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Abstrae-NMR spectra of 1,3,5-triarylverdazyls dissolved in DBNO yield all H hfs coupling constants 
and their assignment for 1,3,5-triphenylverdazyl. The experimental data are compared with McLachlan 
spin density calculations. 

ESR’ and NMR” 3 studies on a series of substituted 1,5-diarylverdazyls have revealed 
both the magnitude and the sign of hyperline splitting (hfs) coupling constants in 
1.5diphenylverdazyl (I). From these data the spin density distribution in the verdazyl 
ring and in the N-phenyl rings of 1,3,5_triphenylverdazyl (II) can be derived. However, 
it is not possible to obtain dependable estimates of the spin densities in the C-phenyl 
ring The significance of II as a primary verdazyl makes an experimental evaluation 
of its hfs coupling constants desirable. 
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As can easily be seen from the high number of hfs lines, 101250 are expected for II, 

the ESR method is not suited to give the hfs coupling constants of II. ESR spectra of 
II4 or of other 1.3,5-triarylverdazyls 2*4 show 9 lines or 9 not highly resolved groups 
consistent with 4 nitrogens which are equivalent within the linewidth. We have 
therefore extended our ‘H and ‘D NMR studies’ to a series of 1,3.5-triarylverdazyls.* 
Since the solubility of 1,3,5+iarylverdazyls is rather low, di-t-butylnitroxide (DBNO) 
was used as the solvent to obtain a more rapid spin exchange.5 The compounds 
which were investigated are summarized in Table 1. 

The NMR spectra of these verdazyls are resolved and exhibit resonance lines of 
all aliphatic, methoxy and aromatic protons except for those which are covered by 
the intense resonance band of the solvent DBNO. A representative spectrum is shown 
in Fig 1. Eqs (1) and (2) yield the hfs coupling constants from the observed para- 

l Note added in proof: Very recently the NMR spectrum of 1.3.5~triphenylvadazyl ~119 puMishcd.‘9 
The mcasurat values and their assignment arm in good aqraemcnt with the results presented berc except 
those conami ng the methyl- bridge of tbe vsrdazyl 
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Verdazyt Assignment 
Coupling Constants (I~ 
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@ Shift relative to the co~~pond~g H or D resonance of the diamagnetic leuawerdazyls 
b Resonance frequencies: H = 90 MH& D = 13.81 MHz 
’ The NMR lins of these protons are covered by the very intense DBNO resonance band 

verdazyls II and V which were covered by the intense DBNO band, and confirm the 
assignment of the C-phenyl ring protons. 

The NMR lines from the o- and p-protons in the N-phenyl rings are shifted to 
high yield and yield a somewhat larger negative coupling constant for the p-protons 
than for the o-protons. The NMR line of the m-protons is shifted to low field. The 
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coupling constants of the N-phenyl ring protons are fairly constant in this series and 
others.” 2 The NMR lines from the o-and p-protons in the C-phenyl ring are shifted to 
low field and yield a larger coupling constant for the o- than for the p-protons in con- 
trast to the normal situation in the N-phenyl rings. The NMR line from the m-protons 
of the C-phenyl ring is shifted to high field and lies under the DBNO line, as the 
spectrum of the deuterated verdazyl VI clearly shows. Substitution of aromatic 
protons by methoxy groups results in a small change of the overall spin density 
distribution in the verdazyls (V. VII) and replaces the aromatic proton coupling by a 
methoxy proton coupling of opposite sign and about one-tenth of the magnitude in 
agreement with the literature. a.9 The resonance line of the C-6 protons in the 
verdazyls likewise lies under the DBNO resonance, as the spectrum of the verdazyl 
III shows. The ‘D NMR line of III is unusually broad compared to others and 
again’ indicates a ring inversion in C-6 unsubstituted verdazyls which is slow on 
the NMR time scale. 

The measured proton hfs coupling constants and their assignment in the primary 
1.3,~~triphenylverdazyl (II) allows one to compare spin densities (table 3) calculated 
from the experimental data by use of the McConnell” equation uH = -23.7 &’ ’ 
and the Stone and Maki12 equation aN = 28.6 p\ and spin densities (Table 3) obtained 
by McLachlanL3 molecular orbital calculations. A calculation has been performedI 
Using the following parameters: /?,-.N,, = && = 1’2 /&, j&N. = &. UN = Q 
+ 1.2 /ICC, A = 1.2. As table 3 shows. the agreement between these two series of spin 

TABLE 3. CALCULATED SPIN DENSITIES POR I,3,5-TRIPHENYL- 

VERDAZYL (II) 

b c - 
0 \ /’ 

I 

Experimental Calculated 

Position -~ 

a [Gl I Pi d’ PFb PF’ 

0 - C -0a461 - 00526 -MS62 
b 6Q (N) N 021 @1944 0.2301 0.2485 
c 69 (N) N 0.21 0.2040 @2295 02421 
d - c - -00345 -Oil353 -00355 
e -1.05(H) C OQ44 00791 00572 0.0461 
J 0.39 (H) C -0016 -00313 -00254 -00224 
# -1.11(H) C 047 0.0723 00489 00363 
h - c - 00032 ooo39 OQO42 
I @39(H) C -0.016 -tIbaI77 -00086 -0X91 
I -@155(H) C OQO65 ocQO2 ocQO3 OGOO3 
I 0.27 (H) C -0011 -0oo66 -oiw)73 -0078 

* Al& = 1~2Bcc b BN& = l-kc c B?& = 09 Bee 
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densities is correct in the signs. but only fair in the values. As demonstrated by the 
X-ray structural analysisi 5 and the verdazyl ring inversion. the N-phenyl rings are 
not in the same plane with the verdazyl ring. It should therefore be reasonable to 
assume a somewhat lower value for jINxd. e.g. bNOca = jIcc as in the tetrazolinyls’6 
or phototetrazolinyls” or even lower. Spin densities from calculations with 

!&, = & and ik, = @9 /LO which are also listed in table 3, show a little better 
agreement with the experimental data than previously.14 

The interaction of the C-6 methylene bridge with the x-system has been neglected 
in these calculations. For a methylene group interacting with two spin sites. 
Whiffen” has proposed within the framework of simple lr-electron theory that the 
hfs coupling constant is proportional to the square of the sum of the x-orbital 
coefficients rather than the sum of the corresponding squared terms. The x-orbital 
coefficients of N-l and N-5 (NJ in the verdazyl ring are equal but of opposite sign. 
therefore a zero hfs coupling constant for the C-6 methylene protons is predicted. 
This prediction is well substantiated by the vanishingly small experimental coupling 
constant for the C-6 methylene protons. Consequently. the spin density at C-6 does 
not affect the spin density distribution in the x-electron system of the verdazyls. 

The NMR spectra of this 1,3,5triarylverdazyl series reveal the magnitude and the 
sign of all proton hfs coupling constants and their assignment and substantiate 
experimentally the calculated spin density distribution in 1,3,5-triphenylverdazyl. 

EXPERIMENTAL 

The NMR spectra were recorded on a Bruker HX spectrometer using the technique described in the 

preceding paper.’ 
3-Pentadeuterophenyl-l.S-bi~dmethoxyphenyI)formazan The mixture of panisidine (7.4 g) in HsO 

(20 ml) + cone HCl (15 ml) was cooled to 0“ and kept at this temp. while the soln of NaNOs (4.15 g) in 

H,O (20 ml) was added dropwise under stirring This diazonium salt soln was added in small portions 
to the stirred soln of pentadeuterobenzaldehyde-4-methoxyphenylhydrazone (prepared from penta- 

deuterobcnzaldehyde + 4 methoxyphenylhydrazine in EtOH. m.p. 124125” (dec)) in DMF (150 ml) and 
pyridine (75 ml) kegt at 0”. After 4 hr the separated product was collected and recrystallized from acetone- 

MeOH to yield violet black needles (13.4 gj m.p. 162-163” (decj (Found : C. 69.20: H + D. 7.28; N. 

1557. Cs,HrsDsN,Os requires: C 6992; H + D. 6%; N. 15.33%). 
3-Pentadeutero-1.5-bis+t-methoxyphenyl)ve (Vlj 3-Pentadeuterophenyl-1.5-bis(4-methoxyphenyl) 

formazan (2 g) + KHS04 (5 g) + 38% aqueous formaldehyde (5 ml) in DMF (100 ml) were stirred for 

1 hr. The mixture was filtered the tiltrate cooled to 0”. 38% aqueous formaldehyde (5 ml) was added and 
then dropwise 2N NaOH until the colour of the mixture changed to green. The product was separated by 
addition of HsO. Crystallized twice from DMF-MeOH green black crystals (1.4 gj mp. 144-145” (dec). 

(Found: C. 69.43; H + D. 6.86; N, 15a2. Cs,H,,DsN.Os required: C. 69.82; H + D. 6.92; N. 14.80”/,). 
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