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But -th~ it1tt'eli!Ql<;;:cul.ml: <:Jclo~itio."l of 'the toll.owin;, ditM'!o co~:.<o~ 
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and t'alladium!tl carbollt l.uteB ana -~llylia 
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(f}Sl'l,~~-.:.1 i • . 
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(A.) )• * . ·y-Ph 
o ' Pa.1·t i .. fty resolved ) 

n 
.~:, iOORt ~f;.fOQt.i$ t-:!Ol)l;;lt\llf!' o~elntte CQI.~\Pl«Sj\f b$.9 \a~ylmcetenat:.O) COPJ-pt:r 

. . 66 . 
uned by tn~:ebayaahi t:tt el in the dccoil\JOSition rr~ os; o(•tU .. azo-

oot.'t<;>,Phem::n;lf:t J.n elauhoii.S, ·Pi'!enol$ &~d olei.iM ~tid (!lemoimtxa:t.etl thet. 

the ctu:u~me COi1l.r'l~ !\,lave eyloJ?~Opane de~iVllt...iws \'fitb olefine .in 

0 
ll 

Ph-C-CHNi. 
Cti(<Lca.c)a 
. ) 

-Na 

I 

/ 
I 
I 



Of ~CcflaQ~Qi'late 1~ a~o~osit:.ion <:>a etho!Ky ~a~henone a.n4 

~ont!l.uaoo t:h~t. cu(®ar:p2 end ~at~~>2 $rt.: t.."le moe~ fifi.fuce.tvG 

cata:tyatz""' But in qo~arit~.on t.o Hi(eO$Cl 2 , CU'e::;ac)~ cf;;t.al:tst. w~~ 

the tf¥.'),'t@: eff(let.~ve cnt.~lyat. m:.. 1(1.4 tetr@eJ:atum ewn in ver:r 1~ 
... 6 

oanaantr$t.ioo Ceu,eoae)a ... 1•9 ~ 10 flDl j• 

rH.~oooet.ot*t:enone has ~n tloooupooei\i unde~ a Vt!JJC'i:lllt;.Y al: 
. . .. . . . . . . . . 139.140 

cQOW.t:lontl• 'the sens:tt.Jzed arfff.i Mreet1. t-Uo.t~l:~al de-;e'CJ(l1,pos.tt.ton 

~ot.h el"'vear to tJrcdt~(!a the t.r:;JJ>1.at. lt®toom:vene wh.ich at1u0 t.o eta• 

a."ld 'tr.'MS•2....tlutt.ene in a nor~-ae.ereoul~~.ifio rMMeri• tt'h¢J l¢~Z.ltoc~beru~M 

is lr~lat.iv.~lf unreaat1vo ant\ e~hl.bit$ radical ;;z:oper:t.ie~ as d'4sac­

te~itlllet'l D-:1 ~h~ large -f.Uflt)U~ of b.iQ!tclt)}texenl~'l GOtl ooe~~etlDJ~& '10)~) 

an~ the lo'i'J a~unt: oft "l.no~;o&t'y. 1 ~t\WJ'.f1 i~et.one \10.1.21$ i .:teld) 

l3t:odlooed .it".\ ehe dix®-t a~ ~~ans.tt~® £3ilotoly'$JJa e:f <iit:l2ot;.eeit:.Ci:aJhellQDe 

!11 cyoltlh$ga~:Ae. ~e phtQC!haffi.ii:Jal d~oosnpot;;J.·t:.1cin of di~Ok~tone AD 

int.:r:igu.tno b~oau!.ls of t.he r,ilt.!IB$1b.1lit.y ~he the t.riple~ 1-tetc~.et.hy len.& 

ceultl be prad~ea up.sn di~t. .t1:~eti:L:;Yt..ioth ~he real;llt iS· $lr&d.icte4 

l!S a cQns~ut~Sr~e of the high ra4es ot:. int.erBt~t~n\ eros~1;ng l~ c.a:tbor-ttl 

Qot~,pwnds in genGt:al. It'li th~ anove 2t~ttaet .. loo t.he hif,ih v. .!.~lils of 

bieyclohelt~Stn~• 1 &'1(11 ~to.r.Jb~n- As sug~est.ed by the ii\'lC~ that. the: 

~.et~th;tleoo in h!ghl;r retact.J~ve in 't\yctroyen lilbat~ect.icn. 

!~ceocl!i;;b~wlo.W add.tt.io.ne; in Pt'urt~en~ ~ light. and c.at.tllya~a 

,ts nQC ntw.tea. e!.i{tentJ!~~ly 1.}~ it. ..1$ ~iJOzt:ei!J t1:1at. tlec•;,~n_posi~.ien of 

the tl.1.~ol"~t~e in ~coooce of etitalyGt ¥1ith:t;ux" J.~:rad.Lat;lQfl ::e:.Il-'lind 



.-..&141 
CGUlfiitler:ably lengE~r ~e.~ct.ion t.~we ~.niil %ne yt~l6S ~·J:e i~lU~l:(l)~ • 

Ght.¢ek and cnakrt:dlot!'ti 142 have used cuo c:~tnlyct. an4 ..il:'i!~di.at.!on 

mct.hod fo!':' t-he eyclo~sropl!Ilat.itm• 

CJcJ:{R _ ~U~':eol CiaO) 
C-CHN2. 
II . 
0 ·' ' 

0 

~~ett.~r. cha1t~abort.i ~ a1
143 

ha• ret)();:-toa that b.:I.B({t(..~t.Yl• 
' :t! 

aeeton~to);~;s1 ect. d a hig.hly e.ffioiont botn::J~~n&.ell$ ests:ly-st £'or 

int.ramoleeulru: o<: -ket~~lxmo.:ld. addition to dt~le bond of V:J­
UM~t:uretet.'l t1.iu0tn$t:.t'rtl ket.onat' lead~ to C1fclOPt'OL~l •~e..ones 

' 

l•(t ~..Y.ct,um'!. ,.q_f_c.t~&::~!!t 

c~~nesU7eil$ a~e. ll(iut.t'a.l b.iVtd.Gnt. ca:~;;bon 1ntexr~1fit.ea J.n 

~h!en e ce1ti~o~ etorG has two oQ"'d'alent bcul&s (.zpl ilki!l s~)J eo ot.hU" 

S'~~ou,PS n~~~':l ~t·n) non-b'>adil~.J orbiti!ll~ ccnt.alrl.U"lg two clect.eoos bet.veen 

ener~~· t'elXJ;ttt,U;n;,!~ ur.~ t.na P:OSal.ble er~at14Jni~~~t. of the t.wo non bo.ml.in; 

Clij;<.~.t:oru9 i:>e~1W."l the tt.~'iQ or~it.als o·f 0.3.f;;;et·\u1t. oo~&'Jlft .-:>pitl' states 

of aaroone mt~.f b0 de~J.\ftlia~ed ~ lowest sltlk}let.1 t~~~let. ~a. eMCit.eQ 



1 1 
R~,.~<· . 

:~",, ' 

, R .. 

: i__.Q,1C.~t Sit~~~ l.tat. 
I 

R,,>tf~ . . 
l.li. ' . 

R . 

T.tr.tplut, 
II 

~itetl tJin;J1f!lt.t~ 

Ill 
f...net'gy' dU'fw:ence of. the orbitole o£ten; r.an.~e bet.T.'~t\ e.l ena 

· ea 
13•1 ·~ CQl/~l • 

!'>. aara~ne in tt'ae l~t. . sing: let an~;\ t.rlp'lwt st.ntoa a,·e sp2-

hy~r!tl and thm:.-efot:'u.1. rese•"itJlb i."'C~£l!~ti~ly a .eerb;;:r.l.i.um .1~"1 \ll;~l«'i ~ 

free radical in ttlei%t' ·e.i;.r.ootUJttiht 01\. the otheJ:"t~a<i; t.tu~ O~X'OOne ill 
8~ 

ti'le ot.hfit:' e~S.t.e.a aia~let an~ tr.t:;let ate.tes .1$ .l.it\Qar Eak,..hfhlt-14 • 

;i:SPcct.t:t:'.lw~·;~.tc · evide~c~· V«U::.iltlLW exp~t·.tme~l~al ooservst.ton an«1 ai"ialqsie 
~. •• It: ~~~vsrririi,... t1 

····'O 
o~ ::::iirt?le c~11e vL~• methylene;: sh~HAltl g . .tve det.a:U.tad ..ttlfoz:rn!!t.!on 

Cv~~n:L""¥.~ OOth !Jl:Ound &t'lt\ ~~it;ed 'jt~tC$ Qf th~ .~lecule• F..t~. a'b~Ot'[;:}.­

t.it)n of a g~ou;,> Qf l!nas · at 405t:l"J"' in t.h(i: $.PBCt.:~:a of conet.e to 

, t~th;yle~ gave a grr:.H~t. int~rest of ~t:uitful ~vidence 1fl e.at:ly cU.s­

CU$Sion of ~thyleoo althoW)h it w&s 'l~t.t.er M~rtained that '<lhe 

liMe iil&e due. to C3 rather than cn2 .. He.~te~ litld. Chat~a~~th~l 
reo~d~d th($1 elti¢tr~)tl spoot~u~ of t~hy lene !l>:COOl.l:.:ed itt the 9U' 

it.ls.oe b>J flash PhGt~l;r ~~iS of crot2~. c'JioN2 Md car)£~ • r~1ea.tron spin 

reot)n.unce st~tra of mathyl~oo tr~J.W~ 1n a t~OOl ~~~~~,.. •e 4• i ,_; 

h~v~ ba~n ~ne of tne ;~e .~ant ao:r~~v,,m~nu .t1t1 this ~1uld92•93 .. 
1'~ · t:~~~ulte etcmonat;;ceted ~he.t · t;he fo1:~.~.ton. of ~ .lil\®;r; or :neu 

l~hle(n; Si~ac.tea ~~,itll a C..¢i ~til~ J.(9..~th oi! l•0$0~,, which abeot.-bed. 

ul.t.lta-v.iol~t. r:~.:ii.~..V~'l .~ aboue Ul4°A and a oont.. S~"d.ieSlt bond. 



0 .. . Gt 
awJlt! 102.-103 , C..N; bond lent;trn 1;12 0, ~.g-U.t$1 @Sc:u:l.1Gd U•V radiation 

1n the ssoo-95oo0t~ region. 'l'he ~sorPt.J.on of ~ho~\1. wsvelen;t-b oi 

l.in~ar c:tt2 ~J~s fl<rmanced at th$ expeMe o!: that- Qf the long :wavs 

leng~h of b~nt. crt2 whet'l&ver t.he sai:ia t\llX!~t:i«ient 'fiG~ Cflt'r:j.~tl out 

ill the l.;'Jt.'(~eerme of l~:i:ge ew:.HllJJHZ of n1t:rogen. Wh~ e~>er:traent. .infe¥:r:e(\ 

that. ~thy 1ene, d.iphenyl caroona., ;Phfl!oy l @ntbene ~cl £1t\oi:eny 1-iuene 
' 93 

e:MiSt tla t.J:iPle.t t;Jround at{~~~a. l!~a~.eses:ma.n ·ne&i C~>l!lt'ket:G ·.· • hor,.te'vt:u:. 
-.1 -1 

oo~en(;;a t:Mo o$l:oonc st:at-cs with !> • o. 6636 em · • E • o.ooa em en6 
..... a . . -1 · 

t"J • o.oo~<!.f em • :s = o.003t7 om respt;GtA'W4&lwy. 'In~ valua of P J..e 

~~Xl:J:.'O~tAonawe· to eh.e ~v~t:~ l/~3 wher:~ r JJJ th~ · distan~e bet.wt~.en 

t.tt2c) 8,i.J,i.na iru-.a~tlction aDl alO$(;lUt;LlS. of tne t.wo £l.f~\Uu.i-. ·~he value of 
' 

~ repJ;e;oen~s <IUalitat..i v~ly- t.he .,al~~ of t.hi3 e.tet.ent ~ t.b~ deviat..ion 

of t.he $p.i~t>J.?1n lnt.~r-actlQQ. ft:,~:m c';/l.;tntb:,\cal '-')fL:.~t.~• v~aassr!nat~ 

a,na. coworiters e,;oncllld$'1 that singlet:. methy ~ . With an anglo o:f 

136° is 1n u~1 ~raem~. ~~h fl\O$t. tneoret.icel c~le\ll~ions •. ~lie 
' . 

.ariglea of. 150....15~0 (neat:ly· lin~S!t') fot: Jmenyl. and ClitJ'h$ilyl cs.rbetm• 

hs.a .alao oo~n estimated• Tho t"WO unpa:.tr~ .. ele®&-al8 o::! cU.pberql 

oalfo~~ a:ce loealiT.ed: Ozl; the d1~&l£nt carbon aterl4, !a ~ oon.s~t~~e 
. . . •l . . . -1 

of higher n-...value f.lf th.nt. c-ooue ~o . • o.!l-trn om , and ni • o.oa-94 eM ~ 

nur;li!".i.aiugly • the e.J~t.ent to W!lieh the Utl;;?i:iiratl electrons ~ ct)!Ui• 

t.:t"n;:i.n¢a to fjtay ~t c~nt~el cM:bDn at-e,~ iS r.u:H.tt'llf t.ht:J iHlrfill 1n diphenyl 
. 95 

cer~ene and: .ill .fluor:e:ny.lidew ~aj;:)it.o of th«ilir d.iff~·e.tlt g-eomtBerier~ • 

-----------w··- ------
N-----G .· . 
--------- __ ,/J\ ~u ____ -·----

-
nit:~~nyl m:~hyler~~-

~V 



~c:!;ve~al ®XJXft~.G have tJcatl ~sJJ;r"'-"'d. t.o a tt:.iplee gJ;oUOO etete b,; 
i)f.S.-1()1 · · ..,A · b 102 . ·A t.. ,.....,..,.,. . 

e.p.~ eY¢tai.':irr;e..~ts · • Gloss au"" cowo:r~J:s ~eporte-.. t.ue -~ 

t,jfaVel@n .. ;~th absorption bat1d of diphanyl cermnw ori-ented. ln a si.tb;le 
103 • . 

aeystalo of 1,1-c.Uph0nyl ~h.ylene. t4or.i.t~ ond- covJot:kera ~'?ulki 

t~itJ new etworpt.t.an band0 J.n l)hot.olyeed 4~olu&it.me of dipnenyl d1•o­

rtethane b'/ correlat:Ln~ e.s.,r• studies, fl.uotosanQe• fluot:~QClrtfi:e 
, . . ' lo4 

$)(C.itnt..:ton nnd ab$~orr;tt.ion S~)GQtu::o~C.tGV'/e Gibb~n~ ~ntl TJ;'ozol~:'· · · 

·.repenecl t:.he lumin-eooeoo•, e)(C!tat.!on · au.d abaor~t..ion B,S"Get.:r.:a Of 

4fl.tP!1Gey 1 cewena M~.iigr~ntJ a tr.i't)l&t grou.~ f&t.at.e• 

_ 1as.-:~.o1 -
i2iKQll ar.tl ot:.h@i: COI#JPJ:}';.e;;s .rat.1c;nelued th.e UleebanJ.sm 

for C>Joloa,~it..iotl ;r~~t.io&~ QJI! 11~~n;yl~ne ~o Q;t.~lyl.Sn;to aoubl~ .u~ 1'11 

p~mt;.itl~ o,ut. ~hat e alt~~let. ca~~ ~ould ~ f4o. ~~ olef;.f.n in e 

, c,:~xt~d t.~r. as '~he net<f batid to-rt~t.t.cn t.akes P.laea td.thout. 

cnen.tn.a the spin of any of the· elootrons in'lf'ol wtl. Oi'l th~ other 

hand1 t.:rt!f)l~t. cat'beoo t.>a~·t.leivat.(; in. ~)'cloa<laition ::eeQtions t.hroU9h 

S ttJplet. <:'U.red.icel itit~medi~GlOQlii Bf!Jfor5· t.hg ·J:.ing ClOSUrQ i:t~ tbJ.S 

~H.ra~'.U.c~11 thet·a ~t be Qll invinmion. of ar;rin ofi one of the eleac-

t.rcns. l.f ttu~ free ;t-Otst.ian ~out- th~ c-o ~ u:e the tlira~!Qa1 .ta 
107 108 

:fa~ter. t.h~n the $t~in in~~!ont then .the aee~Q::hemi~.~Jt.z=.y ' of 

the orirJinal olefin u.t1l uoe. be ~:ct~inf;<l· in tJ.h$ ct~lOPJ:OPati~e. 



'' 

;_. (_' . 

__ Singlet 

Triplet 
Spin inversion 

C)(l:c 

·K~ 
R o. 

2 . L ''1 

- vast 

~~· .. 
. R - R' 

2 L1 

. · v~OQfl\-:(Jw ~u;a Hof~Hl-$l.~lOS1 h~1it~e -tan~~&~.tw1y- avl;~li~ t.h.e p:c.tooiple o.i 

:·. · ·· Gai,:2e:r:ve~.'!.~!l t)f. (.')~J;t.-~~1- s;,v,a~t:.r to c,y~l:oo~!bion ~~t.ionil.·. t-fof.f'~ 
' . . ., .. 

· cpi:Sr~l.Wc'l~s ·that.. thiS b~tlt:. s~tr~·let. ·!®thy~~ ap,pt't:i~h~~ t;h~ etny·l~rl$ 

. ' 

ard l~th:tl~® oan tben cor~:ola<~e w$.t:.h thll!3 ~ro~ atat.e oi! eyolQiol. 

Pl:olllaOO sne¥ t.tu.t eyc1Q~dfUt.ion it# a ~•::lymr~tt.y $11~~~ ;;~1ttXl$_$G• 1t?or: 

-"metJly-len~ ·ln., tll$ t.rit;,1f4t st.,ate o.:r: t.tte ttl(Cit® e;J.ng JA'ii't. Alt. ate ( xz :n 1 a. 
. - . : . 

a.t~f~~nt geo~t~l !te ~=:-ed.ict~Gt"l ;i;G."OC' t.tw t~ns;tt. ion e~~e, imd the· 

· car~lation .f.s n~~. ~m, .. ~?it.h the gz:quM · $tl).te- o~ cjrclopt1rJl)at1et b~t. 

Nith a t,ri~~t iSt:at.~ 9~. an tolHO.~t~d cQ~1i;l1lzat1"D of t.l'u1 t.~.;i~tJ>tyleoe 
·. . . 

ti.U:ael.ioal, ~ •CH~CU;a(lft2;•- h~vin9' no bsri~r t.o 2:t:¥~atit»l.i 1this hO'e1ewr 

leads to tho , $alfia r."Q:tiQil~f! ~ th-(a \&~11 t.hcwy for th.~ ~d1tion c.• 



r~~im;~t.-ily -~~~ ap.tn st.flt~ tt-&at;: d~a~mtl1Qa tht;a c~ur~e Q:; t..i)e $clk'U.t.io.n, 
- . lM'U . 

but th~ sp~t.ial di$t,:tibut.tora .. · •l. : · o~. t;he 111$11$ l§l..'!n~ion•. 1'bis Jidea 

~»r.'ov~a ch~t · egoo~ii:to .tr1 t.htll la-lf•'e~ a1nul~ !13~ats.~, ~d et.e.:eospec!­

fitlf.il.ty tr¢ Qlef . .Uta, and oeW'JUWS in th~ t:.,;ipl~·t ~t.e.~a de tlQt.• 

· . 't 112-ll$ _ 1 ·-A~-~ .~ _.,. 
~1lf Qatl!:ee a theo.?:~~ica.. analt·9.t.s o£ d;/e o~t.~. 

rG~~~!On o£ t.he e~ t~lso eHJfJ;Je~t.s a 7\ .-a;•'.P~e<:h (VJtl ora ~hJ.(.cil the 

v~ant p-o~b.ttal ~i the carbene bG;<tfi~'la tlo o"\ter:laip -w!tth t:..tl'S 1\ ...eleat.ronttt 

1% the dou.bl~ band. 1~ rEu;n-;:t;~nt 'l!bV~ elong ~he r~act;too o:c~r~nete 

tdJ4~WEl PtrOOU® fjeo~q,. tha. tl ~ -.~ppto~Jt ~Oett!l O:Vi:ir sl 0 •&~PPt'O~l\tt 
'119 ~... . . 1 ,!'};,~ . 11Cl-ll9 ('\J;r.'l, · • Jt. uein~ M ~lectlr~Ph.:t -1c avuit1on ~<iiaoti¢a · 9 elec• 

t~tcl'l aensi\;y ">obultl: t.t'tma£Q~ f~m t.bet 1\ ... bo.ml .of ~:;,l~J!i1.ns too th• 

) 

Mor,~ -~f:ntc Qal.auk~ione au;i{;est. tha~ tt· !\ ... app~~acb1t v:t(~l .1$ 

e~rget ically . favout:!'!bl\lf tof• 7\ •BP.Pt:t:u:.~.lhn V:t 'bl it:t tl'l.e ~tiM of 

t$1nglst tnethylene. J>:.&!i1t.ion of difluca~o eal:bt)ne ia c~lculat.ed to' 
119 ' 

fo11~ e·' similar pl&enomn.cne · W.itb l~es eh~ge tCtAn$'f~Jt .e:om 
• • c. •• • • • • •• . • • • .12~122 

oletfitl to c~roone iin ttu.l tu:ansition atattr:Ht r~ell!t.~ .c::aklula.tiol\ 

fQt' cycloaM1t..1Qn ~f ~*t:.hyrl.~~ t~d dilllluot.>ao.aat.:~-.,XI.e to ie_ob'J:t~il$ ttt"'ain 



A1Jt < 

"thiii ~~ham~t.tt!l inti)rgr.et.;:.t,.t® o£ ~n~ ~Gaet-.too· ttt: wt11tlh phf:nyl• 

C!'Jtt~n~~- interconve~t.---t. 1~. ~V$ilablel:l!ltittlaat~. 
~dl'J (!I«!t'b~~~ {f'Jdi~icn ~u~ b~ b'il~St ~:\¢5~t'ibd f.:'illl ~ simult~~ue~ 

tran.efer o~ d.e.¥looali!an~Wi oil trM~ e'l.~rt'ns of c~:rbemt; ~P~•>O:tb1~a1 

.U1to ·1:11~ LU~40 of t.h~ " .... ~)l'GtfJ!m J:;~'la t.ne e.l\$c.i~J.:~n"& iia the a~o at; the 

1\ ~t~t~m intt\ vac;~lt; P...,wt1<J.ital of t11e uat~~~ ~~. low l:till9 t;;lfl~O 

~:;ith- ~. lergs c~ffi<tl1f:iJnt ~o/il{~ t;~~f\',)U.~ ~uc~ .V1 ,~)t'.OO~!ili$ .t~ 1:11\;L¢1-?. t.he 

oe,t'~~~ .al'16\ the 7\ ~-$%f_$t~~ 110~ o;,if!,\U.~t_,n~~R~~:sl,- a tl\\li.Ql.;Ua;¥hi.l<i$ and 



of t.ne OE!~n~ on the cn:.na pos:tt.1on of a .z;~ e.s th$ c;u:ooneG 

wt11l-.~t::t.r~lmt ~tnter.nct W.lth t.n~ l.AiHO of ~he ll:IOJ:•~ ~lGetXDi:lbl,liC Jt.i.~.­

'rhUS rJ.n;j em?a.-,:t.lon ie f3?..;ured b'J a lQW energy !&tli·);) with a h.igh 
' 

lyi~ no~~o ~!th el~rJt~ron ctooeit.y et. th~ orthQwr;;towition. t.n l• 

P'J!!'!l,tlyl plwny.lca~btatlt&• tne e~'l~roooo ~ln at a 1~ e~rOJ;~hiUcit:,( 

and the a~~~ oleet.~on dens!t..i.GtJ at t.he IPOGi.f;.iOrJ.$ ort:t~ to the Q~ 

\2-atld 4-pt:ridilne) ate lmt• "£'b~ bot.h tl.Uole.cpnJ.l.te a.P.d el~ctr:ophJ.lic 

the ,Phenyl r~ owttmelm:lngly. :n cont=:'aa~, in z .. -ena 4-ttfr.i<lyl 

L:)})~eyl cn~0011~s the o~oono is at.tillCh~ t;.o t$latl~l:i' el~t.~¢vhil.to 

Positiooo ttntl at.tock na~tJ ooaura i~l tm.e il~r:rid!:n0 ~~· Xi: .one· t..tans. 

fo1:rns t.o a.,r::r.irid!{l~2·n~hthyloa.rhmle thua l~;rl.nu the LUAO e .. _ 

of tn$ '~~Mer_. P&K't aoo u~·afiltlnfi3 a ~uvot.tt:ab~ ~$J.t..tcn .fQ~ a~·t.~ 

en. tho o~~ne tJ'!!tt)rbit.al, 'th~- ()( .... p~slt.J.oo of; ntt,&lllt.nttleue)· additiQn 

to ll~Pt~hal$nll !a ~avourw-l l'J'.f a t!'acto~ of t:.t4o_ ... 

Cr.1nee~ted 11~1-addi~iona of ~U.n1Jlet; c-n,a,enes are ta.ro. ae 

ue ~ir st.ep·td.,2Ql o~unt.erpan.e. a~lit.iltiwly, th~ ketJ' .int.~ract1oll 

:!n. t.l.te ~onJUtJat.e adtlititJn o£1 foJ: t.;,}.tal.4l.Ple, CHz to.o S..Qis:t i:uJtad.iGJ'te 

in. bl!tweeJl the. c:arbene p.-omilt.al 4~.m4o) ~.rl\.1 the 7\J-(HOHOJ o:r."bit.al ot 

t.he t1iene. 'Ehe 7\ -e.tl~ilta1 of thu di~e iw &-.fK{l{tetJ..y fotb1;;,1&m fr~n• 

4,ntGrrnoting wit.h p..oarbite.l and J.Jl feet becatW$ the aamar.e has t.o 

ao~ quite a.l~e to the diatle to ~ke ·Vi- 7\'L OVtjr:'lap e.tgu.t.fi.cnr.t9 

repulaJ.on be~en its filled 6' -m:b:tt-al ood . 1\1 o~$11t$ liWch <;ijf· t.he 

fav®rabl,o p. 7\2 j.{1.t~r:eotian.. ~~o euah 4Ui;J.cult.y at.~eme th$ J., 2• 

additLort of (;lt2 t.o bt.lt&lientmli bet.!\ 7'\ ~~Ad 7\a can es;ieQt.J.V$ily d.onat.e 



to tbe vmc:~Atl. carbQt~ p-or:o1U.la1• 'rhea$ 4\~u&ll,it.t~t..tve e:onr~i~rat.iOA'W 

o~ ~}infc;ra~ bJ nwleoular c:»:bital· UilG) oa1~ulet.iQM124• ·c;a&;ly 

*~~M'~~~1e of l;,~·~dlt..i.oll@ i,tl oost ~ot·{tUtnt.ea as 1.1 2-ar:itl.t.tien i;ollcv~ 

bf/· :;'t1laJ;t:a~lge<'l'l$le. trurff'J;;~o~ ~~aitlf)l~e ol l, .. "l"*'lit•~l~a);~ aclditictw 

'nl'rbo~,r~'ldietl'$ a1Xl. it.e d.f!x::i vativeu h~'\-1i now tl~l ~o~tted 125 
• 

1l.!i<U.t.ion of f\ Qau:ben$ t.e an elit~ne 1:H Uf!Uel.ly iO:X:!Wlated 

:1-U tet:tiiS Of eloct.roph1lic at.t·SCt't Of .it;S VOOailt!, p...otb.tt.el n.mie) 

on t:be Jlil.1e4 7\ •OrbA.t-.!91 (KO>QQ) of th~ allwne110• 119• Qoo must. lflS4) 

q0nmider d~ation ofi tbe c~t"t&rwa· luna tJJair,. t:onteirMid in :.t.t.a ap2• 

· (HOMO) ot'bit.nl• ·t:.:o the a.l~:enee 7\\. (t,.tf.Mo> ot'bitsl,. Th.tm nu.clreophilic: 

twt :ton of th~ oarbtmc U tlc>lt,adly m.tnut: anll ov@retlslo~ 'tJI t.h• 

, doraiE~nt e~leut.x-o:bhilie · ~"lav.i.cJ:,. bu~ $& not~ earlie~. it. J.B Mace&"!~'" 

n.i.ble t'\u"' !~ r:c:ttaill ~:com!!.tio c.tUtben~lt\t"®ne :eea~rsngett.Aonts123e ~.nd 
o:i.~arly viuibl.e in the >.lfJ.d..it.i<.m mcu::t.J..on at. <WJ'QloheP.t;.at.J;.'.icn;Udtm$ 

ana lt.2•~~eny ~eycl~L:J:t'OWl.ulooe 12.~. 
;,t.. !~<i.ia~t the OO$t ~iD.ely sl~vliQ.~l.c <I~t.itoti ve ctuar:ac-

.. . .H ' "" . •. <t ~- 4 .~. 121 -~·;t·• -OIIi .. lot . j.J 
te:t'U.$~t.:Loa o.t:: ca~~c so~ac-e.i.~~:v.a.~y · ~ .... :..e~ on .,.no&r ~a;:¢te etlat'gf 

t:'ola~iclns,..tpa 1tlet;\~e0D th(::: ol~f.tnid seloct.iv.it.~e$ of v~iOU$ ~:~~1~1 

C-~r~5¥! :leleo~1vit.l{ iOt\Q)t Ubx V ®tGr-m;t~a 

m c · ~ ,. ... ···~~ . -
!l}iWJl~t ... ¢a~nc aM ate;oeo~p~.i~ically t;.o ei$•trans nut~m,. 

l'r.lact~ophilie &$lect.ivit.y it» t;:r.ot\tt;:at. ( e C:Kt' is lar~o~l w~en $t.rong 

rooonance. iilte~oot.iona of 4 anQ.. ~ \tfit;n t:h~ cQJrbenie c.r:.m.t.v:e nfjQe~sJ.tate 

Qorr~!i\porta:tn~; q strong 7\ -eleat.ron ¢l~latiQn bj the oletti..nl ele-ctron 



:1.~~1~;1-v'a c.:ha~~ on t.tle ol.eftnl.o cent.:;~s. whereas in<~uet.ively \fit.h• 

dlt&~lti\1 aa~ben~ sut>St.ituentHi$ 1l\1ti9nt.e acc~lation of oogat..tw 

c:ha%:\1~ on the ca.rbe'lic c~nt.~f.ll128• / 

'~e. ~o~Ga can ~yPil01~~oPe~at.e ~t.hyl ~wnsrat;l$•· tliethy 1 
3.2~ ) 

~ialea~e~ ~ty·t'eM1 l,l ..... tU~fW'lct.}V~ene, uuhyl cirmamate · , ae well 
. . .· 

es a~etyle.ue · dia.a~.I;')X{lat:.e Vh.cny ;t.e.~ty lone, 6illhent lltet.e11e, eenzot J. 
' . . 130 

<.mlol:J.®, artl :tl1othtccyenet.o ·\nwle~Eh"Ul.io at.t.~) • }l.imilar to 

C..1f~lohOIJeat.r1tltn:t li<!l~lle, l* 2-Gi~ll.Y lo.:reloprcpenyli~i'let the 2.-ox.a-

39 ~d!phenylmili!Cri~lobept.artJl.k.iene t.her:e J.a s$~Gnu att.ettuetion 

of cubenic eleotroph;.tlici~y132• 
Th~ranl decon't')Qrd.t:.!Ot"l of d.iazomethane must. yield. b1:Jth 

einglee ana triplet iTlSt.hl.riem133• Uow,Gver" no tr1plest. ~t;htlene can 

oo deteoted in the th~rsmtl d~ottpo$ition of d!azour.."f:.hl!Oe• z>resutfl!Wly-, 

t:Fiplet ro,r,}th~lene ·1-a aot.ivnted to the ~h c.11o.rc re<:.1ct.i~ .singlet. in 
. . 

e 1'>7:oo.e$.P that ~t de;t1wad catit.ioe!\ll:t t)l1 the ir.G;nitude o£ t'he a.tn.glet. 

trJ.~l~t. separet.ioll Jl'l l'f> .. ;rthylmtS• ThUdJ $JUQ.catl .end Tr.i\'rblG fa\'Ol;lZ' a 

l,.(1t1e~ valWh 



unoat.ut'ate<a a(t~ne t-Jubnt.rat.Gs h.$$ baen of «\Ueh interil$'t.• 

"ln vLny ;u.Q.ooo aoo Will/ l.klene 1-· ~a~:b¢® tiiing:lot.-.t.riplet. ~naa=w !• 

ab~ut 4~1 ~~oal/~· c~aleuba.1ona135 on thll> ·efi«act.u of: UUb$t.J.t.u~.ton · 

el~etr~otSit.iw gt"O~p.$ ere {Jltab~tl~J a"¥1 el~~r~at.ive IJ'XOU~ 

at:e floot.at:ll~lbin g. lt J.s oo~f.r11'~le~3a ~~et> ~ O!)J:boe.l!tox-;~ a h4Jt•zr 

lt .bl:iJ ~itig le~ $tet-e ·trd.gh.t. be tll®tmtllly · .P01"~~1~t.o~ lind :t:&~s ¢f t.he 

l$.1.nrJ1~t. rcat:ti!lOOG coom:i«l~rebly g&fieet th~ the~ of t.Jie cortes.~nd1ng 

trip1~· trtae tJS.i,Plot r;'"ound. a!~at.e US$ t;b$ervett b.t _£wll .tn f~ot:en 

BQ!.ut . .to!t$ or dop$ite<a tnntr:la~· ~ <;Jra~ stpee a)lot of S.!::Jnal 

:.tnt.Qns!t.y versus X/T '\'ICS Un~ar over ehe r&""lge l~OK .t.,e. tt~• cut>.te 

lew w.!IS fo:u.o-a$d• 
' . . ~~ . ' 

<!~ ~ caldulatiens .re~al lt <listinct.l')" bent. t.rl£Jlet 

!fl~ouoo state fo~ dioyano::a~be®. Wll!eh lias about. 14 t~qal/~tl)l.. ~el.ow 

th~ Din,~ let• 
.. . 132. . . 

GW {.;£li.1e~lat.!OM ~~~ g~-vet.t descr~lon o.e bQth s~l(ijjt. 

c;tnti t~.ipl.at '~'lint.ld~r:bcmes •· "l'h~ p~l3®~ os; an $l~t.:con in a o .. or~itol 
.. in th~ .t.rit,let le-~as eo e e~rie- ~!U~~ triJ?l:at. ly;tng come l2K cal/mol~· 

bel~·! tt1.a ~a7:h9~-lil(~ l~@at S.in~:Wt. end l• KQall~• .blil.CW 1.3 ... 

d.tti'P.t~al. li~ s;tnalet et.et.o. 

·.J. 



have beat1 kn~m. io;r ~Ql 'JGar:e.. t~aJ.;."tl,¢\Jlflr at.t.oot.ion ha.v.tucr be«sll . 
145 

Pili<! to catnly~l.c deaO!~~oition OJ coz>pa;r 4Slii'1va.~J.ves ·· · • 

Diff~:n:~nt; \tu~er3 ha.ve propo~ t.t~ee ~naal<a~·~·• c~lex 

.is ·an .inteJ:toodiata 1n tl\else t:'€;1rot.iO.liS• oucll a Sbhtsrtlfi it.ld pro;tQS~ 

by \~i •H.- ~1ae$:i16 ~b)"! H~ ~.)rop}t)$ed the eeho1w on the· baau o.f hiD 

(l) (2) 

20m mol 500 m mt;;l 

' 

~J-v 
lY:··-H 

--.. H 

a ~ ~~, ;, = -n, Y o -coolia~. 

4r ..., ~z~o, ~ a .coo~r.tw, Y • -a 

· t.obulatoo 't.h¢; foll.OW'ing obSJ$~tltioos. 



!,~(:..;.4 
-~ 

I;gse~!on 
~ • 11a ...... 

···-. 

!?h~olytio ,2Soa l 1•00 l•S9 2·3i 

Thetmal. (f~eflu}(• veey slow) .1.00 7.14 o.s 
'' ~-. . 

.l.oo ~.66 o.os 

He st.~ttZa that. tt\l';!f.JCJ data ~~:r;:'e .tnnu:e.eic.imt. to eosu!!e ~a~~tlEil ~al­

co:.~.t':ilel'led inuerm;;.>d.la·te an t.h(:) t"(;er.:t.!on. ~i!l~.n£o~. l1o~t" oa~r$.~ 

out ap amyomoot.tic• ErJtltl~~sie too :mtmte t;l1e.t. ~he aolwlG ce&<oone• 

'i.tt.t.:.il QomplaM ~-lith a or~.:i.f!C ~.t~~~ooh~milatri a,e the ~J.Qal el£C.ited 
. .~ 

o~1jl~ :tn co:01~r: oetlt\l:t~eti a;;Mi.i.'tion CJf f~il/'ld.lL\$e~eeat..e tQ a.lGfina. 

!.iett..t).t' ovie\~ooe fo# ~~h int,.e~~diat.eu b4ea n~ been Dbt:.B-.iafi!G ~ a 

r.>t.ooy of tho res ulea. ct! chat~ in~ el~t,:;t;n1Q, 0n<1 st.:.otic Qffects of 
I , , •· • . : ' . 

. .. r.~ut)~tiitu~tlt&l Otl.th~. nv!lt.~l C·a~W.ystsi!l' Jl~ ~~hE.!1t._$hOW:}Ii t.h~ t_ho 

c.~hanif!'Ht\ of_ t'hQ ele<:·tr~~ e,fi~~t.· ot 'thfil ii-~er.d en h.~gcooou6 tnatal 
• • • • ~· k • • • • 

eatUl:.{$lS ~ nt.J.l.t n.oe c:teat'• ~£umn~-1J:.u~ra~$ qbange in :L~Jatl® at.ttaQhed 

:. to a c~ai!{,it; eom~nooly cauries dr~std .. Q Changes .in th.O ;:_)~\oi::t di&t,>t:i-

. b\Jt,iOD• SQ moi"e light 18. cn~t. M tht~ phen~ifilai10~l i-t1d Ul't.i;natalY' a 

~:atiooel ~ah$l'-';tem 'i!llt\8 tl~i;!Wtl b'J h• '!,qj1.~!9 ::.itl)• 
' ' ' 

~.ttionally; use of• the ~i~~lly ~ti~-& (•) t.r.ibornyl 

l'l'uJSPhit.e ~cp).?f:::;t ohl~~ide g aV'~Gt · ~110 , Ql)\+;!Oally a.~t..i ve Qyola:;~oi#atMI$ 8$ • 
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arrom: th® ~!1iUlt~1 J.ootutU.n.:; an JArl~l'liua t.rf!:at:cr.ent of t.he reactt.ion 

studied at:. ve~ious ttt~~:~ret.U~!llliS< it. ~~e:a coo~ludetl 'i) t.h.at. t.he f;Snfll 

tre.'!lfli!t.i~"l '$~~t.e (§iS ¢r !~ ~til ~.!l,ra ... -; .;> loading t:.o t.>roouot.s 

1nVf.1lWs olofins, ~tel t.ln~ the oa:r:~o:~~v- ~~-w~t.hyl~E<tla0 (i1J that, the 

· t~a><:&eit.ion st.~te i·s ~B¥til11b."t-rie -~ tt!i> thet. ~tl.V inte:tc~.tate 

1ea~.t:r1g· to it. ·u@Olfl1'1~a imi•r'l01~~zulru:::ty to p~oouQt~• ~ kr~ebanUt!\ 

iooorpora.t1nt"J ·t.t'l('se tootOle'S has bee1~ ·ifl'EUliiOfl.~ .tn (~l} .. ~t&.-:..!) , 

· tit~ ~~a~~ki et. &leo nav~ Qtl1\~~utea BO!r-e aspeot.fi oi! t."'eaot.:lot.u~ 

Pf 4.1~acor-~.J®r'.¢:1S .:1.11 ~.ttezetlQe ofl aol\.lble eopp~t' olle.l{tit;@ aoo pr~t:JO$$d 

a n"echa!'liam 4i9!l~!f!-~.}l,l/ :Ul. wh.t~h tne o~ copp~J; ohe.l.at.e would. 

unde~\JO electrotlb.tllo att.ack M eer;l:)on lit. om o£ &a~c~JJ~an•s '1 ielding 

a c:on\Ple~. ~~le ~1.ttJS&,~tae&lt &lic::tl:it'la.tion of G.it~~en n\Gl~oiJle wouUl 

fu~l;tsh a e~t'benm o~~s:.per Qc;nple.JC or an iti~~t"$& yl.i.-::~~ tn wh;t¢h the 

cat>bwe ~$)Wty i~ cocminat.Ga to t.h$ ce1,:;pep a.toin att. ~he iU.tl'l l.1rii~• 

The .t~s6ible back d~"l~t.~on from the n~t.al at.qm t.0 t.he vacant;. ~-, ' . 

olibital ot. t.he car.bem\c oe~l mat oon;tribute to. ~t:;abilizll the ~om­

i)lOx. It. shou.t<i ~ ,~l~lh~ ~het-P ~,10 c.sxl nQt xulo out an ~l:tlii:tne.U~ 

.P.os~ib.tlity. thttt the ;tqit:.i<ftllt fior~~Q. ef;)~~l~ (a) di~~ly t.--e~t• 

'tiiith. t:?Uhetr.at.ea• ?.Dsum!~na .th~~. the t;.~z:~ 11QO'~r ce~be{J.oidt' involves 

C!oth. s~ai~ (0~· ~u \Ul •. I~ mt-Jil ~ d~~ tu c()nclw~ th.at a r.zb#t!l 

Ca:!C:bG1no.iil ft-\ .raspene.i.ble foh- the ac:Co.~li6ht~tl.t. Qf eayra-.ootr.ic Jn.dLC-
. ' . . - ' . . . . . . . 

·t.ioa ttn~,oo. From tlilut.i~'l stooi&e ~t. ;Le~ e.JJn.f.l~ that.. ~c;;r~~ . . . . ' . 

. . 146 'i.n. . • .. .:t.l! . ,- ,1· . ,, 

M• ·:rlakebeya!fuJ. $t. al 44ave et~ca vu~ous :taa~,:,.on$ oe 
~..U,ie~Qaee:tophentmG il'ii prG!3t.iOOS of a.ts,aaet.yl~cet.OO~t()) Q~:ile~S 

'• 
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of copwr1:t and ~ic1~1 lZ ef'ii eho11te6 t.nat. the ;tnte.r..~}euaee iOf SU0h 

reaQti-oM !$ ketw~it'bane-nntel cont?lt~i chelate~ 't~cheme•!Il),. · 
. • •. - I • ' ,- ........ ,. ... ,.~ ··-· 

:Xt .iB aseur:oc>f.i t.h~t reactivity of th.ta ear~'"lt'!lid 1s not so 

lflf.\lt.t to give ~diti~"'l produe~ wl!.t.l1. el1ph~nylacl$t:.!{lene ·and ben~eae. 
\ I • • 

. Hht:m the ccmc::aH!ltJ:atiton of the sttbt~tt'ate -~aat.U19. t<lith 'lfJ .. !) 1S 

Si"M'tll• ~ Pli'li\t~ of o~d;)e,n:~id 'l:ll) ~!.ease .Pa~Q.Vl. car~i$1 ·v:hi~h 

loa® to l:tieJ!l'fl~'tt:±~ene b,Y con®r~efl J.)t""l~nyl •Atd~r.att1~'1• ivut the .r.'fllee• 

.. :;J}f .ben:r.aJlc~be~ ~rum:. :tx:: alo~:· ot:.nerwise ~l:.ha I;;t(.)Ciue!t ( i would. heve 

wetft)~d. in apr.)reai®l~ e~roOO,t... aut. e.ne a.~c,~ws t-ema..i.rl'..~d s! lent 

m.>out . tho . :~>iet.QJ; .tal C:~I'},CeQt.. oi the t.~:Sl•S.~ien ~t.~e;a. 

P.q.. \'1~l.flmant47 ~r.ied to rot.iQ:ll:t:U.!~o 'tha csi:'&Jene et:anefe:t 

&?lTOOCSa &"let Ofttereu batJiQ gu&:lelinea fC;X Q$0.rtt'atiflg data :fot t.t-aese 

PUt~es. He !.it~tca. t.hat. th@re $i~ t;;>o·1o bas;~ wa:~a H AI (garb~ • t-!1 • • ' • • , t I • f AT' • If • 

. :!.Yllf.S.:Ll$.fa) t.~ fUl:fli~h a p:~:oouct. ru~ ~d!azcalkon$ ~W:J:atret;e oot'I't?l~} 

o.t' MS (carbene.-s~~r~t.e a&lt.tt.~ > • 
. . ' . 

4a) distJocit~t.ton to !h.~1:ni&h M ox; RM ~~~1ieh t.he'• ·~acts ·wit.h . . 

' ' . ' . 

S tC> Q'.ive t.h~ $):t'~U~ ia t.l ~ J,?I:~Q$5 (~ a <::~00 t.t'WlSifer 

u:n1nn1ecUla.t" l or 

(b) blmol~ul.e:t: Pl:"OI;!~~~ ~~~ 

1'h.e -~ or t.w.~ p,;o;:~e ~~~ hm1ev~.r JAvolvs 4l ewstrGte 

·ll~!Vtlted t;,y t.htlj c:nt.al.yst. · ~~ta;i. \fil >• Tbeoo J)A"ot.:esse5 l!lre .fS(SIBi'\lnet.ed 

as M1~r~ (carbene tt"i!r~f~· '"l.i.t.h dJubst.~at.a ¢i~~he.t~.c~n~ J. 

~ ood .~.;p~wess:"· A "Jell defin- &lfam.)le o~ JJ't-:\ 
Prcce~s ex:L~t.s in the: ~:orl~ cf .se:~.xertn with CIO~.l"Ouads of the type 

. ·;· ·. 



MT-2 syn 
CULn + 

CULn X 
II ·+ 

CXz. 
__ 2_+_2_....,...---.....;·>-·. Dcxu2Ln_ --~ 'i--.... . , CULn + _ %Xz 

Hu Ln _ __;;sy_n_i il.--4-

-f---lx2 ~Xz. + CULn 

DCXULn ________ _ 

~ sro 

j± ?uLn 
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.1. 

·ncxuln ___ _____,~ 
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+ 
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18 

I CuLn 
Z II 

CX2 

-~- CULnCXzZ~ 

-c-cx z 
f L.:T I 

2 
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Posaibly at:ime £r~m the .mtr:o&.l,ct.ion oii a cat.elyst t.a au\ olg,tn • 

Muez~a ~m:a.u~en till®e m~ Oftti11ysst; J.v~na_Qe t.~e ~l<Jl:it~n 

&et.lsity o£ t.!-1e Clcn.t>J.e bond in eotna £aShlQn •. 

!1!.-:Z ;pr;;;."Qeas ~ ,tn:-,..2 Pl.cc-oeiJS tM.J b~ of U.J1thot: oyn.ch~~twus 

ty·r}c <m~, ..... ~q.r.:,i cr ~~~~lt:hro.~QU&; ty~ '~~). l'he .intet'­

m.t)dJ..:lt.e o&u+ J.osa ~h.e ·t~t.(tl 1~~\n;l sr :tlitttfa .b'J~ _ f:.;yr=hr<JinQtm &"ltl -®Q. 
-· ' 

~ynd'l!:OUOUS ·~~£oo~sm (~b,$~.A 1'lJ!) • 

'rne ~ot1t't1b!l1t.itl:fiJ ftor ~· £all. J.nt;~ t.wo ba:>ic 

aat~Olo"'!.~S &"r.a.mua~~:.<'~;t.l-1 ~ a~ ~Tl-2 IlS;iOO~)'Dfl.ln (~)• 

'l'he li~ -~ t:r:mt~f@C 'l:.fr ~ pa.."aJesa fran\ met.el to es.u:Dene f'o~ . 
ls . 

c-J;z .tooert.ion pr~~ssA t-mown f~!t biS.-Q~Joal.k:oMy ce~t~mrt \~Jl2:!\•Vt£,). 

~~ renction!J : ~~ 1:e.al h~~ii>.tl.ity e:~.1$tS thtit . ~~ 

e®rn~_,;at~;e- will be &~t.ive.t.ad tit oom,;lezcation to the e'H'.1~al1~t. 'fl\uS$ 

neod net. l~a<i to enha~eJ:-ent t.QW~ all~ product. forEr~ti~ but. 

hlt!J'J J;nmecl.l.d lead t~ & fa~~'.i.fi~J of one t:u:ooess over: ~a~he~. 

len otzd~;r; to . at~~l?s;e the ~tu.Ulillffl of: c::~l:Jetle t.:t"~fert j.Q 

!:lit'.:-.1 tyf;e of :r;r;;~'i.:..<tione t.~~ ~ai."llE.~ ;tte:ver~al wit.t.y· ~iOOStion $.''-'4 

st.~G~set1 ttl'i:! eoi'UZor:oo.t.ione.l -~ff¢a:t.S anti ccmalwled th<i1t copp~~ -

c~t:oonoit:l ~ ~ J.'Jent.a o~ h@o!_a ct:mrd:inet.~;Q to aflf~4 the l~tinttal 

ond ~Ull:itt;"4?.t.~a. V/el:y' ~j.<t~';!le HudtEJl . .t~ict.w:e o~ botlt:i.ti'lg itt coppa.: 

c~benoide iS~. t1h~~ttt in (2.9!\~. 'l"he t;.ir.'ee &JGher~ ool!r~$f;cnde t.o 

a back bonding a~:catl~em.':Jnt. whuJCe th$ o~gen nen..bordJ.ng amit.a~ cg:re 

~r~'lll~f:."tl.. The 6lect:t~ad. ·<S~e:i\wt'f.l~ ·tn~ tt ... (!;:t)i.t.al en cru:bi:.~l J.a a.ve..ila~lQ. 

'rh.e h.i9he&et eccupied orbital fi\t~"~ht lie degenu~e.te. aut ·~aus~ of the 

Gp.tn stat€tG of traos.!t.i® tiU:tal cc~:itJl~lCe$ ar@ not GVc.t\luat:e~. The 
' 

t0r~.ino-1omr l.i}:.e • ai~lo.i41 aJ:l4L •t~.:tplo:!C' aseJ@nmc.m.tG $houta ea 
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Pt·oo~':t fll.'tm.ie:a:.y of ·~he relet.cd oaroer~ ~F~ooiee. It i.S OO~ervc-d t.bat; 

copp~r-C.ti~otr~lonate syste.m$ m.'Lri\ic: eint;let. prcccae of cyc;lOJ;l~tQl~a­

aat!O.n azld t~iplet ft>t" $OlTf~. s.)l:tr;lio C~'il itta.vtt.t~a.'lso it is &so ihl.t-

cmr~~ t#ubst. . .ttuants £ooilita\'i¢n t:.ne f<l~•r~tien CJ~ the •etat.)le ClJ\lX) 

~~:F;nple~~!ls which ·are ~1i'.df!~~d *dQublet. 1 · \t.Jnly • e·.:t.~ la unpa;t~ed t!ili.i:et.Z'Q~ ~ 

ttJh$.tiea:rl. in· ·che $bscille@ (J'f SIJ.Cll eootit.~f::.s C-u(l} ia tTl';;J:e fllttibll!! ~ 

th~ lGt¥:19 to ···a.in·:;:;l~Jt.·• cni'~r..JtlrJ.tas. ;~s no tu::.~la coJ;~~~.n:: earb€ilno.kl· ie 

r~nartrl tho ~h&P3 ard geo~t.tl of£: 'tha t.~~~.1eiao •!il~mta j,a ~Q be ju.·loea 

140 
E~po1:i':fw;ntal1y it 16 vori£.1(aij WJ' \.,~ul.f~ ~ al t.hat. th~&:-a 

ii\U~""'t be &t · lc&St. thr• .t)~thES to cyolot,:Jr:or.o~ene fC~rrnat'icinl:. Two Q.f t11eme 

· .involve a s.1niJlt~ t'l(";.-raslli:'.il in.ta~f!b"t'U,C!lt.e lfih~.an is i~..\\Jeme<:l betolo"e p:t<o!itl!':t. 

Pmrt.it1on:tng be,t.,;efma allyl~ c-tt ina~L't.ioo ~ cycloJ?Z:o~ai1~~s.on and 

.involve~ a single GM.l..ee~;ie of cat.~lyst:.. ;;, thini t,~lrcceii~ .ini~ti4lViP~ 

· t~"'o molecule$ of c~tlf!lyat. itl.$t tJe· ccaurt.tt~ iQt. btgh e~ttaly-st; c~'k:en­

trirtd.ons. Thus ~Ley he~ deeor~a that the a.U.y 1jg c....a itlSi;!~~.otl 

and c.yo!opropanal't.io~·1 t)~cceee. cuulu · oost. ~ resii>l~d bJ' ~~91Q't .1~· two 

for~l, .bi.Wl':>looul.ar oatbene t.r~s£\:!l:f v~:oo·ese; \!;!?;t-:&1 1 at ~ocm.l tertnol&.­

oular Pl:'ooeB$ ;~_t) ~ld ~.sibly ~ uni~'\Oleoular ~)rooeas (!tt:i) •. 

~e aut:ru).r h~..e al:$0 eluo.tdated tl~ m;;.~hsJ'darn c~rh$ne-d.i~~ 
~ <t . . ..( . . .. t;~ . . ~ l4!> f{.J;lrtfi."lc;.,.otl p~ooass .~.n. faN;::ire ¢m!'jiO~l{:~,A.I;,A roect.!.CilliJ · • 

·From the ab~.:.re. ~w;ve;t t~d. thUI ~C~.:k~ o£ ao·I~ ot:.it~ 
' 

~ut.1'l0;¢5 SG.,'i7,,B1 'a) .it ~· cd.0ar t;het if~ter•~lee·~l<ar oy~lO.t}top~nat:i.oll 

re"2;ot1ons! 'il.tJ::i.ng a va.t:"iet.t of 100tal. ciet:aly-ats; t.:lrccee.cts v.ta two 



o ,:;~t~J:~tit :.tw itf1nt .. l<n~~JS v.1~ •. A-1~:1 ;;}l~l.:i ~~~.MOil -~ the flrot; .tntez-~d.tet.t.."S• 

l'ho ;.'f.tlf:tooooe of varittus Ct.lt.alt~te; on the ~"9~0t1lti!l.eat!vity ol '":f!::l~ 

vrot»tll'lt~i.t!on t:.o dien~ and t.r.iWlld WitS ~·tud.1ed l:tl detail t;y r~ieU)l 

et. ala:t,c.) ,ao and it. .~ r.0v~aled t.h&t rh.cdlum. ca-e~.yst.-:S o::e 

e.!tt.,C!;'1n1v~ly effie.t,£.:n~ tior t:Je.l~p:r:o!lmtl~t.i.Qr&S o! !N;lY t;;1nd of2 aUt1:;:n~; 

t.hs t)lectr:Qt\ ~ioll diOL~le bo~ OO;irig r:egicaeleG;t;J.Wl:t u;(elo.L>ropmotc:d. 
I . . 

In contrast, valladium cetaly~tm eyel.opt'o.P~a.at.~ bhe le~t~ swut.,i·t.:.ut~ 

double bont1 regios~leet.twly \'ihe!:e~s t.he cov£$lt o~tal:~ist.e $~it 

trorde~line e~s$s. B~;l):;d on the$t$i t;~au:tts.,, two it..andar~ntal rrtt~chan~uc 

path'Jany$ hav~ been f~~Aardtid ~.go 

\.1.) ccu:~no:L.d m~lmn~wm 

_;!1 -f. rtM ~u;~t1JviJ ~tis ~ MJ.-1 . ~ ->-:vroouo~ + .At 

.A1 + S a S.M 

+.M 

u. n. \Jha;t.ak et. a167 . heve 2:ev~eied. beaut;;tfull;t the eliv.lJ .. eattion 

@f t:hi3 .incratrulacuJ.ar ~lk:ylat.~1~on o£ oC •:ti.F~.oifiBch;tl i~~or~e:a. throwJh 

t.tlat.al-c:atalysed ad.ditiotl .:mill. inee:.:t~on -rcll11ctJ.otlf.l~ o:r.ad ~id-c~taJ.ys<5d 

alif:ifit'da end &:t)'~'l part.iaipatiorw, tc.1.:n:da the syntta.es.W of· a vari!i.!ty 

Of ctorrple~ polycycl~ l1atural !i~Ot1UCt.S• 




