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AN E.S.R. STUDY OF SPIN-TRAPPING BY AZODICARBOXYLATES TO GIVE HYDRAZYL RADICALS
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Addition of photochemically- or thermally-generated radicals (X.) to dialkyl azodicarboxy-

lates gives hydrazyl radicals [Rcoz(x)mﬁco2R] which are readily detected by e.s.r.

spectroscopy.

In 1972 Stilbs et 21.1 proposed that diazenyl radicals of the type (g) were responsible
for e.s.r. spectra observed during photolysis of dialkyl azodicarboxylates gl) in hydrocarbon
solution.

hv

RO,CN=NCO,R ——————== RO,CN=N* + -CO,R (1)

0 )
In 1973 Marnett et §1.2 concluded that these spectra were due to hydrazyl radicals of the
type (3), formed by addition of solvent-derived radicals to (1). Product studies certainly
et Na

3

indicate that reaction (i1) must proceed readily.

A

X+ + ROCN=NCOR ———s ROZC(X)NZ—NCOZR (21)
(3)
faard

Later that year, Malatesta and Ingold4 showed that the signals were in fact due to
hydrazoxyl radicals R020(X)N—N(6)COZR (4), and e.s.r. spectra of authentic hydrazyl radicals
resulting from homolytic addition to QJ) have not been observed.

We now report that a variety of hydrazyl radicals can be generated by reaction (ii)
and that the e.s.r. spectra of (3) may be readily detected. The azodicarboxylates were
commercial materials, used with;:; further purification, and the samples were degassed and
sealed under vacuum in the normal way.5 Photolysis of a ca. 0.2 M solution of (1; R = But)
in cyc1opropane/%—butylbenzene (1:1) 1n the absence of oxygen at 256 K gave rise :; over-
lapping e.s.r. signals which we ascribe to the hydrazyls (2) and {é), formed as shown 1in
equations (iii) - (vi). If oxygen was not excluded, variable concentrations of hydrazoxyl

radicals were also detected.

% v b
Bu '0,CN=NCO Bu’ ——————s= 2Bu 000 + N, (iii)
toa Siv %
Bu'0C0 —————s= Bu'r + CO, (iv)
. k .
Buoco + ButOZCNzNCO2But - (ButOZC)2N—NCOZBut (v)

)

3575



3576 No. 37

Bubs + But020N=NCOZBut —_— Butozc(But)N-iqco Bu® (vi)

2
(6)

*y-nBu® (a photochemical source of But-) brought about a very large

Addition of Bu
increase in the relative intensity of the signal assigned to (é) Similar results were
obtained from experiments in which (hl s R = But) was photolysed in isobutane solvent with di-
t-butyl peroxide as an indirect source of t-butyl radicals [equation (vii); X = But], and it

appears that the quantum yield of radicals from direct photolysis of (1) is small.
fa'ad
t t . ‘s
Bu0 4+ XH ————= BuOH + X (vii)

Strong spectra of (5) and {6) were observed during photolysis of a solution containing
~~ ~

tOCHO and ButOOBut, the latter two reagents providing a better source of

(1; R=Bu%), Bu

.

Bu'0Co [equation (vii), X = ButOC(O)] than the azodicarboxylate. Under otherwise identical

conditions, the concentration ratio [&5")][(6)] increased with decreasing temperature and with
M

increasing concentration of (/l; R = But), as expected on the basis of equations (iv) - (vi).

We did not attempt to determ1ne7

k, relative to k; because the hydrazyl (,é') was much longer-
lived (half-life ca. 5 s at 250 K) than (,2), and because radical addition to cis- and trans-
(’l’) probably takes place at different rates.®

A variety of other radical addenda were generated photochemically, from azoalkanes or
from di-t-butyl peroxide via reaction (vii), in the presence of (,1,’ R = Bt or But) and the
spectroscopic parameters of the resulting hydrazyl radicals (,é\.) are gathered in the Table, The

spectrum of (,a; R=Et X= But) is shown in the Figu.re.10

I o
10 GAUSS

ESR Spectrum of EtOmCimt)LﬁCOEEt in Isobutane at 280 X
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E.s.r. Spectroscopic Parameters for Hydrazyl Radicals (3) and (8) in Hydrocarbon Solvents
fasd -

(3) Source Hyperfine Splittings P—/G

~ /K g
R X of X+ & g(N) g(N') Others
Bu® Me A, B 209 2.0040 11.6 5.8 7.1 (3H)
Bu® prt c 283 2.0040 14.0 5.8 2.3 (1H)
Bu®  cyolo-CeH,, c 340 2.0040  15.8 5.9 2.7 (1H)
Bu® cxclo—03H5 c 260 2.0040 13.4 5.8 3.5 (1H), 0.3 (1H)
Bu® Bu® 4, C 200 2.0040  12.6 7.8 3.0 (13CB)
Bu®  Bu'oc(o) 4 C 206 2.0041  11.8 5.0
Bu® Ph,Si c 260 2.0041 14.5 3.4
Bu® Bt,51 c 263 2.0041 14.4 3.7
Bu® PhGe c 255 2.0042 11.6 5.2
Bu® Ph,Sn C 254 2.0039 8.0 6.9

3 -—

Bu® Bun3Sn D 239 2.0044 8.5 6.2 17.2(“7Sn),18.o("95n)
Et prt c 274 2.0041 14.1 5.6 2.2 (1H), 0.5 (4H)
Et Bu® 4, C 273 2.0041 12,3 7.6 0.6 (4H)
Bt ButOC(O) c 262 2.0041 11.8 5.0 1.0 (2H), 0.4 (2H)

(©)

X

Phc(0) A 215 2.0047 10.1 5.2

Bu® A, C 235 2.0044 10.0 8.3

Et,S1 [ 284 2.0040 14.4 3.7

2 A = photolysis of XN=NX; 3B = photolysis of MeC(0)00C(0)Me;

ButO- + BulgSnz. Radical chain addition of R

C = reaction (vir); D =

3lV[H to ('l) was rapid for M = Ge or Sn; the
hydrazine produced is a probable additional source of (3) b Splittings did not vary signifi-
Lo and

cantly with temperature.

*ooBu®)

The hydrazyl (3; R = But, X = cxclo—C6H11) was detected during photolytic (from Bu
N
or thermolytic (from ButON=NOBut) generation of Bu.tO- in the presence of cyclohexane (solvent)

and (1; R = But) at 340 K. No signals were detected when (1) alone was heated 1n cyclohexane
fad A
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at 340 K.

15I\I—Labelling studies would be required for the unequivocal assignment of the nitrogen

splittings to I\I‘| and N2 in (’é), however some support for assigmment of the larger splitting to

N may be adduced from the spectra of (7; M = Si, Ge, Sn). The relative importance of (7a),
a4 ~A

and hence the value of E(I\I1 )/ g_(NZ), should increase with the n-acceptor character of M in the

order Sn < Ge < Si (compare ref. 11).

t 1

% w0 o1 £ s = 4
- - -
Bu 020(Ph3M)N N Co,Bu Bu OQC(Ph3M)N N CO,Bu

(72) (o)
fa e N
Addition of photochemically or thermally generated radicals to PhC(0)N=NC{(0O)Ph yields
hydrazyls PhC(0)N(X)NC(0)Ph (8) which are, in general, longer lived than (3) under similar
[ ~

conditions. Examples are included in the Table.
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