
I 2 

Ii x x j: x-et 
k X-Cl 
I): X-owl. 



botbtbeslowarcactionmtcductodihhnd3aadthc 
llow daxmpositbo d the ‘I$dihmm~ 
[20.22loc~ 6. tk modi6aJ leachon conditiolu did 
wtimprovetbcyicldd6. 
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snuctumof6md7wcxeertabMcdbydc~n 
to dirpiro(2022~-7ure.” Tk ctcra&&A 
US~t$tOtbCQi6WCfCbusdO~tbcL 

nhtive tkrmrl abilih, tbc cir iaoma bcii the less 

#tab&, 8nd their rhtive rcaivitiu with IAH,” tbc 

tnuuisomerbcingthcmorcnctive.The’HNMR 
spar8 of the isomers 8rc conrirtcnt witJ~ the u8igeed . 
~Thccycbbutylprotosudtkrmru 
isoaWcm&aiclQd(84.aOppm~thlotboIcofthe 
clrwmer(bS.00ppm),whichirwbrthrbeenobra- 
val far tbc a-protons of cir- md JruRJ-l$dii 
cyclobutme.” Al&?, in more Ii&id 2,3duona&xnWl 
and 56dibab-, ithubccaokavedthu 
aprotonsarc&iddcdbymecIip&gbromincor 
chlorine.” The aborter aLPC retention time of mu-4 
ativetotbtdc&italIocuahtcntwithtbcwit_ 
aed atcscochanistry.” TIE a- 8uigment to 8 
andtkatcraxkmic.8lur~ntctodJ-mdrmru-7 
and8waema&onthebuiioftheir’HNMRapectra, 
m8u rpcctr& 8nd OLPC ruenthl tima. 

The moat rem&&k d the Clc producta from the . . . dmcmatm d 3 wu id&&d as 5,-o+ 
ethybpii23~x -4cae 9 oo tk bmsi~ of ita mua 
qWrumraditsputhl&yiuf~ve’HNMRspcc- 
tnm.Tkmommxduetotbcmethyimcpcotonsdthe 
Et soup at 8 1.95~9111 is I quartet (J=7.OHz) d 
doubku(I=1.SHz).tbelattcrsplitt&ducto- 
the~collplia11’withtbeOroton~C(b4.71)pgm,1, 
I= MHZ). WlW we bdieve to be tbl! mcdmaism of 
famrtion d 9 b rbown u cqn (2) (see Rd. 19). 

Tbcf8cttht9survivcdtherc8ctioncoaditioarmidlt 
ldcm Wlphia$ until it is rcakul tu (1) I 
bromocyclobana arc nW#ly &w to notvdyzc,= and 
(2) furh cycbpfopyk&kIyl+8llykubiuyl ran 
nnparent d thin nemindy doubly stinted mokuk 
would lad to 8 cyclobutuJicne. 

Aimo6tca8inly,tbsdhaiz&md3,4uld5,uwdl 
8atkotkxrc&iolurmdisdtbrt~e~ 
[2022Ioctu~a (see bebw) occa iu a aepwiae fulha 
4 involve biscyckpropykarbi~yl dhdic&‘*” No 
evidenawasobt&alfmmraydtkae-which 
Miatedtbatmydthearmpon@headtotildimu 
vu farmai. Cmvboaa d mm thm 1% ta such 
dimurWOUldllOthrVCpacsadctsctod,~~thrt 

thcdimasue#ub&uubrtbeltxtiollcoaditionr. 

FoftbeIMtioM~toj7md8.#thctmluiaoml!x 
was favared rlilbtty, ti it made up SM7% d the 
birpirol202.2IOC.MC. 

Ethoxymctby&necyclopupW 5 pve tlE clwmt 
nctiollwithksthul1%dit&l@prodpctothath8n 
the dimer 8. 

CompuedwiththctbMmd-dtbc 
Mnnide3,tJEcllla-idc4pverck8aMctio~Aftl?r 
lJbratca19Q,ody6%dtl~4wuconvcrtaito 
gJdut?s?thcrthllltbc~7;8ndtk~~d 

- l-Cb-Y&nccY~s mdc 
qmbout&ofthcridepral~.~o(bsrlide 
pr~waeootinv~. 

Bma~omatbykaecycbpoprae 3 pve a numk of sick 
producutbataaxu@aifarll%dthcatuting3~ 
l.Shr and >20% dta 23hr. Tbcsc tide e 
(Expakntd)8gQeutoui#efrom~ 
tbcst8rt&m8taial8ad!arpn+ctsiaputtohydrolen 
bcouli&radrubequent-ofhy~bmoDide 
with3andothexaidcpmduckMditiondProtoa 
SPoW W-Wdi-W~=I OertlY 
rcducedtkuaomtdridepmiucts.Butbocauscof 

Extalsive bea& of mixtucs d ds- md tmRr+ 
cuWd@l.i6aatdcucucsintbc&:t?luxr8tiomd 
extcnaivedc!canpositkto8tivircourmrtertl.oll 
be8tiu#s8mplesdtbepurei8omersiptbeliqaidppue8t 
1Wa3OV,itw8lobWvedtb8t&~wuisooWWlto 
tmnA Thin iaomcriz&n u well u tls tip&ion 
dbothiaomcracouldcome&oatbyeitkrfrce+xdicd 
pethwaysinvolvin#thc6r8tilttrsmcdi8tciaeqn2ar 
cuboc&on plthwry mch u k bdbved to account for 
the inam&&a d mcthykmcyc4rap~yl 
cl&x& to 3-mcthyklKcycbbutyl cullride in way1 
citk 8t 21T” A thpd mcch8aism i+via? p+nl 
“““ATy &““YCbl?+-M - 

uomenntloadcir~totmns~ 
d0UWtocCraiDtbCg8#plWC8t3W. 

Inof&ftoestklutctkrel&e rcachihd3-6. 
rc8ction8dco.1:1mixnutsd3lad48Ddof48nds 
watiWu@tai8t1#)-19~.IlladdiGonto68ad7rod 
7 md 8, tksc ru&nn pvc, rupcctivdy, A- aad . . 
trruu-7-bromw 0[20.22kctme 10 and cia- 
and tm~-7+zhl~thoxy~i20.22)oct8ac 11. 
!smctml md staeockmicrl uriaprentr to 10 and 11 
were m& oa the beak of tbcit mur and ‘H NMR 
splW8.kwithu,tbccycbbutylprotoaroftbctmru 
ieommwaeobaavcdtobcmorctWdedUmntboreof 
thoc&iMmcra.Tbemixaldimerm&upca~ofthc 
pmductfmmborb-,whichsbowrtbrt3,4udS 
lWt~riariLI8tUillthCtlWk8llyAlUlWCdMCtkS 
at 190-W k!&iag to fi~20.2.2)ocerasr. Ttllla, the 3 
diucrc$ alleta UC &out eqlmay ei?ectiva in 
~tkjlmak&m.Tkimpliationfrom!bisis 

trWboaat8tclad&totheap- 
biiydotlropykWbinyl-dMicd in- b more 
nctult-likc tbul prW*. otbawk, for exunpk. 
the pata &&y d +arim$nan~~ as 
8n adjnccnt freer&A 
s@klluymofcnpidrc&iorlof3thmoIAndthis 
wouldhvercsul~insi@iEantlylerroftbcmixcd 

(R - Br or Alkyi) 



dimerl@thanwaSobServedfromthereactionoftbe 
equimolarmixtlueot3and4 

Sii mixtures of bromomethyknecyckpropaW 3 
and methykaecyclopropaoe sod of chkrowthykne 
cyckprop~ 4 and metbykm~Y&3proparbc (in&l mok 

evidence wa!I obtaiaed from tbes reactions which in- 
dicated the c4MlcmTeot formation of the uosub!&Ited 
diSpiro6ctalle. TbeSc reactioos, CSrrial out witb larger 
methylenecyclopropaae: 3 or 4 ratios, appear to be the 
moSt coovenkot method of prepahg tbc 7hkdiSpiro- 
[2.0.22JoctaneS (See Ref. 11). 

As c~o~~~~~y~~ 4 gave much ckaner 
reactionS than ~orne~yk~~k~~ 3, thermal 
cyckndditko reactionS of 4 rather than the more ac- 
cusibk 3 were Stodkd witb a number of other reagents. 

At 1900, chbromethyknecyclopropane ondcr~oes (2+ 
4) cyckadditko rea&llS with 1J-cyclopen~, 
furiul and 1*yc1ohcxadkne to give reSpectMy, afh- 
a4d ex&chkro4,7 - methaaoSpiroW-oct-5-ene I& 
~~~*7~x~~~t - scm l3$ and 8 - cbioro- 
4,7~~[25~-5~ 14 (eqrl3). 

iL Y=CH*; 1L Y-O 
II: Y - CHzCCK 

The sm and stcreocbuoical assigntDeots to It 
l4weremadeontkbaaisofcampariSonofthcir’H 
NMR Spectra with tbo~e of simikrly um~tituted 
~mpoundS.‘~ The low-ikld chemical Shifty sod sym- 
m&iUll~lWUSYmmhUdSpWlgpaWllSoftbt! 
vinyl protonS (analyzabk under nlodut ESoktion aS the 
AB part of an AB?dN-pattan for 12 and W; more 
compkx and fess symmetrkal for 89 are ck& consis- 
tent with the a8sw SW and ilwxmhllt with 
tbosc of pro&c& that would be expected from an 
alternate StepwiSe (2+ 2) cycloaddition, - i.e. w-17. 
lIleSplittkgSobServcdfortbecrprotonSofl2andw 
(J<SHz) arc ako uWiStent with tbc aS&ned struc- 
tures” and ioconSiStent with that expected (r5HxT 
for the achkn0 prOtOllS Of U aad.16. The StkTCObW 

~~~n~w~~on~~~~ 

~~~~~~~a~y~~ 

plUOO~- md,forl2alldl3,thatvicinai~of 
thClXidgCb&protonWitbtbOUOprotoniSgnrtcxthrn 

with a hilarly bonded i&o proton.” Interest, 
altbougb L.cBel u &” found that Spin-Spin interaction 
betwee0cndoprotonSandbhlgeh&protoMwBs~0io 
a number of %6diwo%y~~Ilbeptraes, we couid 
&tcctsochaeoapliPO(~rl.6Hz)k~-12udU 

~~~~~e~~~~t~~ 
through the use of N,Ndi-t.butykitroxide to trap inter- 

0 
Cl 

% 
Y 

fll: Y - CH,; 1* Y=O; 17: Y=CH&ti, 

T8TRAVd)lNaZM 

medkte dimdic&*s reactiolt!J kadiu& to u-14 sboldd be 
looked upoo a~ concerted cychdditionS.” #en a large 
exas of cis-1Jdklle waS lmt USed ill these rl?achS, 
therewaScompetillgformatknof&-andtmns-7b- 
dicUudkpii2.0.2.2jocta~~ 7. The reaction of 4 with 
1$cyck3hexldiene gave a minor (5%) onidcotified 
product that might be the cros (2+ 2) ~yc~ditioo 
pmdoct 17; I$cyclopeotsdkne aod furan gave no 
dete&abk productS (<l%) with 4 other than 12 and 13. 
l&cychpcotadienc was the most reactive of tbc cis-l$- 
dknes toward 4, and furan waS tbc kaSt reactive. use of 
a starting 4: 1 volmne ratio of ci.&Idkne:4 gave mokr 
ratios of 98:2, 62:38 and 80:2O for i2:7, 13:7 and 
14:7, nSpWtiveiy. 

It waS found thst the rektive amolmts of endo- aod 
exe-I2 obtahed from 4 end lJ-cyclopentadknt varied 
witbtbekngthoftimethattbere&onmhurewas 
beatad. After lOmin, when tbc reaction WaS almost 
compkte, tbc u&-12: cxo-12 ratio wes 86: 14. This ratio 
dWeaScd steadily to 22:78 after heating for 55hr at 
190”. we SuSpect that equiliio of en&- and exe-12 
at 1900 taker place by reversal of the (2 +9 cyckad- 
ditioo, a pathway which hsa ample pre~ederit.~ 

A 4:l volume ratio of 2~~~~~0~ and 
~~~~~ycl~o~ a on heating at l!Xr for 
1 hr. mvc productS ideatiM aS 4 - (2 - cbloroetbyl) - lf 
- dim&y1 - 1,4 - cyctohadknc 18. 1 - chkwo - 3,4 - 
dimethyibicyclo[4.2.Oloct - 3 - enc I% and 1 - 
chlorometbyl-1-(2-metbyleae-3-methylbut-3-e0- 
1-y0cy$opropaae I in ykkk ?f 3596,896, and 13%. 
~~~ F st+nral a~stopmtnt~ followed from 

~~~~Of~ 
str&Worward ‘H NMR spectra of the products. T&S, 
prod~s18and1)arepresumedtoari~eviathe(2+4) 
cycloadditka p&lct l& (eqo 4). which UndergoeS 
CYWroPY~fl VotS under the reactioo 
cooditiooS,=andcomcompoandabiStheproductofall”eoe 
rea~W.“~ (Tbi~ reach waS Dot studied at a lower 
temperature, at which it might be po~&k to holate I&) 
~~o~~~~~~f~byas~~ 
re%&on iavoiving diradhk were obSerWd from the 
~~4~2~~y~,~~s~t~ 
rqpud2)aSthtpfoductofacoacatcdproccSs.~ 

The behavior of 4 and 2&limethylbutadkne St 1900 
d&m markedly from tht of exodi- 
cblororm!tbylenccyc~ and @butediene at 800, 
wbicll mldctgo exchSive (2+2) cyckadditkn.‘O It 
sboukibenotedthatthebigbertemperatureoftbe 
former reaction aad the mctbyl su~ti~oo of the dkne 
systan increW the rektive pop&ion of the chid 
dkoe, Iwilicil iS required for the conoectcd (2+4) cyck- 
addition reaction. 
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458 and 8 4.68 ppm, reapedMy, for c&- ad ImRa-2l. 
W==Wo*rwonuwxr of?3areexpectedtobe 
morecompkx?Thbe~tatre~bytbe 
obWvedputernsofthec~toMofcfreadt~-2l, 
whichOreSlIWlglyCoUpkHIt0bOthGCiMlmetbyicgs 
protoM.Tkaba&evaIW80fthegemiudcorIp& 
~f~~~~~~-~t~*~,~ 
aneqeetedtobe ~-lII%‘bare~rmch 
glWertbmlthedespondIllgcdn!mid~.TIli6 
kpiIneuthe6MHzs$ectNmofc&-2ltom~ 
qWutetatb3.74ppm(CAQandanappMentQuMaSat 
d2.57ppm(Cdd.The8mdkrckdcal8hift8between 
theC*endCprotonsof tmM-2l,whichiathebesisfor 

Tbc result with aaylonibnk: rhows that 4 (aIMI 
~~y3~~~~av~~~ 
sckctiveQ+2)crosscycl~~*asuit- 
ably c4bnsWd alkcne. How&cG when !3imh attempt6 
weremadetoblkgal!uutathermaI(2t2)cycIddItIoIl 
reactkaof4withstyreneorwitJldMi0ene,aIl 
attempts were llluuM%ti. It is po8sibIe that steric 
hSance,whichqjpcar8topIayardeInpreventiq 
cycIoadditIon re8cWas of methyknecycbpopuws, 
m8y have been the lkkive fecter in prevent& eyeI@ 
~~~4~~~~~-~f~~~~* 

Jeol JNM-MN-100 cyrtaa: NMR sp=hm af w lz 
waehkcedca162096solMiuCCLconmmms - . 

rive 9.03 (9096) of 3, b.p. lo&lag, d-3 6.% (P, f - 2.0 Rz, 
lff), 1.~1.40ppIn (In* 4H); w. 17!%1740crp-1; ms, m/r (red 
i~tdty~ 13s (0.8). 134 (la), 133 (0.9). 132 (17), 53 (100) @L= 
NNR I &30&45 (iI& 1.25-1.4Sppm @IQ]. 

Buwtbnytbss8mcprrrsdurr,hatrtw,*1-drhm-1- 
cbbmathybaecy~pwcemyicldIofI,tmn?don 
ECOV~lIf&OUtbdfOftbBSblhgdiClllOli&. 

Chbnnnuk~tvve b.u. 8uIc: NMR 8 6.30 (p. 
J=ZHz. lHj, ljdppai (ippmt-d, J-ZHz, 4H): IR iRiO, 
1750 cd; au, m/r &cl intenW 91 (03. 90 (9.4). 89 Cl.7L 88 



1-cktorv-1-d6qwrUh~~A~~psprr#i 
~Wlg(3.76aPole)d8HbKOHud7Mmlof9~BKlHrad 
c&cdtoroomtemp.Totbcdircdnob~wudQdiapatioar 
47Or (3.76mda) at 7096 1 - cbkro - 1 - dJaomsthyc 

(6xmml)*TllepeBtinerohuaencombbmd,wNhedwitbica 
WUH (12X20. dried (&sod and didkd. After fcalovd of 
martddwpenMrrt8tltX++pnume,thcntidPeWU 
~~~~.~~~~~6~)~ 
cblaomethylenecy~opaac, b.p. W, 906 (25%) of 1 - 
chkm - 1 - ctboxymdykyc@npxnc, b-p. lUW, xnd 3 - 
cthoxy - 2 - cthoxymethylpropaac, b.p. l&F @t.% b.p laa). The 
cbkrotthr*adNMBd33J(r,W),350(q,J=7Hz,W),1.18 
It. 1-7 Hz, 3H1, sad 0.83-LOme (m, 4Hh mr. m/c ire1 in- 

28.71 (o-21 m0kj if i - chloro - i - ~~oxY~~Y~Y~oPXOC 
xad tug (0.21mok) of aodium lmidc ifI loomi THP xt room 
taap. for 3 dxya pvo 18.86 (90%) af ctboxymethyknccyh 
propac. bg. %-5X., NMR d 6.44 (p, I = 1.8 Hx, 1Hh 390 (q, 
J * 7.0 Hz, 2H), l-22 (1, f - 711 Ht. 3Hx O.&I-1.4s ppm (ID, 4f& 
ms, mle (Eel ~~) !J9 (l-7), 98 (18), 70 (301, is (63h 41 wo), 
40 (26). c, 73.03; H, 10.21 (c&o rcquh: c, 73.43; If. 10-n). 

(g2 ~~~~i43 (t.3). 141(17h 105 (100); C;Mls; If, 5.61; Cl, 
nxnmat: C. 5426~ H. 5.69~ CL 40-O&. 

3.00-3.80 (m. 4H). l.li (t, r - 7.OH2, 6H) and -O.lS-OSOppni 
h. 8H): m8. m/c (td intdl~l 1% (0.n 1W (1.6). 139 (32). 111 
&ij, 9i iso; ti (36~ 67 (361.5 (43); sii33). ii $2). 39w(3ij. 29 
(loo), n (691, C, 73.2& H, 1033 (C&& f’cqtth c, 73.43; If, 
1027). 

&-7JM&tha~~dispim[20,2-2]octan~ NMR (I 4.02 (s, 2H), 
3.1s3.w $*4~* !.14 (t, 3zg 6JP&-O~Soo (; 
8H); mr, mLhwwMk - * 
73-R H, 10.46. 

Tbxqitimumre8ch~far~ofMxt185- 
19vwweeathtedbyfdiowinllbBcmm8aItbcnrbDaimlhc 
pruaEcof1s-2O%bywdghtofdipbmIyletbcr.TbcoptHmmr 
~~f~3~l~~.~~~l~Of3~ 
lmlstcd,mbdthenncanaed ykidof6was67%.Extcmkd 
batiQgto3.3hrcauwdcompk~raadjonof3batrrducsdtbc 
ykldaf6to53%.00extdaillmtilut&d#-&tnm#~r8tio 
dwawd: 091 It 0.67C; 0.8U xt 1.5hr: 0.64 at 3.3br. The 
rraomsetsdykldafl-_-2-d_ 
rcdBd8mxximamof3%3961.0brMddcclhdtonilrfta 
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4.46 (d, I- S.ZHz, lH), 4~~(d;l=-SSHi 1H-h jS3.90 (m, 
2H). 1.18 (t. l=7.OHt 3Hk -0.Wl.Uwm (m. 8H): ms. m/e 
hi intwsi$ 188 (0.03i rti <o.m 186 (Oh. ii.i(o.zjl i30~(9i) 
105 f7& 91 (We 79 @Oh 77 W.53 (45). 51 (WS 39 (%8), 29 WJO), 
27 0. c, 6391; & 790; CL 19.03 (C&CIG ra&a: c, 64.31; 
H, 8.10; CI,. 1a.99). 

truu - 7 - cikbro - 8 - eth~xy&&v@O.2.2l~ct~ 11. NMR & 
4.42 hi, J=4.6Hs 1Hk 4.13 (6 1*+6Hz, lH), 3.1s3.80 (m, 

unrsrted.Tbenavproduuswaeisohdby~GLPC 
(CoiumnBrtl~ 

cis - 7 - Bmmo - 8 - chlo&&pi1~[2022)Dcr~ 10. NMR 6 
4.90 (d, J=6.2Hz, iIf), 4.72 (d, J-6.2Hz. l?Q, O.lSl.lOppm 
(m, 8H): ma, m/c (rel into&y) 2u (0.1). 222 (O-3), 220 (0.2). 187 
(2.sl.185 0,143 (2.0). 141 (5.5). 105 (100). 79 (40). n (5Ozt Jl 
(50). C, 43a H, 4.W tohI Imtiib a 96 CI, 32&S (CsH,.BzCl 
iuluira: c, 43.n; H, 4JJ; tmaI Mdc a % Cl, 32.01). 

uSIt ;li rbeYk8 isome&-k, 4hi7; ri; 4.e ta@I i&ids 8s % CI 
32.x 

Chbfomcthyhhec~ (uorl) 8lKl W~yIeee- 
cyckqqmne (co. 250&l, hitint moI r&x 1:0.83) u 191..1W for 
2Itr u&r mW@nous pmss0c PVC 8 mixutrc of c&- 8nd 
rnwx-7.1- CM&l - 2 - mfuh~ydo9m98w. Md 8 new 
~rodnct subau~& identified a 7&orodi&oW2.2bct~. 
ibe told conkers& of chlMomdk~-w dis- 
~Wu~~e~byN~~G~~ 
~~~~:~~~~5:1. 
AbLWt5%OftbU chbfom&yienecywaconvataIto 
1-chbfo-2-mot&*Mlcycbproprpc.snd1796hufDotractai. 
Nodim~ofa~thykncc~wadetccWinhrmix- 
turc.TbencwproductwasistMaibypnpGLPC(CoIuranBst 
Isa). 

7-Ch&md&&v[ZO2.2]~~ NMR d 455 (1. I-6.6Hr, IH), 
2(_29(ABputofABMpttan:8*268,d,W.J~-119HE, 
1, - 7.0 Hi, J,y - 6.2 Hi). and O.&l.15 ppm (6, 8H); ms. mie 
Ice1 intan& 144 10.6). 142 f1.S. 107 119). 91 (60). 79 11001.77 

2.4-3.0 (AB p&t oi ABhip8ttexn: a* 2.81.8s 2.64, Jm = 12.3 Hz. 
J.,u*73Hz. hu-d2Hd. MdO.lO-1.05DDm hl.8H): ms. m/r 
(;;Jlink.ktyj iii (1.41, iti (1.5). 107 (27ji.-91 (60). 7# (100x n 
(37), 510: euct mus 186.0064 (chk. far CsH*,Br? 186.0044). 
C, 51.44; H, 5.S (C&,Br reqairaz C, 51% R, 5.93). 

~~~ nRllc(ionr Oj~~~~~~~ 4 
(A) W&k I&ydq@&~ A mixfurc ot 4 (100 pi) mnl 

4OO~loffrahiyW8ckodlScycbpml~newuhatodwldsr 
atuogWWprasurc8t1R-1~far1hruxlcoaM.comp8risoa 
bymansofNtdRudGLPCsn&sisaftbcn&onmhture 
witboacobmincdbysimihrhat&oflat1,3+yckqenhdhc 
SbOW!dthUittXIdll&hdditiaotOCydopc~eoedca- 
ntioaprod~&sm~lI~~uatsufc&-mut~~-7ud2mw 
pnnMs,whichwereis&tedbypmpGLPC(CoIamt1Bat105’) 
Mdidenti&d8sardo-8ndao-KTbcaldD:rroraliow8s,8fr4t 
lhr.65:3S,radthtntSodolJ7to~ado-radoo-lt~ 
2:9S.Tbscombi5cdcwvallmottbaepmductrwns>9S%.A 
siUlihCXpUhlltlWCWkdwt.hU!tbCfaCtiWlrnriD~. 
nlptaJfmmtimetatime8adtbea&aor&wnsdt!Wmhd 
bymansofNMRanaIysis.Thefoeoaipldrtrwereob&ak 
fhbk 1). 

endo;U-Chbw-4,7 -lU&UD&V[2.Slod’-5-au,12 
NMRd~9M3~(HC=CR,ABputdAB~~a~,63& 
a, 6.1Oppm. JAB-5.6H2, I_,~Jmi=28Hc 2H). 4.XI (Cs-ff, 
J-3fHz. 1H). 3.15 (‘W,,=SHz, lH& 2.05 (Wm=64 @I), 
lSl.95 (m, 2Hh aad 0.25-0.9Opptn (@. JR); ms, f~& (ml 



Table 1. 

Tii 
@in, ado/a0 

1Q” 
29 
30 

4.7 
3.4 
3.2 

0.69 
0.40 

co09 

intalsity) 157 (031,156 (27). 155 (OS), 154 (8.2),119 (27). 92 (43). 
91 (64). 66 (100); exact mass, 154.0526 (Caic. far c&cP: 
154-0549). c, 69% H, 7.M; CL 23.22 (c&,,cl fcqukes: c, 69.w; 
Ii, 7.17; Cl, 22.93). 

exo-8-C~m-4,7-md~lrP[2Slocf-5-au,UNMR 
ars%u(HC-CH,ABputdABMN~aAan,dr 
401ppm.r,~5.48tzs,~24~~~~~3.0~~~3~(c~ 
H.d,I-1.6H%lH),3.05(W,~f8~),1.66(brodd,J~9Hz, 
with fbs rtruclum. lHI, 0.20-Mlppm (m, 4H); q s indis- 
tio@&bk from tfmt d tbc ado homer; exact mass, 154.0536. 
c, 69.93; H, 7.23; cl, X3.06. 

(B) ~~~rmnAmixh+edl(lwr~ud400~lotfrmo 
(fl&liydMk!dfromLAHIwUbe8tUiu#la~~- 
saItl~1~forlbladcodcdTbernixnpeW~trLeUuphr 
CC~8nd3Jteredusiagpo&vepnsrurctoremoveawbite 
gels&mu8 materi&. pesmllal to be p&furmt, which fcmeil 
~tbereactkm.AnalyakdtbeCCl,solnbymerPsdNbfR 
mdCiW:shmdtbeprcsmcedcis-mdumr-7md2new 
produc&,wbicbwereisoktrdbyplspGLPC(ColumnBat15@) 
and identitkd 8s ado- aLKl &w-u. lIle*arpo:ao retie was 
73:n; and tbc ratio d total dicw to total 
cl&Jroap~ was 62:36. The comb&d coavecsioo of 4 to 
tln?seprodoctswas~90%. 

c~-8-Cldom-4,7-cpolyrplro12SJoct-f-arqUNMR~ 
6.23-6s (HC = CH, AB put d ABMN putun. SA 6-a a, 
6.33ppm, J,+, =5.7Hz, JIU(~&JP 12Hz). 4.97 (GH. d, I= 
4.2 Hz. bronkoed, 1H); 4.11 am! 4.M (rppyent broadeaed s and 
s&p d, Jw4Hz, respc&ely. W), sod 0%l.lOppm (to, 4H); 
w. m/e (rcl inteosity) 158 (7.81, 156 (2&j, 127 (69). 121 (39). 91 
(88). 77 (49). 68 (100); exact mass, 156.0356 (Cak. for CJI&fwtI 
156.0342). C, 61.n; H, S.95; Cl 2217 (C&tIG requires: C. 
61.35; H, 5.79; Cl. 2264). 

CXO-S-C~-~,~-~~~~[~J~~~~-~-~~,UNMRII 
620-6.60 (HC = CR, AB pelt of ABMN patta& b 6.50, a, 
6.28 ppm, J, - 5.7 Hz, IM w ImN w 1.3 Hz), 4.87 (C.-H, m 
m, W,n - 3.5 Hz, IH), 4.11 (narrow tn. WIR = 25 Hz lH), 3.55 
(I, lH), 0.251.4Oppm (m,4H); ms very similar to tbat d tbc 
ado isomer; e%acf mess: s&036. An ckmental almlysk was oat 
oMaiQmL 

0 RM 133-c- c A mixnm d 4 (loop9 8nd 
4alrlof lfcyclobexadiencwasbmtedundalurtopcsouspre8- 
sunrt1~1~forIhrtnd~.Compuisonbywuud 
NhtRladGLPCMBiySkdtheterctioamixtmewitbcHle 
obtaki by similar beating d o#l1 l.kydobcxadk~~ howal 
tbatitMuaiM!ddr-Mdtrmu-78nd3Dddiitionrlpmduct8~oIbe 
d~~fo~~~~~~~w~~~v~~ 
furtbcr.oeSoftbe2maj=pmductsweskoh@dbyprepGLPC 
(Cohmm B at 120”) ud id&if&d aa ao-14. NMR d S&635 
(m. w), 4.50 (6 J - 79 Hz, lH), B-3.60 (m, 1H), 23IM.90 (m. 
1X). 1.85-2.30 (to, 2H), 130-1.60 (m, 2H), and Om.95 ppm (m, 
4FD; ms, aI/& (rcl iotelwity) 170 (OS), I69 &4), 16s (28). 133 (31). 
127 cla), 106 (69). 105 (53). 91 (loo), 8lcI1). 79 ez,; cuct mu& 
168.0116 (Calc. for C,&Cl% 168.U706); C, 71.37, H. 8.01; Cl. 
19.98 (C&~l requires: C. 71.21; R, 7.n; Cl, 21&Q. 

~o~rn~~~~t~~dl~~ 
bexwiicmdimer.lkNMR~murspectmdtbeimpure 
mat&l wae completely cwratent with tbc ado-14 rhrorflm. 
Iftllissmlcauaiusi&umeotiscmect.Mdtbedoublct,I- 
5jHz.~1)4.lOppmirdueu,tbcpsotonutothe~,~n 
thentiodtotJ7totatri14wucal:4,~thelndo:aontio 
(Pttal&),anrca5:4.Onlya~dlnm~Pnnrcted, 

~#&scM8ioatotbc4majnrpaohKtrwuutirmtedu 

@) *kWk 23-dfmdky&3-6uadfae Ia each d 4$-mm O.D. 
&tautubeswuphccd100~ld4aod100~ld2Jdimetbyi-l3- 
buhdk.ThetdIawaea&dtmduvacmtma8u8unl.batrd 

obtain4 by similar be& d sert 2,3dktbyi-1$oe 
~~tbrtitcwtriDsddr-rad~4(~t.yieMlbyGLPC: 
u46)tLQchrWithsevcralmWpfod~illsubstalltigY 
d&eot mwmts. The 2 major products (est. ykkls by GLPC: 
35% mid 13%). &sequeatly i&ati8al al 1s sod ac. were plEi6al 
byprepGLPC(CdumoBr(ll(rmdIt13~.Amufkrrmwnt 
ofaUkdproduct(ert.yiddbyGLPC:85%)waaidatcdmd 
sumly7d a8 a mixture with tmu - 78 - dicblorodii 
[20.22~. T&e spectnl date ok&d by correct&t tbc 
8pcctraoftbemixturefortbepre6emxdtbedispiroconlpound 
i&a&d that it was 1) PJMR d 2.55-3.0 (m. lH), 2.3-25 (m, 
2ii), 2.0-2.25 (m, 2H). 151.95 ppm (a, with s st 6 1.7s. 1OH); 
ms, m.k (rel bummity) 173 (0.9). 172 (8.31, 171 (2.9). 170 @I, 135 
(19. I@7 (loo)]. 

Atkaat5otbermimrprodu&(totelest.ykldbyGLPC 
<5%)wercootalbyGLPC,andatkast2dtkscwereimlatcd 
as a mixture with a vay minar C,zHw pcoduct. The C&Ha 
product rppM to be 1Js5#urametbyM+ctadiittew lNMR $5 
2.22 sod 1.58oom. sb&tc. intenrity ratio 2:3; of, mtc 165:164 
irltdtyntio;-o.i%:~oo~-Tbem&~dtbismixtlu8 
~~~~d~~tl~~~~rn~~ 
farrnuh CwH,$cL 

Abmt 15% of the chbroa~tbylenecycbpropane remained un- 

r.g-C~&~)-13-~~-1,4-~~lI. 
NMR 8 5.41 (nawow mwesokd m. Wtn - 5 Hz, 1H). 2.49 It, 
J-72Hz.W),2U1~2~(~tr,J=7.2Hz,ands,6H), 
and 1.60ppm (s, 6H); ms. m/c (lcl intensity) 173 (1.2), 172 (10). 
171 (3.7). 170 (32): 135 (1.1). 119 (641, 107 (MO), 91 (56); CM 
mass, 170.0855 (C&c. for C&,&P? lRMB62). An &mental 
MldyrirWSSOOtobtriaed. 

1-Chbmm&~l-1-(2-mahyi&ae-3-mahylbnt-3-en-l 
- y&yclopmpanc 2#. NMR d 5.04-5.17 (m, ur), 4.83-5.04 (m. 
w), 3.37 A w), 248 0. W), 1.88 6% 3H), and 0.53 ppm (s. 4Hk 
ms, tR!e (rd iutensity) 172 (3.7). 170 (12)‘ 13s (42). 107 (60). 105 
04). 93 (loo), 91 @v, n mr,65 (31). 53 (se). 51 (wo), 410,39 
(881, n (55). in dern~td uul~ric w sot 0btdd. 

@)Withac@&ikAmixtureof2iIO~ld4,t?OO~ld 
~*~a~ofh~~w~~~~~ 
~uspmssureat 19U~for2hr. Compakn by means 
dNAfRaodGLFCrnolyrLdtbcrea&nmixauewitbooe 
obtai&bysknihrbatingdncatacryloniaikrhowattbatit 
contailwd ris- end fmivs-7 sod 2 new ma* prodocts, wbicb 
wen isolated by ~rsp GLPC (Column D at 14s”t am! 
wbrepWlldykltikdU&-radfmrU-2l.Tbetidcisto 
rreruc~lodductrtter2brwuo%:l.o.~tbentiodtotpl21 
to~7vu87:13.Thetotalcoavmiorrtothestptodtictswss 
>~,~13%d4~~~. 

cis - 4 - CWm - 5 - ~PJRO~&U~Z.~I~ Zl. NMR (60 MHz) 
d 4.58 (d. I = 7.1 Hz, lb, 3.?4 (apparent q, I = 7.1 Hz, lH), 257 
(appueot 6 I - 7.0 Hz, WI, 051-l-21 ppm (m. 4H); ms, m/c (rd 
intemkyI 143 (0.32), 142 (1.5). 141 fO.S), 140 (4.1). 106 #I, 105 
(371,88 (33). 79 IlO@. 78 0.77 00). 54 (61). 53 (53),52 (361, Sl 
(39): exact mua d M-l. 140.07.81 Kak. for Cxi,NCtu: . 
140.0267~ c, ~9.09; H. 5;~ N, 9.66; CI. 25.55 &HKIN 
mqukes: C, S9rr; H, 5ti N, 9%9; Cl. 25.04). 

tratu-4-Ck&m-S-cyaeoap&v#-3&exane,21.NMR 
(6OMHz) 8 4.66 (d, I = 7.0 Hz1 lH), 3.05-3.60 i7 lioea at 1855.193, 
193. 200. 203. 210 sod 213Hz from TMS. 1H) 220-272 f3 
jlri&mi~-tit lU, 146 and 154 cpa from TMS; ml ioteosi&s 
l:l.l:29,2fD, and O-35-1.2Oppm (ID. 4iD; mr ~~ 
iiom tbet d tk ck bomn; exact mass of M-1. 140.0286; c, 
5930; Ii. 5.62; N, 950; Cl, U.&i. 

CMW altmted cross cycknnkiitkm rmctiorrr with 
~~~~~ Attemp& to effect cyckmdditioe 
ceu&asd4wsIdr-aodmuu-stinxlaL?,st.yreoe,kk7otyf 
bt0mide,aodklotylcllbtkkatca.19trpwnoob8av- 
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