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Abstract: The plWhmulated xeaction of 7-iodobicyclo[4.1.0]-heptane (7-iodooorcarane, 1, a mixture of 
cu. 1: 1 of the exo:endo isomers ) with acetoplmone. molate ion 2 io DMSO at 60°C gave the substitim 
products 3a (em) aud 3b (en&) in 87% yield (with an exo:endo ratio of 16). III the dark at 6o”c, not only 
thcipso~produds38aad3b(5l%),butalsotbecinesubetiMionproduct4mrefamd(2o%) 
byaneliminat~-addition~~InthcdarkandatroomtcmpcraturcthcrcisnorcactionItissuggtsted 
tbatl~~Zbyaphotostimulstadaswellasathcrmal(60”C)~lrtactiontogivetheipsoproducts 
3,witha3a:3bratioofca. l5-~,showinga~~ofthe7-mrcllranyl~inthecoupling 
~~2.M~adcctivityof1with2wasformdinthephotostimulatednactioninliquid~(at 
-33Q with a 3a:3b ratio of cu. 55, although iu lower yields (3Ph). The pimkh&&d MC&II of 1 with 
2-acetonapMbone7gave~thelppopTodllcts(with811exo:endoratioof45)andindarkcmditioosat6ooC 
tbeieisnoreactionwith7.Thacwasnophotostimulatcdnsctionof1withthcanionof~~9ia 
DMSO.However,thephotostimulatcdreactionoflwith9inprescmxof~~~i~lO,theipso 
sllbamapoduds daived fhm 9 were fovmad (allrd S,l reactioo), with an exo:endo ratio of cu. 
7.3. From competition experiments, 9wascu. 6.4timesmmreachvethau2. 
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Gem-dihalocyclopropanes have a similar reactivity because xuleophilic s&titution normally involves au 

~-arllitimsequerce.“~substiMionbythe~lmechanismwasattempted,itus~ladtoafissunoftherin& 

whereas substitutmn by the &2 me&a&n is cokkred geometrically unkvo&k6 Howeva, it has been found that halo= 

aIlddil&cyclopropaoesreactwitllnucleop~bytlle~l me&u&L’ 

The mam reaction steps proposed for the SJ me&a&n involve the @mcnt&on of the radical anion of the 

sob&atetogivearadicalitltamdiateandthermclaofUgalgroup(eq. l);thereacti~oftheradicalwiththem&opUetogive 

the radical anion of the substitution product (eq. 2) which by au ele&on traasfer (ET) to the sub&ate cumpletes the chain 

laopagationcycleofthelnoposedmeJlanisn(eq.3).Inaliphaticsystemswithoutalowlyingn*MO,theradicalanion(RXr 

probably is oat an i&rmediate and equations (1) aad (3) ouur simultaneously (eq. 1,3).’ 

(Rxy > R + X- (1) 

R + Nu- > (RNur (2) 

@Nil)- + RX > RNU + (RX)_ (3) 

(RNu)- + RX > RNu+R +X- (1,3) 

This~requiresanindiatioastep;mofthmmayinvolvetheETfromasuitablecl~dowrsuchasthe 

nucleophilepresentinthereactionmedia,andthisETcanbethamal(spontancousET),orstimulatcdbylight. 

The phot&mulated reaction by the S,l me&an&m of 7-bromonarcarane (7-bromobicyclo [4.l.O]kpt@ with 

several nucleophiles has been reported. Thus the photostimulatexi reaction of P&P ions in liquid ammoniaalTonk$after 

oxidation, (7-norcaranyl)d.iphenylphosphk oxide in 87% yield The photostimulated reactkm is iuhibited by di-tert-butyl 

m~and~@-DNB),wellkaowninhibitorsof~lrcactions,suggestingthatitnactsbythis~’ 

Similar behavior was observed with other nucleophiles, such as P&As- & and PhS- ions.” 

Pimukmeeuolateimdidnotreactwidl7-A inhquidammauaintbedark_butreactedluxk!rilTad&k 

to give 18% yield of the substitution product.’ 

Results and Discussion 
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Tbepbotostimulatednactionof1wah~~~~ioa2inDMSO(withan 2hratioof co. lO)gave87% 

yield of the substitution produe& em- 3a sod en& 3b, with sn 3aUb ratio of 16 (eq. 4) (Expt. 1, Table I). 

1 2 3a 3b 

Spectroscopicdatahavebeenreportedoncornpormdsrelatedtosubsti~~products3aand3b,whoseeu,andendo 

Mhavebgnw ~bycbetllicatcorrelationandXraysstructural~~.’3Thesesadiesallowed 

tlJestablishtk.emanden&’ wrnas of @@oalkyl)aeetic acid derivatives. From comparison of the ‘H-NMR ebeanieal shifts 

of these analog canpomk the cmiiguraha~ of the subs&hi bicyeloheptyl wmpounds obtained could be established. A low 

field shift is observed in the methylenic hydrogen signals neighbor to carbon 7 for the end0 isomer with respect to the em 

isamer.Thisfactresults~adeshieldingduetothecwentsofthebicyclorings.This~isalsoasoumedtoapp~forthe 

products synthesized ia view of the similarity of their sbuetma, whichallowsthedetmhtionoftk~tryof 

isomers. 

Neik products derived hm opening of the cyclopmpane ring, nor tine substitution products were found, whereas 

a~veformationoftbeeu,~3awasobtaiaad.Indark~ti~,besidesthesubstitutionproQcts3aand3b(51% 

with an 3aI3b ratio of 22), there was 200/a yield of the tine substitution produet 4 (eq. 5) (Expt. 2, Table I). 

>CH,COPh 

1+2- 3a + 3b + 

4 

~nppbotoatimulatedreactioninpresenccofp_DNB,thaewasadecreaseofproducts3a~3b(22%yieldwith 

an 3a/3b ratio of 23); however, th yield of 4 was 18%, quite similar to the dark reaetion (Expt. 3, Table I). Wha the 

photoshmulatedlWlCtlOllWaScarridOUt&URJCRll kmpemme(300C),thaewasadecmse.ofpro&eta3asnd3b,but4was 

notformed(Expt.4,TableI).Alltbeseresults~thattbaeisatbamalaswellssapbotostimulatedETtoinitiatctbe 

SW1 reactions. 
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Whmthedarkmt&uwaseaHiezloutiupreseuee ofp-DNB, the yield of 3a aud 3b was only 18%, aud 4 iumased 

to 24% (Expt. 5, Table I), aud in the dark couditious at room tempmtm there was uo substitutioo product (Bxpt. 6, Table 

I). Iu these conditions there is ueither ET uor ehmimtion-additiou reaetious, the latter occurriu8 ouly at 60°C. 

Inordertoseetheeffectoftemperature,thedarkreactionwascarriedoutat100DC,Thenwasa~ofproducts 

3 (27%) and 4 (9%) (Expt. 7, Table I, compare with Expt. 2) although there was 100% of iodide ious release (probabIy at this 

&upaatm tkxe is au iumase of side reactious, such as condeusatiou produets, etc.). At this temperature aud iu presmee of 

p-DNB, the yields are similar to the previous reaction (Expt. 8, Table I). 

Wheu the coueeutxation ratio of 2/l was ouly 3, the photostimu.lated reaetiou gave the substitutiou pmduets 3 (with 

a3aLSbratioof 17),andindark~~o~thereisanoverall~ofthereactivity,thusproducts3werefonnedinonly 

18%, whems 4 was formed only iu 2% yield (compare with Expt. 2, Table I) aud iu the photostimulated reaetiou iu pteseme 

ofpDNB,praduct4wasmtformed~.9-11,TableI).Withthisw~~~ioaandat~~, therewasalmost 

uo reaetiou eveu iu 16 h (Expta. 12-13, Table I). 

The pbotostimulated reaetiou iu liquid ammouia (at the boiling point of -33°C) gave almost pure 3a although iu a 

relatively low yield (37%), aud the 3d3b ratio was cu. 55 (Expt. 13, Table I). 

The mu&able stereosekotivity of these react&us may be explaiued in terms of radical intermbdiate. The fact that 

substrate1isamixtureofca.1:Ioftheexoauden& isomm, but the substitutiou product is maiuly the exo isomer 3s (eq. 

7a), imphes that 7-uomrauy 1 mdieals ate iutmuediates, aud these mdieals could have two uou-equivalent stmetms, as was 

reported for substituted eyclopropaue radicals, which exist iu fast equilibrium betweeu exo- aud endo- radicals,” the exo- 

isomer beiug more reactive. 

(74 

3b’ 

~pbotostrmulatedreactionoflwith2-~~enolateioa7gave400/0yieldoftheproductaxo-S~anda 

small amouut of the isomer endo- 8b. with an 8aUlb ratio of co. 45 (Expt. 15, Table I) (eq. 8). 

(8) 

7 
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Thabighe$~vi~ofthianucbophile7maybeduetoa~sterie requ&mtcomparcdwith2.Alsoadiff& 

behaviorwas~~i~~~~~~itdidnotreactatallwithlat600C(~t. 16,TabkI),showing 

that7reactswith1onh/bypbotos-~l-. 

Tlwanimofn 9didnotgivesubstitutimproducts&’ m&tion(Expt. l,TahleII);however,inthe 

presar;eofacetoneenolateion10thephotostimulatedreactiongaveUlesubsti~~productsexo-11~andendo-llb,with 

anll~llbratioofca7.3(eq.9)~2,TableII).Thefactthat9reactsinpresenceof10togivesubstituCimproducts1lr 

andllbindicatesthat10isabletoinitiatetheS,1~~goneel~~nto1,buttheradical7-~ll 

formed reacts faster with 9 than with 10, giving t?nally the products observed. 

1 + -CH2N02 - 
-CH@CH3 h e? + -H#02 

9 10 110 llb 

Table I: Reackms of 1 and Carhanions 2 and 7 iu DMSO.’ 

Expt. Carbanion Conditions 
(i) 

substitution products, (%) i&o-lendo- Ratio 
(n-l@ 

3 4 

1 2 (10) llv,wc 100 87 16 

2 2(10) Dark, 60°C 100 51 20 22 

3b 2 (10) hv, 60°C 73 22 18 23 

4 2 (10) hv,300C 68 63 cl 15 

5b 2 (10) Dark,6O”C 73 18 24 23 

6 2 (10) Dark,25’C 19 0 cl 

7 2 (10) Dark, 1OoOC 100 27 9 11 

8b 2 (10) Dark, 100°C 95 26 20 22 

9 2 (3) llv:wc 100 48 0 17 

10 2 (3) Darls’7O”C 50 18 2 16 

lib 2 (3) hv,‘6tPC 35, 23 0 16 

12 2 (3) De25”C 11 5 
d 

0 

13 2 (3) De 25°C 
d 

19 
d 

0 

14’ 2 (10) hv, -33’C 89 37 d 55 

15 7 (10) hv, 60°C 82 
d 

40 45 

16 7 (10) D&WC 3 0 0 

17 - hv <l 

(9) 
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TheS,l~isachain~swith~~~p~~~andtnminstionstcps,sndthertsctivityofthc 

nucbopbilesis~~thesamefor~thesestcps.Thusc~anion1Oisreactivcintheinitiatiollstcp,brd9isnot,but 

showeda~reactivityintbe~~reacbonofthep~cycle,9beiagmorcreecavethanlO.Thwtnsultshave 

~inthenacriaosofl-iodoadamanumtandcarbanions.’5Thep~reactionintwohollrsdidnotirnprove 

theresultsobtainedinollebour. 

Thedarkreakmoflwith9inthepresence of 10 gave some de&loge&on nxctions, but no substituti~ products 

were found in one hour. In two hours less than 1% of product lla was formed (Expts. 3-4, Table Il). 

lo order to de&mine the relative reactiv@ for the nucleophiles 2 and 9 toward 7-notcarauyl mdicals, we peffonned 

the phatostirrmlated reactions of 1 with nucleophiles 2 and 9 in excess. The relative reactivities vfere estimated as in previous 

w~.‘6Bythisp~~andwith2and9inexcess,wedetaminedthstnucleophile9ismorereactivethanenolateion2, 

withanaveragevahzkof6.4* l.“Theseresultaarein agreement with previous results, in which nitromethrme ion 9 is 3.0 

times more reactive than 2 toward 1-adamantyl radicals.‘4 

Table II: Reactions of 1 with N&methane Anion 9 at 60°C.’ 

Expt. 1 9 10 Conditions r, % 11, % 
mmole mmole mmole 

1 0.5 5.0 __ hv,2h 17 0 

2 0.5 5.0 5.0 hv, 1 h 80 41b 

3 0.5 5.0 5.0 Dark,lh 29 0 

4 1.0 3.0 10 Dark,2h 28 <l 

5 1.0 3.0 10 hv,2h 85 40 

‘Reaction carried out in 25 mL of DMSO. b;with an exe I end0 ratio of 7.3. 

~~~:Substratelnactswah2at600Cinthedarkbytwo~m:anelimination-additionto~vethe 

cinesubstitutionproduct4,orbyatbermalETtofdlowthe~l~yielding~ipsosubstitutionproducts3aand 

3b,Underirrsdiation,lreactswithZoPlhlbythe~l~.AtroomtemperaSure, 1 didnotreactwith2. Under 

irrarhawaatrarm~or6oOCtheoalymechanismistbeS~l~ti~.Thaew~nophotosfimulatcdrcsctioaof1 

withoutrmcbqphilepresart(blankreaction),showingthat1QesnotphotolyzeinourQEpaimentalcorrditione~~ 17,Table 

1). 

ltisimpc&mtthehigbdegteeofselectivityfamdia7-v Iradic&.towardcarbauions,micbas2togivemainly 

theexo-isoma3a,andtbesele&vityisincreastdbybwcriogthetemperahlreinliquidcnmnonia, orwiththebulkicrcarbauion 

7~8Wifhcaabanion9thaewas~p~~ulatcd~ti~with1,butitreactsinprescnce ofagcodeleclnmdona,suchas 

10, but 9 reacts faster with the intem&& 7-nonanny mdical, giving only substitution pxuducts derived from 9. From 

competitionexpekx&,9iscu. 6.4timesmorereactivetlun2. 

Allthegercsultsilldi&thattbep -ated reaction of 7-iodr*lorcarancs with stabilized carbaniau gave the 

substitutionproductwithhighdegreeofselectivityrcndcringthcexo-isomcrs. 
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Experlmentalsection 

General Method. ‘H NMR and 13C NMR wcm reunded on a Brocker FT-200 nuclear magnetic m m, 
and~s~arereportcdinplntspermillionrelativetoMe,Si(g),withCCI,Dasthesolvcat~~~ 
~oaaNicdctFllR5-SXCs~~~~wacpafamadaaSbimadnl-8Aor 
Konikinstrumentprovidcdwithaflamdetectarand~systcmShimedzuCR-3A,usingacohmmprckcdwithS%OV17 
on Cbromosorb G (1.5 m x 3 mm) or a Hewlett Packard 5890 saies lI gas &oma@n@ e@ppedwitba0.53mmx 10 
m column packed with HP-5 (cross-linked 5% phenyl silicone gum phase) with a flam detcctar and HP data systan. 
Column chromatography was puformed on silica gel (70-270 mesh ASTM). Quantitative aua@a were done by the 
internal standard method, a&mtic samples being employed for tbe determination of the respome factors. High-resohltion 
massspedxawezedoneinaZAB-SEQ’ t 

Irradiafimwas~inareadorcquippedwithtwo250_Wlampsemittingmaximallyat350nm(PhillipsModel 
HPT.watar&igaated). PV titration of halide ions was performed in a pllmetcz (Seybold Wien) using a Ag/Ag+ 
clectrodeandAgNO,stsndardsolutionMeltingpointswereobtaiaedwithaBgchi510apparatus~anaot~. 
Materials. Potassium tert-butoxide (Fluka) was sublimed aud DMSO (Carlo Brba) distilled under vacuum and stored OVK 
molecular sieves (4 A). Acetone (Ma&) was distilled aad stored over mohdar sieves (4 A). Nitmncthanc (Aldrich) was 
d&iUedimddriedovuNaSO,Acetophmm wasdistilledu&rvaamm.Metbyl2-Naphthylketoncwasrmystallizbd~ 
pcuoleum aher. 7-l oQmcaraneWaSsynthesizedaSdcscribed.’9 

Photostimuhted Reaction of Acetopknone Eaolate Ion (2) witk ‘I-Iedo-aorcara~e (1). The following procedure is 
~dthcsc~.Thy~carrkdadina100mLthret~rolmdbottamdflasLequippcdwithnitrogcn 
inletaadmagneticstirnz.To25mLofdryanddegassedDMSOundernitrogenwezeaddedl1mmolofpotassium 
tert~ IOmmolof~ andlmmolof7-iodmncarane. A&r6Omillofir&ationthelz.ac&mwasqucnchad 
byadding~~io~rmdwatp(loomL),and~witbdiethyl~(thncpati~of5omLcach~). 
Theiodidcionsinthcaqueoussolutionwaedderminedpotmtiametrically.Theetha~w(LpwBshcdtwicewithwater, 
andquantifiedbyGLc.4-Bmmbiphcllylwaolrsedasintanalstandard.Thesolvgltwasrcmoveduadarcducedpnssure.The 
residue, after cohmm &romatograpky on silica gel (eluted with petroleum etherzdi&hyl ethcz = 90: 10) gave the following 
compounds. 
a-(7-Norcaranylv ew: mp. 4O4loC, lR o/an? 16% (C=0); ‘H NMR (8) 0.64-O.95 (3H, m); 1.03-1.39 (SH, 
m); 1.52-1.98 (4H. m); 2.86 (2H, d, J=7 Hz); 7.31-7.62 (3H, m); 7.82-8.03 (2H, m). “C NMR (6) 200.32; 137.04; 132.80; 
128.50; 128.10; 43.79; 23.38; 21.43; 19.11; 17.21. H&b-resoltionMS calcdforC,&,O: 214.1358. Found: 214.1363. 
a~7-Norcmmyl~ cnclb:Notisdatedbutawasidmtifiedintheexo:endo~mimue(l0:1):’HNMR 
(8) 0.63-2.02 (1 lH, m); 2.98 (2H, d, J=7 Hz); 7.31-8.08 (5H, m); ‘“C NMR (8) 200.32; 137.04; 132.80; 128.50; 128.10; 
34.23,22.53; 19.05; 14.24; 10.29. 
Dark reaction of Acetophenone Enolate Ion (2) with ‘I-Iodonorcarane (1). The following procemUe is representative of 
thesereactioas.Theywaecaniedoutinal00mL~~ramdbottomdflaslrequippcdwith~~inletandmagnctic 
stirrer. To25mLofdryanddegaasedDMSOlmderni~wacadded 11 mmolofpotassiumterr-butoxideand 1Ommol 
of acetophenone. Tke system was enclosed in altium foil and 1 mmol of ‘I-i- WeSXl&d.ThCZliXtURwaS 

sfirredandtbcflaskp~ina600C~~bath.~60min,tbe~~wasqucnchcdbyadding ammoniumnitratc 
inexcessaedwater(loOmL),aed~~withdiethyletha(threeportiovlsof5OmLtachoot).~iodidtioasinthe 
~~~wae~potcntiomctrically.Thtctha~dradwaswashcdtwiccwithwata,andquantifiedbyGLC. 
4-Bromobipbenyl was used as intenud star&d. 
a+Norcaranyl~ ~~~by~~~onsilicagel(clutcdwithpctroleumether:~~l 
ctha: 911); ‘HNMR(i5) 0.3O-O.38 (lH, dd, J=5 Hz); 0.42-0.54 (HI, dd, J=5 Hz and 9 Hz); 0.74-0.90 (H-I, m); 1.04-2.06 (8H. 
m); 2.82 (H-I, d, J=lgl-Iz); 3.0 (lH, d, J=l8 Hz); 7.36-7.62 (3H, m); 7.84-8.02 (2H, m). “C NMR (8) 199.78; 137.79; 132.74; 
128.48; 127.98; 49.93; 29.22; 23.86; 21.62; 21.00; 17.83; 16.93; 16.15. High-resolution MS calcd for C$H,,O: 214.1358. 
Foundz 214.1354. 
a-(7-Norcaranyl) oaphtkyl keteae cw: white solid isolated by column cbmmatograpby on silica gel (elutcd witb 
petroleum ether: dietkyl ttha: 9:l); mp. 84.5-85.5oC. Analysis: cakadated for C,&,,O: C, 86.36; H, 7.58: found C, 86.29; 
H: 7.74; lR o/an-’ 1683 (C=0); ‘HNMR(g) 0.70-2.05 (1 H-I, m); 3.00 (2H, d, J4.3 Hz); 7.46-7.68 (2H, m); 7.79-8.14 (4H, 
m); 8.38-8.52 (H-l, m); ‘F NMR (a) 200.24; 135.47; 134.4; 132.5; 129.7; 129.5; 128.34; 128.27; 127.7; 126.6; 124.0; 
43.84; 23.39; 21.43; 19.28; 17.27. 
a-(7-Norcaranyl)metkyl napbthyl ketone ado: Not isolated but it was &nti&d in the exo:endo e mixture. ‘H 
NMR (6) 0.70-2.05 (1 lH, m); 3.11 (2H, d, J=6.4 Hz); 7.46-7.68 (2H, m); 7.79-8.14 (4H, m); 8.38-8.52 (H-I, m); ‘T NMR 
(a) 200.24; 135.47; 134.4; 132.5; 129.7; 129.5; 128.34; 128.27; 127.7; 126.6; 124.0; 34.33; 22.55; 19.08; 14.49; 10.38. 
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a-(7-Norcnranyl)nitrom&hane ao: Liquid isolated by columa dromatograpby on silica gel (e&d with petrdaun 
edxxdie&yl ctbcr: 955); ‘H NMR (b) 0.88-1.04 (2H, m); 1.06-1.41 (4H, m); 1.54-1.97 (SH, m); 4.18 (2H, d, J-8 Hz); ‘%I 
NMR(6) 80.31; 22.65; 21.00; 20.84; 16.89. Small amounts oftbeendo isamerwas isolated. ‘H NMR (8) 0.9-2.0 (11 H, m); 
4.5 (2 H, 4 J=8Hz). 

Ack~~owkdgmentr: M.A.N. gmtefdly a&now- receipt of a fellowabip 6um the -0 National dc Invdga&mes 
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Wbentberatioof2\9isbehveen 1- 1.4,therelativere.activityk,isca. 3-4,butwhentbcratioof2\9isbctwcen2 
-3.3tberelativereactivity k,isca.4.3-7.4.Wewillfirrtha~tbese~reactiollpasitstillranainstobt 
knownthecauseoftherelativereactivity~ontbe~~ratioofthenuclaophiles. 
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