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two new sosorptics bands in phoetolysed sniutions of dipheayl dlazoe
methabe by correlsting CeSeXs studies, Slucrosence, Z1uOTOBCEnce

eaxéée;mmn ond abscrpelon spsctronconye Gibbong sad Trozolel. ot
'mg:«@mea the iumi:xememw, exzitstion and absorgtion Spectia oOf

diphenyl carbasne sasighing a sriglet grouwnd state.

 Lis B Lo ¥ ]
11 and other coworkexs - raticnslized the mechatisa

for epoloadditlon z&mt,msz of ackhylens Lo ethylondc Gousle &mnd w
Padne gy out that o singlet carbene could 208 to an olefin ia a

- gopncerted mannuy 88 Lhe osd bond formation cakes place without
ehandng the spin of aoy of Lhe elestrons invelveds N the other
hand, triplet carbens participate in cycloaddition peactions throesh
8 ‘t-.z:';ipxag dlredical intermedistetoss Gefore the ring closure by this
dgirsdicel, therae must be an invezeion of spin of ona 6 the elec.
tronse If the free rotation sbout the C=C bonds of the ﬁimf;imal is
fasteyw than the apin inverajon, when the ss&ammheﬁ&mrym?'lm Qf
the original olefin will not be lmw&m‘f:a‘ i the eyamfﬁmax‘wss.
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- cohdevanion of oxbital syumetiy bo oyslcadiinion recbtionss Hoffnann

have suwcessively spplied the privciple of

| Golicludes thob the boot siaglet methylone approsshes the ethyluns
initislly though an whzpmeecrieel transition sbote (viir the sthy lene
‘s sethylene can then correiste wish the growd state of cyeloe
Mz&éﬁ@am and the ﬁ:}?‘émmﬂitwn ‘:i.éa 8 5&5&:&%&:@ | allwm&“ géxm&gé. ¥or
“methylene in the triplet stote of the swoleed siagler state (ITI), a
affferont gesmetyy le pradicted for the vransition Brate, snd dhe
‘correlation ls nendy Dot with the ground stste of crolopropane, bot
with e triplot state of an @;ﬁ;&aﬁé gonfiguzation of ehe teiswthylene
| afredicel, " CHyCHGH,! hoving no basrier to robatlon. This however
leads Lo the sere Mesults o the Skell thesry for the sddition of

the lovest sloglet sod the sriplst to ciefing although it 18 pot
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primpily she opln state thos detseraines the cousse of the sddicion,

O IR o it vave Sunctiochs This idea

Lut the spatlal dlseribution
';,a;»mvez’s thet oarbones, In tho lowest singlet Stots, 208 stereospatde
€lcally wo Vﬁmi’:‘;ins, oud garbones in the wribplet stste do Hot.

4 wourea & theozetlaal m&wwllze&m of cyelopddition
*@mam of the sspe 8lso @uﬁgmm 8 A =approsch 'Wz!;} o dhiaeh the
vassent pecebital of the carbene beging to overlsp wd dgh e A «olegton
off the double bhonds 16 résctant move aloag the zesctlon ac@ru&a&a
Loands profuch goometIy, the ° R eagprosch® goss over © § wapprossh®
Lvry 31' s IC Snem’xg on elestrophdlic addition mwti&m&m iw, BLECw
tron density would sransfer £rom the A -boad c‘rﬂ piefins to the

aurbenets peosbitals

{VI} ® A wabprosch® {913} » Cwspproacht

More Yecent caloulations Suggest thei "N -spproscht Vi(al is
engrget iaally favourable Lot A espprosch® g1 (8) 1o the sddicion of

singlet m&thylm. radikion of difiuore cashone is calceulated te

118
Splios o &imﬁ&r ,'ﬁlﬁﬂﬁmﬂuﬁﬁ with lams ghirvge sransfer from

232Gal
wlefin Lo orbene in the traumticm shates Roeloted aai@uleii:m Wed2d

for eyeloaddicion of methylene and difluorccarbens Lo isobuvane sgain
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supperts thot Vi{al iz preferred to VIh) bug only by o small energy

digiavenyce.
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he Followibg rescblon moy also be oousidaersd
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-%3 .@ mahan%t*m interprétotion of the recctien by Whilch pheoyle
corbnnes lnterconvert is. svel 3.3%91&3'33‘“’ 33k,

wipy garbobe sddltien washk b bost dGsoribod B 8 Binuliincous
cranafer or delocalisstion of che electrons of qorbene ﬁ@guﬁxbﬁml
into the LUHD of the & -Sy6tel oo tho RlSELrons 4 Lhos HOMO of the
A«dystem inte vagint peorblibal of the gerbeng. & low lylng g |
with o large s:mw: ieiast vould Swfour suoh a Progose in whish dhe
cerbeng nd tho K ~Systan 20t sluuliongeisly 28 sucleophiles and
slegtrophileds d=Frridylephony lonrens stbeels proiddne zing
exalusively while Jw sym&ya@mmwhmmxm give ot least P37 stwapk

dn the bonsene fiogs © m{:xu@ama desaribss thése zeactions &

invelving sicuicanecsus elsstreshlilis antauk by tho eapy pworbital
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of ¢he carbong o the oriho i;?w:ait:&én QE & ring o8 the csrienes

wiloottong lngeract wikh ohe LURe of vhe moke sleotrophilic rings
Thus mhsg expanaion i Ssvoured by a 1&1 energy LUMD with a high
Iy HOMO with electzon density ot the OENCWFOBLGION. In 3e
preldyl phenylcarbene, the caxbene Is at a low elecvroghllicity
and the Ho alectran densitcies at the mssmiﬁma orgho Lo the carbene
{2503 depyridine) aze lows Thus both owclecphille ani slectrophilie
interactione with the gyridene ring e puots Resction ccours with
the phenyl zing ovegvhelndnglys Sn contratty in Jesnd depyridyl
.‘iﬁ?liﬁﬂyl cozbongs the gexbens is sstteched Lo relaplively elestrophilic
positions and sttaoch Oow coours in choe pyridise ginge If ons transe
forms Lo 2epyridyle-densphthy esrbene thus lowariog the LG enexgy
OF the "hengenad”™ part ond exonting 8 Savourehle mﬁmim for stesck
cu the carbeine peozbltal, (the « -position of nophthelens) sddition
to napthalene is favoured by & factok of Lwde |

Coneerted lyde~adaiticns of singlet cazbenes éw LIS, ap

are tmei: é&;@m&w couEnterparcse Sualitetlvely, the Koy integaction
lu rhe conjugate sddiltion of, for example, CHy to E&-t:éa bt adiene
in ﬁé&mﬁ the garbene p-oridital (LUMO)} ond che A, (H0RG) ocbitel of
the dlenss The A -orivital of -tsﬁss diene ds syametry Zogbidden fzom
intercoting with peocbital and o fact bucosuse the caurbong has Lo
come guite clope to the diune to maite pe A overlop esﬁ;mﬁ.?ﬁiaaﬁ@.
repulsion between 1ts £illed O -orbival ond N, vEfzets much of the
Savourable pe Ny im:&mdm@m o suoh dlfdiculiy sttends the 1,2
adiition of (it o Dutaddensy both 7‘3; aod 7\3 o sifegtively donate
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£0 the vosant gerbang peorbitale These quslicscive cousldecations
nre relnforced by asleculsr orbical (10) eamumhimmé. Early
expigle of lgd-additions is best formiloted as lyZ—additicn followed
Dy rosrrangencite Humerous uxasples of dyt=Ginislogarbene additicns
Norboznsdiens and lvs dexdvetives hove now besn ﬁmaﬁmﬁmﬂlﬁ‘

Atk ion of 8 carbsas to on alitons is wsuslly formulsted
in tezus of electrophilic sttech of 168 vacant peorbital (LUBG)
on the £i1lsd Aworbital (HOMD) of the alkene® 939 tne muet olso
congider dunation of the cariionce lone palm, sﬁnﬁaﬁm& io izs ﬁgﬁz-
C{HcNe) ozbital, to the alhenes Ao (LU0} orbitale This suclesphilic
action of %:hﬂ carbetie 4% nopdslly alDor and ovsrshsdowsd Iy the
Cdowinent elestrophilic behaviar, but s acted eprlier, it lo didcex.
aible during cortaln aromstlo carbenu.carbene ::e-armngmma"zm snd
wicerly visible in the additlos seaction of cyoloheptatrieny lidens
angd ig.avz&m@ﬁywaeymmwmw.&wm‘u@a |

. prazent the most widely sppligable gusnticative chserac-
vekisation of cerbenic sesl@a&wi&y%? relics on lincsr free ensrgy »
rolationehips betwenn she clefinic seloctivicies of various é‘;;:,%éggl?"

Carbone selostivity ludax %x‘% setosnineds
4 _ he v
CBogy e lado Sy O + 053 Ty G = 0a32

Simglet « garbene add storeospecifically o am»t{z:aﬂa BULenEe
&K,mt:mpm;&m wl@tiwi&y is grostent { 0 oxw iz largest) when skreng
resonance. intersctions of X and Y with the carbenic centxe necessicace
sorresponding ly strong Aeelscersn donation by the olefin? clectron

releasing sliyl supstituents modsrate tho mwit.-m;} agogunulation of
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posinive chorge on cthe olefinic contves, wheread indugtively withe
drawing carbenie substicuents mitdgote sccumilatlion of pegative

charge on the carbenia eam.zaiw. ,
HSCO OcHa'
— c
CHsO

the abovg can @yal@ﬁm@a@m mmyl fumsrate, diethyl
anlepte, styrensy 1, 3.»&:&?%1&;&571&@1?%@%, athy L ciﬂmmmwg, a8 well
&85 aayéeﬁylena -dicahoy lace pheay 1awﬁy&am; divheny iketane, oenzoyl
chloride, atyl iscthiccyansts \-mmm'ﬁgmua a%:@;aciﬁ’m. Similar to
c-’yfﬁmh@zmatriéﬂylw&m. 1, 2edisheny loy clopropeny ides, the 2eonte
3y 3-diphenylsilscycloheptanylidens there 1o exticms autenustion
of cerbenie eimﬁm@hmm&wmz-

Thermal decorpogltion of diszomethane mist yield bosh
pinglet ond triplet methylene s Hovever,no triplet mothylens can
ke detected in the thersal decodposition of dlazomthane. Preputebly,
t{g:_‘iﬁli‘:‘.\h mv.hy:leme 48 sotivoted to the much ooXe recctive singlet in
2 ga‘.v:me,aﬂ ihat st depend aﬁi&i«ﬁam&f o the 'tmmit;uzié Of t}m a.ﬁ.&;}l@a‘ﬁ N
trdplet separstion in wothylens. Thus punges and Triable favour 2

Louar value.
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Unsatirsced carbent aubotrates has been oFf fugh lateraest.

=n vingLidens and @m%glmﬁnﬁé‘m‘ vasbheny singlet-trinlel snexgy &

aboyt 49=51 Fasl/ ok f{:zamummmalw on the effects of substitution
on the singiet stakes of alkylidene carbenss #nd have found that
wloctEgpositdve groups ave stabillizing and elegtronegative groups
ore descadilizin g I6 15 concevabl 3% whet in cerboaliory & higher
lydany singlet swate wmight be thermelly populebod and ooted of the
;é;m;ﬂm ww&mm considecably fsster than these of the correspondiog
triplete The triplet ground erate wal chserved by EFR in £rogen
splibions or deposited matXices. The ground stote plot af signal
intensity versus I/T vas iinser over the range 10«405 lsee the Gunie
low was £mwwﬂ. o

gg initic calezmiatiw-m? reveal a distinctly bent triplet
ground state for dioyeanccarbens vhich lics about 14 Keal/male below
{;na aing lets |

Gy emieammw.x% have given desorigtdon of both singlet
end teiplet winyloarbaness *zm pressnge of an elestron lo a beorbital
An the wriplot leads o 2 corbongs iike txiplot lying some 12K csl/ool.
m.hiﬁi the garbont-1ike lowese 5:&&@1@@ and 38 Boal/uols beiod ly3-

diragdical like singlet Statigs.
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Pathuays for carbenotd reestiohs

16 floghanistie

Hetal or motal solt gatalyced raeacticor of disno copounis
heve bean known for mauy yoakss Particuler atboanbion having beoen .
Prid o catalytic deconpociclon by cozpey @e‘zz“ivativesg’%.

Diffovent WoLkers nave proposed that metal-Carkene conplex
is on interxmedlate in these tewationss Such & sbhhens was proposed
by takle ‘Hcsse;t‘?é o - He proposed the aschems on the besis of his
experinent andt the foture cmocepts ¢f utalesacbane complex as an

. S3(a)e 76 6k
intermediate o augh msmhﬁ;c:zm?u by MWQ

N R0 Poui
HaCHOOOE *[::D o 5

{1y Y
20 mmel 800 - omel

3w B, X w iy, ¥ @ LCO0BG
This reogticn with geppar atal cabalyse vas Lizss carrded cut by

_ s dde 164} ) -
Shell and ﬁtﬁﬁ-ﬁﬁl‘e ! Hunar iy has ropoabed Lhe experisent gnd

gobulated the followiny chServaticnSe
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Encoad Groed  Insestion
Phatolytic 5g§°€2} o 100 =82 P |
Therinal (Feflux, very slow) A0 - Feld 0«35
Copper zzr:trsl éb’i‘eﬂﬁz«e, £ant) 1 GO De38 CeCh

e azs‘cam,& thet these date voze iméaﬁﬁmimu GO 205/UEE QaNiene AREale
cofirleked innoegroxdlate :m the Tesetiote Therofore, Mosur carried
Qut an asﬁymmaﬁma, Eyatiwsis 4o suave thet the soluble caxbenss
sotel compley with o openlifls %@mwhamimrf as the £inal excited
coamoiex in copper c,ataaly {cé a&ﬁiﬂ.&@n of :u&glﬁime&:m“% Lo olefins.
Besior evidence for sueh interdzdictes hed now Deen obuadned by o
’ stdy of the zesulis of changing electronia end sterie Gifects of
oubpgituenes of the metal catolystS. He furcher ehoved that the
- nechanian of tha electzonic offect of the ligend on !mm_;umzma matal
 ceabalysis iz still not cleags Substinuenss change in ligands attached
to & catalyst conuonly causes drastic chenges in the product di6trie
utdon. So more light ie cast on the phenomencn skd ultiactely a
Eational meghanism wes denived by nm {ig

aidicionally, use of the esmiemly mm&ve (o} m:ikm:faya.

rhosghite gopper chloride gave wwo optisally ac&i% Qg@iﬁ;m&@ma‘as'
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from the results, including an pehenius trestisent of the Xeactiod
studied ot verious torperabures ¢ was cencluded (1) thot the £insl
tranoition stete (e of eito dn Jghens - 2y lesding o products
invelve olofiins, megel and the cetbory othylons, (48] that the
‘erannition state 48 shymsetvie and (144 thet any intermediste
weading o it deconposes undcolectlanly Lo produstss A rechaniss
inporporating these £ators hag been proposed in (Schene = 1) ,

 Re Hazaki et a}.e‘ have gosputed soms aspeocts of resctions
2f dlapcoospounis i precence OF Soluble copper chelates andg proposed

a seghanism 4§ = Z3) in which the open copper chelate would

gghaye
undergo electroshilic sttack on cspbon stom of dlasoalianes yisldaing
& eonplex. The pubseguent ellninstion of dldtrogen mciecule would
fugnish 2 cavbene cupper cowlaxn X an lnverss ylide, An which the
carbene moiety i ccomiiceteld o the copper abonm as the fifeh ligand,
'ﬁ‘h:a g}em-big back denstilon fzom the fetal stol o Lthe vocant e
ozbital of the cavbendc carbon may convribute to stabllize the Cotle
Plexds It should bHe oLl €hat wWe CBG OOt Tule ouk an aliernetive
posgibliivy that the indvdally formed coaplex (A} divcouly osacus
aﬁm, sulBtratole Assuming that the Lezn "corpel corbepold” iavelves
both. speeles (M) ead (Ble It noy be aade to conelude that a chiral
carienoid m asponeible for the sccomplishuitens of asymoetric induce
tion mathods Foom a}iﬁfuﬁi@n seudies iv 1s confiemed Lhet coupex
sarbenodd does net disgcciate inte fxee garbens during the ceaction
Lo mubstrabeds .

Mo m}mgwamj. e{; 311 e hmr\a agudled varieus raactlans of

d.ﬁiaxawa@t@pneﬁme ira precencs of Bis{acetylacesonato) asnploxes
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of g@wp@;gm and Pﬂm}mm z and showed thet the dntermedlcte of sugh
reagtiong 18 Ketohsrboncemial cm&g&;&ﬁ chelate {ZchetelTl)e

It i3 assumed that mac{:_:&vity of this carbencid 15 not so
Lagge L0 give sdddrien m@agz@& wikh ﬂﬁl@ﬁeﬁy lque:nay;cgn@ and enzens.
ihen the concentratien of the suostrate rescting wich (ILL) 18
smnll, & pard of carbenedd {(I37) svlosse beasoyl cerboens, which
leads vo phenylictens by mawx:mi% 1&’1&:}31 m&;gmt 3.@& Dyt the releose
., g benwy Jaarbens mswa e @L@we ctherwise the product i b w‘aﬁm have
parformed in app: wim&ﬁ amoulits Bub Lho auehols rewsined silent
. abouk the plotorial concest of che seansition SLatce

Balle ‘m&ﬁmiﬁ?

trisd to votiwinlize Lha caﬁ:ﬁzm srangfer
. prooess snd offersd Lasin guldelines fox generacing deta for these
Purposess He stabed that there ove ﬁwa Rasie ways M A igarbens w M,
mﬁa; wll) o fM (54 e ad
Bubskrate) to fumnish a produgt RMS (lomesikone SusEtrete complex)

gronil } can wmmmx: 1 or xasz Lo B B o=

o 3%::» écaxbeneuswz.mta adduct de
@a) {iimamiatimn £0 iw:.,ni&h M oor RM which ghen rescts with
& tc;v t;;:iva faim .;sm&um. is& & »ﬁﬁm orwwa im o sarbens btransfep
uninoleculer) or ' ' |

(il b&fml@uulax. zazac: g%

The el or HI.3 provess ey hmwwx mvsﬁ,va a LSt
am.wawa uy Lhe: r&a,t.esly&t metak Ul je Thc:im m.meeﬁseﬁ axe Sesigheced
es MY (cafm.m txannger wigh amzssstwﬂ,ﬁ @ﬁ@haﬂ&amnwa
- MXed B0 m‘l‘.%:& gnrmzaag, H well deamm& ammw o8 Hfel
- m:«wess ex: laty in x.ma work of i:«@.yéuxtn Wittt Compounds of the type

t{ga,:zg waere wan;ﬂng Aﬁwemwa Gy ﬁmi Hgm h BiEw) brocaess alght
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posaibly axise £rem she inupofuction of & cotalyst to an oléfiin =
HgCHy mixtures vhicre tha ostalyst increases the  —slantyon
dannity of the doublds bond In some foshions
| UPel prucess s Mim3 Drcoens mey be of elthor synchyoaous

Osde The I

type (D=2 srnc.} or nonesyachrongus tyse (ML .3
mdlste can lose the meel Ligend systen by oynehranous and Lot
synchionous precess (Johens = Ve

The postibilicies foX MIe3 ngync. Zall inte two basic
categories ML«Q Adyiel M4 5 and M-l nayoe ,, S AN {gghemei)e
the ligsad cransfer (0} puccess Srom OTal L0 cacbane fog

} Is . ) , .
Cwil Ansertfon progess koows fov bis«soxboalkony catbens igg

MrLE.2 reactions : The gesl pooscibility esists ghel gons
substrates will be agklivetad by complensticn to the cotalysts Those
need not lesd to sohenoexent toverds all ML produse formationg but
moy instead lesd to a favouzing of one progess over zm@'ahfa:.'

in order o anslyse the maohaniss of earbene trensfey in
rwd cybe of resctions they roained reversal witty gusstion ad
stxossed the gonforretlional Gffcchs ol Qonaluded thaet COPPaL -
sarbenodd must be penta or hexs coordinsted to affnsd the Ligends
onG Substzptess Vory Blaple fuckel ploture of bonding in copper
carbenclds is show in (GonenseVIT), The Singt 6f5L0H COTEeayonis to
a baokk bonding srrangescne wheaze tha oxygen noh-boiding orbitals sre
aiplayeds The séﬁmﬂﬁ -mg SutEs the Feorbital on c.axéa«z. i8 avalilsbhlee
The highest scoupled acbisal might be degenagotes Sut bmauc«a of the
spin aﬁ&t@s of traneision metnl CoRUledes are Nob evalusted. The

terainsiogy like 'gmgg/lmﬁ' Al *eriploddt spsignuente should be
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resepved for those cerbensid veestions which emhibit neer perfect
srodust sdmlopy of the melated gerbens spegicSe Ib is chserved that
coppeb-Giagoialonate Systens ninde singlet pregaess of CYClopropse
Qg ion and priplet for gom allylia Gt ingortiunse It 15 AlSo Sude
pegted that prosenee of the sdditicnal canjugative ability of the
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