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major product’4 with a very small amount of 11. After methylation 
of the crude material, a mixture was obtained. It was found to 
contain 98% of VI11 and 2% of 111, identical with an authentic 
sample (cis isomer) as it could be confirmed by VPC and ‘H 
NMR, using a B,B’,B’’-trimethyl-N,N’,N’’-tri-o-tolylborazine- 
enriched sample. B,B”B”-Triethyl-N,N’,N’’-tri+tolylborazine 
(IV) was also prepared, for the same purpose, but this compound 
was found more difficult to purify and the ethyl substituent at- 
tached to boron led to a complex second-order pattern (A2B3 in 
’H NMR), rendering difficult accurate identification. 
Conclusion 

When performed under very mild conditions (refluxing diethyl 
ether), the reaction of CH3MgI with B,B’,B’’-trichloro-N,N’,- 
N”-tri-o-tolylborazine (1) leads to the cisJ,B’,B”-trimethyl- 
N,N’,N’’-tri-o-tolylbrazine as the sole isomer. The trans isomer 
of I11 could not be obtained, either in the course of the previous 
reaction or by heating the cis isomer above its melting point. 
Instead, significant amounts of B-hydroxy byproducts, essentially 

(14) S. Allaoud, M. El Mouhtadi, and B. Frange, unpublished results. 

V, are produced, resulting from incomplete methylation of I: they 
probably originate from unreacted trans isomer of I because of 
steric reasons. More drastic conditions (refluxing in aromatic 
solvent for instance) have been for the reaction of 
Grignard compounds RMgX with such crowded B,B“B“-tri- 
chloro-N,N”N”-triarylborazines: in every case, the yield of B,- 
B’,~’’-trialkyl-N,N”N”-triarylborazine was very low, probably 
because of extensive ring opening. Finally, the reported formation 
of the trans isomer in those experiments3 seems somewhat 
questionable. 
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The reaction of triethylenetetramine with a nickel complex that has an internal six-membered chelate ring and terminal amine 
donors exhibits rate constants comparable to those observed for reactions with similar nickel-polypeptide complexes. The 
six-membered chelate ring does increase the rate constants for the reaction with H30+ however. The rate constant values (25.0 
OC, I = 0.10 M) are kHIO = 0.001 s-I, kns0 0.73 M-’ S-I, and ~ H ~ T  = 1.5 X lo2 
M-l s-’. 

3.9 X lo6 M-’ S-’, kr = 0.25 M-I S-I, k ~ f i .  

Introduction 
The reactions of nickel(II)+hort-chain polypeptide complexes 

with triethylenetetramine (TrienT) proceed through a variety of 
different pathways. Complexation of nickel by triglycine’ es- 
tablishes the general basic configuration of low-spin squareplanar 
complexes. Nickel transfer from this ligand to trien follows three 
general pathways: one that is trien and proton independent, one 
that is trien dependent, and one that is proton dependent. As 
portions of the peptide ligand are altered, there are dramatic 
changes in the competitiveness of each pathway.2-10 

This study utilized a tetradentate ligand N,N’-bis(Z-amino- 
ethyl)malonamide, BAEM, which forms two five-membered 
chelate rings and one six-membered chelate ring with Ni(I1) (I). 
The configuration of the six-membered chelate is critical to the 
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kinetic stability. The transfer of Ni(I1) from this complex to trien 
to form Ni(trien)z+ proceeds through the three general pathways, 
and the rate constant values are markedly different from what 
has been observed for the diglycylethylenediamine complex.1° 
Experimental Section 
N,N’-Bis(2-aminoethyl)malonamide, BAEM, was synthesized from 

diethyl malonate and ethylenediamine.” A 0.0991 M Ni(C104)2 solu- 
tion was prepared from the recrystallized salt and standardized by EDTA 
titration. The complexes were formed by the addition of 50% excess 
ligand to a Ni(C104)2 solution. The ionic strength was maintained at 
0.100 M through the addition of the appropriate amount of 2.0 M Na- 
C104. The initially acidic solutions were slowly adjusted to the desired 
pH, which was 9.0 or greater, by adding NaOH. All solutions were 
bubbled with N2 in an attempt to eliminate any complex oxidation. 
Borate buffer, BT = 0.005 M, was utilized for the reactions in the pH 
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Figure 1. Dependence of koM on the TrienT concentration in the pH 
8-10 range. 
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Figure 2. trien and proton dependence for the reaction of TrienT with 
NiH-,BAEM at pH 7.04. 

8-10 region. No buffer was used for the pH 10-1 1.5 range, and TrienT 
was used as the buffer for the pH 8 down to pH 5 range. The concen- 
tration range for the complex was (0.7-40.0) X M. TrienT was 
always kept in excess. The absorption maximum for NiH,BAEM is 440 
nm with a molar absorptivity of 35 M-' cm-l. The monitored pH values 
were converted to hydrogen ion concentration by the extended Debye- 
Hiickel relationship. All reactions were run at 25.0 O C .  The trien 
solutions were prepared through dilution of aliquots taken from a 0.100 
M stock. The trien pK, values used to resolve the rate constants are pKm 
= 9.74, PKH~T = 9.08, and pKH3T = 6.56.12 

The reactions were followed spectrophotometically by observing a 
decrease in absorbance with time. The slow reactions were monitored 
with 10.0-cm cells and a Varian 634 spectrophotometer; the fast reac- 
tions, with a Durrum 103 stopped-flow spectrophotometer. The reactions 
were always run under pseudo-first-order conditions. The rate constants 
are the average of three runs. A nonlinear-least-squares computer pro- 
gram, LLJAC, was utilized to fit the data.I3 
Results 

eq 1, exhibits sizable variation with pH. 
The reaction of NM-,BAEM with TrienT, which is shown in 

The reactions were 
H+ 

(1) NiH-2BAEM + TrienT - Ni(trien)2+ + BAEM 
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Figure 3. Dependence of the intercept constants on the hydrogen ion 
concentration (slope = kH,O = 3.9 X lo6 M-I s-' ). 
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Figure 4. Agreement between the observed rate constants and the pre- 
dicted rate constants. 

Table I. Rate Constants for the Reaction of trien with NiH-2MBAE 
constant value constant value 

kHlo (1.0 A 0.2) x 10-3 s-1 kH,T (1.5 i 0.1) x 102 ~ - 1  s-1 

km 
kT 0.25 i 0.06 M-' s-' k ~ , o  (3.9 i 0.5) X lo6 M-' S-' 

0.73 + 0.16 M-I s-I 

always run under pseudo-first-order conditions, which provides 
the relationship shown in eq 2. The rate constant koM was 

-d[NiH-,BAEM] /dt = k,M[NiH-2BAEM] (2) 

determined from plots of In (A - A,) vs. t (A is absorbance). An 
increase in TrienT concentration provides a linear increase in the 
observed rate constants, as demonstrated in Figure 1. In the 
highest pH range (8-1 1.5) the same nonzero intercept is observed, 
but as the pH decreases to the region of 7, the intercept shows 
a major increase (Figure 2). These observations lead to eq 3. 

rate = ( k ~ f i  + kH,o[H30+] + krr[TrienT])[NiH_,BAEM] 
(3)  

Combination of the intercept values provides Figure 3. The value 
of kHZ0 from Figure 1 is 0.001 s-', and kH30 = 3.9 X lo6 M-l s-l 
from Figure 3. 

It is possible that all four TrienT species (T, HT', H2TZ+, and 
H3T3+) could be contributing to the rate. Analysis of the data 
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indicates, however, that the contribution from H2T2+ is not com- 
petitive, and thus no kHZT rate constant can be determined. The 
rate expression is shown in eq 4. Rate constants for the three 
-d[NiH_2BAEM]/dt = (kH20 + kH,o[H30+] + kdtrien] + 

kHT[Htrien+] + kH,T[H3trien3+])[NiH-2BAEM] (4) 

reactive trien species, H20,  and H30+ are listed in Table I, and 
the agreement between kpredicted and kobsd is shown in Figure 4. 
The observed rate constant range is 4 orders of magnitude. 
Discussion 

Proton Transfer. Complexation of nickel(I1) by ligands such 
as triglycine (GGG), N,N'-bis(2-aminoethyl)oxalamide (ODEN), 
diglycylethyleqediamine (DGEN), and diglycylhistidine (GGHis) 
provides planar orientation of the deprotonated, coordinated amide 
nitrogens. The ligand used in this study, BAEM, is similar to 
ODEN in that both have five membered side chelate rings with 
terminal amine donors. The back chelate rings differ, however, 
in that ODEN has a five-membered ring whereas BAEM has an 
added -CH2- and thus forms a six-membered chelate ring. This 
change appears minimal until one attempts to make molecular 
models. Coordination to nickel(I1) in the high-pH range shows 
that two protons have been removed, thus indicating that coor- 
dination is similar to that exhibited by the other ligands. Prep- 
aration of molecular models does not verify this, however. In 
general, insertion of -CH2- in the back chelate ring causes marked 
orientation stress. If one of the deprotonated amide groups is 
maintained planar with nickel and the two terminal amines, great 
disorientation within the other amide group occurs and, in fact, 
coordination to nickel would be minimal. As a consequence, there 
appear to be two major reorientations of complexed H2BAEM2-. 
The first and probably most important is lengthening of the 
nickel-jmide bonds. The amount that the bonds are lengthened 
is balanced by an increase in the tetrahedral bond angle of the 
-CH2- group in the six-membered chelate ring, as shown in 
diagram 11. The lengthening of the Ni-imide nitrogen bonds 
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permits more planar orientation of the coordinated amide groups. 
There is no apparent influence on the coordination of the terminal 
amine groups, however. 

These two factors are indicated by the spectra of the complex. 
The molar absorptivity of NiH-,BAEM is low (35 M-' cm-I), and 
the maximum at 440 nm represents a much smaller UV shift upon 
deprotonation. The complex with three five-membered chelate 
rings, NiH-,ODEN, has a much higher molar absorptivity (1 87 
M-I cm-I) a t  a more energetic wavelength, 414 nm. Since the 
wavelength shift for NiH_,BAEM is not comparable to those for 
other nickel(I1)-polypeptide complexes, it should react faster than 
the others, and this is observed to be the case. 

For example, NiH-,BAEM reacts 41 times more rapidly than 
NiH2GGG- and 550 times more rapidly than NiH20DEN. This 
sizable increase is primarily due to the size of the interior chelate 
ring. The complex formed by ODEN has a five-membered interior 
chelate fing. In addition, the other two chelate rings are the same 
as those in NiH-,BAEM, and thus the rate constants for these 
provide a very direct indication of the impact. Rate constants 
for the other complexes are summarized in Table 11. 

Table 11. Proton-Transfer Rate Constants for Deprotonated Nickel 
Complexes 

Complex kH,O. M-' S-' k H - 0 ,  S-' ref 
NiH-2GGG 9.5 X lo4 8.6 X 5 
NiH-,DGEN 8.5 X lo3 3.0 X 10 
NiH-,ODEN 7.0 X lo3 1.0 X IO-' 14 
NiH-20DPN 1.2 X lo5 1.0 X IO-' 15 

NiH-,BAEM 3.9 X lo6 1.0 X this work 
NiH-,GGhis 3 X lo4 8.0 x 10-5 8 

Reaction with Trien. The reaction of trien with NiH-2BAEM 
is slower than what has been observed for the reaction with 
NiH-,GGG-, but it is similar to the rate of replacement of other 
ligands that have terminal amine groups, such as DGEN,'O 
ODEN,I4 and ODPN.I5 The rate of dissociation of the terminal 
amine donors is less than what has been observed for the rate of 
NH3 or EtNH216 dissociation and thus is a reflection of the kinetic 
stability of the chelate rings. 

In this particular case, Htrien+ reacts about 3 times faster than 
trien. Why Htrien+ reacts this much faster is not known, but it 
may be due to ion-pair formation. A proton-transfer pathway 
may be competitive, but no rate constant could be obtained for 
H2trien2+. This was primarily because the contributions from 
Htrien+ and H3trien3+ dominate the reactivity pattern and ov- 
ershadow any H2trien2+ component. 

The rate constant for H3trien3+ is 1.5 X lo2 M-I s-l, which is 
a sizable increase over the less protonated trien ligands. This 
increase indicates that nickel transfer from BAEM to trien may 
be general-acid catalyzed or facilitated through the formation of 
an ion pair. Since a rate constant for H2trien2+ could not be 
determined and no dependence upon the borate buffer concen- 
tration was observed, there is minimal evidence for a competitive 
general-acid-catalysis path. The kHIT constant should also be about 
a factor of 10 larger than the observed value. The molecular 
models do indicate, however, that protonation of the oxygen atoms 
may be more difficult than protonation of the amide nitrogens, 
and thus a general-acid reaction sequence could be preferred. The 
parallel reaction pathways are summarized in eq 5-9. 

(5) 

( 6 )  

(7) 

k W  
NiH-2BAEM + H 2 0  - products 

NiH-2BAEM + trien - products 

NiH-,BAEM + Htrien+ - products 

kT 

k W  

k H g  
NiH-2BAEM + H3trien3+ - products (8) 

(9 )  
kHQ 

NiH-2BAEM + H30+ - products 

The NiH-,BAEM reactivity pattern is unique in that the value 
of kHIO is the largest for a four-nitrogen-donor complex; however, 
the rate of BAEM replacement by trien is reduced by the presence 
of the terminal amines. 

In summary, the expansion of the interior chelate ring from 
five to six members greatly facilitates the proton-transfer process. 
This has minimal, if any, effect upon the trien reactions, however, 
since the substitution sequence involves dissociation of the terminal 
amine groups, whose positions are not altered by expansion of the 
interior chelate ring. 
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