. at 6 200 and 
3.56 ppm due respectively to the /I- atxl a-protonn of the 
2-hydroxycthyl $Wp; the tripkt at b 2OOppm wa8 Baely 
split, I- 1.8Hz,by acroae-the-r& WQGII~ with the Ce 
protons.‘2 

I. Bti, 

(6) I 
2. H,O,, OH- 

m 

dxa + I 
2c I4 

CHpCHpOH 

When the hydrobomtion-oxidation eaction of 1 was 
carrkd out at -50 to -1tF rather than W, the yield 
rcmaWhi&(>9096),butthck:l4productratiowaa 
ca #):l rat&r than ca 1:l. Apparently the tri(7- 
dispi&20.22bctyl)borane isomerizes in part at the 
highcrtempcraWretotbeboranecorrcspond&to14, 
probnbly oio the cyclopropykarbioy free radical 
15: Vatiation in the time between the hydroboration and 
oxi&oost4psfronl1to24hratWdidlKttchangcthe 
2e:M pmduct ratio. In this regard, hydm&ration of 
mcthyknccyckpropWwithtl!tra&yldiiatbckw 
0” ha!S been obseWed to 8ive dkthyl(cycbpropyl- 
mcthyWoranc, which isom&.ca “pidly at t0om 
tempaature to diethyl-MnJtaly. 3 

Bromohydmtion with N-bromosuccinimide in water 
alKloxymcrcmatioa-nductionof1wcrcalso 
caMout.lkaWacoftbecompkxityoftheprod~~ 
fdXtUlW,thcy~givCllOIltY~C~ 

Detail!3oftln!serrrctions,aawellasoftbcattcmpts~ 
add hm chloride to 1, arc givco elscwhcre.‘4 
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cohuoua Nal wac A-S’ 20% CubDwi 2oM; 8-F 2i% 
FM’: C-W 20% FFAPz D-S’ 2096 FFAP. Cdomnn m 3/V 
0.d.. aid 30/w - WWUtkrdidcopport.THP~ 
di¶tiDalflomLAHtlKoughrcohlmagecke4ltiglu8helicer 
immediatelybdon&ise.otbc?di8tihtioacwerecufiedollttuing 
a 45xOJcm Natcdht aphniag baaf cdume with plathm 
bd.PrqmmthreactioeawerenmuderrpodiveN~at- 
mo3pkrc. 

~~h[2.032)0&7-ae (1) 

ether.Toa-m&&ly-ethedsohofO.5!Ng(2.26mhde)af 
rmns-7&tarom~20.2.2~‘ iu 3.oml of dry etbu 
c4mtainalinal5-adhskequippedwithaoice-watercdal 
coademawrrdded,incaleqPivportionr,38mlafr0.75M 
8oh of LAH (2.83 mmoke, 5 eqoiv). Jzxamiin of the q ixtlKe 
byglpc(CohlmaCatlwad84)idicakdtlmt8lloftbe 
~&bhCtOdtOgiVedgkV~~tbC 

dlBmkmc1.wIta(oJmnw8addeddropwiretodealToY 

tllkWNIAHMdtlICmiXtlUCWNrinvdi;ito~~ 

fanoelwithdha.TbecthasdnwaawaslmdwithlO-NACl 
(3oml)pndicewltcr(3x4omn,dried(K~~),mdcoacentrrted 
by didhth of most of the etk Canpound 1 (O.l6g, 67%) 
rmisohedbyprepgtpcoftbereaidw(ColumoAat~:NMR 
d5.~(hW)~0.1U)BO(m,rymm~g0.Ylppm,8R)~’ 
NMR a 6.13 (a. W), 0.73 (symm m, 4H), aId 0.47 ppm (aymm m, 
4w; Ins, m/r (rel illtenaity) I07 (I@, I06 (la), I05 (25),91 (loo). 
79 (32). 78 (36). n 0.39 (47h 27 (36). 

Use of tk ume procedufe with 028281 al d-7, 
dhom~~~‘dca7equivofLAH~vem 
lpparently qudbtive wovakm @pc) to 1. 

Aprcqadvesakreacthwncaniedoutwih&67gof 
0.9:l.O mixttue of cil- 
diqkq2022kctllu.‘Aliqmtow~~~~~ 
atknt3ominf~tbeufdllofLAH,rode~by 
&lc.Tbcclr:rtwdDmedwiugtbEcouneoftbcrertion, 
andvktdly8lloftbermR#iwmerhodnsctedfoih&the 
ddithaf6~dLAH.An~2cqnivofLAfiau 
N!quimItokiplaboutccmpletsrsrctioaaftllercm8iuiDg&- 
dibrom&.Bd1NMRandllpcdytki~dkatdtbattbC2 
iKlmcN were amvutcd qttdtdvcly to 1. 

(B) lhhbhhn o/ CL- and tIan8-7, 
dicMomdfrp&v[2.0.22loctane wldr m-h in ether. To a 
15-d, 2-necked auk CqGppal with mlgactk 8tirrex. sWum- 
ap9edeobypo&albdicevltacookdcQiKkn8er.wasdded 
03544~ (2.Ommok) of tr~7$dkhlorodirpi.22loctane~ 
and 7ml of dry etha. Mg tWniugl(0.243gl 10mmok) WQC 
adda&aadthemixtwew8arthedvigMady.AfterIhr.glpc 
mmlyri,(ColwlDatl$83idcuedth8tM,rerctionhaJ 
occwal.EthertgctbawitlllfewMg~,whichbadbeen 
actiwedbytheaddithofndropofI,2dhmoethaoe,were 
tbeaaddedtot&stiIredmixtule.!&atiyaftewudr,glpc 
8aB&ildmtedtbatl4me1lmdfamcd.sevdmoreed- 
dithlUofMg~thtldbsendVrtedintk88EM~Y 
were In& dmiug the ocxt 2 daya until convcxsilm d the 
dkhbkktO~dbpir~wUcOmpbte.TbetitlUeWU 

lIlm!d+8lldthefntntewuriPrediutorrspntoryhmaslaitb 

ethef.Tlheetberlohwuw8sbcdsevanlthe8wilhicewater, 

&ied(Mg03,dcxmcentratedbydidhtiooofmostafthe 
ethu.A&siaoftbenxidwbyNMKandgtpciahtedtlmt 
tlledicMdelmdbceacoad~dyto1. 

IntbeMlDe lnnrmes. 0.2431 of* CfJ-7sdicM 
dkpiro(2022Joct8m vu coovatal qlmdhlNdy in 2 d8ys to 1. 

ApfepdereacthwascariedautwitillO.6gaar09:l.o 
mixture of dr- and hw-7~20.2.2loctaoe in 
l~omlafQystbsr.Ovsrpaiodot3dryr.patioardcaOJg 
ofMgttun&whichlmdbeenacthtedbyuklithtoO.lmlof 

RwcuoN of 1. 
(h)Fkcmdkalad&kmofhydmgabmddeInr2S-ml. 

21 m# (0.15 mmok) bmuoyl par&de. Adlyd HBr yu peaed 
8h4yintotbcmixtnre,adtbeextaitdfcboawumodtared 
doadybyglpcdysk(ColumoDatll59drcmovdaUqnoh 
At lO%coav~af1,3~wilhrimikrrrtsmbatimu 
Wae Wtcd iu reldva amouob of co. 02:lO:l. Ibs dative 
rmopat,ufp?odware8ldmdamd8atnntilrbollt7O%am- 
vwskw&at&reluiveamountdt&mareabduumina 
talduct~todecnrce.Atss%coawnion.tbrshtive 
rmouamaersco.o~:lo:o5,radIt%%~~~tbe 
dditiOOOfHE~WUStOpp&tkdBtiV~-~cp. 

01:10:0.1.Mortd~~C~rrr~v~bydirdltioa.rPd~ 
~prptodpct’o1!trolJedbypllpc(~~~llr)rad 
&owntobeidenbdrhhh. ayieueathtedbyItpc,wu 
8096. 

(B)Idcddffimofb~bmwkAmctioadmilrrto 
that&scraedmlderAwucur&doPt,aerptl5algof 
llydr~wudiu~dbeazo~pefoxide,dtbe 
mixturewucookdbelowQwithmkesdtbdLAt<lO% 
coov&oaftbedhph&tene1,3produetawelea4auvedldtb 
ciduretentionthteaiutkdativeameuntsofca7:10:3.Aa 
tberedoaproceedsdtkmtativeamounboft&2mrJa 
~reauidawt8nt(O.74:l.O~,LmtthefeUveamauntof 

!$~-wv~*~?@fi=wyYu 
mpCgdPCt)==Mby 

prcpglpc(CohmlnDltl~8ndideatabdnh(tbemajor 
prodwt)and4eTbctotdyiddoftheee2pmdws,eethtrdby 
gtpcandNMR,wes75%. 

+Bnmo4,S-tthano&m[2.3~ Ir NMR cl I.&333 
(m’a, 7HL 0~1.02ppm (m, 4Hh ma, m/r (red iutedy) lgg 
(0.g). lg6 (0.g). 107 (Jsi, 91wh 79 (iw), n m, 65 (491, ti (69, 
53 (30). 51 (56). 41 (36): exact mu& le6.004g (Cak. for 

m, 0.55495 ppm Go. 4@,; mc. mlr (ml intcdy) 234 (0.2). lu7 
(40). 9l(ao), 79 (100). 77 (47h 67 0.65 (nx 53 (32)s 51(4lh 41 
(44); exact mur, 233.9921 (MC. for C&l 233.9905). I, 54.21% 
(C&I e I. 5435%). 
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