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AMrae&-Us& PMR the isotropic hypertiae H couplia cotlstanfs of three series of substituted 
verdazyls have been measured and assigned. The experimental data are compared with series of other 
radical groups and with theoretical concepts published recently.‘.’ 

ESR and NMR investigations of many organic 
radicals have yielded clear experimental informa- 
tion about the spin transfer to hydrogen and first 
row elements in the u- and e-positions? to the 
radical site, and the mechanisms of interaction have 
been thoroughly discussed in the literature. Less 
data, however, is available for spin transfer to 
atoms in the y-position, and this data does not 
directly offer a comprehensive concept of the 
modes or mechanisms of the spin transfer involved. 
Recently, detailed theoretical studies of the long 
range interactions between y-hydrogens and the 
radical centre through the sigma framework have 
been published,” and the results of the calculations 
in these papers agree quite well with most of the 
experimental data known from the literature. 

In connection with our verdazyl studies’ we 
collected NMR data* of verdazyls with aliphatic 
substituents. in which spin transfer to y-protons is 
observed. We report the observed NMR data in this 
paper and compare the experimental findings with 
the theoretical results.” 

NMR paramagnetic shifts of neutral organic radi- 
cals’ and radical ions’ have been shown to render 
directly both the sign and the magnitude of 
ekctron-nucki coupling constants. In addition 
small coupling constants below the resolution of 
ESR can frequently be measured. This second 
advantage makes NMR particularly useful for the 
study of radicals like the verdazyIs,‘~‘” where sev- 
eral slightly different small coupling constants have 

tThe positicm of an atom relative lo the radical centre is 
denoted in Ihe usual way: 

SPresented in part at the 10th Infematioti Symporkwn 
on Frrc Radicals. Lyon, September (1971). 

to be determined. A sin& shifted NMR line from 
each set of equivalent nuclei is observed, if the spin 
lattice relaxation time 7, and/or the exchange time 
7* of the electronic spins is short compared to the 
reciprocal coupling constant measured in Hz: TV 4 

I/a, and/or 7,~ l/a,. In concentrated radical solu- 
tions spin exchange is usually very rapid. When 
measuring NMR of nucki with larger coupling 
constants (> I G) the NMR linewidth may be 
broadened beyond detection, but it can be reduced 
by using the liquid free radical di-t-butylnitroxide 
(DBNO) as a solvent.” The magnitude of the 
paramagnetic shift 6, is related 10 the hyperfine 
coupling constant a1 by 

s,m = vv y, IQ _ .adw 
4kTyt 

which can be written a, = C,(T)& The constant 
G(T) for protons at room temperature is 
C,42!X”K) - I.33 x IO-’ Gausslppm = 3.73 x IO-’ 
MHz/ppm. Nucki with lines shifted to low field 
have positive coupling constants, those with lides 
shifted to hi& Beld have negative coupling con- 
stants. 

The basic compounds in the synthesis of the 
verdazyls, the formazan s 1, were prepared by 
known procedures.” The verdazyls summarized in 
Table I were obtained following two known reac- 
tioa pathways.” with modifications of the proce- 
dUUillsOIXXcaseS: 

(8) The formazan s 1 and an aldehyde are cyclized 
in the presence of an ecid to yield the verdazylium 
catioo 2, which is subsequently reduced to the 
verdazyl3 undtr basic conditions (verdazyls 7-18). 

(b) The formanzan 1 is alkylated; thermal ring 
clorure of the alkylfoimazan 4 yields the kucover- 
dazyl S, which is subsequently dehydrogenated to 
the verdazyl3 with FcCI, under basic conditions 
(verdazyls 19-20). 



2842 F. A. NEUGEBAUEP. and H. BRUNNER 

N-N’ 
R’ 

Tabk I. Vadazyls prepared R’C:: ~CH-_R* 

G-N 
‘RI 

Verdazyl R’ - R’ R’ R’ m.p. @cc) 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

CH, 
CJLCH,-t4) 
C.H.CH,CH,-W 
CALCH(C)th-W 
CJLC(CHM9 

s: 

$1 

$1 

z: 
W, 
CaL 

CJLOCH,_(8 
C.H.OCH,_(8 
CJLOCH,_(8 
C9Hm3M’q 

ZEHB-(4) 
CH;CH:h 
CHGH, 
CHCHLH, 
CH,CH(CH,h 
CHKHCHGH, 
CHKHCHLH, 
CHICHGH, 
CH, 
CH, 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

CH,CH, 
CH(CH,h 

12ILlW” 
llbll? 
327-128” 
137-138” 
171-172” 

5!LNP 
72-73” 

116111”” 
127-128” 

1~101” 
13%14(p 
81-W 

1lCllY 

N-N’ N-N’ 
-Cm ‘H 

IIcWo.M Ird.bD -_c n 
‘CHR 

\ 
- -c’-‘& - 

N-N 
\ 

\ ./ 
\. / 

-N N-N, 

1 2 ’ 3 

N-Y’ wx+.~ N-N’ N-N’ 

-C’H--C 
I 

‘CH,R L-c 
u 

‘CHR 
\ \ \ 
N-N 

\ N-N, 
H’ 

N-L, 

1 

Tk diamagnetic leucovadazyls 5. which can be 
easily obtained by hydrogenatioo of the verdazyls 3 
with 5% Pd/BasO, as cayalyst,’ are the reference 
standards in the determination of the pammagnetic 
shifts. 

The NMR spectra of all the vcrdazyls studied arc 
resolved and exhibit resonance lines of all aliphatic 
and aromatic protons, except for those which are 
covered by the intense resonance band of the 
solvent DBNO or which arc too broadened to be 
certainly assigned as is often the case with the C-6 
protons due to the inversion occuring in the ver- 
dazyl ring. The resonance lines were assigned by 
comparison of the various spectra and on the basis 
of ESR” and NMR“, data obtained previously. 
The values of the measured paramagn etic shifts in 
ppm as well as in MHz and Gauss are listed in 
Table 2. 

The NMR lines from the o- and p-protons in the 
N-phenyl rings are shifted to high field yielding 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 and gives a 
positive coupling constant. Iht data of the N- 
phcnyl ring protons of all verdazyls except 19 and 
20 are fairly constant in this series and as compared 
to others.” In 19 and 20 the corresponding coupling 
constants arc about 10% larger than usual. This 
increase indicates that aliphatic substitucnts at C-6 
considerably influence the conformation of the 
verdazyl molecule. 

The NMR line from the o-protons in the C- 
phcnyl ring (610) is shifted to low field yielding a 
positive coupling constant. The NMR line of the 
corresponding m-protons is shifted to high field and 
lies under the DBNO band, but can be easily 
observed in other solvents. Substitution of aroma- 
tic protons by mcthoxy groups (610) kaves the 
overall spin density distribution in the verdazyls 
almost unchanged and replaces the aromatic proton 
coupling by a methoxy proton coupling of opposite 
sign and about one-tenth the magnitude in agrce- 
rncnt with the literature.‘“.” 

In DBNO the resonance line of the C-6 protons in 



2 
N-v ,R' 

Rhf C \ / LR’ 
6-N 

‘R’ 

Vaduyl coupling constJlnts 8 
solvmt Assignment Shift Y,- v. [Hz]’ shift iqppnl] MHZ GaUSS 

6 
DEN0 

cm, 

;BNO 

CDCI, 

8 
DBNO 

CDs 

9 
DBNO 

CDs 

19 
DBNO 

CDCh 

11 
DBNO 

CCL 

EBNO 

CCL 

13 
DBNO 

14 

R’ - R’: 

R’: 
R’: 

R’ - R’: 

;:; 

R’ = R’: 

R’: 
R’ - R’: 
R,: 

R’ - R’: 

R’: 
R’ = R’: 
R’: 

R’ - R’: 

R’: 
R’ - R’: 
R’: 

R’ - R’: 

R’: 

R’ - R’: 
R’: 
R.-R-: 
R’ - R’: 

R’: 

R’ - R’: 
R’: 
R’- R’: 
R’ - R’: 

R’: 
R’ - R’: 

- 7530 
2760 

-7990 
2760 

-1040 
- 169 

- 7490 
2-m 
834% 
mo 

-lo10 
- 166 

- 7430 
2Mio 
6130 
2660 

s5 
- 1030 

- 166 
-7300 

2660 
3580 

243 
2660 

21s 
-990 
-I73 

- 7470 
2710 

u2 
nlo 

230 
- 1010 

- I72 
-7m 

2710 
-7720 

- llam 
II30 
2710 
1140 

-s80 
-7200 

2630 
-7660 
-7910 

2% 
810 

-S76 
-7290 

2650 
-7650 
-9100 
-73al 

- 83.7 
XI.7 

-88.8 
30.7 

- II6 
- I.88 

- 83.2 
30.8 
92.9 
30.8 

- 11.6 
- I.84 

- 82.6 
29.6 
68.1 
29.6 
0.61 

- II.4 
- I.84 

-81.1 
29.6 
39.8 
2.70 

29.6 
2.39 

- Il.0 
- I.92 

- 83.0 
30.1 
2.69 

30.1 
2.s6 

- 11.2 
- I.91 

- 80.6 
343.1 

- 85.8 
- 122.2 

12.6 
30.1 
12.7 

-644 
- 80.0 

29.2 
-85-I 
- 67.9 

8.67 
30.2 
9.00 

- 6.40 
-81.0 

29.4 
- 85.0 

- 101.1 
-81.7 

-3.12 - I.11 
I.14 0408 

- 3.31 - I.18 
I.14 04BE 

- 0.43 I -0.19 
- OmO - oa?s 
-3.10 - I.11 

1.1s oa9 
346 l.2A 
1.1s 0409 

-0.431 -0.154 
- 0.069 -002s 
- 3.08 - 1.10 

I.10 0.393 
2.54 0.906 
I.10 0.393 
0.023 0.008 

- 0.427 - O-IS2 
-0.069 -0az5 
- 3.03 - I.08 

I.10 0.393 
I48 0.529 
0.101 0.036 
1.10 @393 
oa9 0.032 

- 0.410 -0.146 
-0072 - 0.026 
- 3.96 - I.10 

I.12 0400 
0~100 0.036 
I.12 0400 
0.095 0.034 

-0.419 - 0.149 
- 0.071 -0G2S 
- 3.00 - 1.07 

I.12 0400 
- 3.20 - I.14 
-4.s6 - I.63 

0468 0.167 
1.12 0400 
0.472 0.168 

- 0.240 - 0.086 
- 2.98 - Ia6 

I.09 0.389 
- 3.17 - I.13 
- 3.28 - I.17 

0.323 0.115 
I.13 0402 
0.336 0.120 

- 0.239 -0-5 
-3a - I.08 

I.10 0.392 
- 3.17 - I.13 
-3.n - I.34 
- 3.0s -1.09 
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Tabk 2-Continued 

Vadazyl 
solvent Assignment Shift yp - v,[Hz]’ 

Coupling ccmstants rs 
Shift G,(ppm] MHz Gauss 

DBNO 

CDCI, 
1J 
DBNO 

CDCI, 
16 
DBNO 

17 
DBNO 

CDCI, 
18 
DBNO 

CDCI, 

19 
DBNO 

CCL 

2) 
DBNO 

CCL 

R’: 

R’: 
R’ = R’: 

R’: 

R’: Ha; 
R’ = R’: H, 

R’: 

R’ = R’: 

R’: 

R’: 
R’ - R’: 

R’: 

R’: 

R’ - R’: 

R’: 
R”: 

R’ = R’: 
R”: 
R’ = R’: 

R’: 
R”: 

R’ = R’: 
R”: 

2690 
-7790 
-7070 

835 
840 

- 7350 
2730 

-7730 
- 1OlMl 

ml0 
297 
254 

- 7420 
2710 

-7840 
- 11050 

-9550 
1760 

-73m 
2670 

-noo 
- IOWI 
- 9570 

1910 
248 

-7380 
2730 

-7820 
-6450 

5630 
916 

-346 
916 

-8130 
2890 

- 8550 
- 13500 

3520 

2z 
480 

- 8410 

-z 
- 13200 

3380 
840 

295a 
3240 
834 

29.9 I.11 0.398 
- 86.6 - 3.23 - I.15 
- 78.6 - 2.93 - I.04 

9.28 0.346 0.123 
9.33 0.348 0.124 

-81.7 - 3.05 - 1.09 
30.3 I.13 0403 

-86.1 - 3.21 - I.15 
- 112.9 -4.21 - I.50 

20.7 0.771 0.275 
3.30 0.123 oxM4 
2.82 0.106 0.038 

- 82.4 - 3.08 - I.10 
30.1 1.12 0400 

-87.1 - 3.25 - I.16 
- 122.8 - 4.58 - I.63 
- 106.1 -3.w - 1.41 

19.6 0.729 0.260 
-81.1 - 3.03 - I.08 

29.7 I.11 0.395 
- 85.6 - 3.19 - I.14 

- 118.2 -4.41 - I.57 
- 106.3 - 397 - I.41 

21.2 0.792 0.282 
2.76 0.103 0.037 

- 82.0 - 3.06 -1.09 
30.3 I.13 0403 

- 86.9 - 3.24 - I.16 
-71.7 - 2.67 - 0.953 

62.6 2.33 0.832 
IO.2 0.380 0.135 

- 3.84 - 0. I43 -0.051 
II.3 0.380 0.13s 

- 90.3 - 3.37 - I.20 
32.1 I .20 0.427 

- 95.0 - 3.54 - I.26 
- Iso. - 5.60 - 2.00 

39. I 146 0.520 
5.89 0.2m 0.078 

31.3 I.17 0.417 
5.33 0.199 0.071 

- 93.4 - 3.49 - I.24 
33.2 I.24 0442 

-98.9 - 3.69 - I.32 
- 146.7 ‘- 5.47 - I.95 

37.6 I40 0.500 
9.33 0.348 0.124 

32.8 I .22 0.436 
36.0 I.34 0480 
9.27 0.346 0.123 

‘Shift relative to rhc corresponding ‘H resonance in a diamagnetic kucovadazyl: resonance frequency: H = 90 MHz. 

the verdazyls are covered by the DBNO band. In In summary the NMR data for the verdazyl 
other solvents the detection of this NMR signal also series studied (Table I) agree quite well in sign and 
meets with experimental difficulties, since this reso- magnitude with the experimental results obtained 
nance is considerably broadened compared to previously.“.‘* and show the same fair agreement 
others due to the ring inversion, which is slow on with the calculated spin density distribution in 
the NMR time scale. Only DMR of deuterated 1 Sdiphenylverdazyl or 1,3.5-triphenylverdazyl.‘.” 
verdazyls clearly demonstrated the location of the This NMR study of verdazyls was carried out 
C-6 proton resonance.” with the aim of obtaining additional information 
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about the origin of y-hydrogen hypcrtlne splittings 
in aliphatic substituents. In order to facilitate the 
discussion we arraoge the obtained data in three 
groups: (A, B and C). 

(A) Vadazyls with aliphatic substitucnts in the 
p-position of the N-phcnyl rings (610). 

The isotropic hypcrflne H coupling constants of 
the aliphatic substitucnts in 6-10 arc summarized in 
Tabk 3. This table also lists data for a similar 
phenoxyl series and the vcrdazysl 21 and 22. The 
spin densities at the substituted sp’carbons, which 
arc given in the last column, were derived from the 
k-splittings with the McConnell quatio# 

& --23*7pc. . (2) 

The isotropic hypcrllne coupIing constant of a 
B-hydrogen in alkyl substitucnts depends greatly 
on its orientation relative to the radical centrc or 
relative to the substituted spa-carbon. The angular 
dependence of an, has been approximated by 

a,,, - (A x B . cod &,) PC,=’ (3) 

where B is a constant with a value of about 50 
Gauss and A (smalI and often negkctcd) relates the 
coupling constant to the spin density at the subeti- 

tutai C-atom, when &, is 90”. For freely rotating 
methyl groups JZq (3) reduces to Eq (4). 

a,,, -(A+l/2B)pc. (4) 

Using the data from the verdazyls 6 and 7. and 
nwting A, a B value of 49-6 Gauss is obtained, 
which lies in the expected range. The observed 
variation of an, in the vadazyls 7.8 and 9 indicates 
that the rotation around the bond between the 
substituted C-atom and C. is hindered yielding dif- 
ferent equilibrium conformations. On the time Iv- 
erage the /3-hydrogens of 8 and 9 arc closer to the 
nodal plane of the n-system @henyl ring) than in 
the freely rotating methyl group. The au, vak of 9 
suggests an equilibrium conformation (u)) with 
Bcr -60” for the single @-hydrogen. 

Table 3. Isotropic hypertlne H coupling conmts (Gauss) of aliphatic substituents 
ia the verdazyls 610,21.22 and in the 2.6dLt4nuylpknoxyls Zm 

R 

an. 

6 R’ = R’: 
7 R’ - R’: 
8 R’ = R’: 
9 R’ - R’: 
10 R’ - R’: 
21’ R’= R’: 

R’: 
22’ R’ = R’: 

R’: 

is :i 
25” R: 
26=’ R: 
2.,llJb R. 

H 

,“&H, 
CH(CH,h 
UCH,h 
H 
H 
CNXh 
C(CH,h 
H 
CH, 
CH,CH, 
CH(CYh 
UCH,), 

1.18 
I.24 
0.91 
0.53 

- 1.11 
0.27 

C-P43 
(+ )10.7 
(+PO 
(+P6 

0.050 

o-010 
0.036 
OQ36 

0.047 
-0-011 

0.035 
- 0407 

0405 

+ 0.385 

l Spin density at the substituted sp’-cwboa derived from au. - -23.7 PC.= 
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Lw a 

The experimental data of the verdaxyls 610, 
and particularly of 21 and 22 in Tabk 3 show, 
that the y-hydrogen hyperftoe splitting and the spin 
density at the substituted sp*-carbon have the same 
sign, and substitution of the p-hydrogal by a 
t-butyl group replaces the a-hyhgm splitthg by a 
y-hydrogen splitting opposite in sign and about 30 
times rtnaIkr in magnitude. The remarkabk in- 
crease of an, going from ethyl to isopropyl 
(89) regects a considerable change in the 
conformation. According to the p-hydrogen split- 
ting in the equilibrium conformation t8 of the 
isopropyl verdaxyl9 one methyl group eclipses on 
the time average the p,-orbitaI containing the un- 
paired spio (&, - 09. 

As is weli known from a number of ESR studies, 
especially on bicyclic radicals, where geometrical 
requirements are fuI6lkd by a rigid molecular 
framcwork,nY optimal long range interactions in 
y-positions are obscrvcd in a W-plan arrangemen? 
(39. &, = 0”. &, - 1sOq. In agreement with the 
experimental findings. SCF-MO-INDO’ and ab 
inito investigations’ also demonstrate that y-hydro- 
gen splittings reach their optimal positive values 

in the Wconformatioo, which permits a cumtitfve 
effect of spindeIo&xation and spin-m 
contriiutions. In various other confomations 
(Bc, > up, tl”, c 1209 the collhiitionr of spin- 
&locaIizXtion and of spin-pokrixatko may cmlcd 
each other or ykId negative vties with respect to a 
positive spin density at the eub&utal rulicaI 
site.” Since in the ahphatic p-sub&ituenta Of thin 

verdazyl series (MO) aU y-hydrogen sphttings 
have the same sign as the spin density at the 
sp’-cartum to which they are attached, the contrii 
tion of one y-hydrogen in a W-plan mt 
seems to dominate alI other y-hydrogen contribu- 
tions on the time average. This view is supported by 
the increase of the y-hydrogen splitting, which is 
observed going from ethyl to isopropyl. These 
experimental findings are not restricted to this 
verdaxyl series. The phenoxyl series listed in Tabk 
3 shows quite a similar behaviour, and the situation 
seems to be rather typical for p-substituted atyl 
groups at a radical centre. 

(B) Verdaxyls with ahphatic substituents at C-3 
(1 l-18, 31-33). 

Tabk 4 Lists the H coupiing constants of the 
ahphatk substituents at C-3 in these verdaxyls atxl 
also presents data of SevcraI similarly substinned 
nitronylnitroxides (sC39)“’ for comparison. 

The most striking feature of the data in this series 
is the sire of the g-hydrogen couphng coostants as 
compared to the a-hydrogen splitting. The /3- 
hydrogen splittings are about twice as large as usual. 

Tabk 4. Isotropic byperfiac H coupliq comtants (Ckuss) of the C-3 substituat (R) in 
the vadazylr 11-18 ad 31-33 and of the C-2 substitucnt (R) in the nitronybtitroxidw 

11-18 ,Y-Y ti-C(CH,h 

31-33 R-C, CHa 
ti-Ii 

363 R-Cm 1 
\. 

\ 
N-C(CH>h 

CH. 0 

Compound R a% ano % anr PC. 

H 
CH, 
CH,CH, 
CH(CH,h 
C(CH,), 
CH,CH, 
CHCIK.H, 
CH,CH(CH,), 
CH,CHCH,C,H, 
CH,CHCH,a 
CH-CHGH, 
CH, 
CYCH, 
CH,CSI, 
CHKH(CH,)r 
CHzCHCH,CH, 
CHdHC.H, 

0.72 
-2.03 
- I.63 
- I.17 

- 1.34 
- I.01 
- I*xl 

- 163; - I.41 
- 1.57; - 1.41. 

- oem 
( - )3.3 
(-12.m 
(-)I*8 
(-)I.99 

- 2.93; - 1.41 
(-)1.4 

-0GO 

O-168 
0.12o 
0*105 

0.124 
0.275 
0*260 
0.282 
0.832 

@038 

0937 

0.18 - 0.038 
(+)I*4 

‘Spin &ndty u tbc 8ahthncd spa& derived from bw. - - 23.7 pc.p 
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Using the data from the verdazyls 31 and 32, and 
neglecting A, Eq (4) yields a B value of 135 Gauss, 
which greatly deviates from the usual value of about 
50 Gauss. Tbe remarkably large values is probably 
brought about by the special situation at C-3, which 
represents a node in this extended ally1 system.t The 
observed decrease of the p-hydrogen splittings in 
the verdazyls 32, 11 and 12 agrees with a hindered 
rotation around the C-a, C-3 bond yielding diaercnt 
equilibrium conformations as has been found in 
many other examples. In these equilibrium confor- 
mations the 6 -hydrogens of 11 and 12, also in 13-17, 
are closer to the nodal plane of the n-system 
(verdazyl ring) than in the freely rotating methyl 
group (32). The a,,, values of 12 and 14 suggest an 
equilibrium conformation with &, - W (figure 28). 
Due lo the asymmetric fi carbon the /3 -hydrogens in 
16 and 17 are diastereotopic.” They should differ, 
therefore, in their paramagnetic shifts, and this 
behaviour has alreadi been demonstrated in the 
nitronylnitroxide 38. As one expects the NMR 
spectra of 16 and 17 yield two different B-hydrogen 
splittings. The mean value of a,,, and aH, corres- 
ponds lo the @-hydrogen splitting in a similar 
compound with a symmetric #-carbon (15). 

According to the experimental data summarized 
in Table 4 the y-hydrogen splittings have the oppo - 
sire sign as compared to the spin density at the 
substituted C-3 carbon. In addition the y-hydrogen 
splittings dccrca~c going from ethyl lo t-butyl (11 > 
12 >U). The largest y-hydrogen splitting, which 
stems from only one hydrogen, is observed in the 
NMR spectra of 1Slf. These Andings are com- 
pletely different from the results obtained in the 
series (A). Since the y-hydrogen splittings decrease 
going from ethyl to t-butyl the major contribution 
to these splittings comes from a methyl group, 
which on the time average is close to the P.-orbital 
plane through C-6. C-3 and C-a perpendicular to 
the verdazyl ring (&, - Oq. Due to steric hindrance 
in the favoured co~o~tions of W-17 the single 
y-hydrogen predominantly points to the verdazyl 
ring (6,. -0’). The extreme view of this situation 
gives the conformation shown in figure 44. which 
exactly represents the long known anti-W arrange- 
ment. Anti-W arrangements are usually associated 
with only small hype&e interactions. In this 
series, however, the contribution of only one y- 
hydrogen in a position, which is ciose to an anti-W 
arrangement, apparently dominates the contribu- 
tions of all other y-hydrogens. ‘Ms unusual result 
might be attributed to the strongly polar situation 
(inductive interaction) in the special molecular frag- 
ment (alkyl substituted amidine carbon), which 
seems to increase considerably the contribution of 

tNote added in proof. This positioa can be compared 
with the C-2 position in the ally1 radical, for which 
calculations indicate that B should be about w&x as large 
as Usual. G. Undernook personal communicalion. 

the spin polarization to the y-hydrogen splitting in 
questjoa. 

ltte NMR spectra of 15, 16 and 17 show, in 
addition, positive b-hydrogen sptittings of about 
0.04 Gauss. The b-hydrogen NMR lines of 16, 
however, cannot be certain& assigned to the S-h, 
or &Har, for the present, therefore these data 
have not been presented in Tabk 4. Contrary to the 
tlndings in the verdazyls 15-17 the S-hydrogens of 
the similarly substituted nitroaylnitroxide 38 yield a 
negative splitting of comparabk size. T?W long 
range interaction in the &position is expected to 
depend strongly on the appropriate arrangement of 
bonds. Therefore any conclusion from the ob- 
served &hydrogen splittings on the bond arrange- 
ment io non rigid systems meets with considerable 
diBkUltk3. 

The data of the 3-styrylverdazyl 18 (Table 4) 
again illustrate that the C-3 substitucnt in the 
vtrdazyls and C-2 substituent in the ni~onylni~ox- 
idesPB show a quite similar behaviour. 

(C) Vcrdazyls with aliphatic substituents at C-6 
(42,19 and 20). 

The NMR signal of the C-6 methykne protons 
was detected with some difllcuhy.’ Due to the 
inversion of the verdaxyl ring this signal is broad 
and hiiy temperature dependent. The small cou- 
pling constant ( - - O-06 Gauss) of the C-6 protons, 
which are protons in the @-position to nitrogen 
atoms with high positive spin densities, can be 
explained by the WXffe# ruk. The n-orbital 
coeflkients at N-l and N-S have opposite signs, and 
a zero coupling constant is predicted for the C-6 
methykne protons. When one of these protons is 
substituted by a methyl group (42). the signal of the 
methyl protons is easily found, and the correspond- 
ing splitting of 0.86 Gauss can even be demon- 
strated in the ESR sptcturm.’ Replacement of the 
methyl hydrogens by methyl groups (19.20) seems 
to Muence or partly block the ring inversion, since 
going from 42 to 19 a considerable increase (about 
10%) of the N-phenyl proton splittings is observed, 
which indicates that a more rigid structure of the 

Tabk S. lsotr~pic hypcrfine H coupling constants (Gauss) 
oftheC-6substitucn~ (R)in thcverdazyls4!.4t, lOand 

/CA* 
N-N 

HE-C* ‘CHR 
‘+ N’ 

\cJi, 

vaduyt R au. an, aM, 

‘ 

t: 
H - 0.W 
CH, -0-06 o-86 

19 CH,CH, . o-52 0.071 
a, CMXh ’ 0.48 0.123 

‘Ikrived from the comspondiug deutcratcd compound. 
‘Not measured. 
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molecule has btxn achieved. In 42,19 and 20 all @- 
and y-hydrogen splittings have a positive sign. 
These findings suggest that the major cootributions 
to these splittings come from hydrogeos (fl- or y-), 
which arc close to a W-plan arrangement with 
respect to the p,-orbital of N-l and N-S. 

In summary the prepared verdazyls with alipha- 
tic substituents show considerably large y- 
hydrogen splittings depending on the position of the 
substituent, and in several examples even S- 
hydrogen splittings can be demonstrated; all y- and 
&hydrogen splittings have a positive sign. The 
experimental data obtained At into the emfrical 
picture of W-plan long range interactions and 
agree with the theoretical concepts.” 

The N.MR studies were made with a Bruker- 
SPtftrospin HX-90MHz high nsohtioa spectrometer. 
The proton spectra were measured mainly using&c broad 
line technique (30 Hz modulation, phase sensitive detec- 
tion and linear field sweep). Each spectrum was recorded 
several times with linear sweep and checked by 2 kHz 
control distances. some spectra were lIlcwmd IMing the 

hi& rcaolution technique with frequency swap. 
l$ - Bi.r(J - erhyfpftenyl) - 3 - (4 - merhoxyphcnyl)for- 

mazwt. Tbe mixture of 44byimiline (6 p. SO mm&) in 
H,O(Uml)+concHCI(lSmf)wascooiodtoffandk~t 
at thistemp while the soln of NaNO, (3.5 0) in Hz0 (IS ml) 
was added dropwiv with stirring. A soln of SnCl, + 2 H,O 
(3Se) in cone HCI (4Oml) was added to the stirred 
diazonium soln at 0”. The separated tin salt was removed, 
dissolved in 4N KOH and the mixture extracted with 
ether. The ether soln was washed with H,O and Altered. 
Evaporation of the solvent in vacuum yielded 4 
ethylpheny~y~ (4.7 g). 

The soln of this residue and +metboxybenzaldehyde 
(4.70) in EtOH (IS ml) was heated to the b.p., cooled, 
dihrted with DMF (80 ml) and pyridine (40 ml) and kept at 
0” while the diaxonium salt soln [prepared as above from 
dethylaniline(4*26 @in H,0(20 ml) + cone HCI (lOml), 
NaNO, (2-S g) in H,O (10 ml)] was added in small portions 
with stirring. After 2 h the mixture was partitioned be- 
tween benzene and HzO. The benzene layer was washed 5 
times with Hi0 and evaporated in vacuum. The residue 
yielded from EtOH violet crystals (6*2g). m.p. 83-84 
(dec). (Found C, 74-U; H. 6.72; N, 14.62. C,H&i.O 
requires: C. 74+S8; H, 6.78; N. 14+SO%). 

3 - (4 - Mdloxyphenyl) - I$ -bis(4 - i - propyl- 
phenyf)formazan was prepared as above starting with 
4-i-propylaniline (50 mmole). From EtOH viokt crystals 
fS9g), m.p. 122-123” (de& (Fond: C. 75.15; H, 7.13; N, 
13.59. CnH,,,N.O requires: C, 7S.33; H. 7.30: N. 13.52%). 

1.5 - Bis(4 - I - burylphmyl) - 3 - (4 - 
methoxyphcny/)formazon was prepared as above starting 
with 4-t-butylaniline (SOmmole). From acctone/McOH 
vi&t crystals (5.28). m.p. 152-153” (dec). (Found: C, 
7617; H, 767; N, 12.90. C&H-N.0 requires: C, 7598; H, 
7.74; N 12%6%). 

1,s - Dlphenyl - 3 - (1’ - p~yl~hyl)jo~~~. A 
mixture of aniline (4.650) in H,O (lOml)+conc HCI 
(IS ml) was cooled to 0” and kept at this tcmp while a sdn 
of NaNO, (3.5 0) in Hi0 (10 ml) was added dropwise with 
stirring. A soln of phenylhydraxine (S.4g) and 2- 
phcnylpropionaldehyd (6.7g) in EtOH (IS ml) W&W 

heated tothe b.p..cookd,diluted with DMF (80 ml) and 
pyridiDe(40ml)aadkeptatO”whikthcdiezoaiumslllt 
soln was added in small portions with stirring. After 2 h 
the mixture was partitioned between cyclohcxane and 
H,O. The cycldKxane layer was wasbed 3 times with 
H,O and evaporated in vacuum. Tbe residue disaolvod in 
cyclohexane was chromatographed on Al& (Brock- 
mann) to give upon clution with cyclohexane II red 
fraction, which yielded from MeOH red crystals (9.7 g). 
m.p. 8182” (dec). (Found: C. 7697: H. 6.3% N. 16.79. 
C,,H&I, requires: C. 7680; H. 6.14; N. 17W%). 

1J - Dfptienyl - 3 - rl~ljomozan was prepared as 
above using cinnamic aldehyde (6.6~). From EtOH! 
ligroin rod &ystals (4.2 g). m.p: lS&lSl~(&c). (Found: C, 
77.49; H, 564); N, 17.32. C,lH,,N, requires: C, 8.27; H, 
SS66; N, 17.17%). 

1.S - Dtpheny~ - 3 - (2’ - phcny/propyi)jofmfzzan was 
prepared as above using 3-&mylbu&ldehyde (7.40). 
From EtOH red ct~stala (9.2~). m.u. 12%121’ (de&. 
(Found: C. 77.26; H,6Sl; N, 16%. C;;H,N. requ&: 6. 
77-16; H, 648; N, 16*369b). 

1.S - Diphenyt - 3 - (2’ - rnuhyIb~y~)jo~~~ was 
ptepared as above using 3-mathylpenteoal (3g). From 
M&H rod crystals (2.8 g), m.p. 92-93’ (dec). (FOUMI: C. 
73.7s: H. 7.77: N. 19.17. C,.HH,N. reauirer: C. 73.43: H. 
7.53; N. -19*0396): 

._-. . 

I$ - Dfphenyl - 3 - (2’ - methylpropyf)jormaz~ wan 
prepsad as above u&g 3-mcthylbutyraldchyd (Sg). 
From MeOH red crystals (3*8& m.p. 9WV (dot). 
(Found: C, 72.8% H, 7.00; N. 1992. C,,H,N. requires: C, 
7282; H, 7.19; N, 1989%). 

3 - (4 - Mtibxyphmyf) - 1.S - biJ(4 - m&yljihmyI)cer- 
&azyl (7). 3+Methoxyphenyl)-I ,!Lbis#-nuthylpbenyl) 
formatan (3 g) + KHSO. (S g) + pamformaldehyde (18) in 
DMF (SOml) were stirred for I6 h. The mixture was 
filtered, the flltrate cooled to (P, 38% aqueous fd- 
dehyde (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 H,O. The filtered 
product yielded crystallized from acetondMeOH 8recn 
black crvstals (I.6 a). m.o. 116-l 170 (dec). (Found: C. 
74.20; Hi6.17; N, l<26. C;,H,,N,O requires: C, 74.37; H. 
6.42; N. IS+%%). 

I $ - Bis - (4 - ethyiphenyf ) - 3 - (4 - m&oxyp!unyf )w?r- 
du.zyI (1). l~Bis~~yl~yl~3~~~~x~nyl~ 
formazan (3 0) + KHSO. (5 g) + paraformaldehyde (18) in 
DMF (loOmI) were treated aa above (7). From 
DMFlMeOH &mn black crystals (1.90). m.p. 127-1W 
&kc). (Found: C, 75.30; H, 684; N, l4Q9. GHrlNIO 
requires: C. 75.16: H. 6.81; N. 14%l%). 

3 - (4 - Methoxyphmyl) - 1.S - bis(J - i - prvpyl- 
p)unyl)wrduzyl (9). 3+Mcthoxyphenyf>l,S-b&#-i- 
~opylph~yl)for~n (3 pf + KHSO. (Sg) * para- 
formaldehyde (10, in DMF (100 ml) were treated as above 
(7). From acetone/MeOH dark green crvstals (I.2 10. m.D. 
137-1W (de@. (Found: C, 73.74; H; 7.X); N,--12*9i. 
C+,H,,N.O reauirts: C. 75.8s: H. 7.31: N. 13*10%). 

-,j-- B&(4’ - I - bufyl&nyi) - i - (4 - mcihoxy- 
phcnylberdatyl (10). l.S-Bis@+butylphenyl)_3-(4 
~t~xy~enyI)f~~ (3 n) + KHSOa (5 a) + pamform- 
aldehydc( 1 g)in DMF (100 ml) were treated as above (7). 
From DMF/M&H green crvstals (1.81~). m.o. 171-172” 
(dec). (Found: C. 76.35; H;7-112; N, 12.38.‘C,,H,,N.O 
requires: C. 76.45; H. 7.74; N. 12*3096). 

3 - Erhyl - 1J - diphnylwdizzyl (11). B&-ethyl cther- 
ate (10 ml) + 38% aqueous formaldehyde (10 ml) in DMF 
(2oml) were stirred for 10 mm; 3cthyCl$- 
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diphenylformaxan (2p)wasad&dandtbcmixturestirred 
for 2 h. nc mixhlre was diluted with bcazale (150 ml). 
c~ladto100andkeptatthirtanpwhikZNN~Hwas 
addeduntilthecoburoftbe~yrtimXlmixture 
hadchan@togreen.Tbehuuenelayawa.swashedS 
times with HI0 and ev_tecJ in VBEUUIII. This residue 
yielded from MeOH green crystals (1.2 0). mp. SW 
&kc). (Found: C. 72.65; H. 669; N. 21.4s. C,.H,,N, 
requires: C. 72.43; H. 646; N. 21.1296). 

1.S - Diphmyl - 3 - 1 - propylucrdazyl (12). BF,dhyl 
etherate (10 ml) + 38% aqueous formaldehyde (10 ml) in 
DMF (20 ml); l,Sdiptrenyl-+i-propylfo~ (30) mm 
treated as above (Ii). Tbc r&id& yi&ed from MeOH 
areen crvstats (I.8 n). m.o. 72-73’ (dec). (Found: C. 73.32; 
H. 6.97;-N. 2O.iO. C;,H,;N, requires: C, 73.0; H, 6.86; N. 
20*06%). 

IJ - JXphmyl - 3 - (I’ - phcnylethyl)uer&ryl (14). 
BF,-ethyl ctheratc (10 ml) * paraformaldehydc (2 9) in 
benzene (SOmt) were stirred for 10min; IJdiphenyl-3- 
(I’-phcnykthyl)formazan (S8) dis8olvcd in benzene 
(UOml)wasaddedandthemixnuestirradfor6h.The 
mixture was cooled to l(r and kept at this temp while 2N 
NaOH was added until the cokur of the vigorously stirred 
mixture had changed to green. The benxme layer was 
washed S times with HI0 and evaporated in vacuum. The 
residue was chromatographed with cyclohexane on 
ALO, (Brockmann) to give upon elution with 
cycbhexanelbtlltme (I : 1) green fractions, which yielded 
crystallixed from Din dark green crystals 
(2.20). m.p. 127-128” (dec). (Found: C. 7.13; H. 6.49; N, 
16.06. GH,,N, requires C. 7.39; H. 6.20; N. 16.41%). 

1.5 - Diphenyl - 3 - (2’ - mcthyfpropyl)tw&zyI (15). IS- 
Diphenyl-3-Q’-methyIpropyl)formazan (2~) + KHSO. 
(5 g) + pamformaldehyde (0.S 9) in DMF (100 ml) were 
stirred for 16 h. The mixture was Altered. the filtrate 
cookd to lo”, 38% aqueous formaldehyde (IO ml) was 
added and then dropwise 2N NaOH until the colour of the 
mixture changed to green. The mixture was partitioned 
between benxem and H,O. The benzene layer was 
washed S times with H,O and evaporated in vacuum. The 
residue was chromatcgaphed on AI,O, (Brockmann) to 
give upon clution with cyclohexane/‘benxene (3: I) green 
fractions, which yiekkd crystallixed twice from MeOH 
green needles -(O68 u), m.p. f9-80” @cc). (Found: C. 
73.S9; H, 7.36; N. 19G8. C,,HI,N. requires: C. 73.69; H. 
7.2 I : N, 19.10%). 

15Diphnyl - 3 - (2’ - mcrhylbutyl)wrdazyl (16). I.% 
Diphenyl-3_(2’-methylbutyl)iormazaa (2 R) + KHm. (S 9) 
+ paraformaldehyde (0.5 8) in DMF (100 ml) were treated 
as above (15). The residue dissolved in tigroin was 
chromat~phed on Al,O, (Brockmann) to give upon 
elution with cycbhexane green fractions, which yielded 
crystahixed from McOH green crystals (0.748). m.p. 
6&6S” (dec). (Found: C. 74.49; H. 740; N, 18.42. 
C,.H,,N. requires: C. 74.23; H. 7.Y; N. 18.23%). 

1,s - Dphenyl - 3 - (2, - phenylpropyl)Lwduzy (17). IJ- 
Diphmyl-3~T-phcnylpropylHonnazan (28) + KHBO. 
(S 8) + paraformatkhyde (0.5 9) in DMF (100 ad) were 
treated as above (IS). The residue yield crystalfixed twice 
from EtOH dark green crystaB~(O~ti).~m.p. ltX&lOl’ 
(dec). (Found: C. n.53: H. 663: N. lS82. C,.H,.N. 
requires: C, 7.71; H. 6-j2; ti. lS76%). 

__ _. 

1.S - Dlphenyl - 3 - sryrylcwdazyl (18). BF,-ethyl 
etherate (5 ml) + pamformaldehyde (I 8) in CHCI, (SO ml) 
were stirred for IOmin; IJdiphenyl-3-styrylfon 
(t 8) dissofvat in CHCI, (200 mt) was added and the 
mixture stirred for I h. The mixture was coded to lo” and 

kept at this temp while IN NaOH was dded until the 
colour of the vigorously stirred mixture had changed to 
green. The CHCI, layer was washed 3 times with H,O and 
evapomted in vacuum. The residue yielded from 
acetocle/EtOH dark green crystals (064 9) mp. 13%140 
(dec). (Found: C. 78.0; H. S-T’; N. 16.X C,,Hn.N. 
requires: C. TI+ftS; H, 564; N. l6.S1%). 

6 - Ethyl - 3 - methyl - 1.5 - diuhm~werdar~~ (19). 3- 
Methyl- I j-diphenytfo&axan (Soj in -DMF (iOOdj 4 
BaO(l0p)+Ba(OHh~8H,O(lg)+propyliodide(l0ml) 
were stirred for 74 h. The mixture was partitionad be- 
tween benzene and H1O. The benzne layer was washed S 
times with H,O and evaporated in vacuum. The residue in 
DMF (lOOmI) was heated to IStP (brown+grrcn) and 
cooled to room temp. A soln of FeCI, ‘6 Hn (6 g) in IN 
Na,CO, (40 ml) was added, the viokt mixture was stirred 
for I min and then partitioned between benrem and 0.2N 
Na,CO,. The benzene layer was washed 4 times with Hz0 
and evaporated in vacuum. The residue was chromatog 
raphed on A&O, (Brc&mann) to Rive upon clution with 
cycbhexane green fractions. which yielded green cryst- 
is. (cry&cd twice from ligroin)~(2~3 8). m.p. 81& 
&kc). (Found: C. 73.13: H. 7.10: N. 20.17. C,,H,.N. 
&t&es: C. 73G9; H. 6.86; N. 20&96j. 

3 - Methyl - IJ - dfphmyl - 6 - i - propylwdayl (24). 3- 
Methyl- 1 S-diphenylformatan (Sp) in DMF (loOmI) * 
BaO (100) + Ba(OHh + HI0 (18) + I-iodo2methyl- 
propane (IO ml) were treated as above (19). The residue 
was chromatographed on Al,O, (Brcckmann) to give upon 
elution with cyclohexanelbenzene (4: I) green fractions, 
which yielded green crystals, crystallized twice from 
M&H, (1.1 8). m.p. 11~115” (dec). (Found: c. n.s9; H. 
7.37; N. 19.27. C,,H,,N. requires: C. 7368; H. 7.22; N. 
19. IO%). 
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