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Abstract: The cycloheptatrienyl (tropenyl) radical was generated by the 
gas-phase pyrolysis of ditropenyl at 473-723 K and was trappsd in co- 
condensed adamantane at 77 K. Well-resolved isotropic FSR spectra of the 
tropenyl radical showd a linear temperature dependence of aiu, in the range 
77-226 K. The tropenylperoxyl radical was obtained if the ditropenyl 
pyrolysis was carried out in the presence of dioxygen. The anisotropic ESR 
spectrum of the tropenylperoxyl radical obtained in the adamantane matrix 
at 77 K was characterized by g, q 2.035, g, = 2.009, g, q 2.002 and a, = 
8.4 G,+ az = 9.6 G and a3 = 5.35 G. The V&_MZ.S of gii-and ais, were found 
exoerimentallv in the freely rotating radical at 130 K to be g = 2.0157 and 
a i 7.5 G res&tively. The hyperfine coupling arises from coupling to the 
8-H atom via a hypsrconjugative mechanism. 

Recently, we have found that the adamantane matrix, which is obtained by co-condensation of 

adamantane with radicals from the gas phase, is suitable for the investigation by ESR 

spectroscopy of these radicals at low temperatures.' In ccqparison with an adamantane 

matrix crystallized from solution, co-condensation frcm the gas phase stabilizes radicals 

only at relatively low temperature and so gives a greater range of motional freedom. Since 

adamantane itself is pyrolyzed only above 1000 K, radicals obtained from the gas phase 

pyrolysis of easily dissociating symnstric diallyl and dialkyl hydrocarbons can be studied 

by RSR using this type of matrix, as can radical products of their gas-phase reactions 

with, for example, dioxygen. The study by mass spectranstry and RSR of the pyrolysis of 

diallyl hydrocarbons in the presence of dioxygen led us to conclude* that the allylperoxyl 

radicals were formed only at low temperature in the condensing matrix, while in the hot 

gaseous phase the equilibrium R' + 0, f- RO; was shifted to the left. The temperature 

dependence of this equilibrium for the ally1 radical was previously established by the mass 

spectrcmetric studies.3r4 Anisotropic RSR spectra of the allyl- and 2-methylallylperoxyl 

radicals at 77 K as well as isotropic spectra of the same radicals freely rotating at 110 K 

in the adamantane matrix have been obtained.* 
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In this wzrk kt3 describe the formation of the cycloheptatrienyl (tropenyl) radical fran 

the pyrolysis of dicycloheptatrienyl (ditropenyl), and the cycloheptatrienylperoxyl 

(tropenYlperoxy1) radical frcm the 

I 

same pyrolysis performsd in the presence of dioxygen. 

--L @ 2 WU,., _~(2) 

II Ill 

The use of the adamantane matrix co-condensed from the gas phase enabled us to establish 

the thermal dependence of aiso of the tropenyl radical at low temperatures, and also that of 

a new hyperfine splitting seen in the ESR spectrum of both the rigid and freely rotating 

tropenylperoxyl radical. 

EzxP-a 

The RSR measur@mnQ. - Pyrolysis of ditropsnyl was carried out at temperatures in the 

range 473-723 K, both in the absence and the presence of dioxygen, in a quartz pyrolyser 

attached to the trapping Dewar vessel for the RSR measuremsnt,l The pyrolytic products 

were condensed on a cool finger (77 K) of the trapping I&war vessel both in the absence and 

the presence of adamantane and were studied by RSR. The partial pressure of ditropenyl was 

varied in the range of 5~10-~-5xlO -3 Torrt and that of dioxygen betwsen lx10-3-1.5x10-2 

Torr. The partial pressure of adamantane was 7x10-* Torr. After pyrolysis, the Dewar 

vessel was sealed off and insert& into the RSR cavity. The temperature of the samples was 

kept at 77 K by liquid nitrogen or at higher temperatures (fl K) by blowing cooled gaseous 

nitrogen over the sample in the cavity. The RSR spectra ware recorded on an RRS-220 

spectrcmeter [Centre for Scientific Instruments, German Academy of Sciences, Berlin, GDR7. 

The magnetic field was calibrated with a proton magnetcmeter HI-110 R [Radiopan, Poznan, 

Fcdandl. The g-values were calibrated relative to the signal of a Mn2+ (MI = -% line) 

standard at g = 1.9860. 

The mass spectrcmetric analyses. - Gaseous pyrolytic products were analyzed using a device 

cariprising a pyrolyser connected through a leak with the ion&&ion chamber of a MI 1302 

mas6 spectrometer (USSR).5 The formation of tropenyl radicals in the range of temperatures 

473-723 K was indicated by a decrease of fragment peaks of ditropenyl (in the order of 

decreasing intensity: m/e 91, 104, 78, 181) and increase in intensity of the fragment 

peaks of the tropenyl radical (m/e 65, 39, 63). !Fhe peak m/e 91 was decreasing in 

intensity with increasing temperature of pyrolysis when measured at 50 eV of ionisation 

energy, but when measured at 9 eV it grew in intensity with the temperature which was due 

to the increasing content of easily ionized tropenyl radical. The non-radical iscaneriza- 

tion of ditropenyl to dibenzyl at temperatures above 623 K was indicated by the increasing 

intensity of the ti' peak m/e 182. All these measurements agreed with results by Harrison 

+ 1 Torr = (101325/76O)Pa. 
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et aI.6 Addition of dioxygen to the pyrolyzed ditropenyl vapour did not change the frag- 

mentation pattern; no products of oxidation were detected. This is in line with the 

prevailing dissociation of allylperoxyl radicals at the temperature of the ionisation 

chamber (> 470 K).2 

The pyrolytic products were also analyzed after their condensation in the Dewar vessel 

(ride sup@ and thawing at room temperature. The Dewar vessel was attached through a 

break seal to the reservoir for gas injection to a JMlL D-100 mass spectrometer. The 

analyses showed that the pyrolysis of ditropenyl in the abseme of dioxygen yielded, in 

addition to dibenzyl, mainly benzene and lower amunts of styrene, toluene, ethylbenzene 

and indene. In the presence of dioxygen the pyrolytic products contained, besides dibenzyl 

and benzene, minly COz and lower amounts of benzaldehyde, benzyl alcohol and formic acid. 

All the products can be accounted for by the reactions of the tropenyl radical, although 

dibenzyl was suggested to be formed largely in a non-radical waye6 

REXJLTSANDDISCUSSION 

The troml radical in the co-condens. adamantane matrix. - The ESR measurements at 77 K .-- ______-___ 

on the trapped products of pyrolysis at 682 K of ditropnyl vapour revealed the presence of 

the tropenyl radical C,Ii; only. Its isotropic eight-line ESR spectra were obtained both in 

the absence and the presence of co-condensed adamantane; however, in the adamantane matrix, 

the tropenyl radical spectrum was much better resolved (Fig. la). The tropenyl radicals 

decayed in the adamntane matrix at temperatures above 226 K while in its absence, decay 

g =1.9860 --b-J ’ 
10G H 

> 

ESR spectra at 77 K of the tropenyl radical trapped in the co-condensed FGure 1 
adamantane matrix (a), the tropenylperoxyl radical trapped in the absence of 
adamantane (b). 
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started at 145 K. The inrprovea thermal stability of radicals in the adamantane matrix and 

wall-resolved RSR spectra (peak-to-peak linewidth AH (77 K) = 2.0 G; AH (226 K) = 1.75 G) 

allowed us to establish the thexmal dependence of ah in the range 77-226 K (Fig. 2), which 

4,Q 
an 

3.9 

Figure 2 Dependence of isotropic coupling (aH in G) of the tropenyl radical with 
temperature in various media: (0) adamantane nratrix co-condensed fran the gas phase; 
(I///) in hydrocarbon solvents (ref. 17); (ill) in cyclohexane or n-heptane (ref. 7); 
(0) in ditromyl (ref. 7). 

could not be previously done in solution. 7 Reproducible results for the thermal dependence 

of aH were obtained in all but the first thermal cycle which afforded initial aH at 77 K 

higher (4.08*0.02 G) than in the following thermal cycles. The magnitude of the coupling 

constant decreased linearly with increasing temperature from 4.045iO.015 G at 77 K to 

3.885*0.015 G at 226 K, the rate of increase being -1.074~10-~ G/K, compared with the 

dependence found in solution at higher temperatures, viz. -1.33~10'~ G/K in the region 

353-469 K,' The extrapolation of the present temperature dependence correlates well with 

the highest temperature splitting obtained in liquid ditropenyl.' This suggests that the 

use of the adanmntane matrix eliminates the solvent effects which may influence the RSR 

spectra, especially at low temperature. 

The ~cl~eD~~i~yl~ro~1 radical in the co-condensed adamantane matrix. - The Cyclo- 

heptatrienylpero~l (tropenylperoxyl) radical, C,H,O; (III in scheme) was formed as the 

only paramagnetic product from pyrolysis of a gaseous mixture containing a slight excess of 

dioxygen over ditropenyl (I), e.g. po2 q 1~10'~ Torr, PI = 8x10-a Torr. An insufficient 

amount of dioxygen resulted in the occurren ce of both tropenyl and tropenylperoxyl radical 

sqectra. The ESR spectrum of III trapped in the absence of adamantane (Fig. lb) gave g, = 

2.035, g, = 2.009 and g3 = 2.002 and did not differ from typical anisotxopic spectra of 

organic peroxyl radicals showing a nearly axially symnetric g-tensor. Such spectra are 

virtually invariant with respect to the nature of the organic substituent.e-ll 

If co-condensed with adamantane at 77 K, the tropeny&eroxyl radical displayed the 

anisotropic spectrum differing frcxn the former one by additional splitting in all g-tensor 

cwnents (Fig. 3bf. This anisotropic spectrum turned to an isotropic doublet with g = 

2.0157, a = 7.5 G upon watming to 140 K (Fig. 3a). It reversibly turned to the anisotropic 
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isure EsRspectraofthetropenylperoxylradicalintheco-condensed 
ktrix (a) at 140 K, (b) at 77 K, (c) simulated spectnm (b). 

adamantane 

spectnnn on retooling to 77 K. The latter spectrum appeared to be slightly better resolved 

than the original one. The peroxyl radical rapidly decayed at 150 K. The simlation of 

the anisotropic spectrum gave best agreement with the experimental spsctnnn for following 

values of the g- and a-tensors: g, = 2.035, g, = 2.009, g, = 2.002; a, = 8.4 G, a2 = 9.6 G, 

a3 = 5.35 G. The line width about 2.0 G is typical for this type of adamantane rnatrixi~2 

(vide stpra) and the simulated spectrum (Fig. 3c) was obtained with the linewidth values 

AHI = 2.4 G, AHH, = 2.0 G and AHH, = 1.7 G with larentzian line shape. 

A doublet splitting in the ESR spectra of sane organic peroxyl radicals derived fran 

sane unsaturated esters has been observed for the freely rotating radicals in cyclopmpane 

(g = 2.015, a = 4.4-5.1 G, 160 K) I2 while the splitting was not msntioned for peroxyl 

radicals derived from decalin and 2,6,10,14-tetramethylpentadecane at 403-424 K.13 We have 

recently observed a small unresolved doublet splitting in the freely rotating allylperoxyl 

and 2-methylallylperoxyl radicals in the same adamantane matrix; the latter radical showed 

additionally a distinct splitting in the anisotropic spectn_nn. 

Proton h-fine coupling in the anisotropic spectrum is well established for the 

hydmpero~l radical Hoe' (g,, = 2.0303, gl = 2.0044; all = 13.5 G, al = 8.6 G). I4 Although 

the g-tensor is practically very similar to that of ROO' radicals, the proton splitting was 

clearly observed in soft (Ar)11r14 and hard (H20, Co,)15 matrices. The possibility that m 

mre actually observing the hy&operoxyl radical seem to be excluded by (i) the 

differences in the proton coupling constants, (ii) the absence of proton splitting when no 

adamntane is present, and (iii) the mechanism of generation: the reaction R' + 0, + R02' 



ismmeprobablethanR'+O,+HO~" +R:. 

The proton splitting in the tmpeuylperoxyl radical must axise from a B-proton to the 

ps.X%Yl group by et hmerconjugation mechanism since the signe of the proton hyperfihe 

~~~are~1tfre~~rhs~l~BlrY,a~ti~~~c* ~~~~ ismch 

samller than in rotitimally atwaged I~B coupling (e.g. 25 G in GfIe~)16 hecause the 

unpxked electron in the O-O n mlecular orbital is divided between the tm oxygen atars. 

Calculations by Rakcczi et almll rhow that the unpaired electmn spin density on O(2) is 

3-4 times that on O(I) fsee III in Scheme). 

Wehave also considered the ~~~i~~t~~lr~~al couldbe EL cmgezzerof 

the tmmyl radical since the d$berxqyl was found to be formed in pyrolysis cf ditropenyl 

ahwe 623 K Ivide supra). Our apwiments on pyrolysis of dihenzyl, however, showd that 

thmmlysis to bemyl radicals oxmmd only akmw 673 K. The. isotropic spe?ctm of the 

bemyl radical at 77 K (fora& by pyyrolysis at 773 K) in the co-condenml adamantane 

w&xix was chzicttized by aR[rai,) = 26.4 G, atr(o- aud p-1 = 5.5 G (for solution spectrum 

see ref. 17-j. ~~~s~~~~~t~ 
nww been obsemed in the pyrolysis of ditropehyl. 

In conclusion, trapping radkals fran the gas phase 

pcmibility to differentiate b&men organic peroxyl radicals 

of their pro&x3 coupling corIstant* Gmparative studies on 

radicals are under way. 

the tropenyl radical aud has 

in adamantane matrix offers 

on the basis af the magnitude 

a nusber of argmic peroxyf 
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