
CHAPTER - I 

A general introduction to Oarbene Chemist£l • 

.:ieotion A ' Historical ::!3ackm:,Q_und 

The posoibility that divalent carbon compo1.md.s might be 

intermediates in certain che .. 1ical reactions was eue;gested more 

tbJ.:u1 h.undrcd years a.go to accotlllt ~or t.t1e produ.! ts of the 

tlka.line byd.rolysi~ of chloroform (1) • .A)iv3lent carbou inter-

mediates were also involveo. from t lrne to time duriu~ the first 

lul.!' of the "rcscn.Lt ceu.tury, particUlarly oo t.n tennediates in 

the ~ecompoo it ions of diazoalJ:~aL.es and. o.. ..et9nec, but it was 

uot until last decade ~hat the 'carucues' &Ld ~ucir reao~iJAS 

were subj~ctcd to close ncrutiny. 

lht ~eneric .... arne 11 cc-rbefie 11 Ja. 'collaborate,!J."" c:: ncei,.!ed 

oy l)oerUlu, .,L.wtei..u and .1oodw ... d ~ .... J, 110 o~ tlesc4:. ,tive 

tb;{l ne ~.Jli~), in a.ua ... o~· ~ ... tt he dcr·va:tiau of 11 t.m.rbluola 11 

methanol. 

One of tne major proolerna o- carbene cnemistxy has been 

the deterLlination of the configuration <>f the non-bonding eleo­

trl)na ou. tho diYLL .... tt carbon ut,..>m. 1 t lLS lOW been 4.!U t.a.blished 

that in moat, but not all divalent carbon in~ermediu.tes ,lhich 

have been identified, these electrons are paired, i .e. their 

spin quantum numbers nave opposite signs . It has been suggested 

that the term carbene shoUld be reserved for those species, while 

those with unpaired electrons, a.n.d \'7llich cxibit the reactions 

characteristic of free r a dicals, ahould be tenned metbylelles{3). 
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The current iu"terest ill the divalent carbon species 

seems to da"t e from 1950, ·uhen Hi.ne published his fi rat paper 

011 a reinvestigation of the alkaline hydrolysis of chlorofor:n, 

and concluded that dichloro carbehe (: 001,) was probably an .... 

~termediate in this reaction (4· ). 

It was not until 1954 that Doeri.ag and Ho.fmann s.bo·:,red 

that di.halo carbenes .from the halo.f'orms could be ·trapped by 

addition to olilins to give cyclopropane derivatives (5) • 

Thus cyclohexene, chloroform (or oromo::.form.) and .Potassium 

t-butoxide gave 7,7-dihalo nor carane - (equation 1). 

(P cx 2 •• (1) 

While oC-eliminat:ion reactions have furn.iehed a route 

to the dibalocaroenes, and more rece11t].y, to varie·ty o.I other 

aubsti tuted carbenes, a secoud route to divalent carbon inter­

mediates il1volves the thermal, photo che~ical or catalytic 

decomposition of diazo alkanes aud ketenes. ~akanov made 

an extensive study on the decom:posit;ioa of dia.zometnane, and 

more particularly of ethyl diazoacetate, catalysed by copper or . ... 
copper salta in the presence of olefin which resulted cyclopro­

A 

pane derivatives. 
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The interest in divalent carbon may, perhaps, be divided 

iilto ·three main categories. Two of these are of a physiochemical 

nature; namely • the study of the energetics of methylene produc­

tion and of its reactions, and the oonfi{:.ruration of the non-

bonding electrons. 

The third major aspect o£ carbene chemistr.y concerns 

the synthetic ut:lity of divalent carbon L~uerroediatea with 

olifina. A further synthetic application makes use of the 

11inaertion reaction11 , in which methylene itself, rm.d more reae-

tive carbenws can directly insert into a carbon .hydrogen bond 

(,t;quation-2). 

" -C-H 
/ " -C-CH -H 

/ 2. 
•• ,!:!} 

J.1IO\' attention is drawn. to the electropbilic aud uucleo­
~ .... ~~~.~~QAt. 

philic~o~ectr>u defic~e~t species, c~~pnrable to carbonium 

ions; o~.t the other hcnd they possess a non-bondint;, p~ir of 

e ec tro:n.a, co.npura.ble to that of carbauious. 

~he eloctrophilic and uucleophilic ~~nct~r ~f ai~glet 

carbeues d~pencla, therefore, largely on the ability of adjacent 

groups to withdraw electrons fro~ or supply electrons to, the 

carbene carbon. Triplet carbeues may bo considered as dirndical. 

~he formal relattonship of carbenes to other simple intermediates 

ia presented ill table-!. 
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Table - l ---

Na;ne of the intermediates 

Carbauions ' " / \; : ~) 

Radical 70' 
Carboni.~umion 

~ a(+ ) 
.;'J 

Jar bene ~ c:e 

lumber of covalent 
bond 

3 

3 

3 

2 

l~os. of valence 
Electrons . 

d 

7 

6 

6 

lhus there J.rtJ t .10 cht: i..:a · y aooe s:. l .i.u.ds O- t!Ui:'tJeno, 

-.r let ~ 1oiL,.,) ...-u r..L l_'t ( 3c~) •• ~ ... c m trJ.oted .lth carbon 

2s ::laa ~P .1110. .. he orbita... o- hyuro eu, l: o reu tc., ~.~n~:: .. r~ le~. 

L~.:::tb.y lGne if.l Li.n .... r Jr ue r'-1 n.~ar s > .... cies (.iC-C-... ~..;le close 

to 1d0°) ~ul -;let n. 'ti".tv l~.:n.e 

Triplet 

Pia- 1 
0 

Singlet 

1. bou. t u .• d. (X-J-A) 

m~;lt) nearer 120 ° ctLtally 
0 

103 • .t:riple t car bene has t~1o 

unpaired electrons in mutually 

perpend·icUlar p orbi tala and 

sinblet carbene has none (127). 

3tudieo by Hert~be.r·a and asso~..:iates demonstrated a linear triple·t 

.f70Wld state .for carbenes Hhlt.:.t1, in the eas nhase, is rapidly 
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formed by collisional quenc~ing of tne initial short lived bent 

or singlet carbene. 

Studies of carbeues have shown singlet grow1d state for 

hal.ogeno and mixed hal.ogenocarbene derivatives a.ud triplet 

ground state for e.rylcarbenos. The latter are probably generated 

.1.s sinc:,lets but trapped in a solid host at u very low temperature, 

they decay to their Lrinlet brow1d state wore ru idly than reac­

tin > ·wi tb. ne1L,"hbourin~ molecules. 

dtudies o..t very l.o;V te peratures, verit':,r sin.~ct (:70Wld 

~:~tat~s for bi.lo0 eno carbeuea. lhe rea.ctiou of a triple":& carbene 

gives dimeric prodact. ~ ~~ra. ... ot , : cn:roar .. e chemistry have 

fascinated a large number of cbehtists j rri Lu the P3.· 't quarter 

oi a ce::d,u.~. ,; irclt, ti•t~ • re-.ct' o.w:.; ure uovel inaertJ.oas in to 

6 bonds addition to 1f bonds, md the var.:.,ou.l car bene rearrange­

ments are '1.11 sufficiently dio t.Lntn;i v~;;: .. ·ro ... tL.t:.. re ct:~.ons vf 

other s~ec~es t.v excite curiooity about t:Q.eir ocope, mec.h.a.nisma 

and synthetic possibilities. Jecond, the e1eotronic structures 

of carbcn.ee are unusual 1n that moat cn.rbenos have tvro low-

lying electronic states near enough to each other 1n energy both 

may participate in the chemistry o~' the in·termediate. :i'hird, ma.ey 

carbenes are small enough to be treated by a variety of quru1tum 

mechanical calculations that provide insight into carbene 

structure and reactivity. 

Carbenes are, among the few aimpl.e molecules (02 is 

another) that have more than Olle accessible low-energy state. 

If we exclude the carbon le atomic orbital, which is not stronglY 
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involved in chemical bOLldin.g, there are f our valence atomic 

orbitals of carbon, the 2s and the three 2p orbitals, that 

contribute to bonding in carbanes. T~o combinations or qybrids 

of the valence atomic orbitals contribute to the bonds to the 

central carbon atom, whereas t\vo other C'Jmbinations of the 

valence orbitals accommodate the unshared electrons on the 

central carbon atom. 

The two non-bonding molecular orbitals of a carbe.ne are 
0 

identical only if the H-0-H bond angle is 180 • For all other 

angles the non-bonding orbitals are non degenerate. The distri­

bution of the non-bonding electrons of the carbene between the 

two valence shell non-bondints molecular orbi tala bas been an 

important theoretical problem. The distribution depends on a 

play off between the orbital energies and electron-electron 

repulsion. Three possibilities are diepl~ed in Fig. 2 • 

Bonding orbi tala ll ti .1_ _L Non-bonding orbitals 

Triplet state (linear ) 

Bonding orbitals ll ll 
_1_ _L ~on- bonding orbitals 

Triplet state (Non-linear) 

Bonding orbi tala li il. 
li 

Singlet- state 
Fig-2 

Non bonding orbitals 

If the difference oetween the energies of the non bonding 

molecular orbitals is greater than tb.e energy required to bring 

a pair of electrons together in a sing1e molecular orbital then 
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both electrons vnll occupy the lower energy non-bonding molecular 

elec·tronic state. If, hor.ever, ·tb.e di.fference 1n. molecalar orbital 

energies is less than the increase in e1ectlton - electron re:oulsion. 

energy for the non-bonding electrons when they are brout,;ht 

together in -ct~ sa.'le c.J}ec.:..al orbital, theL. t.he non-bo.uding 

electrons will occupy di'f.Iel'ent orb taJ.s. HWld's rule tells us 

that t,·m electrons ooot.tpyi..nb di..:.I:.ert:nt ~rbitala 1.\!hicve minimum 

energy when tLeir a ... in fWlct.ions are the sane, .. nd. t!lli.O a l.rLpl .. 

... .)t.r JI .. ic st..,1.e restll ts. 

In this descript ~o.a .. e have use a e. simple picture of 

I') .Lee .... L .. r s"t, · ... J ~.\J.I'G • l l '.!h e U"'·l ~s th· t. aLL ac~en .. ~bl.Y o.ccu.rate 

r1llocat';:>u of •lcctrarlos to no:..~.,;cu.l.a.r orbitals ~7). ~van l1. this 

i _ lc i~t\ r .. 1j 

bonding electr..ms are affected by the J..On-oo ... d ·u.L electrons • 

.... lli#rofo.ru. ~.·e . .J.o ..J. u b·J com~aring the sum of all the orbital 

energies, 'bonO:ng and non boudinu, with tlle sum of all electrol:i-

to carbene molecular orbitals. 

J!wo extremes of carbene molecu..lcl!' structtU·e e.re nore 

,easily deocribod t.1.1a11 the in termed late structures that belong 

to most real carbenes. As shown in 1'ig. 3 if CH2 were linear, 

symmetry arguments demand that the tv;o non ho-lding molecular 

orbitals must oe degenerate, pure p uto~ic orbitals. Hence the 
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lo\.'est energy linear :orm of m~t~rlene must be a. 'triplet ate. te . 

1:f.owever, as ualsh pointed out in 19:53, thi o decieneracy is re~ved 

on bonding. As the ll-C-H anr;le is decreased from 180°, one of 

two 2p orbitals which comprise the nou bond:Llg o.!'bita.ls of the 

~ ili ar o lecul.e ta.. tJ on ~ ch..u-acter e.nd is lowered :n energy ( G}. 

1.t tho o .. her extreme, i.r.. t er 1endicular mat~~lene one bonding 

orbital is e. n•.:art ... · .,ure r.:a carbJn urbi tal ~J)lus so.ne 1\,vd.rot.je ... 

... s), and the o .... ner is pu..:e ;r .... he very large sp_ittiilg oetueeu 

;;> and F woul cer"Lain:Ly l~.;ad to a doub.Le occu.pat ou. o.t the v 

... e ta e a sin. b). t. 

_..--- 2P 

0-\ l 
15-~~~IS 

-2spU 

[a] 
[ b J 

2 
(a) P -metb,ylene (Pervendict.Qar); (b) ...i.P .uethylene (linear) . 

:'1· 3 x l.g. 
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Walsh was the first to correlate the molecular orbitals 

of linear methylene (designated by the d and 1\ f>ymmetry 

classifications of the n2h point group) w:i th the molecular 

orbitals (designated by the a1 • a 2, b1, b2 irreducible repre-

sentations of the C 2 poin"t group) of the bent molecUle. Such 

correlation diagrams are now oaJ.led .Valsh diagrams. ,yalsb pre­

sented qualitative argwnents about the energy chan&e for each 

orbital, with change 1n bon.d a.n~e for AR2 molecul.ea. Comparison 

of .. alsh' s original diagram of 1953 ,~.;'ig. 4 ,,ith oue based on an 

~ !nitio cal oulation ~or OH
2 

made in 1969 • 16. 5 uhows oonsi­

,lernble slr:ti1a.,..ity. Tl'lc b~ ( d ) orbital i.u Q!l..,ibiJ • .~.lirl,j bet·,1een 
'"' 

boa'iiu .. eleotr~ns lllld daorea.~ li!S ~;~ .. e b rtol o .tl..J.r ,rbital enerm: • ..., 

~he Cll_ ( d ) mo:e'Julnr orbital .:.n ·r ·~ee~ i.:.1 .J chara'- tor:- as the 

bond angle il'l're s s, •.1d this factvr wa<J beli v~d bJ ,,al..;n Lo 

.LctH.o. to a lec:'~".;e in energy, that is, :1 strvnt?;er 6 bond. 

m· t~ltne (:CRR 4
) depending ~n the groapa attachud ~o the 

divalent carbon atom ':J). 1her J.fore, the det erri.l.fi.at~o!l oi "the 

clectro11ic struc turea o.f the lm,est er1ergy and .first excited 

states of ca.rbenes has been a probl~m requiring sophisticated 

theo Det ical calcLQationa and elaborate snectroacopic exp~ri-

ments . 
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Binding 
energy increases 

angle HAH 

Fig-

a t'.mct:on o 

-·so 
- '60 

- ,-oo 

ao 180 

Fig- 5 

Jalculated varLJ.t; on of oroital eucrgies \w-ith bond 

angle L~ lA, state of methylene. 
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AccorUng to the .l!lrontier orbital theory if the car bene 

approaches the olefin in a straight line the SvMO/LUMO in terac­

tions ·woUld be antiboJ.tding . .3ut as tue ref•c·tlo!l i CJm :I.JL. 'tne 

.rl.J.Oiualy ia explnined by the probability of a sideways approach 

L't thu initial s tat;e .vne.u t:')V~rlat) begin:,; to aevelop ( 12) • 

• ~ lot oi uechallistic worli. haa ooe.;,..1 J.one · .. hi!.!h centres 

J.w. ~o 'r J, t.:. ..1 ., • "'~~ct i., i t.,t .a." tereoche.Jiutry ,7 ::ch spin 

multiplie:it~ J!U.Ld U;{;CGSO •nurr;y O.l tb~ d Va-.""l"t. O<J.!.~tJ,Jil. WLit • 

{ } • .woreover lt is mowu. t .... "t metbyle.ue proauccd ill the 

ih-.rse hotvl.;yt.:>es OL .J.J.a:--v~~~.c.::w.e addu ~t reo peci .. ic tllY to 

igh rt..: ..... u u, ..ud .iLJ. !'-.J .... uce o · lu r-t tn.3 ia.Lurs~ em cro...,Jinb 

t' the tri_pl >t stave occurs ( ~0 ) • 

• iu ull~ ~atu~e 0 ~ubJtitucnts, ~~turc '~ .ldium, 

the= course o.f re ot ·one oi' th se divalent carbon .;, oci~u. 

•ct..L'li o1 a au oiee a 

simple as m .. thyl •ne sn.Ju.ld 6-J.ve very detailed in.f'o.r.!Ultion con­

cerning bo"tb around and e:oeci ted s-tates of the molecule • 

. \ssignmen.t of a groLtp lines at 4050 A
0 

ia tl1e spectra 

of comets to metbylene (10) eave a grea~ deal of useful guidauce 

Ln early discussions of methylene even though it later turned 
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out the lines -,,ere due to c3 rather 'than CH2 ( 11) • In 1959 

Her~berg (12,13) finished a 17 years hwl~ for the elusive 

methylene a.11d obtained spectra of both the lO\!est uinglet and 

triplet states • .:)·traiGht forward observations show that , since 

the sin.gle·t state decays to the triplet, ·t;he latter must have 

the lower en~rgy coutent. 

Atte!:Jpts to preserve ca2 f'or spectroscopic observation 

by matrix isolation (14,15) hav·e let to ambiguous results • 

..l!imenta1 '1lld hio co-work-:rs (14, 16) irradiated dia.zomethan.e :IJl 

argon and nitrogen matrioea at 20°~. Under var1ous cond2tions. 

They observed i..ur.r tro::d ' .. w:;or yti.ol-. ba..rtds n.t 41B2, 396d possib~e 

methylene absorption bands. 
0 

A new band system spread from 5500 - 9500 A wae observed 

when hi[;her ratios of ORzi 2 /N 2 ~.ere used. Apparently the first 

product of -r:.botoly ia bas lJng wave l.eo.0i;u anoo-rption but decays 

ra~idly to the triplet absorbing at 1415 A
0

• The rotational fine 

structure of the three bands indicated the absorbiuti species 

is bent with a bond angle of a.bou t 103° ( C-H} distance = 

1.12 A
0

} and a linear upp~r btate. ~v tripl t splittinG of 

spectral lines could be fow1d. 

It is i.a.terestingthat Her~berg also saw faint bands in 

·the 3000 - 3500 A• region . Appearance of the lines was not 

favoured by condition ahich maximize the t~iplet absorption at 

1415 A. Consequently Herzberg feels species must be 1A
1 

• If 

the absorptio.Ll is to be associated with uhe shurg lines fou.nd 
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by Robinson md 1cCanly, ru1d attributed to CH2, a problem arises 

since the species seen at 4 .. 2°.~, .;as obviously lo.n.g lived. 

Shortly be .fore Harrison's paper •'ias sab 1i tei _:or publica. t ion 

once at;;ain one of the periodic revolutions in the exper_mental 

vi .... :7 .h tn~ ._,eom~tr.,y o .. .' .;rmma state ~~ tbylene occurred • .:)cha.efer 

has dC~I.!ribed Ji:,.,R 1; ·c'trOSCO;liC evi=ience or tile structure o£ 

... c .... 

~r, • e _ hotoly is > t' diu ........ rh..... .1... • ........ ..} .a.. 

•liu 0.. l t: .... l~) t~ 

rr~ ters .. r.~;.; ..w. ·red 

lectivel:, , . ere deduced .fr • he soectra. o.JLL 'e ~ .1u,Ei ,~,.Ju...iu 

to be !lOn .!ero, ;r :..w.ci ut:1"Zc .. r.:.{:lo.. t!t ..,ltt L .~ certsi.:il_y 

Jell t '3. t 1 e 8.8 t ;:.~ l i 1tly ii~ tuu X tin on !1" .i. ':>~J. c...£. t . ~11;J ... t l.y her •-

after i .•. 0 v · b : :!.J70 ., _ ,t.r .. d .. u..:. J • - c •t~;;J 

the ~JR - ectru. ot trl1;.Let utn.rlcue :r J, the photu..i..J'c;is of 

diazome'thane 111d diazilti.ne i.Ll. }:e!lon at 4. 2°.t:.. . .1.hesc woL'ti:ers 

deduced on H-O- ff anble of 128-143° from the zerofield splittiug 

paramoters, v.it.r... the n.ost probabl.e value . 136° , in splen.did 

a5-reemeu t with !.at est t heoret icn' predlotions . It shoUld be 

!,outed out that tbe bo.1.d anGle io rc: ted in a .u.i te ~omt'lical:e' 
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manner to the magnitude of E for a stationary Wlperturbed 

methylene molecule . 'lery soon Bernheim, J3t:rL.ie.rd, ,,ang, \fOOd 
0 

and Jkell deduced and even more precise bond angLe , 137 . 7 , 

from the 13o byperfine in 1.er·1.o'tion in. JD2 ( 20) . It ·~,o.s no ted 

th s.t the Leot :1t ic ehi tt ill the ... ero.t'ie..t.d spli ttlue;; JuraL-tars 

obser .. ed cr J ., ...:a:n to ODe.> 1i.)l t be aue to ui·ther l1ota-
~ -

tione.l ::notion or a ma:tr.Lx: interaction.. 

w.d also the theore"&ico.l otudies of llarrison ~.:t.d ~"i.l .. er~. nnd 

fender ru.r.a .)cn..-.o~~r au .:..ud_c'"" ...... !J.6 that the 5Touna triplet is 

bent (~1) . Jn the aaaumpt "lOil t.hat the ol~;;o~e ( oen~, ""'e­

rulnly~is o: ~h~ wpuctroac >oic Jata gave a b~nd Ul~~a ~. 136° 

St/lt~;;o ~ub.J ... ituted carber.ti:!S a2.:;o \21, ~v, ~4j. ~hese iadicate 

tripl.!" ;rJUL.-5. atnt .. w • .O:ue mat;;nitude ).l.. tae triplet splitting 

n.t zer,field nnd the b.J"perfine in teractio.no t"l 1 t'. :>roto11s indi­

cate that in dipherzyl carbene, ~he two phenyl groupo l.ie close 

to, but not exactly, perpendicular planes. Surprisingly, the 

extent to '.lhich the un.t;>aired electr·JllS are c~natraitl.ed to stay 

at the central carbon atom ie abou·t; the same in diphenyl ca.rbene 

and in .fluorenylidcne des pi t;e their di ff ereut ~.P.:>metr.r • ..:'iG. u. 
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>J v- oJ ... ts e ICe detected by . \ari "f.y 

1 s r ' .. t .. r t: .. :.t D. L. .. o a-

0 ,... b..., ot ed • ... hu t..ctr > ~o J l .Vd 0 e, 

.... ........ e I. y ... u). 

'" • t e to \; ... ra1ce C ,a c-... .r. .. lr.Lu tn spin v ... te 

u fr ... .. C.t: ical re ctivit. ' "'.I. lU 'fice-v .... rsn, h."1.V~;; a 

l l U.Lld t U....L'l l ... '"' • ...... .... J t ..: to 

err r c~ ri .. e mctJ:l.,Jlf.:ue i.u gL.a stre:.:uu.s iuvolvcd :re ~val of 

tellurium, selenium, areau·c Aud antimony mirrors, ~d the 

tellurium-method (26} .vas .faYouri te for detectio11 uu.t il it was 

sho•,,r~ 27) that mirror removal .:as ci1~e lar5ely to reactioll with 

other upecice: r;At 1 u:.Jt when. uclif!...yle.le .. a.s pr.,duced by pllOto­

ly is of lre ~erw. etby lene a,l .. d 1 ta deriva ... .:.vus .v0uld p.L'O.bably 

2 ~ f .• 
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react with many other materials if given the chance, sin.ce in 

either the singlet or triplet st~~e, it is n hiuhlY :eactive 

species. It is doubtful that ally but the most detailed study 

o.E randomly chosen reactlons wuUld yield Ptuch in .. foruation 

cqncernin~~ th~ characteristic ch.a nical propurtle ... o t ~irlt;lete 

and ~r · .11 t a. L.l. r •trostlt..Ct, iS wllt>tions auch u.s low r~activi ty 

o l.he triplet see.u e>it,h~r ,-;rotlt; or .hn.rmi'ul.ly oversim lified. 

---~oH,. 
"'r 

. . . ( ~) 

aud. drl Vi , .. , t ~ c ·-:., Jll-C rt ),t..L oub!.o u ,r., ·~. \ ~ • .J.. J 

• • • \ 4j 

much of the related d.:.souss·o 16 r .l_tF~ ""' c.uc•.isu··.; ol. .;~.:.llg!ets 

11..'l.d triplets • .::sin ·1e ~ .J.£1d tri.plct methylene show· s ie;tlif'icantly 

different behaviour a.ud that study o:f inserlilon a11d addition 

reactions can diotinguish between the species. An opposite 

view was si ven by :!>emore and .Denson ( 2~) • 

..... eerwein, Rathjen, aad "enler repOrted in 1942 C-H 

insertion products from irradiation of dia~omethane iu uietbyl 
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ether, tetrahydrofurna, aud iso?rop 1 (31) . It .;as not wttil 

1956, however, whee ... DoerintS, .tluttery, .uaughliu and Chaud.huri 

investigated ~he photolysis of diaZomethane ia the presence of 

altCrlnea, Gimt tr1e rea! nature wo.s recognized(:,~; . ~he addition 

of dichloro met~lene to cycloher~e, reported in 1954, ~ms the 

:irst ~uthenticated cycloprope.nation via carbcne or carben.oid 

species (33). ...he addition of oetbylene to olef'in.s .-;as establish­

ed in 1~56 (34,~) • 

.:>toiclliometrically the J-h l.nuC- w.LO.U. \.!t.:. ') .. n.! s the -·om; 

A mecha:..istic a.:nbiguity in descriptiou of tLe reactioL. 

was reco6Qioed ~ui~e earlY ~J6,J7,. Abstractiou of a ~drogen 

atom follo'.;ed by couplin ~ o t tne radical pair could C'ive rise 

to the same products as concerted inse»tion. (eqn. o). 

I / 

RRC: +H -C-
""-

, 
RRCH + 

R' 

/ c-
""-. 

~ 
H-C-
R/ 

/ c""' .. (5} 
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Doering and Prinzbach demonstrated t.'lat direct insertion 

is the major path was in the photolysis of diazomethane in the 

absence of moderators ~.td sensitizers · ~'l) • • t.cactio.~ of methylene 

\'1ith labeled isobutene ~ives the rearra:u.ged product expected 

fr?"'l the radical oath was in 1nly 3~ yield ill the gas phB.se and 

2,~ yield ilL the li~ld.d ohe.se .• his :!loan.s thc'l.t a maxLnwn o.f 16;.-

0 f tltO "'. ~ tl.\:.r lenes _'):._10 , t e ~adica.l m ..... CL.a .i..- i.1 uhe 6aB base 

and 4,a in the li~uid phase. e-ar ... 6) 

CH3 

I * : CH 2 + CH 3- C== CH2 --+-

-~ CH3 - CH 2- C== CH 2 + 
I * 
CH3 

... 1 1.. £ a. • ) .... ..t 0 • t (; ;.;• t 

• • \. 6) 

.. .>r.' J .. · ... 1 •1.wi ~·etin-

!le .hoto-

ct ;)U r'leOJa is. is a C.)a ... e-ted o.ne 

about the carbon atom ( 39). ('Bqn. 7) 



+ 

Another example of retention of configuration vvas given 

by Doering and Helgen (40) ~ So retention. of configu.ration is 

consistent vvi th a one step insertion mechru1.ism. ( Eqn. 8) 

C02CH3- COOCH 3 
I hv I +other products 

CHgO-?- H + N2 CHCOOCH 3 ~-+ CH 30-?- CH 2COOCH3 

CH 3 CH 3 

( ,..., \ 

• • \OJ 

0 
:G'-ven intrarnolecular 3 C-H insertion goes with ret en-

tion. of configuration (4-4). Although the evidence is strong 

that, at least in solution, met.b.ylene often inserts primarily 

in a concerted reaction, Frey showed some time ago that pro-

ducts derived from all possible radical coupling reaction are 

formed in gas phase experiments (41) L-Eqn. 9_/ 
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• • • 
CE2 + RH ~H3 -t R +R' o~her radicals 

• 
CR3 + 

• 
R CH3R 

• • 
Olis + R' CH;;R' 

• \..r.;~\lJ.l • :)} 
~ca~ ~H3CH3 

. . 
t I 

rt'R' ... :{ 

• . ' ' ft + .. (. ..t! -R 

inc;l t 

... olut ·.o.t •• 

i.n the .o~.1 u nzylic ·rotol. CJ~OJ.~"" r.,.,rn nu lrradiatl-\l solution 

of dinhetzyl dia.zomethalle iu to}.uene ,,ae i_jpol'to.nt both for the 

byuro.;e.u abstraction oy triplet cnrbenes (42). 

dection-0 : 1~a.ture of tq._e transiti~Oll..J!!~te for C.:-rl insertion 

and ~dition o.f cnrbene "to double bonds . 

fwo hypothesis Co::>ncer .. in~ the tra.usi tion. stu~c ibr 

o. H direct iuaertion have been preoented. Doering Wld Jkell, 
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having demonstrated that :tethylene is a vigorouo cl ec·trophile, 

proposed a trianeular transition state for direct insertion 

(43 ,U,45,37). The trianguler transition state accommodates the 

one step nature of singlet methylene insertion. 

/ 
:CHa+H-C- ~ 

' 

Demo ro a.J.d !:)ens :m Oll the 0 t ht;.r anl hav 0 ro JO olJd CL-d 

) L at .. a.c \).f the 0-H bona. •. h. tran.si tion state :;1 tn diradical 

ch.a:racter is _1robably intended, \,'J.th stahl .. t..m.tlon due to con­

trioution by ionic terms to the 1ave function (~6). 
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Some confusion has arisen as t o whe·t;her an int ermediate 

radical pair rather than a transition state was i nt ended. Stereo­

specific insertion seems to preclude the formation of a radical 

pair o:f finite life time. The mechanism is much like that favoured 

by Hoi'mann on theoretical grounds ( 45). Three kinds of evidence 

have been brought to bear on the micro mechanism of concerted 

O..H insertion by singlet meteyl.ene (46,4'7 ,48). One step , three 

cen !:e, ... i •ect .il.. rt._ ou. =ntJChB.iJ.ism is ..:.)LUJ.J. :!:or .... i.At:a,et 
3 

carberws 
1 

( ~~ J rr.:nctn 11i th two ter n.os vr"' ct. ~ou re~~ biuation 

o.;""iulc Hhe .. l 'l.t Jr .• ·1.t.tL one · alr 

~ '!_ ec 11ro.:u u· a "' - e 'J l te • 

.~.·or-.J:'ltion ( 46) . -he (Jent:ra. ization .bas ~ 1lll.L;; to bt: b:.aown as the 

Jko 11 rule . 111~· rul, stutf.,s that ..: · nb'l et carbeaE:is are expected 

to a dd ·to a ol efln L'1 slugle step and therefor e preserve t he 

c i s - trst1S &tereocheruistry of the olefin in the cy clo pro pane 

pro duct • Conversely , it was P..r5Ued that s.:nce a triplet ' carbeue 

ca!lllO t c:-:ive a s int~let 5roW1d state cyclopropane in a uingle fast 
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step, two stet) addit :i.o11 oust occur. Rotation about siuglc 

bonas L ... the diradicJ.l .:.nter.1ediatu shou._d oe rapid compared 

\lith spin inversion follo1t.ed by rill~ clooer, ~d there.tore 

non etereo3peci.f'ic addition by triplet carbenes was expected. 

Both these cases are i3hoWU in. l!'ig. 7. 
\ 

J!l1n:> .-rically, Jkull's rule h-:.c bctlll .L Hn.i to be very 

ouccesoil.ll. Althoul;l:; a aiuglet cn.rbune may add to fl.il olefin 

in a si.'l.b].e si:ep, tht;;re is uo selection cule J?roil..lbiti.nc.,.) spin 

conservation, step wise path. Oonversely, altl~ugh a triplet 

carbene very likely does add ~ t~o steps, thv r~oult c~ald 

tre suf.::'iciently ratJid. A t ... ,o oteu reaotiou. .;ill in.deed al'Tiays 

;ive o.ou tereos:-ecific add1 tion in the ~as Jhaae. ~hue if 

stereos >uoific add i tiou iu the ..:;as )has~ is obaerv •d, .. he reac-

tion o~ n o~G].et ca'"bene is indicated. fhe couverse need not 

hold, nonstereospecific addition in the gas phase is not dia­

gqn~atic of a triplet • 

... R 
~= 

I 
\t 

c + 
'\II 

) '• . 



~ ~R ... 
·, c == c·~ + 

/ ............ 
H H 

' ... ~ 

-+ ;c"/c" 
c x, 

~ransition state 
Fig. 7 

aon .. er.-oa. t!Cifi.c 9.dditio. to ~ t- · )l .... t c· _·btme, ot. •. fr-eosut;)ci~ic 

J. ,1 t U3 u al Bt b e .).t ... ~r t · .. 1U , lor 

ort .. J i_ ullC c.: l -dS .. 
methylene nnd most rec~.1tly Uico.rbometho:zy Dt4)'"ll';lue a.u.d sub::;­

ti tuted cyclopent a Jieny~edones bas the st.ereo~~.,ecificl cy of 

the aldition of b1th eJ.nglet and tripl l>t has ..:>een S10HH t o 

~orlfoln to the ..ikt:l L r~le • 

.Jt.er~ostc\..J~i1i~ add_tion of m tb .. ~leJlC io vbtz:L.ned in thC; 

irratliat.:on o :r: gast;o w .L< w urea ~1' ::ti '.l.uom~tb.ane anu .!is or 
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truns-~-buten~ (50). Iu the li~uid ph,ae the atureospeci~~city 

is be1.iavecl .. o be even. ni.t;>l:.er, the 11 wro.o.&11 isomer :..L. t.he gas 

phase comins pril4cipally fro@ the ~eometrical iJom~risation of 

the vi bra.tionully excited t;>rir ary adduct. ..!nis re.:ul t fla.S inter­

ri;! ted :1.. · nu:c~u i.uo 'tli.ut ,ctn.; lunc _,r) 11 dia .. omtJtnane "'eacts 

1 ila in ite lo .. eat u .bzlet s "ate, ,, • .i .:h . as r .,c ...., i.. .. cu as ~ t 

1;, b 

.unt~J. bo.uls .~.'or t ~ ..,k .. "' I .I. 

Section-D 1 Effec~s of carbeu~ reactions 

{a} Effects mainly electronic in origin: 

\Jar bene addi t1.on to aa o ... efin has been ret;;arded as an 

electrophilic process. A theoretical analysis of the aiditio~ 

.Jf 
1a~ to etbyletJ.e augges ts i.uitiat.:.ou o L the re.sc tion aa in 

n oroa.ch11 in ·1;7 tich tbe vac'l!l t ~rbi tal o P the 

carben.e begins to overlap \, 4 th. thelfsyste • AD t.'l.ec reactants 

mov~ al.lllg the req,ctio .• oof1l"d:L.tl'llie to~·.c.rd product t;eometry 

the ~ anproach goes over to J!ig. 9, a. " & approach" (5~). 

?Jg 

)~-g( 
lT approach 

Fio·- B 
0 

6- approach 

Fig- 9 
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The important point i s the nature of the initial stage, 

"the 1T approach, i.1 which tra..n.sfer of electl'.:>ll density fr.Jm 

tlle olefin's n - system to the carbenes P orbital occurs; 

this is an electroohilic addition . !ore recetrt calculation 

su.~,=;e,~st tha t n - 3..t?P!' 1ach .e ie. 10· io enere;etically preferable 

1 to 1T -approacu 1• ig. 11 , iu ilt.e addition of CH2 to 

ethylene (5~) •• ~-idition .:> .. CF2 it· Jal~ulaLed to .L Jllov; a 

s .uilll' oourse.. .?J.. "- ....... d J.uar5 ; transfer !rom ole fill to 

caroene 'it the tra.rrui~ion a"tate. 

~<:::::) 0 .. ·· 
cJ ~ oc, 

0 
',, 0 0,/ ',, 0 Q ... .. · c C' 'c c, ~ / 0 O" /Q 0~ 

.::.g. 10 J; ig. 11 

transit.ior, 'tete .l!ig. 1~ ca... ue .·ob<ht ;.v va"'itt'0 u: ei"uer 

olefinic substitue!i ~.s, ~ - Ro{ or ca~be .. Lic euostita .. .....u.t13 I. 

ru1d Y • 'this prooedu.re, however, can alter both stcric and 

electronic factors ; the aeparntion d ch~Ges in response to 

altered carbenlc or olefiilic reactivity .• ~ 
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\ 

J 
* 

X 

~ ig. 12 

It t43.o bee 1 • ho .. n that ... , ... ryl ~d _.rat rs · ti L~.tde of 

• .lrb .. t9.1 i...· n. ..:r · ...... o ·.... 3. o u ... «;.. 

CH 3 
I .. 

Ar-C-CH 

C6HS 
1 .. 

Ar - C- CH 

I I 
CH 3 C6Hs 

.L. niu react .. o..... rtay be v ie\,ed as :.r~ t rn. lu l ~ ... d -~ .... .. .. ck 

by the carbenic P-orbital on the aryl iT -::>y..;te.m at 0- 1 • 

.J:Ihe in rnmolecu.lar reactions o! thernslly conereted 

carbeth!lxy carbeue .;ith benzellc ~~'>rivativen, 1rc co.!'reluted 

bJ :!acmet treat•1e.u~., .P = u • .3B ,d~, (57). Here too the ca•bew 

acts as !'lll electro~hile, i,.p:i£.t;;Lu .Jll th(; ar:> .tic 1f -ey~Jtem . 
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.EJ:pectatious are clear .. :or variation of ol~.l.'ini~ oubsti-

tUt:.h.ts; olefin rr~activit.., •· . .:.11 pnrau~:. 1T -~lectron ava.ilabi-

lity. The aubs'trate ability to ocar a p~s.:.tive char~e ill .l!,ig . 

1... will be peramoun t . 

Aaditlons ~I 0012 (~
0 J) to ii~. lJa, b ~d c are 

Fio - 13a 
0 

Fio- 13 b 
0 

Fio-- 13 C 
b 

ra ~::!t!vl.t: .. iE:J n.ttenu t .... d neca.use it is m ... diateJ by the arom'l.tic 

ny::n;ek. . .rhe order o.: iLL·~re·~.aL.J.GJ.:,- n~bative P , ~ ( 1:.1 \ a, m.:.ich 

is the order o...: dec t"eaai.t'i..S substrate reactivity . lolUbstra.te 11a 11 

should yield t:m uout 11 aival.t.ced 11 trUlt.LtioH ~t3,t;e, with largest 

cnar..;e suJarat:.on; ~;he s;:;r...mgest reupo11se to substituent va.=ia.-

t on is a .... ll~c c~d. ::..~.'t~r Lncorporat ion the c:mcep~ o.!. Hoffmann 

(52,53) the tronsi.t..:.ou LOr v01 ..... ..lJdition to lv _; is repre..;ented 
1;. 

.1! ib. 14 (59 ). 
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Fig- 14 

3ome carbcnes like thioxanthenylidene ( f~Q) ara uuoleo­

.)hilic also M.O calcuJ.atioLlG show nucleophilic character and 

triplet ground state .for these car bene a ( ~ 'l) . 

Botn steric ru1d electronic e£fects must be considered 

:La order to correlate re'lative addition rates .tith substrate 

structure ( 60) • 

A 1-oyolohe.xyl substituent is 7.4 times leas c.ffective 

than a 1-methyl substituent at promoting the addition of 0012 

to cyclohexene ( 61). Even pheuyl, vmich a~ollld help electroni­

cally is less effective than. methyl and 1- ~ -n.ap·tbyl substi­

tution retards the addition. These treads must be largely 

steric in origin. Similarly CBr2 experience greater steric 

.hindrance to acldition thllll does 001 2 ( G;n. Relative to c~"clo­

hexene styrene, and 2,4,6-trimet~yl styreue are equally reactive 

toward CCl2 . To~.ard CB1·9 , ::~tyrene is more than three times as ..., 

reactive. fhe hirtorance a.r:Lses at the ortbo substituen.ts. 
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.3adler cites a related effect oi ortho suhsti tncnts ( 63). 

The reactivity sequence for additions of :0012 to ~ -methyl 

styrene deri ve.ti ves is tlllsubst i tuted ) ~-methoxy ) .. - meteyl ::::::::: 

2 , 2- U.i!uethoxy (6ts). A progressive twisting of -cbe isopropen.yl 

group from the plane of the aromat~c ring is su&gested . This 

ateric u1hibition of r~s~iauce decreases ~osoible stab1lisa~ion 

o..f "the tr ~...;~tion .Jl:~te . :lirect hiwirauce to :0012 aoproa..oh is 

:il3o . ossibl.: . :rh .... co }lanarity of ary 1 'l..uti olefiJlio 61'-JU.gs 

~nforced on l '""''leth~llenetcrt;ra.lin u ...... d 1-meteylene iudent e by 

1;hvir fused ring structures ma/.l.•ilisea .fav-.~urable reso!J.Wlce 

tnters.ct1.on. xhese olefi.!lS are nore rei:j,ct~ve t~ 1-.Jctbyl 

st-yrene toward ~CCl2 • 

.. h~cr.; o h indrance is res ~ansi ble tJ1.~ the decre""s LUg rates 

'lity . 

~he lo•,1 rate of addition of ..!,2-dipheeyl cyolopropylt­

uene to tetraletbyl ethylene (6b) i3 ~ttriuutel to 3~:ric 

hin.d't'ance caused. by opnos Ltion of co.rbenes vhenyl substituents 

uud the ol efinic alkyl grtJups . Cis- Butene arld cyclohexo.:'le , which 

permit the phecyls to pair off with olefin.ic protons , react 

more rapi·ily than tetra mt!tbyl ethylene . 

Dj_methyl :lthylidelle cn.rbene is mos·t; in terestL.1g . If the 

c':lrbeuic centre is J p hybridized, tben the vacant p-orbi tal is 
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in the plane of the methyl carhon.s. In a trro1s..:.tion state, 

t'i~ . 15, these methyl .:::;roups impinse on the olefinic substi­

tuents . This pictur-e rationalizes the very slo\1 rate of a.ddi-

'liion of Fig. 15 to te-tra metb;yl ethylene • 

..!'ig. 15 .l.!'ig. 16 

Here .Lo ar.canc;em~n.t approximatillb to P.i...,. 15 o.v->ids 

costly steri.c inGern.ctions . 1he more .fac.!.le aadit~on of 'S to 

cyclope.."ltene, comp'lred with 1-tlethyl cyclopentelle can be 

imilarly ex!)lainad (66). Ho\'lever, it is not clear why addi­

tiou of 15 to tetra. methyl al.lene is 45 times more ranid than 

atidition of 15 ~lith tetra m~:.ttbyl ethylene. 

Photolytically Generated ar.{l ca.rbenee ( 67) do not 

exibit charac·t;~ristic ateric effects .·-ith s:imple a.lkenes. 

There anpeurs to be a substantial over all selectivity 

--li (i"ereuce betweer1 photolytica:ly ( 68) a..ld thermally ( 69) 

generated carbethoxy carbene • .!.he forr2er does not iiscri:tlnate 
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be·t .. :een cis and trruls bute11e; the latter prel·ers cis- butene 

by a factor of 2 . d . :Phe role o£ steric ef.fect::.J here is not 

yet defined • 

.Bf~..'ect of oJn.rbe 1ic ,.')ubstituell.ts ---------- - .--... 

.'he aec<Jnd 11 haudle11 .for Jrobi.a..., ..!'ig. 12 .:.s variation 

o-· c•U"bea:!.c subs t · tuen .. s _l)'T'operly. .;uus t;:. tu ... od carber1es 

~,2 rJ nhen..:l cycllb .,ropjlio..Ju.e \,6\J) .. d dtlll.;!tbylethyli-

dene carbene shm, far ~ore ae~ectivity of dirnetby.l vittylidene 

~;u-benc (70) a")pllars t.o lie bet\ oe_.. !ld.t '.l.t JCl2 auci J.t3r2 • 

Resonance stabili~atiou o~ the c~be~e -ie. 17 is sus6eotcd to 

accmnt for J.ts selectivity; t~e vacwt ca.rbe,d.c J! vrb:ttal is 

part of an allylic ca.ti.on system • 

..!'ig. 17 
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:3inglet carbonyl carbene (71) is perhaps I!lo.re Si;!lec1..ive 

thau 1 cH
2

, ..::.· .. 1r it reacts, 2 . 17 times faster w.itl:l tetra. ::netl"..yl 

ethylene than ">."ith etlwleile (71) . 

'!!he substituted ~beuyl cs.rbenes also sl1ow only modest 

ability to distinguish between s imule a.l.:-cenes ( 7 2) . ·.the 

isobu·:;ene trans-outene reo.c"G iYi ty ratio Y4iries with ca.rbenic 

u.rJl sub[;;Jtituent in the order, m-Cl) p-Ol) H(p-OH3 ) O-OH3 , 

vtJrtch parallels the expected ord~r of iucreasln.t; Ca!'bene stabi-

lity • .-Lepre, e.n.ting th~a~ carbe~es s tn l?it.;. lJ, ";;hG sy:.;tem is 

sean .o be isoelectro:1tc with a benzylic ~a·t ::.on .• It l'ollo~ls 

selective s . .Jcies. 

i!'ig. 18 

l'he Grea·t.ar sal ectivi ty oi' oromo carbo etm.:~' car bene 

co:npound .lith carboet . .1ozy curbene, su5gests sta.bili..-::ation as 

in Fig. 19 in addition to s'tabilizatioll due· to ·l,jhe carboetho.xy 

substituent. 
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The latter factor .iig. 20 is pres.IOably res .ousible 

.::or stabilising carbethoxy cru:·bene relative -co CH2 ; that is 

it has s.:>me-.;.hat 6I'aater selectivity in the u-H ifltJe;rtion rcac-

-cion (73) . 

.l.!i ~· 19 

Little o: tl..is sl~cti vi ty di t:fcrence a.plJ c~·s i..l the 

add.ition re·_ct~ou..;, ho ever, dico.rbometl1o.;ey cur:Jene is f.lore 

selective than eicher OH2 or carboetlloxy ce.:rbene to.:ard the 

0-H bond ('13} . It is also i!lore s~l'3ctive L1 addition reaction . 

1he added f:lelect.:J..Vi t,y preSi..l.!!l::.tbly cr.>rresponds to extension of 

l:he stab i.lizat:.on depicted ill .cit,;· 20 by t.h~ sc:cond co.rboalteo~'=Y 

{;rOUp . 



In a sense, the!l., -:;h.:re is e. "CJ.Upu ti ti:>n 11 bet .. een the 

substituents f. end Y all.d the olefinic 11 o~nd over d.:>.11ation 

of elec tr..;ns to the ca:rbe .. .d c P-orbi tal; ... be bala.>1ce o.f tnis 

co~pe~ition chaa:es durinc the c;urse or uddltion of Fig. 21 

to an olefin. 

-.. 
c 

.y_/ ""·· ~ . . . y: 

.:he .o:-e s.;r !.lt<;ly X ~d Y .Lu "er· ct .. t .... e carbeL ... iC 

centre, th~ hi ,oor ·.·nll lJe t. o lC'Cl.vut-:>.u. ~erg:; .~ . .'ot· addition 

to a ·-rr bond. J.he v:rartsi tion state \lill be .Ltt ... th._r advanced 

alone tno react iou C-'or d.inate, ... d •ioru .,u o · t ... r. \1 .... 1 be tue 

q.bili t:t of' t1le olef'inic cnrbJJ.l at JillS t :> ou. port a p-:>El l tive 

charge . •fhus str1n6 l'eSvllance interact ion i..."'l Fi5. 21 will 

11 d.evelop" olefin structure reactivity sequence . Do erin.g recog­

nised this lon; ago when he s,9oke o.f re.Lo.tive relative carbene 

selectivity as rcflectin(J the 11ill~.ternaJ. stabilisation 11 of the 

carbene. 
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A ,rari·..lty o-f methods is available 1 • .'Jr the veneration 

of carbcnes, bu.t .:or syn-thetic pur poses tne.r ro·e usually 

obta .... led by theri!lal or ~hotol,>Ttic deco~posi tion of c1ia.zo-

''-l~~u ... es, or by o( -cl i i:1 . t -llll o i by ir :J tie ... hu _i 3 ~.·rom a 

halo t:oru or of bs.lo?e .... f'r .,m a .ero-dih:Li e by activll of base 

.:>r a ~;.t!tal. Iu. t'la • .l.'l or these latter ro...tct:ons !. t is doubthll 

whether a ·' ..~.ree" ~~=b~L.e 1 s ... ~ctu::...Lly ~·or.med • .1.t deeJ.JS more 

li~ely that u1 u~h:Se ,·e·.ct -..>113 t.Lle carben.e is oo L.Dle;::ed Yli th 

u netR.l or hold in a solveut cage \tl tt. a ual t, or that the 

reactiva i.n .. cr tcdi .te is, iu act, a.u or ~e. ... .t.o.u~t~u .. l ... c C.J towid 

..ud ilot !.\ Cu.l'be.Le • .::.uc.r. o~ ... .:a. ..... .>.l ts.ll ic or co .• )lCJ::~d i.<L~oenne-

li ~tes \7. · ch, \'l!lilc not ••.:ree" carben.~s, .Jive ri ... e to protl.ucta 

ex: .cctt~d of carbc,l<:S :;..;:-e u(·u.n ... 1y t•alle~ .:~i.tili..lons-Juti't!l reactn.at. 

Dichloro carue~e add tion- uVi~ -~u:osua ~~action \l~~a,o3,c, 

i) are also i.ntures ting. .1.h r .. 'lal. o.eco'npo,;.)l tioa o- dia ... oal.:auos 

often rod.uces a lesu enert,ctic and . .lore selec-.;l-re, carbene, 

I.U:.'ti.!ularly !...U. p•us~uce .) ... · ... o pGr po..,,d~r or CO:l.JOC siJJ.ts, 

COP!?er curbeue oo11plexes are pro oably inv ,lved in -t.uese reac­

tions. !uJ.other CJ!lvenieut and \·Jidely used rou1:e to alkyl car­

benea is by ther~al or photolytic. ~ecompos1tioa of the lithium 

or sodium salts o:: toluelle p-oulpbouyl .bydrazones (76) . ~hv 

diazo alkane is first i':n·med and deco1nposes under the reaction 

c >ndi tj_o11s. i...c to carbcn.es ~:Utd al!coxy carben.es are usually 
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produced by 11eating or photolysing diazoketones and diazoestors . 

Generally , the reactio11s for generation may be classed as 

Decomposition reactions ( theri..UUl or ra.diati ve acti Yation) w1.d 

elimin..::.tion reactio.'ls (Participation o:f a reacta:1t auch as 

base) . ~~u~ces are diazoalkanes, Dia~irues, al~lhaliuos , 

ylic:<es, olefi.ns, tosyl bydrazon.es , orgauoruetallics aud the lilce. 

-~ ~oHr...o.u .., ·~cursor i..; 1i ,e o.iaJc~o c J.ll)OUlluS iltt1 a.~ 2 • ~!lese 

are obtained ei~her from amines, by ~ay o£ nitroso urctbans 

nitroso amides or nitroso ureas or froru carbonyl, ~the 

o~idat~on oi their bydrazones. Photoly~~o or th~se ~er~va~ivea 

af':fords B-id ;.~.Let carben s • .; :ce ,t - JS: Ci.i.arJl 3tll::Cies, ·chey react 

;~ this state. Carbcncs ~ay also be g~~erated by Jauiord-

..; E~Ve:ls reaction (130). 

" ........ 
•• - ll 

conper ... ·t....ts l'"ads tl) uarbene -copper r.:')'1_1luxes • .&.'h.::~ e deri­

..,n~ · vea oi'te.Ll add tJ olefine stcreoap cifical.I.y a..ttd are less 

energetic thal1 the free ca.rbenea . 
~ 

.Dia ... irines, is 1m eric f'ollnll.s o.f di.u,....vc't!i&E.t.es, a.fi'o:rd 

onrb..;!ues 1•;3s 0anvi'.m.icu.t1y th.a.. .. tne co_ .. resf)ondin.t, cliazo­

il.:alles ( 131a, b, c) • 

Photolysis of p.henylbromodiaZirine ie a co!.I.Ve:l:!..ent 

source of phenylbro~nocarbene (Ph- C- Br ) ( 132) .• .l?hen;yl carbene 

may be generated by photolytic dec.-,mpositioa of foll owing ( 133) .. 



-38-

H Ph 

Ph 

qyru1ocarbene (Ph-0-CK) is produced by the nhotolyuia 

of suitable OY..irane.(131 c) or fr.>m 1 1 3,2-aio ... :a'?hosph (v) 

~lane (134). 

0 

~Ph 
Ph CN 

et oet 0
" 1 ;oet 

p'\. cl 0 
NC~Ph 

Ph CN 

~iuglet carb~ne is uenere.ted by tne photoJ.:rsis of 

arylcyclopropane. T!1e reaction of ~sters of trichloro acetic 

ccid ·.-;-itb alltoxide produces dichloro carbene (78) . 

One o!: the r10st convenient me·!.: hod for &e:lera.t ing halo­

geuocarbenes is the thermal dec:1:npos:i. tio.u of orga.nometaJ~ic 

recursors (135 a, b). 
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1).'1 - Hg- .rlr + :CCl ? ..., 

Or["~ .. oli thium reo.~ellt Gi vas ~H-O-t~ car bene \·lith 

P-Hl.!H r 2 , ,thereas :;~H- C-01 is obt~1ed frOHl p!ICH C12 , i.t the 

1 .... ter "'e ct·o.l o• ·ru~lit.iu.:L rt.Jr:s '1.S a baoe , ::c. oviu..:; a 

react Ll two ways depe.adintl on •. he ther it r ::acts ,,..~..th o.Lly one 

dO ... J or ·' t. all. excess of or 0au...:>lithium : 

Li 
lr-, + 

\ ~ N NHTS '\ ~N N-TS " / N=N- U c c '-..7 c 
I l ) [ wilh excfsS I\ 

/c\ c'< R-Li] c 
/""-I H /1 H 

1 
'\ / ' / Li c Hao c 

II ll 
G c 

/" /" 
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Yiuyl carbanes can be benerated in various ways tlle 

initial wor~ by He\vman lhic.b involves tne reaction o.f bases 

~ith nitro oxazolidinones (136 a , b) . 

- OH 

Oc=N2 

Busic b..1r r J l sis o.f alo forus r ,s • ta _- .. he t,;eu .... ra:t 1on 

JJl013 + :B 

: 0013 

-JCl­v 

s JC1
2 

+ BH 

+ Cl 

Olo..:aon ~ e1 have .re ')orted i.i-1 erGs ting synthesis of 

c_;.rb ne by treat Mll"t o_· s .. able c:1.t vns, vi"'• (~a~2 
with base (138). 

+ - Jase (MeS),_, OH :81?4 (Meo) ,, C= 
"" .... 

+ 
(meo)2 CH .BF4 .l3ase ~ (>ueO) 2 

c ~: 
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d. Thermal and photo clle.-ical reactious are •J.lso the ~enera-

tincl' source of dihalo carbene Ylhich are s'1own b~ the following 

...: · ""~l •nc1 ...,l,v 4 + • 1.1 2 .... (15) 

p.t-Hg-X + ' cx2 ( A = Cl, ..:Jr) 


