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COMPLEXES WITH SULFUR AND SELENIUM DONORS. V. PROTON 

DICYCLOHEXYLDITHIOPHOSPHATO)NICKEL(II)l 
NMR AND ELECTRONIC SPECTRA OF AMINE ADDUCTS OF BIS(0,O'- 

JEANNE R. ANGUS? and JOHN R. WASSON 
University of Kentucky, Department of Chemistry, Lexington, Kmtucky 40506 U.S.A. 

(Received April 2, 1971; infiaI form September 14, 1971) 

N.m.r. contact shifts are reported for a number of mono- and bis-amine dducts of bis(O,O'dicycI&exyldithio- 
phosphato)nickel(IX), Ni(Cyhx-dtpk. Negative spin densities arising from a-spin polarization on -NH- and -NH2 
protons give rise to large upiield contact shifts whereas positive spin densities am found for protons on carbon 
atoms adjacent to nitrogen. The electronic spectra of solutions of Ni(Cyhxdtph in amines are consistent with the 
formation of five-co-ordinate adducts with secondary amines and six-co-ordinate trmmxtahedraI adducts with 
primary amines. Spindelocalization mechanisms, g-values, and electronic spectra are discussed. 

INTRODUCTION 

The shifts in the nuclear magnetic resonance, 
n.m.r., spectra of ligands brought about by the 
presence of paramagnetic ions arise from the 
coupling of ligand atoms' nuclear spin with 
unpaired electron density in the paramagnetic 
ion. The study of paramagnetic or Knight2 shifts 
provides a powerful method for mapping the 
unpaired electron spin delocalization in metal 
complexes. The theory, interpretation and applica- 
tions of Knight shifts have been treated in a 
number of  review^.^ The mechanisms of spin 
delocalization onto ligands remain subject to mis- 
interpretation and speculation. In the majority of 
systems investigated the separation of u and T con- 
tributions to electron spin delocalization has been 
difficult. Few studies of spin delocalization in 
complexes in which metal-ligand bonding is 
essentially of the pure u-type have been re- 

Even in u-bonding systems there is 
difficulty in sorting out the mechanisms of unpaired 
electron spin transferral-u-spin polarizati~n,~? 5 ,  

~-delocalization~-~ and hyperconjugative mech- 
anisms.lO, l2 Spin polarization mechanisms leave 
net antiparallel spin (negative spin density) in 
adjacent orbitals. Both u-u and T-u spin 
polarization mechanisms are expected to give rise 
to alternation of spin densities. In u-ligand systems 

t Abstracted in part from the MS. thesis of J.R.A., 
University of Kentucky, August, 1971. 

the  attenuation'^^^ of the effectiveness of spin 
polarization is expected to occur rapidly with 
increasing distance from the paramagnetic ion. 
Wayland and Rice4 demonstrated that the protons 
in ammonia coordinated to copper(II) and nickel(I1) 
in liquid ammonia experience a large upfield contact 
shift relative to uncoordinated ammonia which is 
consistent with the a-spin polarization mechanism. 
Negative amine proton spin densities have also 
been observed in nickel(I1) amine,'. 5 ,  13, l4 ani- 
line,9* l4 phenylhydrazine and m~rpholine,'~ and 
amino acid'. complexes. In nickel(I1) amine 
complexes the unpaired electrons are in orbitals 
which are involved in metal-ligand u bonding. 
The a-delocalization mechanisms, whereby un- 
paired electron spin density is transmitted via 
u bonds, characteristically gives downfield contact 
shiftse8$ l6  which rapidly attenuate with increasing 
distance from the paramagnetic metal ion. Hyper- 
conjugation mechanisms12 involving pseudo T- 
orbitals have been invoked to account for the 
transfer of spin density from metal4 and ligand1° 
T to ligand 0 systems and from ligand u to ligand 
T ~ystems.~ 

The present study was undertaken in order to 
provide additional characterization of the five- and 
six-coordinate adducts of nickel(I1) dithiophosphate 
complexes, Primary and secondary alkyl amine 
adducts were chosen since large upfield n.m.r. 
shifts for protons bound to nitrogen are diagnos- 
tic of nickel-nitrogen bonding and correlations 
of such shifts with ligand basicity could be sought. 
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310 J. R. ANGUS AND J. R. WASSON 

EXPERIMENTAL SECTION 

Preparation of Bis(0,O'-dicyclohexyldithio- 
phosphuto)nickel(II), Ni(Cyhx-d?p)z Cyclohexanol 
(112 ml) was added to P4Sl0 (60 gm) and 
the reaction mixture stirred until evolution of 
hydrogen suliide ceased (Hood!). NickelfII) acetate 
tetrahydrate (67 gm) was then added with stirring 
to the acid obtained from the alcoholysis of 
phosphorus (V) sulfide17 and the purple dithio- 
phosphate complex precipitated. The complex was 
recrystallized from chloroform several times and 
dried for 24 hours under vacuum mm Hg) 
at 42". Carbon and hydrogen analyses, n.m.r., 
infrared, and electronic spectra substantiated the 
identity of complex. Calc'd for NiS4PZO4q4H4, : 
44.66 %C; 6.87xH. Found: 44.68 %C; 6.71 O/,H. 

Electronic spectra were obtained with a Cary 
Model 14 recording spectrophotometer using 
matched 1.0cm quartz cells. Infrared spectra 
(4000-200cm-9 were obtained with a Perkin 
Elmer 621 spectrometer employing Nujol mulls 
on CsI cells. The proton n.m.r. (pmr) spectra 
were recorded on a Varian T-60 spectrometer at 
35". Tetramethylsilane (TMS) was employed as an 
internal standard. Solutions of varying concentra- 
tion of the adducts (all on the order of M in 
complex) were prepared by dissolving weighed 
amounts of Ni(Cyhxdtp), in the neat ligands. 
This was done in order to maximize the concentra- 
tion of the preferred adduct and to permit observa- 
tion of NN proton shifts. Under these conditions 
the complexes undergo rapid exchange of amine 
and the concentration dependence of the chemical 
shift for a particular set of protons obeys the 
relation : 

vobs = vcMc f vL 
where uoes is the observed chemical shift (relative 
to TMS), v, is the molar shift for the adduct, M ,  
is the molar concentration of the complex in 
solution, and vL is the chemical shift of the neat 
ligand. All u's are in Hz. The molar chemical shift 
v, is deiined as that shift which would be observed 
for a molar solution of the nickel complex. In 
practice, v, is a quantity obtained from extrapola- 
tion of a chemical shift versus molar concentration 
plot to unit molarity. The nuclear spin-electron 
spin coupling constants, Ai, are calculated using 
the Bloembergen equation : 

-. 
where y J y H  = 6.58 X loz, g = ye,ldS(S + l), 

ergs/gauss, S = 1 for nickelm, 
Av is the shift relative to the diamagnetic ligand, 
and v the probe frequency (both in Hz) and the 
other symbols have their usual significance. The 
magnetic moments peff were determined by the 
Evanst9 method. 

= 9i27 x 

RESULTS AND DISCUSSION 

Ni( Cyhx-dtp)z 

The pmr spectrum of Ni(Cyhx-dtp)z in deuterio- 
chloroform exhibits a strong sharp peak at 
6 = 1.55 with shoulders at 6 = 1.83 and 6 = 2.00. 
31P - 'H spin-spin coupling is expected to account 
for part of the observed pmr band structure. In 
0,O-dimethyldithiophosphato complexes with a 
variety of metal ions Jpoa l  was foundz0 to 
be about 16Hz. The infrared spectrum of 
Ni(Cyhx-dtp), in the region 500-200 cm-1 shows 
one strong and two medium bands at 376, 440 
and 355 cm- 1, respectively. Metal-sulfur stretching 
frequencies are found2* in the range 480-210 cm-l 
with MS4 deformation frequencies lying at still 
lower energies. Comparison of the spectra of 
bis(O,O'diethyldithiophosphato)nickel(II) with 

100 '20r--l 

v (kK) 
FIGURE 1 Electronic spectrum of Ni(Cyhx4tp). in chloro- 
form. 
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COMPLEXES WITH SULFUR AND SELENIUM DONORS. V 311 

naturally abundant nickel and 62Ni has 
that vNi-S occurs at 351cm-'. Infrared and 
laser Raman studies22.23 of nickel@) and other 
metal dithiophosphate complexes indicate that the 
metal-sulfur stretching frequencies vary only 
slightly with change in the hydrocarbon substituent 
of the ligand. The band at 355cm-' is assigned 
to vNi-S with the bands at 440 and 376 cm-' 
being assigned to ligand deformations. Discussions 
of the vibrational spectra of dithiophosphate 
complexes are in preparation. 

Ni(Cyhx-dtp), is shown in Figure 1 and the 
energies and oscillator strengths of the transitions 
are given in Table I. The energies of the anti- 

The electronic absorption spectrum of 

agrees with the expected metalhligand charge 
transfer character of the transition. A very strong 
absorption (emax > lo4) is also observed at 
31,25Ocm-'. The origin of this band has not 
been unambiguously identified but probably arises 
from an intraligand transition. 

ELECTRONIC SPECTRA OF ADDUCTS 

The electronic spectrum of Ni(Cyhx-dtp), in neat 
n-propylamine is shown in Figure 2 and is con- 
sistent with the trm-octahedral structure proposed 
for the amine adduct. The spectrum is characteristic 
of the green bis-amine adducts of nickel dithio- 

TABLE I 
Electronic spectra of Ni(Cyhx-dtp)z in various solvents 

- ~~ 

Solvent v1 (cm-1) emla fib x 106 vz(~m-1)  "m2 f2 x 104 

chloroformc 14,700 35 94 19,200 47 158 

Octahedral complexes 
n-propylamine 9,660 6 990 16,500 20 229 
isopropylamine 9,220 6 86 14,700 23 359 
2-phenylethylamine 9,950 6 64 16,950 16 246 

diethylamine 14,100 16 214 23,800 69 1260 
morpholine 14,100 36 583 22,600 85 1480 

piperidine 14,700 30 906 22,200 63 1220 
N-meth ylpiperidine 14,800 - - 24,400 - - 
2-methylpiperidine 14,900 5 I59 25400 
3-methylpiperidhe 14,900 34 1220 227400 
Cmeth ylpiperidine 14,800 33 997 22,300 69 1280 

Five-coordinate complexes 

pyrrolidine 15,000 23 367 27,100 96 1330 

111 205 
71 1320 

a Molar absorption coefficient. 
i~ Oscillator strengths, f, were calculated using the expression f = 4.60 x 10 -9entervl,2 where emax is the molar 

absorptivity of the band maximum and v1/2 is the band width at half-height expressed in wave numbers: C. J .  
Ballhausen, Progr. Inorg. Chem., 2,251 (1%0). 
3 = 26,970 cm -1, em = 695, = 105 x 10 -3; v4 = 3 1,250 cm -1. 

bonding molecular orbitals obtained from atomic 
d orbitals in square planar transition metal com- 
plexes are expected to occur in the sequence 
x2 - y2 > xy > z2 > xz, ~ 2 . ~ ~  Assuming effective 
D a  geometry for Ni(Cyhxdtp), leads to the 
assignments ' B l , c  lAg and 1 B 3 g c  '4 for the 
bands at 14,500 and 19,200 cm-l, respectively. 
The assignment of the third band at 26,970 cm-' 
to the 'A, c '4 transition is consistent with the 
assignments for 
Ni(MNT)22- (MNT=S2C,(CN)22-)25 and the ob- 
served extinction coefficient and oscillator strength 

phosphates'. 23* 26-30 and other complexes" with 
sulfur ligands. To a first approximation Ni(Cyhx- 
d t ~ ) ~  adducts with primary amines can be treated 
as having octahedral geometry. Employing the 
"rule of average environment" and the data of 
Drago and co-workersg2 for Ni(n-C3H7NH2)a2f a 
value of 10 Dq = 9570 cm-' for Cyhx-dtp is 
obtained. For the isopropylamine adduct a smaller 
value of 9090cm-' is obtained. In a study of 
the pyridine and picoline adducts' of bis(0,O'- 
isopropy1dithiophosphato)-nickel(II), 10 Dq was 
found to be 8580 cm-' for the thiophosphate 
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FIGURE 2 
Electronic spectrum of 
Ni(Cyhx4tp)z in neat 
n-propylamine. 

FIGURE 3 

Ni(Cyhx4tp)z in neat 
piperidine. 

Electronic spectrum:of 

ligand in good agreement with other reports.27* 29, 30 
In the present work tetragonal splitting33 of the 
first electronic absorption band was not observed. 
This, coupled with the broadness of the first 
band, probably accounts for the anomalously high 
value of Dq for Cyhx-dtp. It is noted, however, 
that the octahedral model gives a good account 
of the observed spectra. For example, using 
Dq = 922 cm-l and p =  720 cm-l, the spectrum 
of the isopropylamine adduct was calculated34 to 
have bands at 9220, 14,698 and 23,762cm-I. 

Bands were observed at 9220, 14,700, and 
23,810 cm-l. 

The electronic spectrum of Ni(Cyhx-dtp), in 
neat piperidine is given in Figure 3. As expected 
for a secondary aminez7$ 29 the observed spectrum 
is consistent with a five-coordinate geometry3’ for 
the adduct formed in solution, The appearance of 
the spectrum is suggestive of a distorted square 
pyramidal structure, I, for the adduct. Molecular 
models indicate that this form would be preferred 
compared to the trigonal bipyramidal structure. 
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I 

F ~ r l a n i ~ ~  has also noted that a high-spin bipyramid 
with sulfur ligands would be unusual. The extent 
of out-of-plane distortion of the dithiophosphate 
ligands cannot be assessed from available data. 
The only structural study of a five-coordinate nickel 
dithiophosphate complex is that for 2,9dimethyl- 
1,10-phenanthrolinebis-(O,O'-dimethyldithiophos- 
phato)nickel(II) which was found36 to contain the 
highly distorted NiS3N, chromophore. However, 
the high-spin quinoline adduct of the related 
bis(diethyldithiophosphinat0)-nickel(I1) complex 
has been shown36 to contain five-coordinate nickel. 
Four sulfur atoms form the base of the pyramid 
and the apex is occupied by the nitrogen atom of 
quinoline. The four sulfur atoms lie in approxi- 
mately one plane and nickel is 0.52A above the 
best plane passing through the sulfur atoms. In the 
absence of relevant structural and additional 
spectral data the existence of five-coordinate 
adducts of Ni(Cyhx-dtp), with secondary amines 
with possible distorted square pyramidal geometry 
is all that can be concluded. Recently, Carlin and 
Losee28 have examined several amine adducts of 
bis-(0'0'-diethyldithiophosphate)nickel(II). They 
report that the fivecoordinate adducts with 2-pico- 
line and 2,6-lutidine are diamagnetic but the 
diethylamine and di-n-butylamine adducts are 
paramagnetic. The formation constants for the 
amine mono-adducts of bis(0,O'-diethyldithio- 
phosphat0)-nickel(1I) are small.28 It is possible 
that Carlin and Losee's solutions in deuterochloro- 
form did not contain a sufficient amount of the 
mono-adduct to give rise to observable nmr 
contact shifts. The 2-picoline mono-adduct of 
bis(0,O'-diisopropyldithiophosphato)nickel(II) ex- 
hibits' nmr shifts at room temperature consistent 
with a triplet ground state for the adduct complex. 
At least fifty five-coordinate amine adducts of 
nickel(II) dithiophosphates have been investigated 

in the authors' laboratory and all shown to possess 
triplet ground states. 

In Table I it is seen that the electronic absorption 
bands of the adducts formed with secondary 
amines generally have larger molar absorptivities 
and transition oscillator strengths than the bands 
of frmts-octahedral counterparts. This is in keeping 
with the presence of lower symmetry components 
in ligand fields in five-coordinate complexes. The 
N-methylpiperidine adduct was not sufficiently 
soluble in the amine to permit accurate determina- 
tion of the molar absorption coefficients. 

Generally, the green frm-octahedral adducts 
may be isolated in crystalline form by evaporating 
the solvent from solutions of nickel dithiophosphate 
chelates in neat amines. The stability of the adducts 
toward laboratory conditions is apparently a 
function of the volatility of the amines-the more 
volatile the amine, the less stable the adduct. 
Similar attempts to isolate solid five-coordinate 
adducts from solutions of nickel dithiophosphates 
in amines have been without success. The dark 
brown solids so obtained very readily lose amine 
to yield the purple starting material. Attempts to 
isolate relatively stable five-coordinate adducts 
would be more likely to be successful if large 
sterically crowded heterocyclic amines, e.g. quino- 
line, were employed. The instability of the five- 
coordinate adducts is probably associated with 
the greater stability of the planar geometry of 
nickel dithiophosphates . Thermogravimetric and 
differential thermal analysis and differential scan- 
ning calorimetry studied4 of green cis-octahedral 
bis(O,O'-dialkyldithiophosphato)2,2'-dipyridine- 
nickel(I1) complexes have demonstrated that during 
the thermal decomposition of the complexes two 
endothermic (bond-breaking) and two exothermic 
processes occur. The second of these exothermic 
processes is believed to involve the rearrangement 
of chelate rings which had been in a five-coordinate 
geometry to the planar geometry. 

PMR SPECTRA OF PARAMAGNETIC 
ADDUCTS 

Assignments for the pmr spectra of ligands were 
taken from standard sources37 or based on the 
work of Weitkamp and K0rte38 when a first-order 
analysis did not apply. Typical pmr spectral data 
are shown in Figures 4 and 5. In Figure 4 it is 
apparent that the -NH- proton signal of 
diethylamine complexed with Ni(Cyh~-dtp)~ is 
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A 

150.0 
I 

J 

5 9.5 

59.5 

I 

.’ 

be considered a “shift reagent” in the usual sense,39 
the data suggest it can be wed to aid in the assign- 
ment of pmr spectra of amines. The concentration 
dependence of the observed shifts in the pmr spectra 
of amines upon complexation with Ni(C~hx-dtp)~ 
is illustrated in Figures 6 and 7. Similar linear 
concentration dependencies were observed for all 
amine spectra. The attenuation of contact shifting 
with increasing distance from the metal ion as 
particularly noticeable in the chemical shift versus 

575 

A 

173.0 

5 8.5 
I1 

- C H r  -CHS -NH T h S  
FIGURE 4 Pmr spectra of (A) diethylamine and (B) 
Ni(Cyhx-dtph-13.7 x 10-3 M solution in diethylamine. 
Chemical shifts are in Hertz. 

shifted upfield whereas the methylene absorption 
shifts downfield from TMS and the terminal 
CH3-signal is unaffected. In Figure 5 the -NH2 
absorption of isopropylamine is shifted into the 
methyl absorption and then shifted further upfield 
upon addition of more nickel(I1) complex. Amines 
which coordinate to nickel via nitrogen generally 
experience upfield shifts of -NH- or -NH2 
proton absorption. Although Ni(Cyhx-dtp), cannot 

61.0 

;- 192.0 

ZCH -CH3 -NH2 TMS 

FIGURE 5 Pmr spectra of (A) isopropylamine, (B) 
Ni(Cyhx-dtp)2-3.42 x 10-3 M solution and (0 
Ni(Cyhx-dtp)~-l6.1 x lO-3M solution in isopropylamine. 
Chemical shifts are in Hertz. 
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160 
( A  = - 322cm-Ifor the free ion). For Ni(NH3)62+ - - and Ni(H20)62f X is found to be -216 and 

a c ----- 
I70 I I I I 

-CHL- 

7 0  

60 ---- 
-CH, 

s o t  - 
40* - 

I 
-- - 3 0  

20 I I 

c. s. i 1 : : !* 

f and h is the effective spin-orbit coupling constant 

-269 crn-', respectively. With Dq = 950 cm-l a 
value typical of trans-octahedral adducts of 
Ni(Cyhx-dtp), and other sulfur complexes, corre- 
sponding g-values of 2.21 and 2.22 are obtained 
which are in good agreement with the values 
obtained from susceptibility determinations. Ac- 
curately determined g-values are rarely used in 
the calculation of Ai. In many instances the 
g-values cannot be measured since Ni(I1) rapid 
spin-lattice relaxation times preclude solution 
measurements by electron spin resonance. The 
calculation of g in the usual manner, i.e. 
p e f f / v  is not without difficulties. Errors 
in peff can arise from Pascal susceptibility correc- 
tions and the measurements themselves, e.g. the 
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TABLE 11 

Proton nuclear magnetic resonance parameters 

Adduct Group S, Liganda C.S., Hzb Av, Hzc Aid, gauss 

n-propylamine 

pKa = 10.53 

isopropylamine 
pKa = 10.63 

2-phenylethylamine 

pKa = 9.83 

diethylamine 

pKa = 10.98 

morpholine 

pKa = 8.36 

pyrrolidine 

pKa = 11.27 

piperidine 

pKa = 10.84 

N-methyl-piperidine 

pKa = 9.86 

2-methyl-piperidinec 

pKa 10.79 

3-methylpiperidinef 

pKa = 10.79 

Cmeth yl-piperidineg 

pKa = 10.78 

N-2- 

-3 
-m2 

-cH- 
- CH3 
-m2 

aromatic 
4 H z -  
-2 
--MI2 

-CH2- 
CH3- 

-NH- 

W H Z -  
N 4 H r  
-NH- 

C-2- 
N--CH2- 
-NH- 

N 4 H r  
C--CH? 
-NH- 

N 2 H z -  

-CH? 

A 
B 
C 
D 

A 
B 
C 
D 
E 
F 

A 
B 
C 
D 
E 

2 H z -  

N 4 H 3  

2.47 
1.33 
0.83 
1.08 

2.88 
0.96 
1.07 

7.18 
2.53 
2.61 
0.96 

2.50 
0.99 
0.71 

3.33 
2.56 
2.20 

1.50 
2.54 
1.99 

2.60 
1.40 
1.70 

1.36 
2.03 
1.15 

0.92 
1.52 
2.74 
1.37 

0.76 
1.66 
1.48 
2.11 
2.41 
2.77 

0.85 
1.64 
1.32 
2.41 
2.92 

-995 
-365 
-58 + 3225 

-1160 
-338 
+2464 

-431 
- 438 
-1567 
+3018 

-433 
-60 

+1173 

- 490 - 508 + 1562 
-90 

-1283 + 543 
- 473 
-438 + 1494 

---lo2 
--a 
--129 

-55 
+339 
-243 
-110 

-46 
+1700 
- 89 
-431 
- 399 
-531 

-51 
+1648 
-393 
-353 
-496 

-846 
-284 
0 

+3160 

-987 
- 280 
+m 
0 

-286 
-1410 + 2960 
-283 
0 

+1130 

-290 
- 354 + 1430 
0 

-1130 
+423 

-353 
-282 
+1410 

-- 20 
w-282 

0 

0 
+248 
- 79 
-28 

0 + 1600 
0 

- 305 
-254 
-355 

0 + 1550 
-310 
-209 
-321 

+0.058 
+0.020 

-0.218 
- 

f0.068 
f0.019 
-0.165 

- 
+0.020 
+0.097 
-0.204 

+0.019 

-0.078 

+0.020 
+0.024 
-0.098 

- 

- 
+0.078 
-0.029 

+0.024 
+0.019 
-0.097 

-+0.001 
-+0.019 - 
- 
-0.017 
f0.005 
+0.002 

- 
-0.1 10 

+0.021 
f0.017 
+0.024 

- 

- 
-0.107 
f0.021 
+0.014 
+0.022 

a ChemicaI shifts for free ligand relative to TMS. Temperature = 35". 
b Molar chemical shifts for complexes: C.S. = C.S.ligand + Av. A positive sign indicates an upfield shift 

from TMS. 
Molar contact shifts for complexes relative to free ligand. 

d Electron spin-nuclear spin hyperfine coupling constants calculated from the Bloembergen equation using 
g = 2.25. 
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spin hyperfine coupling constants. Since contact 
shifts are frequently less than 4O00 Hz, we recom- 
mend the use of an average g-value of 2.25 for the 
calculation of Ai for octahedral nickel(I1) com- 
plexes. Susceptibility data35* 36 also suggests this 
value is suitable for five-coordinate adducts. The 
Ai listed in Table I1 have been calculated with 
g = 2.25. 

In Table I1 negative spin densities are found for 
all NH protons. The basicity of the nitrogen atom 
co-ordinated to nickel does not correlate with the 
magnitude of the upfield NH proton contact shift. 
Primary amines, which form octahedral adducts 
with Ni(Cyhx-dtp),, exhibit large NH contact 
shifts on the order of 3000 Hz whereas secondary 
amines, which form five-coordinate adducts, have 
N H  contact shifts on the order of 1400 Hz. If the 
numberL8 of amines coordinated to nickel is taken 
into account, i.e. divide the contact shifts for the 
primary amine diadducts by 2 in order to obtain 
the shift per amine molecule, the shift differences 
between primary and secondary amines vanish. 
This suggests that in favorable instances it should 
be possible to determine the coordination number 

of nickel(II) in amine solutions from a determina- 
tion of vC for the m i n e  protons. NMR and elec- 
tronic spectra and conductometric data are being 
obtained for solutions of anhydrous metal halides 
in amines to further explore this result of the 
present study. 

Apparently, steric factors contribute significantly 
to the observed NH and CH contact shifts. Steric 
crowding undoubtedly accounts for the five- 
coordinate geometry of adducts of Ni(Cyhx-dtp), 
with secondary amines and is associated with the 
lack of correlation of NH contact shifts with 
ligand basicity. Metal-ligand atom separations 
are expected to generally dominate the contact 
shift behavior of octahedral nickel complexes. 
Pratt7p* and R e i l l e ~ ~ ~  and their co-workers have 
shown that the contact shifts of CH, and CH 
protons in aminoacid and substituted acetate 
complexes are very dependent on ligand con- 
formation, In the fragment. 

the contact shifts for H a  and HB depend43 
on the dihedral angle, (6, between Ni and H. The 
methyl groups of the carbon-substituted methyl 
piperidines are remarkably unaffected by coord- 
ination of the amines to nickel whereas the 
CH, protons even two bonds away from nitrogen 
are shifted downfield. In contrast, the CH3 protons 
in N-methylpiperidine are strongly shifted down- 
field. Unfortunately, the low solubility of the 
N-methylpiperidine adduct precluded accurate 
evaluation of the contact shifts. However, the 
estimated shifts and Ai in Table I1 are expected 
to be within 25% of the true values. Roughly 
comparable behavior is exhibited by the methyl 
protons in the adducts of Ni(Cyhx-dtp), with 
propylamines. This Ni-H distance dependence, 
which is not4 likely to arise from dipolar contribu- 
tions to the observed gmr shifts implies that the 
a-delocalization mechanism invoked to account 
for the downfield shift of protons bound to carbon 
must include consideration of direct metal-proton 
interactions. Fitzgerald and Drago5 employed 
extended Huckel molecular orbital calculations 
involving only the ligand to account for contact 
shifts of carbon bound protons in alkylamine- 
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nickel(II) complexes. The present work indicates 
that when the barriers between ligand conforma- 
tions exceed rotational barriers the process of 
taking numerical averages over conformations5 is 
inadequate to account for observed spectra. 

In their work on the piperidine adducts of 
nickel@) and cobalt(I1) acetylacetonate Happe and 
Ward16 did not observe contact shifts for the 
proton bound to nitrogen. This was a consequence 
of working with dilute solutions of the amine and 
the severe line broadening of the amine proton 
resonance absorption by the paramagnetic com- 
plexes. Recent INDO molecular orbital calcula- 
tions by Scarlett et at.45 for a variety of ligands 
have atkned that the contact shifts in nickel(I1) 
complexes arise from the transfer of negative spin 
density from the ligand to the metal and also 
predicted negative spin density on the amine proton 
of piperidine upon complexation with nickel. The 
present work confirms this prediction and suggests 
the INDO calculations may be generally useful for 
describing the contact shifts of amine complexes. 

SUMMARY 

The pmr and electronic spectra of eleven adducts 
of Ni(Cyhx-dtp)2 have been determined. Secondary 
amines form five-coordinate adducts with approxi- 
mate C4” symmetry and primary amines give trans- 
octahedral diadducts. The NH pmr contact shifts, 
corresponding to negative spin densities arising 
from u-spin polarization, do not correlate with the 
basicity of the amine since steric effects dominate 
the contact shift behavior of NH and CH protons. 
From a consideration of susceptibility measure- 
ments and tabulated g-values for nickelGI) com- 
plexes a value of g = 2.25 is recommended for the 
calculation of electron spin-nuclear spin hyperfine 
coupling constants in high-spin five-coordinate and 
six-coordinate nickel(I1) complexes with undeter- 
mined g-values. 
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