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Summary. Thc ESR. spectra of the radical anions of three cyclazines are described. Their 
z-spin distributions are discussed in terms of simple 810 thcory and compared with those of 
structurally relatcd species. 

In this paper we report the results of ESR. studies on the radical anions of 
G-azacycl[?i, 2,  Zlazine (I), 6-nitrocycl[3,2,2]azine (11) and cyclopenta[h]cycl[4,2,2]- 
azine (III)3). These three compounds have been recently synthesized by Jesse$ & 
Leaver [l]. 

Experimental part. The radical anions 10, 110 and 1110 can be prepared by both chemical 
and electrolytical methods. Electrolysis [N, N-dimethylformamide (UMF) as solvent and tetra- 
ethylammonium perchlorate as supporting salt] is, however, preferable to reaction with an alkali 
metal [potassium or sodium in 1,2-diniethoxyethane (DNE)] for two reasons : 

a) Controlled potential electrolysis inhibits the formation of diamagnctic dianions 1 2 0 ,  W O ,  
or II12e, if the applied voltage rcniains sufficiently low. I n  contrast, it is difficult to limit the alkali 
metal rcduction to  the uptake of only a single elcctron. This is particularly true for the cyclazines 
I and 111, where the reaction with sodium or potassium favours the formation of the dianions. 

b) The use of a relatively polar solvent (DMIT) and bulky cations [(C,H,),N@] for electrolysis 
prevents the radical anions from closely associating with their gegenions. Such an association, 
which is known to complicate the ESR. spectra {Za], occurs when 133, 110 and I I I e  are produced 
by alkali metal reduction in nonpolar ethcrs (DME) with Na@ or K'3 as gegenions. 

The radical unions 10 and 110 are sufficiently stablc to bc convenicntly studicd at room 
temperature. On the other hand, the halflife of ITIS is only a few minutes a t  +25", making 
low temperature studies desirable. 

Results. Figs. 1, 2 and 3 show the ESR. spectra of the electrolytically generated 
radical anions 10, 110 and I I P ,  along with the computer-sirnulated derivative curves. 

1) Univcrsitat Bascl. 
2) ITnivcrsity of Edinburgh. 
3) For the sake (of continuity the noincnclature ant1 numbcring of thc parent compound IV [6] 

has been retained. To conform with thc 1UYA.C rules: 1V bccomcs pyridino[6,1,2-~d]pyrroli- 
zinc; hence I is pyrazino[h, 1, 2-cdlpyrrolizine, I1 i s  6-nitro-pyridino[6,1,2-cd]pyrrolizinc and 
TI1 is cyclopcnta[4,5]azepino~7,1,2-ccZ]pyrrolizinc. 



HELVE TIC^ CHIMICA .!CTA vo1. 56, Fasc. 1 (1973) - Nr. 14 259 

Table. couplatag constants of protoizs and  I4N n u c h  (aH and a~ in gauss), and calculated z - s p n  
populataons (e) zn the rudzcal anions P ,  I I 0  and  I I I O .  

a~(1,4)  = 1.07 & 0.01: = 0.045 
aH(2,3)  = 5.92 & 0.04; e2,3 = 0.233 
a ~ ( 5 , 7 )  = 6.22 0.04; Q ~ , ~  = 0.237 
aN6 = 2.03 f 0.02; e6 =-0.066 

= 0.55 0.01; ps =-0.013 

= 0.053 
aH(2.3)  = 0.47 f 0.01; e2,3 = - 0.031 
a ~ ( 5 , 7 )  = 3.42 & 0.02; e 5 , 7  = 0.153 
a N 8  = 0.82 * 0.01; e8 = 0.023 

eo = 0.199 

= 0.115 
ez, 8 =z - 0.057 

= 6.11 & 0.04; e5,a = 0.318 
l l 1 Q  aH(6,R) = 0.12 f 0.01; es,8 =-0.017 

elo = 0.047 

aH(1.4) = 1.28 f 0.01; 

@ N  = 0.239 
3 2  a:'. = 9.75 f 0.05; 

aH(1,4) = 2.91 f 0.02; 
aH(2 ,3 )  = 0.53 0.01 ; 

a ~ ( 7 )  = 3.60 0.02; e7 = 0.116 
aslo = 1.55 f 0.01; 3 2  

6 

I 
aH(5,7) 

I 
5 GAUSS I 

Fig. 1. BSl?.  spectra of the radical anion I Q .  Top: Exfierimental spec trum.  Solvent: DMF; gegenion: 
(C2H5),NQ; temp.: -t 25" 

Bottom : Computer-sirnulafed spectrum. Coupling constants given in thc  Table ; line-width : 0.1 
gauss ; line-form : Lorentzian 
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The proton and I4N coupling constants are given in Table 1. Their assignment is 
based on analogy with related radical anions (see Discussion) and on the excellent 
correlation with n-spin populations calculated by the McLachlan procedure [3]. These 
values are also listed in the Table, beside the experimental data. 

For the Coulomb integrals c(G (I) and ~i (1, 11 and 111) use was iriacle of the standard values 
cr+O.5/3 and E+ 1.5p, respectively [4a]. In thc case of  the nitro group (TI), the parameters of 
Kieger and Fvae%kel [ 5 ]  were adopted. Thc conventional value of 1.2 was taken for i? in the M c  
Lachlaiz proccdurc [ 3 ] .  No variation of pararncters has been attcmptcd in order to  obtain an 
optimal fit betwcen the calculated z-spin populations and the obscrved proton coupling constants. 

Discussion. 6-AzacycE[3,2,2!azine (I). The ESR. data for 10 (Table) are 
strikingly similar to  those previously found for the radical anion of the parent cycl- 
[3,2,2]azine (IV) : aH(1,4) = 1.13; aJ$(2,3) = 5.34; a ~ ( ~ , ~ )  == 6.02; aIf(a) = 1.20 and 
a~~ = 0.60 gauss [GI [7]. Such a similarity points to an almost identical n-spin distri- 
bution in the two radical anions. I t  is consistent with theoretical considerations, 

I 

li; 
Fig. 2. ESR.  spectra of the radical anion 110. Top: I~'xpei.inzentalsibectrunt. Solvent: DMF; gcgcnion: 

(C,H,),S@; tcnip. : + 25" 
Bottom : Computer-.simulated spectrum. Coupling constants given in the Tablc; line-width: 0.1 
gauss; line-form: Lorentzian. The simulated curvc docs not account for the relative broadening of 

the high-ficld group of lines 
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since the 6-aza-nitrogen lies in a nodal plane of the lowest antibonding n-orbital [Sj 
and its introduction into the cyc1[3,2,2jazine system does not affect this orbital to a 
first approximation. 

Fig. 3. ESR. spectraof theradicalanion I I l G .  Top: Experimentals~ectrum.  Solvent: DMF; gegenion: 
(C,H,),N@; temp. : - 50" 

Bottom : Computer-simulated spectrum. Coupling constants given in the Table; line-width: 0.1 
gauss; line-form: Lorentzian. 

An alternative approach is to regard IV and I as nitrogen-bridged [70]annulene 
and aza[irO]annulene, respectively 171. Experimental data for IVO and IQ indicate 
that the singly occupied orbital of these radical anions resembles the antibonding 
perimeter HMO Ya- which is antisymmetric with regard to a mirror plane passing 
through two opposite n-centers and perpendicular to the molecular plane. This HMO 
is schematically depicted in Fig. 4, together with its degenerate symmetric counter- 
part ya+. 

The single occupancy of a perimeter-like orbital in IVQ and 10 can be interpreted 
as follows [q: Of the two degenerate lowest antibonding HMO's (ya+ and va-) only 
ya+ can mix with the lone pair orbital (yn) of the central nitrogen. Such a mixing 
yields modified orbitals yh and yk+, the former being stabilized and the latter de- 
stabilized relative to yn and ya+, respectively. As a result, ya- is lower in energy than 
yi+ and takes up the odd electron in the radical IVO (Fig. 4). The fact that the same 
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holds for 10 implics no change in this energy sequence by the aza-substitution. Evi- 
dently, although such a substitution considerably stabilizes v)a+ (or y: +) relative to 
ya.> (cf. the relevant coefficients in Fig. 4), it is not sufficient to counterbalance the 
effect ot the amino-bridging. 
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Fig. 4. Top : Drgenevate lowest an t iboding  HMO’s (ya+ ancl YJ&-) of the ten-wtembered perimetev 
Thc radii of the circles are proportional t o  the absolute values of the LLCAO-coefficients a t  the 
respective n-centers. Thc blank and  dotted circles symbolize different signs of the Coefficients. 
The centers which are bridged in thc cyc1[3,2,2jazine (IV) and its 6-aza-derivative (I) have been 
marked by solid arrows. The open arrows denotcs the aza-substitution in 1. 
Bottom : SplittiNg and occupancy ofthe HMO’s vat and via-, and the lone pair orhtal y,, in the radical 

anion IV@ ofcycZ[3,2,~]rczine. 

Because the n--spin distributions in IVO and 13 are almost identical, and the n-spin population 
e6 a t  the aaa-nitrogen is of much smallcr absolute niagnitudc than the values eB- e7 at  the neigh- 
bouring carbon centers, one can make a reliable cstiniate of the parameters QN and QCN in the 
formula a N 6  = QiqB+C)cx (e5+e7) [9]. As shown in a separate communication [lo], values of 
+27.5  1.0 and -- 1.5 

6-IL’itroc~ycZ[3,2,2]azirze (11). In contrast to tlie 6-aza-substitution which does not 
markedly alter the n-spin distribution in the radical anion IVO, introduction of a 
nitro group in the 6-position of cycl\3,2,2]azine has a profound effect on such a distri- 
bution. Owing to its relatively high electron affinity, the nitro substituent in 110 
retains the bulk of the n-spin population. As demonstrated by the diagrams of Fig. 5, 
the lowest antibonding HMO of I1 bears a strong resemblance to  that of nitrobensene 
(V) ”). Accordingly, the nitro-’*N and ortho-proton coupling constants for IIQ (a?? = 

9.75 and a11(6,?) = 3.42 gauss) are nearly equal to the analogous values for Vc3: 

0.2 arc deduced, along with a negative sign for aN6, 

aSO* = 9.705) and aIx(z,a) = 3.36 gauss IS]. 
__ ~ -. 

4) 

5 )  

The same heteroatom parameters were used here as in the calculation of the n-spin populations 
(see Rcsults). 
The coupling constant a? for n nitro sulistitucnt is very scnsitivc t o  Chc nature of the solvent 
and of the gegenion. The value quoted for Va IS\ was rncasurcd under conditions analogous 
to those used for 110 (DME and tctraalk~~laminonium pcrchlol-ate as the solvent and gegenion, 
respective’ly). 
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n 

Fig. 5. Lowest untibonding HMO's o f  6-nitrocycZ[3,2,2]azine (11) and nitrobenzene (V) 4, 

Schematic representation as in Fig. 4. 

It is thcrefore not surprising that the approximatc formula aso' = Qx@N+ ZQoNeo, in which 
the parameters QN = + 99 and QON = - 36 gauss were derived from the experimental data for 
VQ and its polysubstituted derivatives [5], also holds for 110. Use of the calculated n-spin popu- 
lations e N  and eo (Table) yields the coupling constant a? = + 9.33, in fair agreement with 

experiment. (The positive sign of a p z  can be deduced from the rclativc broadening of the high- 
field lines due to the I4N hyperfine anisotropy [Zb]: ef. Fig. 2). 

0.88(2.27) 

1.05 (2.36) 

1.17 (1.92) 

0.85 (2.55) 

0.99 

Fig. 6. Top : .Pertinent H M O  charges, bond orders and atom localization energies 6, (in parentheses) 
for cycZofientu[h]cycZ[4,2,2]azine (111)4) and uzulene (VI). 

Absolute values in units of I3 are given for the localization energies. 
Bottom: Lowest antibonding HMO's of 1114) and V I .  

Schematic representation as in Fig. 4. 
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C~cZ.-l,cnta[h]cycZ[4,2,2]azina (111). The numbers listed in Fig. 6 show that the 
pertinent n-charges, n-bond orders and atom localization energies6) of the cyclazine 
1114) are similar to those of azulene (VI), the framework of which is contained in III. 
There is also an essential correspondence in nodal properties of the HMO’s which 
determine the long wavelength electronic transitions in the two molecules. Such a 
correspondence is illustrated by the diagrams of Fig. 6 for the lowest antibonding 
HMO’s of 1114) and VI. In view of all these comnion features presented by the HMO 
models of the two compounds, one may expect that  the chemical behaviour and physi- 
cal properties oi the cyclazine I11 will exhibit some characteristics of azulene (1’1). 
Indeed, the facile electrophilic substitution in the 6,S-positions and the electronic 
spectrum of 111 111 are reminiscent of VI (lZ]. 

The similarity in spectroscopic properties also holds for the radical anions 1110 
and VIQ. According to the orbital diagrams of Fig. 6, tlie n-spin population in IIIe 
should be largely localized on the azulene-like moiety and its distribction should 
closely follow the pattern of VIO. This prediction is nicely confirmed by experiment, 
since the relevant proton coupling constants for 1113 ( a H ( 5 , g )  = 6.11; aH(6,8) = 0.12 
and aH(7) == 3.60 gauss) compare favourably with the analogous values for vIO 
(aa(4,a) = 6.22; a~(1,3)  = 0.27 and a ~ ( ~ )  = 3.95 gauss) [131. 

This work was supported by the Schweiz. AVationaZ/onds (Project S r .  SR 2.477.71) 
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6, Thcsc are the rnergies rcqtiirrd to localize an  elcctron pair on a z-center (drnotcd L 
ant] A: i n  r i i ] ) .  

in [4b] 




