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Abstract - Under reaction condition6 which prevent halogen atom chains, imidyl 
radical6 are the chain carriers in reactions of N-haloimidee. Characteristic 

reacttons are I) ring-opening of certain imidyl radicals, 2) hydrogen 
abstraction6 with selectivities similar to chlorine atoms, 3) additions to 
alkenes and 4) substitutions of arenes. The absolute rate constant of 
reactton between imidyl radicala and most substrates is in a range of alO5 
flmol. sec. 

HISTORICAL 

Despite determined earlier efforts to recognize the intermediacy of succinimidyl radicals. 

only during the last decade was this objective achieved. 

Radical reactions using N-haloimides have been known since 1942, when Ziegler et a1.l reported 

radical allylic brominations using N-bromoauccinimide (NBS) in CCf4. A critical factor for succeaa 

in these allylic brominatione was the use of CCf4 as the medium, a system in which NBS is slightly 

soluble (-1O-3 M). 

This reaction first was explained, without evidence, as a radical chain reaction with a 

succlnimidyl radical as the hydrogen abstractor. In 1953 Coldfinger and coworkers proposed a 

bromine atom based mechani6m,3 in which NBS only served as an HBr scavenger thus forming 

succinimide (SH) and bromine. Although the presence of alkene dictates a very low Br2 

-fH Br’ +- * HBr + > 

J + Bq * __rBr + Br’ 

HBr + NBS + Br2 + SH 

concentration, the small amounts of bromine which are present4 are sufficient to maintain a Br* 

chain. Allyltc brominetion occurs in the absence of NBS when Br2 is added slowly (in a He stream) 

to an alkene.5a.b 

The low solubility of NBS in CCL4 is the crucial factor in precluding imidyl reactions under 

Ziegler conditions.6 In contrast. if a solvent is used in which NBS has a higher solubility (i.e. 

acetonitrile, wthylene chloride), NBS can compete succeesfully with the small amounts of Br2, in 

NBS 
- RBr + S’ 

R’ 
=& RBr+Br’ 
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reactions with the alkyl radical Intermediates. In good NBS eolvents, auccinimidyl radicals are 

formed, snd if the scavenging of Br2 is adequate, &he chemistry is attributable totally to the 

imidyl radicals. These chain carrters are unambiguously recognized by the presence of imidyl 

aoieties in products obtained fn addition reactions. Indfeations for their participation fn 

substitution reactions come from the distfnctive substitution selectLvfties.6.7,g 

Small amounts of alkenes vithout allylic hydrogen8 serve adequately to scavenge bromine in 

these “better” NBS solvents. The influence OP 

halogenation of butane is shown in T8ble 1.8 

small amounts of alkene on the selectivity of the 

Table 1 

Diatrlbution of isomers (X) formed in halogenations 
of butane with various halogenatlon reagents.8 

I-halobutane 2-halobutane 

Br2 0 100 

BqfNBS 0 100 

CE2 32 68 

NCSt’aLkene 25 75 

NBSlalkene 25 75 

NSSfaLkene 23 77 

UhfLe bromination of butane with NBS in the presence of Br2 shows Br* selectivftee, the inclusion 

of alkenes changes the selectivity to one resembling CL*. The saw selectivity is found for 

different X-haloimides (N-chlorosuccinfmide (NCS), N-bromosuccinfmide (NBS) and N-iodosuccfntmfde 

INIS)), thus proving that a succlnimidyl radical is the hydrogen abstracting intermediate. Prior 

to this dtscovery, the only hint- for succinLmtdy1 radicals were the isoaeriration of NBS to 

B-bromopropionyl isocyanate (BPlj.9 some radical-scavenging, and ESR experimente.LO 

Using the alkene-scavenging conditfons, the chenfatry of a number of ioidyl radicals have 

become accessible. The key to imidyl radical chemistry la: 1) avoid coarpeting halogen chains by 

scavenging halogen (and halogen atoms) with slkenes, and 2) use solvents in vhich the N-haloiafdes 

are soluble. 

IHIDYL RADlCAL CHAINS 

An infdyl radical chain rPechanlsa was confirmed by chain length meaeuremente.LLrL2 Quantum 

yield determinations of photochemically induced brominations of methylene chloride by NBS in tht 

presence of t-butylethylene (in the dark no reaction takes place) showed chain lengths for alkane 

bromlnnttone of approximately 30, with inhibttion by oxygen or 2,6-di-tert.-butyl-p-cresol.LL Chain 

lengths of -103 are attained for addition8 to alkenea, 14 and 10 for substitutions on bentene.L5 

The chain reactions can also be induced by thermal decomposition of fnftistors such as 

dt-tert.-butyl peroxyoxalate, bentoyl peroxide or AIBN.LLsL2 

Besides the confirmation of the chatn character of this reaction, it was shown. that the cbafn 

propagating radical is an imidyl radical since it undsrgoee addition reactiona with alkanes and 

srenes and thus becomes part of the product molecules (set belov).g~L3~l~~L5 
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SOM Chsin Sequences 

Substitutions: S’ + RH * sli + R’ 

R’ + NBS + RBI! + S’ 

Additions: S. + -+ S--Y 

SJ f NBS + Svr’Br + S’ 

SCOPE OF IHCDYL RADICALS MD THEIR RUCTIONS 

The halogen scavenging recipe is useful in generating imidyl radicals from a variety of 

X-haloimides. Both the halogen and the imidyl part can be varied: 

N-halosucclnimides: 
0 

C 

N-X 

0 

N-haloglutarfmides: 

N-halophthalimides: 

N-halohydantotns: 

0 

(2 N-X 

0 

0 a 0 N-X 

0 

0 
N1( 
h N-X 

0 

These fmidyl radicals can partfcipate fn: 1) ring-opening reactions, 2) hydrogen abstrac- 

tlons, 3) alkene additions and 4) reactions with srenes. 

1. Ring-Opening Reactions 

An LmportanC reactlon of imfdyl radicals is the ring-opeufng rcsction formfuR Ioocysnatss, a 

reactton knovn since i957;9 this is a chain reactloa .11 In the propoacd rschaniar the ilidyl 

radical opens to fors a carbon centered radical ufth an mcylfrocpaate function. This rsdical 

abstracts a halogen from the N-haloimide to foxm the halo-•cylisocyanate with raganer&ioa of the 
chain propagating imidyl radical. Table 2 show whfch N-halolnfde8 ring open and which do act.11 



4292 U. L~.~NINO and P. S. SKELL 

0 c N- 

0 

r f+ 
0 

6 NC0 . 
0 c N-H + R’ 

0 

0 

c 

NJ 

0 

Table 2ab 

0 c N-X - 

0 

Porn Isocyanates Do Not 

NBS 

NIS 

23DIiNBS 

22DMNCS 

22DUNBS 

2nNBG 

22DUNBC 

NCS 

23DMNcs 

NCC 

NBC 

33DMNCG 

33DHNBC 

NCP 

NBP 

NIP 

N-browhydantoins 

a) S stands for succinimide, G for glutariaide, P for phthalimfde, C for 

chloro. B for brom, I for fodo, H for mathyl and DM for dimathyl. So, 

i.e., 23DbfNCS is an abbreviation for N-chloto-2.3-dimathyl succinirida. 

b) ref. II 
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0 c N- 

0 

n > 

0 c-f NC0 
I 

0 
X 

In some halogen scavenged systems this ring-opening reaction occurs with 96% yie1d.l’ The 

ring-opening is fn competition with abstraction and addition reactions with suitable substrateo 

such as neopentane,” t-butylethy1ene.l’ or benzene,15 the presence of which reduce the extent of 

rfng-opening. 

However, there were several puzzling observations: 1) the yield of ring-opened product 16 

dependent on the N-halo&ride concentration, If 2) NBS forms ring-opening producta, WCS does not,ll 

and 3) the yields of isocyanatee are larger if a-alkyl substitusnta are present on the 

N-halotmldes.ll These facts suggested reversibility of the ring-opening reaction. 

Ultimately the reversibility of the ring-opening was proved by using the deuterium labeled 

N-halosuccintmtdes, meso-and d.-2,3-dideutero-N-halosuccinitides (e-d2-bXS, G-d2-NXS).11 

Using the deuterium labeled N-chlorosuccinimfdes *-d2-NCS or _d.O-d2-NCS in ChlOrination6 of 

neopentnne (ethene halogen scavenger) the suceinlmide obtained was found to be 90X isomerired 

indfcating a ring-opening/ring-closure intervention, even though there is no ring-opened product 

with NCS. If neso-d2-NBS was used to brominate neopentane, S4X of the NBS was converted to 

B-bromopropionylisocyanete (BPI), the remaining 162 effecting substftution on neopentane; 62% of 

the succtnimide formed in this substitution reaction had undergone ring-opening. Thin difference is 

explained with a more rapid trapping of the ring-opened radical by NBS than by NCS. The results 

are summarized in Scheme I. 

Scheme I 

NC.5 : 

NBS : 

0 c N* 

I 
0 

(11 RH 

0 c N-H 

0 

0 

. A . . NC0 

C2> NXS I 
X-J-f NC0 

rate (1) > rate (2). and thus no irocyaaata is obtained and deuterlum scrambling in the 

succinimide Is observed. 

rate (2) > rate (1) and thus ring-opened product domlnatce and lass dauterium wrambling is 

found in the ouccinlride. 
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The halogen transfer from the N-haloimide to the ring-opened radical is slower for 

H-chlocoimides than for N-bromo-or N-iodofnldes (rate (2) (NCS) << rate (2) (NBS)). The slover 

trappfng of the rfng-opened radical results in substitution exclusively, accompanied by isotopic 

scrambling in the succinfmtde. 

Methyl subetituents in the o-position increase the rate of ring-opening (22IMNBC ring opena, 

33DFlHBG does not) and decreases the rate of ring closure by stabilizing the ring-opened radical (3. 

radical tnstead of 8 1’ radical).11 Thue even a chlorocompound such as 22DKNCS produces 

tuocyanste. 1 i In benzene at 7O’C 22DKNBS form6 72% isocyanste, but NBS only 1X, the reminder 

being invoIved in the substftution reaction on bentene.15 

The glutarlmides undergo ring-opening less rapidly than the succinimides, 8 consequence of 

difference in ring strain, and ring-opening has not been observed with phthalimides. 

To summarize, ring-opening product is diminished by choosing N-chlorolmides instead of 

N-bromoimides, increased by substituting the a-positions with methyl groups, and decreased by using 

N-haloglutar-and N-halophchalimides instead of N-halosuccininides. 

AS already mentioned, the yield of ring-opening product is also influenced by other coapeting 

reactions such as H-abstractions or additions to alkenes or arenes.ll#lS For erample, NBS in 

benzene at 7O*C forms only IX BP1 (99% reacts to form N~henylsuccInl~de and suceinlmide).19 Also, 

Lncluslon of such compounds as bromotrichloromethane may diminish the ring-opening yield because 

they favor reactions other than the imidyl ch8tns.16*17 Inclusion of Bq lowers the yfeld of 

~~~,I2.17,1* toO. but to date the rationale is not fulily understood. The competition between 

bromine atom chains and succinimidyl chains does not adequately explain the reduction in BP1 

yields.l2rl7*1* Exp~8nationfi which have been suggested include the formation of B 

Br.-NBS-complex,12t19 or another state of S* (see below). 

2. Hydrogen Abstrections 

Hydrogen abstractions by iaidyl radicals have been examined for e number of substrates. The 

problem of distlngulshlng betveen competitive bromine atom chains can bs overcome by using 

subscrates relatively unreactive to bromine atom such as, for example, neopentans, aethylene 

chlortde, t-butyl chloride or 2,2-dichloropropsne. More generally hslogen atom chains can be 

avoided by scavenging of kalogen and halogen atoms vith atkenes as ethene, t-butylethene, or 

l,l-dlchloroethene for chlorine or bromine, and allene for iodtne; butadiene or norboroene are 

necessary to preclude Bra sbstrac&lons ln bentylic systems. 

0 0 

6 N- + RI-i - c NH + R’ 

0 0 

0 c 0 

R‘ + NX - RX -I- c Ne 

0 ij 

Benzylic hydrogen atoms react very rapidly with Et-* , and in the ethylbeneene/ toluene 

competition a benxylic hydrogen of ethylbenzene is attacked 20-30 times faster then one of toluena. 

This selectivity value is obtsined vith Br2, Br2/NBS, NBS alone, or NBS/t-botylethylene.5 gowever, 

using norbornene or butsdlcne as a Br* trap in this competltlon, 33BWBC l hovs a bromirution 



lmidyl radicals 

Table 3 

Hydrogen abstraction selectivities for different 
radicals on a per hydrogen basfs. a) 

CHCL3 

a-b) s.c) 

0.0014 

c.d) p.e) Br* f ) 

8.5 

CH2Cfi2 <0.02 0.06j) 0.18 0.14 >15 

(CH~)~CIX~~) 0.14 

(CH3)3CCLi) 0.43 

I0 RH El El :1 :I :I 

2O RH 3.6 4.6h) 6-7 11 -700 

3” RH 4.2 14 18 -50 >25000 

BrXC4H8 

I-bromo- 1, I- 0.09g) 0.2oc) 0.09f) 
butme 

1,2- 0.43 0.54 8.1 

I ,3- El El Zl 

1.4- 0.46 0.43 0 

kH/kD CH2CE2 

CHCL3 

1.5c) 11.5c) 

1.4c) 13c) 

- 

8) S’, C* and P* stand for succlnfmtdyl, glutarimldyl and phthalimfdyl radicals. 
b) 25’C, ref. 16, 21. c) 15’C. ref. 16. d) 15’C. ref. 20. l ) 15’C, ref. 23. 
f) 27°C ref chloCine ir;6A’,f,r,~i 60°C. ref. 25. h) ref. 17. i) RearrangePent by migration of 

, ref. 16. j) ref. 11. 

Table 4 

Acrlvation parameters for glutarfmidyl (C*) and phthalimidyl 
radicals (P-1 in neopentane/methylene chloride competitions. 

AHSC5H12-AH*CH2CL2 
[kJ/mol] AS* 

C5”12 
-AS+ m2ct2[J/-l Kl 

c-6) -10 -21 

p.b) -16 -37 

a) ref. 20. b) ref. 23 



42% U. LONINO and P. S. SKELL 

selectivity of only 3.20 with substltutlon aleo occuring on the ethyl group of ethylbenzene, 

r(CH2/CH3) - 3.20 eelectivities similar to those reported for CL*. Although the main reaction in 

thts latter system is addition to the alkcne, the aclactivity for benzylic subrtitutiona are 

distinctly different from that of Br-. 

In Table 3 selectivities on a per hydrogen basis for neveral imidyl radicals and various 

competition systems are summarized. The selectivitlea are similar to those of CL* or Og* and 

differ sharply from those of Bra. A comparison with the selectivitiee of other radicals ia given 

In ref. 20. 

The activation parameters for the neopentane/methylene chloride competition were determined 

For the glutarlmtdyl radical CC*) and the phthalimidyl radical (Pa) (Table 4).20~23 The hydrogen 

abstraction competlttons show little temperature dependence an a consequence of small, compensating 

activation parameters. This la an instance where the reactivity differencea are not dominated by 

the AAH* term; the TAAS* is similar in magnitude and suggests an early transition state.24 

3. Alkene AddL t ions 

If radical chain reactions with Lmidyl radicals are carried out under conditions where more 

alkene 1s present than in experiments where tt only serves a8 a halogen rcavengsr. 1:1-addition 

becomes the major reaction. 8~13*14 The imidyl radical adds to an alkene forming an adduct radical 

which then reacts wtth N-haloimide to form the l:l-addition product. 

Table 5 summarizes the yields of 8ome addition products formed in non-optimized reactions of 

N-bromo-3,3_dimethylglutarimide (33DMNBC) and N-bromophthalimlde (NBP) with alkenea. 

Table 5 

Yields of 1:1 addition products14 formed by reaction 
of 33DMNBC and NBP with various alkenes. a) 

DMNBC NBP 

ethylene 

t-butylethylene 

822 

83X 

- 

Alzb) 

isobutene 90% 53% 

vinylacetate 80% w4oxb) 

2-chloropropene 892 3o-hoxb) 

a) All yielda were determined by NM in the reaction mixturea, except 
b) Yields of purified producta. 
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The addition reactions sre remsrksbly clean reactions with high chain length (up CO 2000)14 

which can be ratfonalized as follows. Imidyl radicals shou eleccropbillc bshsvior by adding eaaiiy 

to electron rich alkenea forming sdduct radicals. These nucleophflic slkyl rsdicsla26 abstract 

bromine from the N-bromoimides, chua regenerating the chain csrrier. The slternstion between 

electrophflic imfdyl and oucleophttic alkyl rsdicale explsfns the high yields of the sddftion 

resctlons. glectrophllic iplidyl radical6 prefer the addition to electron-rich alkcnes, while 

nucleophiltc nlkyl radicals prefer the reactSon with the N-haloimide. This also expla%ns *hy the 

addfclon reaction does not preclude polymerization of less electron rich alkoneu such a6 

l,l-dichloro-ethylene, and why no addition product is obtained with electron poor 8lken8B such ae 

fumarodlnitrtle, maleic anhydride or tetrschloroethylene.14. Styreoe provides sn intramolecular 

competftton between sddttfon to the double bond and addition co the sromstic nucleus, with the 

double bond being only twice as resctive as the benzene rfng.13 

Competition reactions between various slkenes sh# only small differences in rdltee of 

addftton, a rslrge of 3 with the alkenes Shown in Table 5. Additfonlabstraction 

competttftonsf1,14,*3 carried out with neopentsne and t-butylethylene, showed tha& glutarimfdyl 

r~dfcsls add to slkenes -100x faster than abstraction of a prlmsry hydrogen atom (Table 6). The 

phthallmldyl radical adds to a double bond 103 times Easter than it abstracts s primsry hydrogen 

atom. Stabilization by the atomstic moiety may explain this difference. 

This radical chsfn addition of N-hslotmides to alkenea Is an excellent eynthetLe reaction, 

re%lttqg in the lntroduccion of X and N se vfcinal positions. 

Table 6 

S@lectivities of imidyl radical8 in addftion/abetraction 
competitione, carried out with r-butylethylene and ae0pentsne.s) 

addt t ion/ 
abstractions 

a) The selectfvftiee are calculated on a per double bond and per hydrogen 
basis. Se, C* and P* stand for succiniarfdyl, glutsrimfdyl and 
phthstfmLdyl radicsis. b) Cslculated using l-butene, ref. 27. 

c) ref. II. d) ref. 14. e) ref. 23. 

4. Reactions wlth Arenes 

Imidyt radicals also react with arenes. An sdd~t~o~~@Ii~nstio~ sequence Leads to 

substitution of the aromscic rrucleus by an fefdyl moiety. ImidyL radicals add to bensene wfth a 

rate similar to the rate of addttfon to alkenes ,14,15 formfng s cyclohexsdfenyl radical. In ecrong 

cone tsst , the methyl radfcsl strongly prefers slkenes (ethylene by a factor of approrlcnritely 

100).8,28 The cyclohexadlenyl radical abstracts a halogen atom from the N-haloiaide to give a 

cyclohexadiene (isomers are possible), vhich then loses HX to give the substituted srene. HX is 

scavenged by the N-halolmide giving i&de and halogen. To ensure bslogen-free resctioo conditions, 

these reactions must be carried out with an alkcne/N-haloWIde ratio of at least 0.5. The 

intermediacy of s cyclohexsdiene is indicated by the taolation of the tribroaatda fornd by additton 

of Rr2.29 especially noticeable when the acavanging by l lkena la not efffctant. 
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0 0 

0 0 

0 c 0 

HX + NX - x2 -I- 

0 
c NH 

0 

x, + = x+x 

HX 

This mechanism is supported by the observed 1:l:l atoichtometry for N-phenyllnide, imide and 

dlhaloalkane. At 7O’C this is a clean reaction, but at lover temperatures aide reactions such as 

halogen scavenging by the dlene also occur (leadfng to N-(tribromocyclohexenyl)-imidea).15v29 

0 

2 
c 

NX 

0 

+ 0 + - 

0 c N 

0 

x*x 



The overall rate of these benzene substitution reactions is small in comprri8on to 

alkene-additions or hydrogen abstractions. The slow step in the chain sequence pUt be the 
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transfer 

of Br from the bromofmide to the cyclohexadfenyl radical, since the aditioa step io itraversibla 

and is as fast as addition to alkenes.14 The irreversibility of the addition to benzene is 

indicated by the non-dependence of the relative rate constant8 for additions to alken and bauaene 

(direct competition) on the concentrations of alkene, benaene or N-bromoinide.14 

The reaction of tmidyl radicals with arenea also Indicate6 the electrophilic chxacter of 

imidyl radicals. AS found with *OH, benzenelalkene coatpetition rate constauta are clone to unity8 

(OH* - 4.3, S--2.0, G*-0.5). whereas for nucleophilic radicals such aa the methyl there Lo a 

preference for addition to ethylene by a factor of -IOO.B,~B 

ABSOLUTE RATE CONSTANTS FOR IHXDYL RADICAL REACTIONS 

Absolute rate constant8 for iatdyl radical reactiona have been determined in three different 

types of expariment: flash photolyaia of 33DMNBG in cyclohexane at 2S%,30 benroy peroxide 

initiated substitution of cyclohexane by NBS at 50~~12 and di-tert.-butylperoryoxalate initiated 

addition of 33DMNBC to alkenes at 35”C.14 

Table 7 

Minimum absolute rate constants for the reaction of 
N-centered radicals vith cyclohexane. 

N. + c-CbR12 + Rh + Wll’ 

Radical T/Y - k(pT1sec-l) ref. 

35 >105 a) 14 

25 >3.5 x 103 b) 30 

50 >104 c) 12 

28 >b.4 x 103 d) 31 

a) Calculated from the absolute rate constant of addition to athene (peroxide 
catalyzed) and the relative rate constants for the cyclohexanalctheoe 
competition (0.55). b) Plash photolysfe of 33DMNBG. c) Benroyl peroxide catalyxed. 

d) Tert.-butyl hgponitrite catalyzed. 

In Table 7 the results are auwrtzed, with all measurements normalized to H-abetraction from 

cyclohexane, by using the relative rates. The differences between the rate constants are attributed 

to the difffculttes in determining absolute rate constants for radical chain reactions by chain 

length measurement& In each instance these values mat be regarded aa mloiaum values. Reactions 

vlth high chain lengths (400-2000 fur the addition reactions,14 up to 8000 for the bromination of 

cyciohexane by N5S12) are more sensitive to the effects of small amount8 of inhibitors, Therefore 

It Is more likely that the absolute rate constant for the 6ubrtitutfon of cyclohexane is in the 

range OF lo5 H-1 aec -1 or higher. For the ring-opening reaction of the auccinilLdy1 radical a rate 

constant of 107K-lsee’1 had been suggested ,ll bamed on the awusption of an encounter-controlled 

rate constant for alkyl radicals vith Br2. Tha currant crop of l baolute rate conatanta fall. abort 

of this value. Ona can conclude tentatively that despite tlu l iPIlarity of l ubotitution 

selectlvlties, Ct* reacts faster tn hydrogen abotractiono by 4-5 power@ of ten.22*32 
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Ross and Eberson33 have studied the electrochemical reductions of BBS and NCS. Ona electron 

per molecule oE NXS is used in thLs reduction which has proved to be a rather coa&X reaction 

sequence, involving the formation of succininidyl anion (S-j aa an intermedlater It ia auggaated 

that the succinimidyl anion reacts with BES to form two imldyl radicala plus a halogen anion. The 

reaction products are not well characterized, but in a number of reactions the inida (SH) and 

malatnfmtde (isolated as polymalefnfafde) are formed in a ratio close to unity. The formation of 

the lmide and malefnimide (MB) is attributed to a disproportionscion of tvo succlnlnidyl radicals 

(S*); the maleinirafde then undergoee a radical polyareritation. Scherm? XI showa a aimplifted 

version of their mechanism for the electrochemical reduction of NXS. 

Scheme ss 

NXS + 2e’ + s- + x- 

s- + Nxs + 2s. 4. x- 

25’ + SK + NH 

rudfcal 
tiB_ polymalainfmfde 

ah - 

For Lmidyl radicals, 88 well a8 for others, two possible states carat be considered, 86 

lndlcnted by a o-and a n-8tructure. 34.35.36 The o-structure is characterized by an odd electron 

located in an so2 orbital of the nitrogen, thus having 6 electrons in the delocalized x-system. 

The l-structure is characterized by 5 electrons in She conjugated aystar and an elsctron pair in 

the sp* orbital. 

A serfen of attempts8**1,1b=37 was directed toward gaining acceae to both of them radicala 

via thermal reactions, and auccesa was claimed. But re-sxamination of thfa field17r18 show that 

most cases the chemistry could be explained with only one iaidyl radical and other competing 

react ions. 

in 

An ESR-spectrum of an x-irradfated 6uccfnimid8 crystal38 and ab initio ealculaCionaSS~PC l hov 

the x to be the ground state. The energy differencea to the first excited o-state ware calculated 

to be 21.5 kJ/a~ol~~ and AS.0 kJ/m01.~~ However, orbital symaatry conafderationa and KBDO 

calculatfons4t indicate the ring-opening reaction of the succininidyl radical should be a 

“Forbidden” reaction for the n-state because the n-orbital and the bond being broken are orthogonal 

to one another,S4 To date it ia not clear whether this “forbidden” ring-opening of a r-radical 

occurs and thus all of the chemistry described above 1s to be attributed to tha x state, or whether 

ft is only the o-radtcal that rtng opens, and that the chemfatry deacritmd in the precadfng 

secttons is attrtbutable to the o excited state, leaving the chemistry af the ground atate unknown 

at present. 
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SUMMARY 

The attempts to explain the Ziegler bromination and the search for a-and s-radicals opened a 

new field In radlcnl chemistry: the chcmiatry of imidyl radicals, showing unexpected behavior in 

rubntltutton and additton reactions. At present there is evidence for only one imidyl radical and 

the asstgnment of the chemistry to a n or a o state remains unsettled. 

This work was cnrrled out with financial support from The National Science Foundation. U. L. 
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