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The value of 3Jpt-N-C-H in platinum-diamine complexes depends chiefly on the oxidation state of the platinum ion, the 
nature of the ligands trans to the chelate ring, and the dihedral angle between the planes PtNC and NCH. The natures of 
the diamine and of cis ligands (in Pt(IV) complexes) have a smaller effect. For complexes containing the grouping Pt- 
NH2-CH-CH,, values of 4Jpt-N-C-CH3 have been interpreted in terms of the conformational behavior of the chelate rings. 
There is a significant solvent effect on the conformational equilibrium of bis(ammine)(butane-1,3-diamine)platinum(II) 
perchlorate. 

Introduction 
It has been recently demonstrated3 that in some 

amino acid complexes of platinum(I1) the coupling 
constant 3J195pt- N- c- H shows a Karplus type depen- 
dence on the dihedral angle, +, between the planes PtNC 
and NCH, i.e., J p t - ~ - c - ~  = K cos2 +, where K is a 
constant. This relationship is of considerable value in 
the study of the conformational behavior of platinum 
complexes by nmr. However, other factors could also 
influence the coupling constant, and i t  is desirable that 
the magnitude of such effects be known. We have 
studied the spectra of a number of complexes of the 
types Pt(diamine)L?+ and tmns'-Pt(diamine) (NH3)2- 
YtzZ+, where L and Y are neutral and uninegative lig- 
ands, respectively, and diamine = en, tn, 

In a previous paper, we reported that for some plati- 
num(I1) complexes of meso-pentane-2,4-diamine there 
was significant 195Pt-N-C-CH3 coupling. In  the 
present work, several other platinum complexes of this 
ligand and of racemic pentane-2,4-diamine, butane- 
1,3-diamine, and propylenediamine have been studied. 
These complexes all contain the grouping Pt-NH2- 
CH-CHa, and values of the long-range platinum-methyl 
coupling constant have been correlated with the confor- 
mational behavior of the chelate rings. 

Experimental Section 
Preparation of Ligands.-Butane-l,3-diamine was prepared 

by the method of Strack and Fan~e low,~  except that the diamine 
was isolated from the sodium reduction reaction mixture by 
steam distillation into hydrochloric acid. The dihydrochloride 
was purified by recrystallization from 95% ethanol. Anal. Calcd 
for CaHl4N2Clz: C, 29.8; H ,  8.8; N, 17.4; C1, 44.0. Found: 
C,29.6; H,8.4; N, 17.5; C1,44.3. 

Propylenediamine, ethylenediamine, and trimethylenediamine 
were used as commercially available. Other diamines were pre- 
pared as previously described.6 

Platinum(I1) Complexes.-Some of the complexes of the types 
Pt(diamine)Clz and Pt(diamine)(NH3)sZ+ have been previously 

(1) Part 11: 
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( 3 )  L. E. Erickson, J. W. McDonald, J. K. Howie, and R.  P. Clow, J. 

Amer.  Chem. Soc., 90, 6371 (1968). 
(4) Abbreviations: en, ethylenediamine, NHzCHzCHzNHz; tn,  tri- 

methylenediamine (propane-l,3-diamine), NHzCHzCHzCHzNHz; dan, 2,2- 
dimethylpropane-l,3-diamine, NHsCHzC(CHa)zCHsNHz; pn, propylene- 
diamine (propane-l,Z-diamine), NHzCH(CH8)CHzNHz; hdn, butane-l,3- 
diamine, NHzCH(CHa)CHzCHzNHz; dptn, pentane-a,l-diamine, NHzCH- 
(CHs)CHzCH(CHa)NHz; py, pyridine, CsHaN. 

( 5 )  H. Strack and H. Fanselow, Hoppe-Scyleu's Z.  Physiol. Chem., 180, 
153 (1929). 

(6) T. G. Appleton and J. R. Hall, Iitoug. C h e m . ,  9, 1800 (1970). 

T. G. Appleton and J. R. Hall, Inovg. Chem., 9, 1807 (1970). 

described,6 and the remainder were prepared by the same general 
methods (complexes listed in Table I ) .  The complexes [Pt(pn)- 
(NH3)2] C ~ S  and [Pt(bdn)(NH3)%] CL, as usual,e were not easily 
characterized (due to partial decomposition and, for the bdn 
complex, almost instantaneous deliquescence in air), but tetra- 
chloroplatinate salts derived from their solutions were charac- 
terized. 

Bis(aquo) (diamine)platinum(II) Complexes.-The solution ob- 
tained by treating Pt(djamine)Ch with silver perchlorate (molar 
ratio 1 : 2) in aqueous solutione was filtered and then evaporated 
on a steam bath. The resultant oil was dissolved in acetone, 
the solution was filtered, and excess ether was added. An oil 
separated, from which the ether-acetone was decanted. The oil 
was washed with ether and then placed in a vacuum desiccator 
over phosphorus(V) oxide. After several days, a pale yellow 
solid, presumably the anhydrous perchlorate, was obtained. The 
solid dissolved readily in water to  give a colorless solution con- 
taining [Pt(diamine)(HzO)~] (Clod)%. No attempt was made to 
characterize these compounds, other than by their pmr spectra 
in D20. 

Bis(pyridine)(ethylenediamine)platinum(II) Perchlorate.- 
This complex was prepared from a solution of [Pt(en)(HzO)~l- 
(C104)z by a similar procedure to  that used for bis(ammine)(di- 
amine) complexes,B using pyridine in place of ammonia solution. 
The yield of the purified product was 56%. Calcd for 
PtClzHl8N4Cl2O8: C, 23.5; H ,  3.0; N ,  9.2; C1, 11.6. Found: 
C, 23.4; H,  3.0; N, 8.7; C1,11.5. 

Bis (dimethyl sulfide) (ethy1enediamine)platinum (11) Perchlo- 
rate.-Several drops of dimethyl sulfide were added to a solution 
of [Pt(en)(HzO)z] The solution was evaporated in a 
vacuum desiccator over phosphorus(V) oxide, to  give a colorless 
oil. This was dissolved in acetone a t  room temperature, the 
solution was filtered, and excess ether was added. The ether- 
acetone was decanted from the resultant oil, which was washed 
with ether by decantation, and then dried in a vacuum desic- 
cator over phosphorus(V) oxide. A white solid was obtained 
whose pmr spectrum in DzO (Table 111) was consistent with the 
formulation [Pt(en)((CH8)2S)L] (CIOa)z. If heat was applied dur- 
ing the preparation, a second, unidentified product tended to form 
as well. Anal. 
Calcd for PtCeH2oNzc12S2O8: C, 12.5; H ,  3.5; N, 4.8. Found: 
C, 12.4; H,3.6; N,4.9. 
Bis(triphenylphosphine)(ethylenediamine)platinum(JI) Chlo- 

ride .-Excess ethylenediamine was allowed to  react in aqueous 
solution with 0.324 g of C ~ S - P ~ ( P ( C ~ H ~ ) , ) ~ C ~ , . ~  The resultant 
solution was filtered and then concentrated to the point of crystal- 
lization (5 ml). The colorless crystals which formed were 
filtered off, washed with acetone, and dried in a vacuum desicca- 
tor (yield 0.20 g or 57% based on Pt(P(CsHa)a)zClg). Further 
quantities of crude product could be obtained by evaporation of 
the filtrate. It was only moderately soluble in water a t  room 
temperature but was much more soluble in hot water, from which 
i t  could be recrystallized. The presence of both P and N co- 
ordinated to  P t  seems to  cause low C values. Anal. Calcd 

Anal. 

The yield of the purified complex was 65%. 

(7) A. A. Grinberg and 2. A. Razumova, Zh. Puikl. Khim. (Leningvad) 
a7, io5 (1954). 



1718 Inorganic Chemistry, Val. 10, No. 8, 1971 

TABLE I 
PLATINUM(II) COMPLEXES 

T. G. APPLETON AND J. R. HALL 

Analyses, % 
% r----Pt----. 7----c---- ---r --H- y N - 7  -Cl- 

Complex Color yielda Calcd Found Calcd Found Calcd Found Calcd Found Calcd Found 
P t ( ( i  )pn)Clz* Yellow 830 57.4 57.8 10.6 10.6 3 . 0  2.9 8 .2  8.3 20.8 20.7 
Pt((  & )bdn)Clz Yellow 71d 55.1 55.0 13.6 13.4 3 .4  3 . 5  7.9 7.6 20.0 20.1 
[Pt(  ( i )pn ) (NH3)~]  [PtCla] Violet 100 5.6 5 .7  2 .5  2.4 8.8 8 . 7  22.2 21.8 
[Pt((f)bdn)(NH3)~] (C104)z White 70 9 .3  9 . 1  3 . 5  3 . 2  10.9 10.6 13.7 14.2 
[Pt((f)bdn)(KH3)z][PtCla] Violet 100 59.7 59.2 7.3 7.4 2 . 8  2 . 8  8 .6  8.1 

0 Using free 
base in preparation. 

a Based on methods described in ref 6. Previously prepared: L. .4. Tschugaeff and W. Sokolov, Ber., 40,3461 (1907). 
Preparation a t  pH 10, using dihydrochloride. 

2HzO 
[Pt(tn)(NH&Clz] Clz 

Color 
Pale yellow 
Pale yellow 
White 

White 

Pale yellow 

Very pale 
yellow 

Colorless 

TABLE I1 
PLATINUM (IV ) COMPLEXES 

-Analyses, yo 

yieldb Calcd Found Calcd Found Calcd Found Calcd Found Calcd Found RefC 
% --Pt--- --C-- 7-H- v N - 7  --el- 

81 10.1 9 . 8  3.8 4 . 0  11.8 1 2 . 2  9 
62 5.6 5 . 3  3 . 3  3.2 13.0 12.5 
79 4 .6  5 . 0  3 . 1  3 . 1  10.7 10.3 

44 8.1 8 .0  3 .6  3 . 9  12.6 1 2 . 1  

79 37.4 36.9 13.8 13.8 4 .6  4 .7  10.8 10.7 27.2 26.9 8 

48 43.8 44.2 8.1 8.1 3 .6  3 .5  12.6 12.4 

82 14.4 14.0 4.4 4.4 16.8 17.3 
crystals 

(C104)z crystals 

(NH3)zClal Clz* 
HzO 

[Pt(tn)dOH)zI- Colorless 70 12.5 12.6 3 .9  4 . 0  9 . 7  9.9 12.3 12.5 

[Pt(meso-dptn)- Pale yellow 41 39.7 39.6 12.2 12.2 4 .5  4 .5  11.4 11.0 28.9 28.5 

[Pt(meso-dptn)- Yellow 80 34.7 35.2 10.7 10.8 3 .6  3.9 10.0 9 . 8  

[Pt(meso-dptn)- White 64 10.6 11.1 3 . 9  3.9 9.9 10.1 
(NH3)zBrz1 Clz 

(NH~)z(oH)zl- 
(c104)2 

Clzl Clz 
[Pt( (=k )dptn)(NH&- Yellow 29 12.7 12.5 4 .3  4 .0  11.8 11.2 

[Pt((=k)dptn)(NHI)z- White 48 10.6 10.8 3 .9  3 . 8  9 .9  9 . 8  
(OH)*] (C1Oa)z 

[Pt((&)bdn)(NH3)z- White 74 42.5 42.0 10.5 10.5 4.0 3.9 12.2 11.9 30.9 30.7 
Clzl Clz 

(0H)zI (C1Oa)z 
a For all complexes the four r\; atoms are coplanar. 

[Pt((&)bdn)(NH3)~- White 65 8 .7  8 .9  3 .7  3 .7  10.2 10.2 12.9 13.1 

0 Based on Pt(diamine)Clz for [Pt(diamine)(NH3)zXz]Clz (X = c1, Br), on [pt-  
  diamine)^] (anion)z for [Pt(diamine)~Yz] (anion)z (Y = C1, OH), and on [Pt(diamine)(NH3)z] (Cl04)~ for [Pt(diamine)(SH3)~(OH)zl- 
(C104)~. c Where previously prepared. 

for PtC3sH38N~C1~Pz: C, 53.7; H,  4.5; N, 3.3; C1,8.3. Found: 
C,48.9; H,5.1; N,3.6; C1,7.7. 

Platinum(1V) Complexes. trans-Dichlorobis(diamine)plati- 
num(1V) Complexes.-Complexes trans-[Pt(diamine)eCl~] Clz * 

xHzO were prepared by the action of hydrogen peroxide solution 
(30y0) on a heated solution of [Pt(diamine)z] Clz in hydrochloric 
acid.889 They separated from concentrated solutions as well- 
formed crystals, sometimes quite large. Water of crystalliza- 
tion was lost on standing for a few hours in an oven a t  110”. They 
were only moderately soluble in water a t  room temperature 
( [Pt(en)zClz]Clz more so than [Pt(tn)zClz] Clz) and could be 
recrystallized from hot water. 

trans-Dihalo-cis-bis(ammine) (diamine)platinum(IV) Chlorides. 
-Chlorine gas was slowly bubbled through an aqueous solution 
of [Pt(diamine)(NH3)~] Clz (the reaction mixture from Pt(di- 
amine)Clz and aqueous ammonia could be used directly, after 
warming to remove excess ammonia). The colorless solution 
turned yellow. After a few minutes the chlorine flow was 
stopped, the solution was allowed to stand for a time, and then 
air was blown through to remove excess chlorine. The solution 
was filtered and then evaporated nearly to dryness. Addition 
of excess acetone caused precipitation of trans‘-[Pt(diamine)- 
(NH3)zC1’2] Clz, white or pale yellow in color. These complexes 

Analyses are given in Table 11. 

(8) H. D. K. Drew and H. J. Tress, J .  Chem. Soc., 1335 (1933). 
(9) F. Basolo, J. C. Bailar, Jr., and B. R. Tarr, J. Ameu. Chem. Soc., 73, 

2433 (1950). 

are readily characterized and are sufficiently soluble in water 
for good pmr spectra to be obtained (unlike most complexes of 
of the type tuans-[Pt(diamine)nClz] elz). These complexes are 
listed in Table 11. 

The dibromo complexes, trans’-[Pt(diamine)(KH3)~Br’~]Br~, 
could be prepared by the action of bromine on aqueous solutions 
of [Pt(diamine)(NHs)z] Br2 but were insufficiently soluble for 
pmr spectra to be obtained in D20.  Attempts were made to 
prepare [Pt(diamine)(XH3)2Br~] Clz complexes by treating aque- 
ous solutions of [Pt(diamine)(KH3)2] Clz with a few drops of 
liquid bromine, blowing off excess bromine, passing the solution 
down an anion-exchange column in the chloride form, and evap- 
orating to dryness in a vacuum desiccator. However, analytical 
results and pmr spectra showed that some exchange between CO- 

ordinated bromide and the chloride anions occurred in most 
cases, although at least one complex of this type, [Pt(meso-dptn)- 
(NH3)zBr~l Clz, appeared to be obtained pure. 

trans-Dihydroxo Complexes.-Some complexes of the type 
trans- [Pt(diamine)z(OH)~] Clz were prepared by the method of 
Basolo, et aZ.,g but they were generally quite deliquescent and 
thus not easily characterized. As well, there appeared to be 
some tendency for chloride ions to displace coordinated hydrox- 
ide. On the other hand, complexes [Pt(diamine)z(OH)zl (Nq3)Z 
and [Pt(diamine)z(OH)z] (Clod)% (prepared by hydrogen peroxlde 
oxidation of the appropriate salts of Pt(diamine)Zzt) had low 
solubilities in water. Complexes trans‘- [Pt(diamine)(NHa)z- 
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TABLE I11 
PMR SPECTRA O F  COMPLEXES OF ETHYLENEDIAMINE, TRIMETHYLENEDZAMINE, AND 2,2-DIMETHYLPROPANE-1,3-DIAMINE IN  DzO 

*Jp t -~ ,b  
Other aspects of spectra Complex‘“ T‘OHZ HZ 

[P t(en)(HzO)zl (C104)z 7.47 52.5 Slow N-deuteration 
[Pt(en )(PY )z1 (C104)z 7.17 42.5 3JPt-N-C-H(py) = 39 H Z  
[ W e n )  ((CH3 )zS)zl ( C W z  7.13 41.0 3 J P t - B - C - E  = 45 HZ, 7’S-CH3 

7.48 
[Pt(en )a1 (ClOa)z 7.34 41.5 Ref 1 
[Pt(en)zl Clz 7.34 41.0 Ref 1 
[Pt(en)(P(CeH&)zI Clz 7.29 32. Oc At 92”, to increase solubility 
[Pt(en)(NHs)nClzl Clz 6.94 26.0 
[Pt(en)zClzl Clz 6.97 26.0 
[Pt(en)(NH3)z(OH)zl (C104)n 7.07 26.5 
[P t (en)(NHs )z(HzO)zI (c104)4 6.93 24.5 [Pt (en )(NH,)z(OH )21 (C104)z + HC104 
[Pt(tn)(NHa)zl Clz 7.23 43.0 7‘C-CEz-C 8.27; J C H ~ - C H ~  = 

[P t (tn ) ( NHS)ZC~Z] Clz 7.19 27.0 7‘C-CHz-C 7.98; JCHz-CEz 
5.5 Hz; ref 1 

5.0 Hz 
[Pt(dan)(NH~)zl Clz 7.54 40.5 Ref 1 

a For all complexes, the four N atoms are coplanar. Unless otherwise indicated, values are accurate to h0.5 Hz. 0 Deviation 
f l  HzS2 

TABLE IV 
P M R  SPECTRA O F  PENTANE-2,4-DIAMINE COMPLEXES I N  DzO 

7-r’C&---. 
C o m p 1 ex ‘JP1-E HA HB T’HX T’CHa JAB 

P t (meso-dptn) ( NH$)z] C11 6.5 8.15 8.78 6.98 8.83 15.0 

Pt (meso-dptn) (NH3)zClzI Cln 5.0 7.99 8.33 6.50 8.63 15.5 
Pt(meso-dptn) (NH3)~Brzl Clz 5.0 7.90 8.44 6.49 8.64 15.5 
Pt(meso-dptn)(NH~)z(OH)z] (clo4)z 6.5 7.89 8.43 6.74 8.64 15.5 
Pt(meso-dptn)(NHB)z(HzO)~](C1O~)aC 6.5 7.75 8.39 6,75 8.61 15.5 

Pt(meso-dptn) (Hz0)zl (c104)~ 9.5 b b b b b 

Pt((=t )dptn)(NH~)zI CIS 2 8.28 . . .  6.89 8.68 . . .  
Pt((  + )dptn)(HzO)~l (ClOa)z 2 8.34 . * .  7.04 8.64 . . .  
P t (  (=t)dptn)(NHs)zClzl Clz 2.5 8.00 . . .  6.43 8.63 . . .  
P t( ( =t )dp tn)(NH3)~(OH)zl (ClO4)a 3.8 8.01 . . .  6.65 8.63 . . .  
P t ((i )dp tn)(NHs )z(HzO )21 (C10d4c 4.0 7.95 . . .  6.57 8.60 . . .  

a Where previously described. Not measured. [Pt(diamine)(NHB)~(0H)z] (C104)z + HC104. 

JAX 

2.3 
b 
2.5 
2.0 
2.5 
2.3 
5.5 
5.3 
7.0 
7.5 
7.5 

JBX 

11.0 
b 
10.5 
11.0 
11.0 
11.0 
. . .  
. . .  
. . .  
. . .  
. . .  

JCEx-CH8 Refa 
6.5 1 
6.5 
6.5 
6.5 
6.5 
6.5 6.5 1 

6.5 
6.5 
6.5 
6.5 

(OH)’z] (ClO4)z were easily characterized and quite water soluble. 
They were prepared by the action of a small volume (0.5 ml) 
of 30% hydrogen peroxide solution on an aqueous solution cop- 
taining about 0.1 g of [Pt(diamine)(NHa)z] ( ( 2 1 0 4 ) ~ .  The solu- 
tion was heated and then evaporated to dryness on a steam bath. 
The resultant white, crystalline solid was washed with acetone 
(unlike the Pt(I1) starting materials, these complexes are insolu- 
ble in this solvent), collected on a filter, and dried over phos- 
phorus(V) oxide in a vacuum desiccator. These complexes are 
listed in Table 11. 

Instrumentation.-Pmr spectra (60 MHz) were run on a 
Varian A-60 spectrometer. tert-Butyl alcohol was used as an 
internal reference, and chemical shifts are reported on a T’ scale 
(relative to  DSS, 2,2-dimethylsilapentane-5-sulfonate), using 
7’  8.77 for tert-C4HsOH. Proton-proton spin-spin decoupling 
spectra were run on a Varian HA-100 spectrometer by Dr. S. R .  
Johns, of the Division of Applied Chemistry, CSIRO, Mel- 
bourne, Australia. 

Results 
Proton Magnetic Resonance Spectra. Ethylenedi- 

amine Complexes.-The methylene groups of all com- 
plexes in DzO gave sharp resonances with “satellites” 
due to coupling with lg5Pt (34y0 abundance, I = l / ~ ) ,  

with the exception of [Pt(en) (HzO)z](CIO,)z. The solu- 
tion of this complex was slightly acidic, due to disso- 
ciation of H (or D) atoms from the coordinated water 
molecules, which caused N-deuteration (catalyzed by 
OH-) to  be extremely slow. Thus, the methylene 
resonance was broadened by coupling with the amino 
protons. For some complexes, the other ligands coor- 
dinated to the platinum ion would be expected to give 
characteristic peaks in the pmr spectrum ; these peaks 
occurred for all such cases. For example, the spectrum 

of [Pt(en)( (CH&S)Z](CIO,)Z in DzO (after standing for 
sufficient time to  allow complete N-deuteration) con- 
sisted of two 1 : 4 : 1 triplets, of relative intensities 1 : 3, 
corresponding to the four protons from the ethylenedi- 
amine and twelve protons from the dimethyl sulfide 
groups, each coupling to lgsPt. Details of the spectra 
are given in Table I11 (some previously obtained results 
are included for comparison). 

Trimethylenediamine Complexes.--trans’- [Pt(tn)- 
(NH3)2Cl’~]C12 gave a spectrum in DzO qualitatively 
similar to those of Pt(I1) complexes,’ the outer methy- 
lene groups giving a “triplet” with “satellite” triplets 
from coupling with lg5Pt and the inner methylene group 
giving a complex multiplet. 
meso-Pentane-2,4-diamine Complexes.-Details of 

these spectra are given in Table IV, with labeling as 
shown in Figure 1, together with some previously ob- 

Figure 1.-The meso-pentane-2,4-diamine chelate ring in the 
preferred conformation. 

tained results for comparison. Proton-proton coupling 
constants are very similar to those in the Pt(I1) com- 
plexes previously described. All these complexes 
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show significant long-range platinum-methyl coupling, 
which in general results in a doublet symmetrically 
about each of the peaks of the main methyl doublet 
(Figure 2). 

Figure 2.-The methyl region of the pmr spectrum of [Pt(mesa- 
dptn)(NH~)2Clz] Cl2. 

An attempt was made to determine the values of 
3 J p t - ~ - ~ - H H ,  for [Pt(meso-dptn)2]Clz and trans’- [Pt- 
(meso-dptn) (NH3)2C11~]C12 by simplifying the H, reso- 
nance through proton-proton spin decoupling. When 
the methyl resonance of the former complex was strongly 
irradiated, the H, protons gave a doublet (splitting 
10.5 Hz) from coupling with Hg, as well as peaks attrib- 
utable to platinum-proton coupling, 3 J p t - ~ - ~ - ~ ,  = 
15 Hz. There is a further splitting of the peaks (-2 
Hz) from coupling with Hi\. With the less soluble 
Pt (IV) complex, good-quality decoupled spectra could 
not be obtained, and the platinum-proton coupling 
constant could not be measured. 

rac-Pentane-2,4-diamine Complexes.-Details of 
these spectra are given in Table IV. They are qualita- 
tivelysimilar to those of the Pt(I1) complexes previously 
described.l However, values of JcH,- CH* are generally 
higher for Pt(1V) complexes than for Pt(II) ,  and the 
Pt(1V) complexes, unlike those of Pt(I1) do show sig- 
nificant Pt-N-C-CH3 coupling. 

An attempt was made to determine the values of 
3Jpt-N-C-H, for [Pt(( *)dptn)z]Clz and tYam’- [Pt((  *)- 
dptn) (NH3)2C1’2]C12 using proton-proton decoupling. 
When the methyl resonance of the Pt(I1) complex was 
strongly irradiated, the methine protons gave a triplet 
(from coupling with the methylene protons) with a 
triplet on each side of the main peaks (from coupling 
with IQsPt). Simultaneous irradiation of the methylene 
resonance gave almost complete decoupling of the 
methine protons from other protons (low-intensity 
peaks from coupling with methylene protons could not 
be completely removed) and the pattern approached 
that  of a singlet with “satellites,” Jpt---C-H, = 38.5 
Hz. With less soluble [Pt( ( *  )dptn) (NH&Cl,]Cl,, 
good-quality decoupled spectra could not be obtained. 

Butane-l,3-diamine Compounds.-The spectrum of 
((=k)bdn)(HC1)z is reproduced in Figure 3a. With the 

HO 0 

\ \ 
-CH3 

AI HAHB 

I I 1 I I I 1 1 
6.0 -T-+ 8.0 

Figure 3.-The 60-MHz pmr spectra of butane-1,3-diamine com- 
pounds in D2O: (a) bdn(HC1)a; (b) [Pt(bdn)(NHa)zClz]Cl~. 

ligand protons labeled as 
X~-CHX-CHAHB-CHYHZ-NHZ 

CHI 

H x  gives a sextet centered a t  r’ 6.45 (spacing 6.5 Hz), 
HyHz gives a triplet a t  7’ 6.84 (spacing 8.5 Hz, par- 
tially overlapping the Hx signal), HAHB gives a compli- 
cated pattern at 7’ 7.95, and the methyl protons give a 
doublet a t  r’ 8.64 ( J c H ~ - c H ~  = 6.5 Hz). 

In the spectrum of [Pt((=t)bdn)(NH3)2](C104)z in 
D20, the signals from Hx,  Hy, and HZ overlap to give a 
complex pattern from 7’ 6.7 to 7.6, and the HAHB pro- 
tons give another complex pattern centered about r ‘ 
8.2. The methyl protons give a doublet (JCH,-CH~ = 
6.5 Hz) a t  7’ 8.71, with additional peaks from coupling 
with lQ5Pt, 4 J p t - ~ - ~ - ~ ~ a  = 3.5 Hz. In different sol- 
vents a t  30”, the value of this coupling constant varies 
significantly (Table V). On heating to 90” in DzO, the 
coupling constant decreases to 3.0 Hz. 

a 

TABLE V 
SOLVENT EFFECT ON VALUE O F  4 J ~ t - ~ - ~ - C H 3  FOR 

[Pt((&)bdn)(lVHs)2] (ClO& AT 30” 
4JPt-N -C-CHaI ‘JPt-N-C-C€28, 

HZ HZ 

(CHa)aS=O 3 . 0  CHiCN 3 . 8  
H20 3 . 5  (CHa)zC=O 4 . 3  
H20 + OH- 3 . 5  CH30H 4 . 7  
H2O + H +  3 . 7  
Or deuterated solvent. 

( 1 0 . 2  Hz) Solventn ( i 0 . 2  Hz) Solventa 
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The spectrum of trans’- [Pt(( Lt)bdn) ( N H ~ ) z C ~ ’ ~ ] C ~ ~  
in DzO is reproduced in Figure 3b. The methyl reso- 
nance is centered a t  T’ 8.62 (JcH~-cH~ = 6.5 Hz; 
4 J p t - ~ - ~ - ~ ~ s  = 5.2 Hz). For trans’- [Pt((  =k)bdn)- 
(NH3)z(0H’)2] (ClOe)z, the methyl resonance occurs a t  

Propylenediamine Complexes.-The spectrum of 
[Pt(( -)pn)z]C1z has been recently described.1° Al- 
though no Pt-N-C-CH3 coupling was reported, i t  
could be possible for a small coupling to  remain unde- 
tected by workers who were not expecting it.  Conse- 
quently, we ran the spectra of [Pt((+)pn)(NH3)z]Clz 
and trans’- [Pt(( = ~ ) P ~ ) ( N H ~ ) ~ C ~ ’ ~ ] C ~ ~  in DzO. Sharp 
methyl doublets (JcH~-cH~ = 6.5 Hz) were obtained a t  
T’ 8.71 and 8.54, respectively. In neither case was 
coupling between lg5Pt and the methyl group observed. 

Discussion 
Factors Influencing Jpt-N-c-H.-For none of the 

complexes listed in Table I11 is there a single preferred 
.conformation (i.e., there is no preferred orientation of 
the Pt-N-C-H bonds). The spectra of these com- 
plexes illustrate the effect of the following factors on 
3 J p t - ~ - ~ - ~ :  (i) the oxidation state of the platinum 
ion, (ii) the nature of the coordinated diamine, (iii) 
the nature of ligands trans to  the diamine (for Pt(I1) 
complexes), and (iv) the nature of the ligands cis to  the 
diamine (for Pt(1V) complexes). These factors will be 
considered in turn. 

As would be expected, the oxidation state has a 
marked effect on the coupling constant. For example, 
the coupling constant decreases from 41.5 to  26 Hz 
when Pt(en) (NH,)z2+ is oxidized to Pt(en) (NH3)2C122+. 

(ii) Comparison of coupling constants for the 
complexes Pt(diamine) (NH3)Z2+, where diamine = 
en, tn,  dan, and Pt(diamine) ( N H ~ ) Z C & ~ + ,  where di- 
amine = en, tn, shows that the value of the coupling 
constant does not depend markedly on the structure of 
the diamine (at least for these simple aliphatic di- 
amines), provided that, as here, there is no single pre- 
ferred conformation. The small effect that  does exist 
may be due, in part a t  least, to  the varying strengths of 
the Pt-N bonding. Thus, trimethylenediamine, which 
is a stronger base than ethylenediamine,ll might be 
expected to form stronger Pt-N bonds, giving slightly 
higher coupling constants. The effect may also be due 
to the Karplus type angular dependence of the coupling 
~ o n s t a n t . ~  Figure 4 shows a chelate ring viewed down 

7’8.61 (JcH=-cH~ = Jpt-N-C-cH3 = 6.5 HZ). 

(i) 

Figure 4.-The chelate ring viewed down an N-C bond. 

one of the N-C bonds. 
to be greater than Jpt-N-C-H,,, since 

Jpt--N-c-Heq will be expected 
is in the vicin- 

(10) S. Yano, H. Ito, Y. Koike, J. Fujita, and K. Saito, Bull. Chem. SOL. 

(11) D. D. Perrin, Aust. J .  Ckem., 17, 484 (1964). 
J a p . ,  42, 3184 (1969). 
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ity of 180’ and Since any 
one methylene proton spends equal time as an axial 
and as an equatorial proton, the observed coupling con- 
stant will be the average of JP~-N-C-H~~ and 
Jpt-N-C-Hax (assuming that the time required for con- 
formational inversion is short compared with the con- 
formational lifetime). The exact values of @eq and 
@ax ‘and thus of these coupling constants will depend on 
details of the chelate ring conformation and in this way 
may vary slightly from compound to compound. 

The coupling constants for the complexes Pt- 
(en)Lzz+ show that the trans ligand, L, can have a 
marked effect. For the complexes studied, Jpt-N-c-H 

decreases in the order HzO > py - NH3 - en - (CH3)Z- 
S > P(C6H5)3, ;.e., in the order of increasing trans in- 
fluence (cf. behavior of J p t - c H 3  in trimethylplatinum- 
(IV) complexes12). 

For the Pt(1V) complexes studied, the cis lig- 
ands have only a small effect on the coupling constant. 
The small variations observed could arise from a direct 
electronic effect in the Pt-N bonds or from changes in 
the chelate ring conformations resulting from steric 
interactions or perhaps H bonding with these “axial” 
groups. Possibly there is a combination of these ef- 
fects. 

There is little correlation between the chemical shifts 
of the methylene protons and the coupling constants 
with Ig5Pt, but this is not unexpected when some of the 
trans ligands contain aromatic groups. All of the 
methylene resonances for the ethylenediamine com- 
plexes studied occur upfield from that of (en)(HCI)z 
(T’ 6.57l) and those for Pt(I1) complexes are upfield 
from those of Pt(1V) complexes. This is expected since 
the electron-accepting tendency decreases in the order 
H +  > Pt(1V) > Pt(I1). 

Conformations of Pentane-2,4-diamine Chelate 
Rings.-The proton-proton coupling constants for the 
Pt(1V) complexes of meso-pentane-2,4-diamine indi- 
cate that, as for the Pt(I1) complexes previously dis- 
cussed,l the chelate ring takes up the expected chair- 
type conformation with both methyl groups equatorial 
(Figure 1). I n  this preferred conformation, there is 
now a preferred orientation of the Pt-N-C-H angles, 
since the methine protons are axial, with 60”. 
Thus a comparison of 3 J p t - ~ - ~ - ~  between the com- 
plexes [Pt (en)2] C1, and [Pt (mes~-dptn)~]Cl~,  for which 
oxidation states and trans ligand atoms are similar, 
should illustrate the effect of the dihedral angle on this 
coupling constant. The low value of 3 J p t - ~ - ~ - ~  

for the meso-dptn complex (15 Hz) compared with that 
for the ethylenediamine complex (41 Hz) confirms the 
Karplus type angular dependence of the three-bond 
coupling constant. If the coupling constant for the 
meso-dptn complex is regarded as that  for a typical axial 
proton in a Pt(I1) complex with nitrogen ligands trans 
to  the chelate ring, the coupling to a typical equatorial 
proton, which has not been directly observed, may be 
calculated 

is in the vicinity of 60”. 

(iii) 

(iv) 

‘/B(JPt-N-C-Hos f JP~-N-c-H~~) ‘v 40 HZ 

J P ~ - N - c - H ~ ~  ‘V 65 Hz 

The preferred conformation of the chelate ring in 
complexes of Pt(I1) with ( h ) d p t n  cannot be unequiv- 
ocally determined from proton-proton coupling con- 

(12) D E. Cleggand J. R.  Hall, tbid , 20, 2025 (1967). 
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TABLE VI 
3JPt-N-C-H FOR ETHYLENEDIAMISE COMPLEXES AND 4JPt-N-C-CHa FOR ~eSO-PENTANE-2,4-DIAMISE, 

(* )-PENTAKE-2,4-DIAMINE, BLTTANE-1,3-DIAMINE, AND PROPYLENEDIAMINE COMPLEXES I N  DzO AT 30"' 
'JPt-H (4ZO.5) 4 J ~ t - ~  (4ZO.2)  4JPt-H (h0 .2)  4 J ~ t - ~  4 J ~ t - ~  

en meso-dptn (4Z)bdn (* 1 dptn  (+)Pn Complex 

Pt(N-N)(HzO)*'' 52 .5  9 . 5  4 .3  <2 
Pt(N-N)(NH3)z2+ 41.5 6 . 5  3 .5  <2 <2 
Pt(N-N)(NH3)dX2+ 26 .0  (41.5)" 5 . 0  (8.0) 5 .2  (8 .3 )  2 . 5  (4.0) < 2  
Pt (N-N)(NHa )z(OH)z' + 26.5 (42.3) 6 . 5  (10.4) 6 . 5  (10.4) 3 . 8  (6.1) 
Pt (N-N) (NH3)z (0H)s + HClOi 24 .5  (39.2) 6 . 5  (10.4) 6 . 5  (10.4) 4 . 0  (6.4) 

a Coupling constants are in hertz. Figures in parentheses are "compensated" for the increase in P t  oxidation state from I1 to I V  
by multiplying the observed coupling constant by the factor 41.5/26.0. 

stants.' However, using the Karplus type angular 
dependence of J p t - ~ - c - ~  illustrated above, a confor- 
mational assignment can be made from the value of 
38.5 Hz obtained for this coupling constant with [Pt- 
((A)dptn)z]Clz. This value is consistent with a rapid 
equilibrium between two equivalent chair conforma- 
tions, in each of which one methine proton is axial and 
one equatorial, rather than a skew-boat conformation 
with both methine protons axial. 

The nonavailability of a value of 3 J p , - ~ - ~ - ~  for 
Pt(IV) complexes of (*)dptn prevents a similar un- 
ambiguous assignment of the ring conformation based 
on the angular dependence of this coupling constant. 
However, i t  is important for the discussion of four-bond 
couplings to establish the conformational behavior of 
the chelate ring in these complexes. In a Pt(1V) com- 
plex there are coordinated "axial" substituents, and the 
axial methyl group in a chair-type conformation would 
experience a severe steric interaction (Figure 5a) In a 

Figure 5.-Conformations of the ~ac-pentane-2,4-diamine chelate 
ring in a Pt(1V) coniplex: (a) chair; (b) skew boat. 

skew-boat conformation, both methyl groups could be 
equatorial, and there would be no such severe inter- 
actions (Figure Sb) ) this conformation is probably 
favored for Pt(1V) complexes. The increase in J . ~ x  in 
going from Pt(I1) to Pt(1V) complexes (-2 Hz) is con- 
sistent with a change from chair to skew-boat confor- 
mation. In  a skew-boat conformation (SB), with 
labeling as in Figure 5, J.il/x, would have a value corre- 
sponding to 4 N 180" ( J 1 8 0 )  and J A ~ ~ ~ ~ ~  a value corre- 
sponding to Cp i= 60" (J~o),  Then, if an averaged cou- 
pling is experienced by the averaged coupling con- 
stant for a skew-boat conformation is 

since HA, is equivalent to H,,,, In each chair confor- 
mation (Ch), H.4' and H.1). are nonequivalent. In the 
chair conformation shown in Figure 5a, J.h!fx, will have 
a value corresponding to 4 = IXO", and Jx~,x~J will 
correspond to 4 = 60". However, in the other, equiva- 

lent chair conformation. J A ~ X ,  and Jltox/r will both 
correspond to 4 = 60". Then, if all the couplings are 
averaged 

From the Karplus equation,I3 Jl80 > JSO, so that 
J4X(AV--SB) > J&X(AV-Ch) 

A typical value of ( J I ~ o  - J S O )  might be 4 3  Hz. This 
would give an increase in J i x  in changing from chair to 
skew-boat conformation of the order of 2 Hz, the increase 
observed in going from Pt(I1) to Pt(1V) (cf the cor- 
responding trimethylenediamine complexes where 
J C H  - C H ~  decreases slightly). The above argument is, 
of course, semiquantitative only, as JlB0 and JS0 d l  not 
be identical for all the sets of couplings considered, but 
it is valid provided that they are of the same order, 

Factors Influencing the Value of Jpr-x-C-CH3.-In 
our previous publication, we reported long-range 
platinum-proton coupling in Pt(I1) complexes of meso- 
pentane-2,4-diamine and suggested that it occurred 
here because a planar-iy configuration of the Pt-N- 
C-C-H bonds wa5 possible when the methyl groups 
were equatorial, as in the preferred conformation of 
these chelate rings. To rationalize the long-range 
coupling constants found in this work, it is further pro- 
posed that, after allowing for the effects of oxidation 
state of the platinum ion and the trans influence of 
ligands trans to the diamine (the factors having greatest 
effect on 3Jpt-N-C-14, the value of the four-bond coup- 
ling constant depends predominantly on the degree of 
preference for the conformation with the methyl group 
equatorial (expressed as the percentage of molecules in 
this coilformation a t  any instant, n e J .  Table VI lists 
the values of these four-bond coupling constants for the 
complexes studied, together with values of 3 J p t - x - ~ - ~  
for corresponding ethylenediamine complexes, for com- 
parison For the Pt(1V) complexes, an attempt has 
been made to compensate for the effect of increased 
oxidation state on the coupling constants by multiply- 
ing by the factor 41 5,/26 (i e , the ratio of platinum- 
methylene coupling constants J(Pt(en) (NH3)z2+)/ J (P t -  
(en) (NH3)2C122+)). These "compensated" values are 
given in parentheses in Table VI. 

The effect of the trans ligands on 4 J p t - ~ - ~ - ~ ~ ~ a  is 
illustrated by the coupling constants for Pt(mesa-dptn)- 
(H20)22+ and Pt(( i )bdn) (H20)2z++ ,  n-hich are greater 
than those for the corresponding bis-ammine complexes 
The ring conformations would be expected to be almost 

(13) hI Karplus, J Chem Phys  , 30, 11 (1959) 
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unaffected by the trans ligands, so this change in cou- 
pling constants is due to electronic modification of the 
bonds, reflecting the lower trans influence of HzO com- 
pared with that of NH3. It is not clear why the relative 
change for the meso-dptn complexes (47%) should be 
greater than that for the bdn complexes (23%) or for 
3 J p h - ~ - ~ - ~  in the corresponding ethylenediamine com- 
plexes (28%). 

The “compensated” coupling constants may be listed 
in the following order: Pt(1V)-(meso-dptn) - Pt(1V)- 
(bdn) > Pt(I1)-(meso-dptn) > Pt(1V)-(( *)dptn) - 
Pt(I1)-(bdn) > Pt(1V)-(pn) - Pt(I1)-(pn) - Pt(I1)- 

If the above hypothesis is correct, that  these coupling 
constants depend chiefly on neq, this list should repre- 
sent a decreasing order of neq. The conformational 
behavior of the chelate rings is known only semiquanti- 
tatively, but this does correspond to  the expected order 
of preference for the conformation with the methyl 
group equatorial. The conformational equilibria in- 
volved are represented in Figure 6. 

In a Pt(1V) complex of meso-dptn or bdn the “axial’) 
ligand attached to  the metal ion would interact so 
severely with an axial methyl group that  the equatorial 
conformation would be almost exclusively preferred 
(ne, = 100%). In  Pt(I1) complexes there is no such 
“axial” ligand, so that the preference for the equatorial 
conformer, while still high, is less than for the Pt(1V) 
complexes. Further, for bdn complexes there is only 
one methyl group which must be either equatorial or 
axial, while for meso-dptn there are two such methyl 
groups, so that the preference for the equatorial con- 
formation would be less for Pt(I1)-(bdn) than for 
Pt(I1)-(meso-dptn). Thus the order of neq for these 
complexes is Pt(1V)-(meso-dptn) - Pt(1V)-(bdn) > 
Pt(I1)-(meso-dptn) > Pt(I1)-(bdn), in agreement with 
the order of coupling constants. As discussed earlier, a 
skew-boat conformation with both methyl groups 
equatorial is probably preferred for Pt(1V) complexes of 
(&)dptn,  and neq for these complexes could well be 
similar to  that for Pt(I1)-(meso-dptn). 

Although there is a wealth of evidence that the pro- 
pylenediamine chelate ring prefers the puckered con- 
formation with the methyl group equatorial, including 
results from a pmr study of [ P t ( ( - ) ~ n ) ~ ] C l ~  in DzO 
solution,1° ne, would be less for pn complexes than for 
the corresponding bdn complexes. As illustrated in 
Figure 7, the interactions of an axial methyl group with 
other atoms in the chelate ring are considerably less 
for propylenediamine (Figure 7c and d) than for butane- 
1,3-diamine (Figure 7a and b). Also, an axial methyl 
group does not approach an “axial” ligand coordinated 
to  Pt(1V) as closely for pn as for bdn, especially since 
the steric interaction for the pn complex may be further 
reduced by distortion of the five-membered chelate 
ring from a symmetrical gauche ~onformation.1~ Al- 
though flattening of M-N-C angles has been observed 
in all six-coordinate trimethylenediamine complexes 
studied by X-ray crystal1ography,l5-l7 very severe 
flattening of these angles in the bdn ring would be nec- 
essary to relieve greatly the steric interactions. Thus 

(( * )dptn). 

(14) J. R. Gollogly and C. J. Hawkins, I n o v g .  Chem., 8, 1168 (1969). 
(15) Y. Saito, T. Nomura, and F. Marumo, Bull. Chem. SOC. Jop. ,  41, 

(16) A. Pajunen, Suom. Kemistzlehti B, 41, 232 (1868). 
(17) A. Pajunen, ibid , B, 42, 15 (196Q). 

1016 (1969). 
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neq meso-dptn - 

11 

Pn I 
n =I 

Figure 6.-Conformational equilibria of chelate rings. 

the order of neq, Pt(I1)-(bdn) > Pt(1V)-(pn) > Pt(I1)- 
(pn), is reasonable. 

As shown by * J p t - ~ - c - ~  for Pt(I1) complexes of 
rac-pentane-2,4-diamine, there is rapid interconversion 
between two equivalent chair conformations, in each of 
which one methyl group is equatorial and the other 
axial. Thus, each methyl group is equatorial for 50% 
of the time, and ne, = 50%, the lowest value of neq for 
all the complexes studied. 

This correlation between the long-range coupling 
constants and neq provides empirical support for the 
proposal that  the “compensated” four-bond coupling 
constants depend mainly on the degree of preference for 
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(e) I I 

Figure 7.-Conformations of propylenediamine and butane- 
1,3-diamine chelate rings: (a), (b) bdn axial; (c), (d) pn axial; 
(e) bdn equatorial; 1, severe interaction for Pt(1T‘); 2, significant 
interactions across ring; 3, little interaction across ring; 4, 
moderate interaction for P t  (IV) partially relieved by angle 
bending. 

the conformation with the methyl group equatorial. 
Further, i t  will be noticed that the coupling constant is 
very sensitive to the degree of conformational prefer- 
ence and is only observed when neq is quite high. No 
measurable coupling is observed for complexes with 
nes less than for Pt(I1)-(bdn) (i.e.) for pn complexes and 
Pt(I1)-(( .t )dptn)),  A simple averaging law would pre- 
dict that  the coupling in Pt(I1) complexes of (+)dptn 
would be the average of JP~-K-c-cH~(~~) ( 3  6.5 Hz) and 
JPI--N-C-CH~(~~) (30) (;.e., a t  least 3 Hz) and larger 
values for pn complexes. The difference between the 
coupling constants for Pt(meso-dptn) (NH3)22f and 
Pt(bdn) (NH3)Z2+ is also greater than would be expected 
from a simple averaging law. I t  is not clear why a 
simple averaging law is not followed. Factors such as 
the comparatively long lifetime or greater rigidity asso- 
ciated with a very highly preferred conformation may be 
responsible. 

Although the value of neq may be the main factor in 
determining the value of the “compensated” coupling 
constant, other factors may have a significant effect. 
The comparative rigidity of chair-type conformations 
may enhance the coupling. The coupling constant may 
also depend on the detailed geometry of the preferred 
conformation. As mentioned above, for Pt(1V) com- 
plexes a t  least, there will probably be some flattening of 
the Pt-N-C angles. The effect of such flattening on 
the four-bond coupling constant is not known. The 
geometry of the ring conformation could also be affe :ted 
by intramolecular hydrogen bonding between the 
‘‘axial” ligands and the diamine amino protons. Such 

H bonding could increase the preference for a particular 
conformation and could make this conformation more 
rigid. As well, effects arising from electronic modifica- 
tion of Pt-N bonds (including change of oxidation 
state) may not parallel closely those for three-bond 
couplings. Some of these factors may contribute to  the 
observed variations in 4 J p t - ~ - ~ - ~ ~ a  when the “axial” 
ligands are changed. Few complexes with bromo 
groups as “axial” ligands were studied, because of 
preparative difficulties, but for what appears to  be a 
genuine sample of [Pt(meso-dptn) (NH3)2Brz]C12, the 
value of the platinum-methyl coupling constant (5.0 
Hz) is the same as for the dichloro complex. Thus, a 
mere increase in size of the “axial” groups has little 
effect on the coupling. However, all the trans-dihy- 
droxo complexes have four-bond coupling constants 
significantly larger (-30y0) than the corresponding 
trans-dichloro complexes (cf. an increase of -4y0 for 
the three-bond coupling in the corresponding ethylene- 
diamine complexes). Although it is possible that  a di- 
rect electronic effect could influence the four-bond cou- 
pling more than the three-bond coupling, a conforma- 
tional effect, perhaps involving H bonding, is probably 
chiefly responsible. This is supported by the fact that  
addition of perchloric acid (which would convert the 
coordinated hydroxo groups to coordinated water) has 
no effect on the four-bond coupling constants (although 
3Jp t -N-~-Ha  decreases from 27.0 to 24.5 Hz in the corre- 
sponding en complexes). This suggests that  the high 
values of the four-bond coupling constants in these com- 
plexes are associated mainly with the presence of 0-H 
bonds in the “axial” ligands. 

Solvent and Temperature Effects on ‘JPt-N-C-CKa.- 

The value of 3 J p t - ~ - ~ - ~  in the complexes [Pt(di- 
amine) (N&)2] (Clod)* that have been studied is virtually 
unaffected by variation of solvent or temperature 
(diamine = en, tn, dan).l For meso-dptn complexes, 
the presence of two methyl groups which must be either 
axial or equatorial gives the chelate ring a strong pref- 
erence for the conformation with both equatorial. 
This equilibrium would not be expected to be greatly 
influenced by solvent or temperature changes, and thus 
the value of 4 J p t - ~ - ~ - ~ ~ s ,  which depends on this pref- 
erence, would not be expected to be very sensitive to 
these changes, Indeed, the value of this coupling con- 
stant for [Pt(meso-dptn) (NH3)2](C104)2 remains un- 
changed in dimethyl sulfoxide up to 1 6 7 O . l  For com- 
plexes of butane-l,3-diamine, however, there is only one 
methyl group to be either axial or equatorial, and the 
preference for the equatorial conformer would be less 
than for meso-dptn complexes and could be solvent and 
temperature dependent, This would be reflected in the 
value of the platinum-methyl coupling constant. For 
[Pt(bdn) (NH3)2](C104)2, this coupling constant de- 
creases (from 3.5 to 3.0 Hz) on heating to 90”. This is 
consistent with the expected decrease in neq as the 
temperature is raised. As shown by Table V, there is 
also a significant solvent effect on the coupling con- 
stant, which indicates that  there is a solvent effect on 
the conformational equilibrium. Although solvation 
effects could be quite complex, there are two relatively 
simple ways in which the solvent could affect the confor- 
mational equilibrium. (i) The first is by pseudocoor- 
dination above and below the coordination plane. 
This would tend to favor the equatorial conformer, since 



an axial methyl group would interact sterically with the 
pseudocoordinated solvent molecules. (ii) The sec- 
ond is by H bonding with the amino group H atoms. 
As illustrated in Figure 7, an equatorial methyl group 
would hinder close approach of a solvent molecule to the 
adjacent equatorial hydrogen on N.  An axial methyl 
group would cause much less hindrance to  such solvent 
approach. Thus, in a strongly H-bonding solvent, the 
equatorial conformer would be less favored than in a 
more weakly H-bonding solvent. 

The solvents which would probably pseudocoor- 
dinate strongly to  Pt(I1) (DMSO, water, and acetoni- 
trile) are also those which might be expected to be 
strongly H bonded to the diamine amino groups. The 
fact that  the coupling is smaller (and thus the prefer- 
ence for the equatorial conformer) is less in these sol- 
vents suggests that  (ii) is more important than (i) in 
influencing the conformational equilibrium (very strong 
pseudocoordination by the solvent could affect the 
coupling constant directly by altering the electron 
density in the Pt-N bonds, but no such effect has been 
observed for complexes of other diamines). 

Conclusions 
Results reported in this paper indicate that 
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3 J p t - ~ - ~ - ~  decreases on oxidation from Pt(I1) to 
Pt(1V) by a fairly constant factor and decreases with 
increasing trans influence of ligands trans to  the chelate 
ring. When these factors are constant, a Karplus type 
angular dependence law is followed. Coupling con- 
stants in pmr spectra of (*)dptn complexes support 
assignment of chair conformation to Pt(I1) complexes 
and skew-boat to  Pt(1V) complexes. 

A correlation between the conformational behavior 
and the four-bond platinum- -methyl coupling constants 
in complexes containing the grouping Pt-NH2-CH- 
CH3 supports the hypothesis that ,  after allowing for 
effects of oxidation state and trans influence, the cou- 
pling constant increases with increasing preference for 
the conformation with the methyl group equatorial. 
Variation oi 4 J p t - ~ - ~ - ~ ~ s  for [Pt(bdn) (NH3)2](C104)2 
with different solvents reflects a solvent effect on the 
conformational equilibrium of the chelate ring. 
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The magnetic susceptibility of a powdered sample of the tetramethylammonium salt of @a-oxo-hexa-@-chloro-tetrakis(ch1oro- 
cuprate(I1)) was measured in the temperature range 4.2-295'K. The cryomagnetic data exhibit a maximum in the magnetic 
susceptibility near 29'K and may be described by the Van Vleck equation for a tetrahedral arrangement of copper(I1) ions 
with J = -16 cm+. A comparison of the magnetic properties of [ ( C H ~ ) ~ N ] ~ [ C U ~ O C ~ I O ]  and the reported data for the 
structurally similar Cu4OCle(TPPO)4 (TPPO = triphenylphosphine oxide) is given. 

Introduction 
X-Ray crystal structure studies have shown p4-oxo- 

hexa-p-chloro-tetrakis [ (triphenylphosphine oxide)cop- 
per(II)], '  Cu40C16(TPP0)4, and the tetramethylam- 
monium salt of p4-oxo-hexa-p-chloro-tetrakis(ch1oro- 
cuprate(II)),2 [(CHa)qN]4[CuqOCllo], to  have very 
similar structures. In both complexes, there is a 
tetrahedral arrangement of copper ions bonded to 
the single central oxygen atom. Each of the six edges 
of the Cud tetrahedron is occupied by a bridging chlo- 
ride ion so that each copper ion is linked to each of the 
other three metal ions through the central oxygen and 
through three separate chloride bridges. The fifth co- 
ordination position of each copper ion, located on the 
central oxygen-copper axis on the outside of the cluster, 
is occupied by the oxygen of a TPPO group in the first 
complex and by a chloride ligand in the second, as is 
shown in Figure 1. Though there are minor dif- 

(1) J. A. Bertrand, Inovg. Chem.,  6, 495 (1967). 
(2 )  J. A. Bertrand and J. A. Kelley, i b i d . ,  8 ,  1982 (1969). 

ferences in the two structures, both Cu40 units have 
nearly Td symmetry and the octahedra of six bridging 
chlorides have exact or almost exact On symmetry. 
Bond distances and angleso are very similar; Cu-Cu 
distances are 3.11 and 3.18 A,  respectively; Cu-central 
oxygen distances range from 1.91 to 1.95 8; Cu-bridg- 
ing chloride distances are 2.38-2.45 A ;  typical bond 
angles are Cu-0-Cu = logo ,  0-Cu-C1 = 85", and 

Although i t  had been suggested1g2 on the basis of 
room-temperature magnetic susceptibility measure- 
ments that  no spin interaction existed between the 
copper ions in either system, more recent studies re- 
ported by Martin3 have demonstrated the presence of 
very complex interactions in Cu4OCI6 (TPP0)q. The 
effective magnetic moment of the compound rises from 
1.87 BM a t  295°K to 2.12 BM a t  54°K and then drops 

CU-C1-CU = 81 O. 

(3) A. P. Ginsberg, R. L. Martin, and R. C. Sherwood, unpublished re- 
sults, reported by R. L. Martin in "New Pathways in Inorganic Chemistry," 
E.  A. V. Ebsworth, A. G. Maddock, and A. G. Sharpe, Ed., Cambridge Uni- 
versity Press, New York, N. Y., 1968, p 228. 


