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The [Co(dmptacn)CI]** (dmptacn = 1,4-bis(pyridylmethyl)-1,4,7-triazacyclononane) complex has been shown to be
the asym isomer through 1D and 2D NMR studies, its optical resolution, and the single-crystal X-ray structure of
its perchlorate salt. The kinetics of base-catalyzed hydrolysis establishes the usual [OH] dependence (koy =
0.040 M1 s71, 25 °C, | = 1.0 M, NaCl), but D-exchange experiments reveal that substantial if not complete
reaction proceeds via the new pseudoaminate mechanism, i.e., via deprotonation at an a-CH, center rather than
the NH. The significant kinetic isotope effect (kw/kp = 2.1) is interpreted in terms of rate-limiting deprotonation
followed by reprotonation of the conjugate base at a rate competitive with loss of ClI~. NMR and polarimetric
studies establish geometric and optical retention for the hydrolysis reaction and exclude even the transient formation
of a sym isomer intermediate.

Introduction toward reduction and a susceptibility toward autocatalysis.

Octahedral cobalt(lll) complexes containing amine ligands While pyridine can easily be coordinated to Co(lll), no
are subject to base catalysis, and this catalysis can pdnonodentate tertiary amine complexes are known, and the
enormous, up to a factor of ¥0faster than the normal so-  Necessary stability must be instilled through a subtle balance
called acid hydrolysis reactid.While many of the essential ~ 0f donor atoms and ligand connectivity. A pentadentate
features of this catalysis are now understood, an outstandingigand (dmptacn, Figure 1) initially prepared for other
problem that has resisted resolution is the relative effective- purpose$’ attracted our attention because it had just the
ness of NH deprotonation cis or trans to the leaving group. one NH center and its cobalt(Ill) complex proved stable in
The major experimental difficulties have been the follow- base toward reduction. Further, it can exist in two isomeric
ing: (i) the synthesis of a ligand with just one deprotonatable forms, with the single NH either cis or trans to the leaving
NH center; (i) the synthesis of a pair of [Co(pentaamine)- group (Figure 2).

Cl]?* isomers, one with the sole NH cis and the other the
NH trans to the leaving group. Necessarily such pentadentate (3) Dickie, A. J.; Hockless, D. C. R.; Willis, A. C.; McKeon, J. A;

; : ; n Jackson, W. Glnorg. Chem.2003 42, 3822.
ligands must be constructed from tertiary amine and pyridine (4) Spiccia, L.; McLachlan, G. A,; Fallon, G. D.; Martin, R. L.; Moubaraki,

donors, and this can lead to instability of the Co(lll) complex B.; Murray, K. S.Inorg. Chem.1994 33, 4663.
(5) McLachlan, G. A.; Fallon, G. D.; Martin, R. L.; Moubaraki, B.;
* Authors to whom correspondence should be addressed. E-mail: Murray, K. S.; Spiccia, LInorg. Chem.1994 33, 4663.

wgj@adfa.edu.au (W.G.J.). Phone:61 2 62688078 (W.G.J.). Faxt61 (6) McLachlan, G. A,; Brudenell, S.; Fallon, G. D.; Martin, R. L.; Spiccia,
2 6288090 (W.G.J.). L.; Tiekink, E. R. T.J. Chem. Soc., Dalton Tran$995 439.
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Figure 1. dmptacn and other two “armed” pentadentate ligands derived
from tacn and a tacn-like ligand.
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Figure 2. The two geometric isomers for [Co(dmptacn)X]

Herein we report the synthesis of one of these isomers,
its optical resolution, and the kinetics and stereochemistry
of base-catalyzed hydrolysis. We also report NMR studies
on deuterium incorporation which provide mechanistic
information on the role ofa-CH, deprotonation in the
hydrolysis mechanisrh?

Results and Discussion

Synthesis and Structure The [Co(dmptacn)X}" com-
plexes are asym isomers (Figure 2), clearly apparent from
the 18 line'3C NMR spectra (Figures 3 and 4S (Supporting
Information)). This is confirmed by the optical resolution
of the chloro complex and the activity of the aqua and
hydroxo ions generated from it. The crystal structure of a
salt of the aqua complex of dmptacn ion was reported
previously® The *H NMR spectra (Figure 5S) for corre-
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ligand field band is appreciatively asymmetric. The visible
spectra of the dmptacn and corresponding dmpmetacn
complexes indicate that the tertiary amine is a somewhat
poorer donor than theeeNH but are generally consistent
with what is expected for CtNsCl or Cd"NsO chro-
mophores.

Crystallography. Crystal data are given in Table 2. An
ORTEP diagram of the cation is shown in Figure 6 along
with the atomic numbering scheme. Selected interatomic
parameters are listed in Table 3. Additional crystallographic
data are accessible from the deposited CIF file.

The complex adopts the same asym stereochemistry as
all the dmptacn, dmpmetacn, datn, and dats complexes thus
far characterize&?®° The Co-N (amine and pyridine) bond
lengths vary from 1.929(4) to 1.958(4) A and, as expected,
are similar to those of [Co(dmptacn)@Fi", which range
from 1.906(7) to 1.937(7) A. [Co(daptacn)&i](Figure 1)
shows slightly longer CeN distances of 1.962.01 A,
probably because of the more flexible nature of the amino-
propyl pendant arms. The €I distance of 2.246(3) A in
[Co(daptacn)Ch" is the same as that for the dmptacn
complex (2.249(1) A). House has tabulated and analyzed
Co—Cl bond lengths for a wide range of pentaaminecobalt-
(111) complexes—no clear correlations emerg&drhe INCoN
chelate ring angles for the tacn nitrogens in the dmptacn
chloro complex are close to 9@average 87.9, and the
same angles in the related complexes, [Co(dmptacs])fOH
and [Co(daptacn)Cd], are on average 86.9 and 87.6
respectively, very little different.

The angles subtended by the pyridyl and tacn nitrogens,
N(1)—Co(1)-N(4) and N(2>-Co(1)>-N(5) (average 843
are also less than 90They are smaller than those for the
[Co(daptacn)CH" complex where such rings are six- rather
than five-membered (average 93.9which was found to
show minimal distortion from a regular octahedral geometry,
with trigonal twist distortion anglesfj of 59.6° for both
aminopropyl groups. The average trigonal twist andlg (
for the 2-pyridylmethyl groups in [Co(dmptacn)GF" is

sponding dmptacn and dmpmetacn complexes are strikingly23» indicating considerably more distortion from a regular

similar (see also Figure 7 in ref 3, for théC spectra; cf.

octahedral geometryd(= 60°), and a similar value (52

Figures 3 and 4S herein), and the assignments worked outvas found in the corresponding chloro complex reported

from extensive 2D NMR work on the dmpmetacn com-
pounds$ apply also to the dmptacn analogues (Figure 5S).
The four closely spaced-CH, protons (two AB quartets,
Figure 4, A) are assigned, but we could not positively identify
the deprotonation site in this work; very likely it is the same
“trans” protor? as pinned down for the dmpmetacn complex
(H-i, Figure 5).

UV —Visible Spectroscopy.The UV—visible spectral data

herein. Comparison with the recently reporteslym[Co-
(dmpmetacn)CH" complex reveals the same trends as found
for asym[Co(dmptacn)CH' (twist angle 53),'* with the only
anomaly, not noted earlier, of a long €d13 bond for the
tacn nitrogen which carries a methyl rather than H substituent
(2.005(7) vs 1.929(4) A, respectively).

Reactivity. The base-catalyzed hydrolysis reaction is
single phasic, with three sharp isosbestic points observed in

are displayed in Table 1, together with those of some relatedthe UV—visible spectra (419, 495, and 560 nm; Figure 9S).

complexes. Two bands are generally observed in the-UV
visible spectra of Co(lll) pentamine complexes, with maxima
at approximately 500 and 350 nm. These are due to
transitions from théA 4 ground state to the uppéF,4 and

(8) Fortier, D. G.; McAuley, AJ. Chem. Soc., Dalton Tran$991, 101.
(9) Gahan, L. R.; Lawrance, G. A.; Sargeson, A.Alist. J. Cheml1982
35, 1119.
(10) House, D. AComments Inorg. Cheml997, 19, 327.

1T2g states in the parent octahedral species; the lower energ)(ll) The twist angle for the “offset” about a 3-fold axis running through

transition is usually observably split in the lower symmetry
CoNsX species, and indeed in all these complexes, the first
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two parallel octahedral triangular faces is an average value. There is
no strict 3-fold axis-the triangular faces are not equilateral nor are
they strictly parallel.



Structure and Base Hydrolysis of [Co(dmptacn)éf]
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Figure 3. 13C NMR spectrum ofasym[Co(dmptacn)CI](CIQ), in Me;SO-ds.
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Figure 4. AB quartet portions of theH NMR spectrum for samples of
asym[Co(dmptacn)CI](CIQ), in Me;SOds: A, starting material; B,
recovered product after 1 half-life of base hydrolysis isOINaOD (0.1
M)/NaCl(0.9 M) and converted back to the chloro complex (IX})/C,
recovered reactant aftertil, of base hydrolysis (conditions as for (B)); D,

aqua complex reacted under the conditions used for (B) and converted back

to the chloro complex.

The kinetic data are given in Table 4S and plotted in Figure
7 for the OH/CI~ medium.

The variation is smooth and approximately linear, but there
is clear concave curvature. Although this is in the right sense
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Figure 5. Carbon and proton numbering scheme for the pyridyl pendant
arms ofasym[Co(dmptacn)X].

Table 1. UV—Visible Spectra ofasym[Co(Ns)X] Complexes Derived
from tacn

comple® Amax NM (€max M~1cm™1) ref
[Co(dmptacn)CR* 365 (252), 509 (171) 6
[Co(dmptacn)OH|3* 476 (200) 6
[Co(datn)CIE* 366 (152), 521 (165) 9
[Co(daptacn)Ch" 374 (77),548 (74) 8
[Co(dmptacn)CR*™ 366 (186), 513 (152) this work
[Co(dmpmetacn)CHF 375 (208), 510 (158)
[Co(dmptacn)Ok|3* 343 (114), 484 (160) this work
[Co(dmpmetacn)OK3*" 357 (157), 489 (198) 3

a2The top four spectra are for MeCN as solvent, and the rest & H
(pH 3).

for mass law retardatidrby ClI-, this is not the cause; Cl

is a knowr® poor competitor in base hydrolysis. Rather, the
curvature is due to specific ion activity coefficient variations
due to the use of Clrather than the usual CIO for
solubility reasons. Precisely the same behavior is'¢den
the base-catalyzed hydrolysis of [Co(§EK]?" complexes
(X = CI7, I"). lons which best mimic OHas the supporting
anion are F and OAc; CI~ and N~ lead to a discernible

(12) The substitution of NaCl by NaOH as the [OHs raised leads to a
significant medium effect. If m1 is the second-order rate constant at
the lower pH h 1 M NaCl and m2 the corresponding constant for 1
M NaOH medium, the observed rate constifobsd)= (m1)[OH]
+ (m2 — m1)[OH]2

(13) Jackson, W. G.; Begbie, C. M.; Randall, M. Ilnorg. Chim. Acta
1983 70, 7.

(14) Angel, R.; Marty, W.; Jackson, W. G. Unpublished results.
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Table 2. Crystal Data forasym[Co(dmptacn)CI](CIQ).

formula GigH25Cl3CoNsOg
M 604.72

cryst system monoclinic
space group P2i/c

alA 11.162(2)

b/A 12.934(3)

c/A 16.724(2)

Bldeg 105.34(1)

VIA3 2328.3(7)

z 4

TIK 296

(Mo Ko)/A 0.71073

Ddg cn3 1.725

w/mmt 1.138

no. of obsd/unique data 4580/4138 (3004, 30(1)
no. of refined params 319

R 0.0434

Rw 0.0468

S 1.929

Table 3. Selected Geometric Parameters (A, deg)

Co(1)-CI(1) 2.249(1)  N(5)1-C(14) 1.360(6)

Co(1)-N(1) 1.948(4)  N(5-C(18) 1.342(6)

gg&)ﬁm% %ggggﬁg g%; 8% ig?ggg Figure 6. ORTEP diagram for the catiomsym[Co(dmptacn)CR*
Co(1)-N(4) 1953(4) C(51C(6) 1518(7) (arbitrary enantiomer) with thermal ellipsoids at the 30% level.
Co(1)-N(5) 1.958(4) C(73C(8) 1.481(7)

N(1)—C(1) 1.510(6) C(8)C(9) 1.377(7) 044 et i i

N(1)—C(6) 1.499(6)  C(9)yC(10) 1.367(8) T i i i i i i
N(1)—C(7) 1.484(6) C(10yC(11) 1.371(7) [ : : | l : X
N(2)-C(2) 1.489(6) C(11yC(12) 1.379(7) 012 [-------- R TR oo o EEETL.EEEEE
N(2)—C(3) 1.514(6) C(13YC(14) 1.475(7) [ | | ' | '

N(2)—C(13) 1.490(6) C(14)C(15) 1.384(7) - : : ; : '

N(3)—C(4) 1.472(7)  C(15¥C(16) 1.370(8) 01 [Fommmmmmms i moes /2
N(3)—C(5) 1.506(6) C(16YC(17) 1.359(8) . | | i . :

N(4)—C(8) 1.350(6) C(17rC(18) 1.372(7) 0.08 =~ - dmmmmm S Y S S
N(4)—C(12) 1.341(6) - i ; ; ! ;

CI(1)—-Co(1)-N(1)  94.4(1) N(1}Co(1)-N(5)  170.8(2) ‘e [ | i ' |

CI(1)—Co(1)-N(2)  176.0(1) N(2>Co(1)-N(3)  86.8(2) 3 006 [--------- e e AR b oo n o
CI(1)—Co(1)}-N(3)  90.0(1) N(2FCo(1)-N(4)  95.7(2) 4 [ . ;
Cl(1)—-Co(1)}-N(4)  87.8(1) N(2F-Co(1)-N(5)  83.2(2) = F S R o
Cl(1)-Co(1)-N(5)  94.7(1) N(3}-Co(1)-N(4)  170.8(2) 0.04 1 l H
N(1)—Co(1)-N(2) 87.8(2) N(3>Co(1-N(5)  94.1(2) i e
N(1)—Co(1)-N(3) 87.1(2) N(4y-Co(1)-N(5)  95.0(2) 002 f-----1----- - — —
N(1)—Co(1)-N(4) 84.2(2) I I 0.04':\5';16. 0.0027391
mismatch, as also observed here for the dmptacn complex. Lt G ' 7" Y cnisa| s.8134e06 NA
The rate measured for the dmptacn complex in the OAc P S S B B wrerres srerures srereres
medium lies on the straight line connecting the 0 and 1 M ' 0s 0 02 o4 o6 o8 ; T

OH~ data points (Table 8S), consistent with this interpreta- !
tion. The data points in Figure 7 have been fitted to the [OH] M

; — _ — _ Figure 7. Plot of kopsa VS [OH™] for the base hydrolysis ofsym[Co-
functionfly[OH] + (1 — NkJOHT, the two terms accom (dmptacn)CR* in NaOH/NaCl ( = 1.0 M) at 25°C. Solid circles are
modating the activity coefficient mismatch in neat OH  gyperimental points, and the curve is the least-squares best fit to the function
(fraction 1 -f) and CrI (fractionf) media. Given [NaClH- in the inset.Mo = [OH"], and m1 and m2 are as defined in the cited
[NaOH] = 1, 1— f = [OH"] and this leads to the expression reference?
Kobsa = ki[OH™] + kJOH™]2. The value fork; (0.04054 ) )
0_0503 M- s-3) corresponds to the rate constant for base These facts suggest that both reactoA&H, deprotonation
hydrolysis i 1 M NaCl and agrees with the value extracted and that the methyl substituent alone is responsible for the

from the more limited data collected for buffers at much rate difference. There is a similar rate difference for the
lower pH, also fo 1 M NaCl (Figure 11S). Théio value corresponding pair of complexes[Co(trenen)CR™ and

for the neat OH medium is 0.124+ 0.001 M-! s, some g[Co(metrenen)CFj*, where the only difference in structure
2.5-fold larger than for the Clmedium. It needs to be IS a H.or Me on th%feeN trans fo Ct byt where b_ase
emphasized that such variations for a change in counterion,CataIySIS alp;pears to arise from deprotonation at the s&ne
despite a “constant ionic strength” medium, are more NH Cemer'
widespread than generally recognized. Previously we argued that tlasym[Co(dmpmetacn)CW

The koy value [Co(dmptacn)CHf ion is about the most complex deprotonated at a rate approximately 20-fold slower

unreactive pentaaminecobalt(lll) complex known. Although ;hant the con_Juget[te bbase_ lost 76)'2'(]; ;hlil ::orrespor:_dlng thi
it bears one NH, cis to the leaving group, it is some 20-fold mptacn conjugate base 1S now £0-lold [ess reactive, this

less reactive thaa_sym[Co_(dnjpmetacn)Cﬂ* which has no_ (15) Cresswell, P. J. Doctoral Thesis, Australian National University, 1974;
such NH centefithis latter ion is also regarded as unreactive. pp 58-60.
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Structure and Base Hydrolysis of [Co(dmptacn)éf]

Scheme 1 The reactions shown in Scheme 1 with the usual steady-
0“‘»\' state approximation for the conjugate base lead to the rate
law shown in eq 1.
B,
Konsa= Kiko[OH T/(k, + k_,) )

One limiting case isk, > k-1, which is rate-limiting

) o ) ) ~ deprotonation as found for tresym[Co(dmpmetacn)CH
brings the rate of deprotonation into line with the reactivity complex, eq 2.

of its conjugate base. This rationale is entirely consistent

with the reduced kinetic isotope effect for the dmptacn Kypsa= K[OH] 2)

species, and the results of the deuterium incorporation

experiments, features now discussed. The other limiting case ik-; > k, which corresponds to
Kinetic Isotope Effect and Deuterium Incorporation a fast preequilibrium aciebase step in the normah$CB

during Base Hydrolysis. The rates of base hydrolysik) process, eq 3.
for the protic and perdeuterated complexes, the average of B
triplicate determinations, were determined to be 0.657 Kobsa= Kiko[OH Tk _; 3)

0.001 and 0.028: 0.001 Mt s7%, respectively, for 0.100 ) B ) ) .
M NaOH (I = 1.00 M, NaCl) solutions. The kinetic isotope The large isotope effeckivko = ca. 5) is associated with

effect, while substantialk(/kp = 2.1), is less than that the quantities, and k*'_ They compensate in th? r?o”“a'
observed for thasym[Co(dmpmetacn)CH complex ./ Sv1CB process, eq 3, sinég andk_; are affected similarly

ko = ca. 5). The latter complex base hydrolyses by rate- but do not where there is rate-limiting deprotonation, eq 2.
limiting deprotonation, and if the kinetic isotope effect of The present value d{H/kE = 2.1 for pase hy_droly5|s .Of
magnitude 5 is the benchmark for such a process, then aihe asym[Co(dmpta(_:n)Cﬁ complex s _consistent with
value of ca. 2.1 could indicate that the dmptacn complex SchemleG 1 whe_rk__l IS compe_lrable tg and actually larger
base hydrolyses by bot-CH, and NH deprotonation, the thanka, an_d this is also consistent with the observed extent
former via rate-limiting deprotonation with an isotope effect Fff diqteratlzn found for recovered reactant after one half-
and the latter via the normaly$CB process without an ife (Figure 4).

isotope effect. There is an alternative explanation for the q In summary,l.;e?ctlgnl appe?rz o proce: d :f.a:Hz 5
reduced isotope effect, considered ahead. eprotonation, likely via loss of the proton H-i (Figure 5)

. . but not proven; a contribution from an NH deprotonation
For the reaction ofasym[Co(dmptacn)CIICi in D?O/ pathway cannot be excluded. Further, in this system repro-
NaOD both the recovered reactant and the product incorpo-

ted deuterium into all four i valent sites but to diff ; tonation of and loss of Clfrom the conjugate base derived
rated deuterium into altfour inequivaient stes but to diMerent ¢qq o.cH, deprotonation are comparable in rate, and this

exte;‘nts (Fl'gutrhe 4). B;y Icompa.rlsontthet[ﬁ Wﬁs dsome but Ilessalone can accommodate the reduced isotope effect. There
exchange In the controf experiment on the Nydroxo CoMpIex geems no way to confirm this because the NH proton is

yet with the same site selectivity. completely exchanged before any detectable base hydrolysis
If base hydrolysis proceeds exclusively via rate limiting (which is normal).
a-CH, deprotonation, one deuterium should be incorporated Stereochemistry of Base-Catalyzed HydrolysisThe
into one of the four sites in the product, and the recovered NMR results gave no indication of the presence of any sym
reactant would retain its methylene protons. Such was theijsomer either in the reactant [Co(dmptacniCllor the
case for the methyl derivativasym[Co(dmpmetacn)CH}'. product [Co(dmptacn)OR}. Clearly there is retention of
Alternatively more than one site might be effective, in which stereochemistry. Moreover, the optically resolved asym
case the one deuterium would be spread among the effectivgsomer withstood a base/acid cycle, showing that there is no
sites. As noted, however, both reactant and product, even alppreciable loss of activity for both the base-catalyzed
1 half-life of reaction, have significant deuterium incorpora- hydrolysis and reverse Clanation reaction in acid. These
tion into all four sites, although mainly into site H-i (Figure results therefore exclude the sym structure as a transient
4). Further, there is less than 1D at each of the sites, whichintermediate and any symmetrical five-coordinate species.
excludes complete reaction via one particwla€H,. More- There was some discernible loss in optical activity in the
over, it could be argued that the similar distributions and pase/acid/heat cycle, ca. 10%, and this is attributed to some
extent of CH deuteration for reactant and product is racemization of the aqua product under the forcing conditions
consistent with “normal” reaction via NH deprotonation; i.e., of the slow anation reaction in strong HCI solution (4 h, 95
exchange at the G$ites is incidental to the base hydrolysis  °C). When the anation time was limited, the activity was

reaction. HOWGVGr, the SigniﬁCant iSOtOpe effect indicates determined to be 95% rather than 90%, approaching Comp|ete
only ca. 50% reaction maximum via this route, with the retention.

balance coming from deprotonation at a £keenter or
centers. Also, it seems this pathway is via a preexchanged(16) Using eq 1k(obsd)= kik[OHJ/(k; + k-1), and assuming the full
CH, to accommodate the absence of additional deuterium  'S0Lope effecki/ko for each ofk andk 4, the observed isotope effect

) of 2.1 leads to the expression 225(k, + 0.2&-1)/(k2 + k-1). This
in the product. solves ak-1/k; = 2.6.

Inorganic Chemistry, Vol. 43, No. 21, 2004 6553
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The results parallel those described for theym[Co- pentadentate dmptacn, but also some mptacn (one “arm”) and
(dmpmetacn)CH" system where retention was established tmptacn (three “arms”). Purification was conveniently carried out
through the use of selectively C-deuterated species for whichthrough complexation and ion exchange chromatography. The direct
there was no scrambling of the label on base—catalyzedE’(‘;OESO'”thmi"tt‘)Jlre (§’H rteadtjujte‘f’tktlog‘:;- ?)’ Or:;‘.e fl;ee,bas?t‘jmptacn

; ; .6 g, free base) extracted wi » from this basic mixture,
hydrolysis of the Cl leaving group. was dissolved in 1:1 water/methanol (50 mL), and 1 mol equiv of
Conclusions CoCh-6H,0 (0.53 g) was added. Air was drawn through the mixture

for 16 h to form a dark brown solution (bridging peroxo complex).

It is believed the bis(pyridylmethyl)tacn complexes ions On addition of HCI (12 M) and heating on a steam bath, a red
base hydrolyze via-CH, deprotonation; this is certain for  solution resulted. This was diluted, sorbed onto a Dowex exchange
the methyl derivativé and very likely for the dmptacn  column, and eluted (3 M HCI) to give well-separated purple,
analogue, given the substantial isotope effect. In principle Yellow, orange, and red bands. These correspond respectively to
one can force the dmptacn complex to react via NH rather [Co(mptacn)(OH)CIJ?*, [Co(tmptacn)}’, [Co(dmptacn)OH*",
thana-CH, deprotonation by improving the leaving group, and [Co(dmptacn)Cif. The elution ord_er (2 ion last) is abnormal
for example through the use aisym[Co(dmptacn)@ but matches that for the correspopdlng dmpmetacn systeBy.
SCR]?*. This arises because is very dependent on the heating of the aqua product at 9G in HCI (10 M) for 4 h more,

| . h . d chloro product was obtained. Combined eluates were taken to
eaving group (eq 3) whereds (eq 2) is not expected to dryness and the chloride salt crystallized by addition of an equal

be. The triflate leaving group is in other _pentaamineCQba“' volume of methanol to a concentrated aqueous solution and careful
(111) systems known to be-10° more reactive than chloride  dilution with acetone. The perchlorate salt of the chloro product

in base-catalyzed hydrolysis. was crystallized from a saturated aqueous solution of the residue
The stereochemically related series of complexes derivedby addition of a fifth volume of HCIQ(70%); it is sparingly soluble
from datn, dat$, dmptacn, dmpmetacn (Figure 3)and in water. The tetrachlorozincate salt was also isolated, using

daptacA all strongly prefer the asym configuration. Further, “H2ZnCl" (2 M) as the precipitant. The salts were collected, washed
all base hydrolyze with geometric and optical retention, with ethanol and ether, and air-dried. Average yield: 738%G.
despite the different active sites for deprotonation, although NMR (400 MHz; M&:SO): 6 165.0 (1C), 163.0 (1C), 153.1 (10),
the rates are very site dependent. However, the propertiesld'g'5 (1C), 141.7 (1C), 1.40_'6 (1€), 126.6 (1C), 12?'2 (19‘ 125.2
of any intermediates for reaction via NH esCH, depro- (1€), 123.6 (1C) (aromatic); 69.2 (1), 67.0 (1C) (‘elbow” GH
_ _ _ o 63.6 (1C), 62.4 (1C), 61.5 (1C), 60.1 (1C), 54.4 (1C), 52.5 (1C)

tonat|o_n may _WeII be dlffgrent, e.g:,gNlo_n competmon_l, _ ppm, (ring CH). Anal. Calcd for CoCdHysNsClsOg-0.5H,0:
and this idea is under active pursuit to give better definition ¢ 352:H 4.3: N, 11.4: Cl, 17.3. Found: C,34.8: H, 4.1: N, 11.2:
to the pseudoaminate mechanism. Cl, 17.3. UV-visible (H;0): esimax) 152.0,es74(sh) 134.0,
ezpe(Max) 186.0 Mt cm L.

The quite soluble chloride salt was conveniently obtained from

All chemicals were AnalaR or an equivalent grade. Carbon-13 the purified perchlorate by adding some HCI (10 M) to a slurry of
and proton NMR spectra were recorded on Varian XL-300 and the saltin acetone/water (1:1) and then carefully diluting with excess

Unity Plus 400 MHz instruments at 2@C or Bruker AC200 or acetone.

Experimental Section

AM300 spectrometers. Solvents used wer®Dwith dioxane as The sample crystallized for the X-ray structure proved to be
the internal referencé3C, 0 69.27 relative to Na(DSS)) and Me anhydrous, but ur)der some conditions the hemihydrate or mono-
SO-ds with the central peak of the Gf3eptet as the referencéc, hydrate was obtained. Anal. Calcd for [CagB25N5)CI](ClOg).:

0 39.37 relative to SiM@. Full visible absorption spectra and H20: C, 34.7; H, 3.7; N, 10.5. Found: C, 34.4; H, 4.4; N, 10.9.
absorbancetime traces were recorded on a HP8452A diode array Electron microprobe: Cl/Co ratio 3:1. UWisible (CHCN) [Amax

UV —visible spectrophotometer thermostated to 25:00.05 °C nMm (emax, M~tcm1)]: 365 (252), 509 (171). IR (KBr, cni): 3230
with use of a Lauda RM6 circulating water bath. Infrared spectra M, 3090 w, 2922 m, 2854 m, 1612 m, 1569 w, 1480 m, 1465 m,
were obtained for KBr disks on a Biorad FTIR instrument. 1377 m, 1307 w, 1295 m, 1272w, 1246 w, 1214 w, 1156 m, 1098
Electrospray ionization mass spectra were recorded on either avs, 995 s, 931 s, 864 w, 844 w, 831 m, 786 m, 762 w, 720 m, 627
Micromass Platform QMS with electrospray source or a Bruker S, 514 m, 439 w.

BioApex 47e FTMS with a 47 T superconducting magnet and Method 2. This was carried out as above except for the use of
Analytica electrospray source. Optical rotations were measured with excess hydrogen peroxide (30% w/w) as the oxidant which was
use of a Perkin-Elmer model 241 polarimetedaa 1 dmcell. added dropwise over ca. 5 min to completely oxidize Co(ll) to Co-
Cation exchange media used were Dowex 50Wx2 figgtm, 200~ (Iln. The deep brown peroxo complex was cleaved with HCI as
400 mesh; Biorad) and SP-Sephadex C25*(fa&m; Pharmacia). before. Yield: 65%.
Carbon dioxide free Milli-Q water was used for all physical Method 3. The free base (1.44 g) in excess aqueous HCl was
measurements. rota-evaporated to dryness under reduced pressure to yield the
[Co(dmptacn)CI]Z (Z = (ClO4)2*0.5H,0, Cly, ZnCl4H,0). hydrochloride salt. This was dissolved in a small volume of water

dmptacn made according to the published procedure from tacn (1.0and added to freshly synthesized sodium tris(carbonato)cobaltate-
g) and 2 equiv of 2-picolyl chloride yielded a brown oil (0.70%g).  (lll) (1.5 g).1° The product mixture was heated for 15 min and then
The 13C NMR spectrum indicated that it comprised mostly of the treated with HCI and worked up as in method 1. Yield: 85%.
Method 4. To a solution oftrans[Co(py),Cl;]CI-6H,0 (2.0 g,

(17) Curtis, N. J.; Lawrance, G. A.; Lay, P. A;; Sargeson, A.INbrg. 3.4 mmol) in methanol was added free base dmptacn (1.0 g, 3.4

Chem.1986 25, 484. . .
(18) Jackson, W. G.; Sargeson, A. M. Rearrangement in Ground and mmol) in methanol (5 mL), and the mixture was heated (€0
Excited Statesde Mayo, P., Ed.; Academic Press: New York, 1980;

Vol. 2, p 273. (19) Bauer, H. F.; Drinkard, W. C1. Am. Chem. S0d.96Q 82, 5031.
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for 15 min. The product mixture was quenchedhwit M HCI, optical rotations were recorded for each in 5 cm and 1 dm cells,

diluted with water, and sorbed on and eluted from Dowex as before. respectively. The ratiazessDsgowas used as a measure of activity.

It was crystallized as the perchlorate or tetrachlorozincate salts from The values obtained were, averaged for duplicate experiments, 0.90

water using HCIQor “H,ZnCl,” as precipitants. Yield: 1.7 g, 80%;  and 0.88 for treated samples relative to untreated. By reduction of

ZnCl,Z~ salt. the anation time to 1.5 h, this measure rose to 0.95 for the chloro
[Co(dmptacn)OH,](ClO 4)s. A slurry of the chloro derivative ion, separated by ion exchange chromatography from the unreacted

(perchlorate) in a minimum volumd& @ M NaOH was warmed to aqua complex.

effect dissolution and hydrolysis. The solution was filtered and  Optical Resolution of asym{[Co(dmptacn)Cl]2*. A saturated

acidified by addition of an equal volume of HCJ®70%). On solution of the chloride salt was treated with 1 equiv of J¢H)-

cooling, orange crystals deposited. These were filtered off, washedgcs (Aldrich) and 1 equiv of Naf)AsO-tart, synthesized by the

W|th I-PI’OH and ether, and ail’-dried. Yleld ca.70%. Anal. Calcd pubhshed metho&? Crystals deposited within days at"z, these

for CoGigH2NsClsO1a0 C, 31.5; H, 4.0; N, 10.2; CI, 15.5. Found:  \yere collected at intervals. The diastereomer was not characterized,

C,31.3;H, 4.0; N, 10.0; Cl, 15.6%. UWisible (0.01 M HCIQ): but it seemed to require both chiral anions for its crystallization.
e(max) 175.5 €35, (Max) 145.5 M* cm™1. UV—visible (0.01 M When deposition ceased, the filtrate was chromatographed on
NaOH): €4 (Max) 159.5¢378 (Max) 111.0¢z43 (Max) 114.0 Mt Dowex to recover the one enantiomer as the chloride salt. The
cmt, diastereomer was treated with sufficient concentrated HCI to remove
Perdeuterated Complex A solution ofasym[Co(dmptacn)CIl-  the chiral anions and solubilize the complex. It was then recovered
Cl2 (1.0 g) in DO (20 mL) which wa 2 M NaOD was allowed to  from Dowex using HCI as eluant and crystallized as the chloride
react at 25C for 2 h before quenching with HCIE70%, 5 mL). salt. Both enantiomers were refractionated to optical purity as

On cooling, thed, aqua complex crystallized. The corresponding  tetrachlorozincate salts using $EnCl;" and i-PrOH to effect
d, chloro ion was made by heating samples of the aqua species incrystallization. The less soluble diastereomer yieldedtisemer.
HCI (10 M; steam bath, 2 h). It was crystallized as the perchlorate v —yisible (0.01 M HCIQ): es;(max) 151.5 M1 cmrL. Molar
and recrystallized as the chloride from water/HCI/acetone to remove rotations (HO): b form [M]sge = +370, [M]s7s = +210, [Mlsss
traces of aqua complexH NMR spectrum, Figure 12S). = —990, [Ms36= —1740, [Mpes = —3650 deg mol* dn?; L form

Partially Deuterated Complexes.The reaction ofasym[Co- [M] 580 = —349, [M]s78= —170, [M]s46 = +1040, [M]436 = +1805,
(dmptacn)CI]C} in DO/NaOD (0.1 M)/NaCl(0.9 M) at 28C was [M] 365 = +3900 deg mott dn?.
followed spectrophotometrically to determine the half-life for
hydrolysis in this medium (ca. 80 s). The experiment was repeated
on a preparative scale using the inverted Y-tube mix and quench
method® A sample of the complex (0.5 g) was base hydrolyzed
for ca. 1 half-life, and the reaction was quenched in acid. The
product mixture was chromatographed, and the product aqua
complex (band 1) and residual chloro complex (band 2) were
recovered. The aqua complex was anated in hot HCI (5 h) to
regenerate the chloro species, and both were analyzéH layd :
13C NMR to determine the D-content and distribution across the SPECtrophotometric data were collected as full spectra{850
four possible sites. A control experiment showed that there was no ") VS time, in triplicate, and analyzed as described previcusly.
loss of deuterium in the anation reaction in HCI. Another control ~ Kinetic Isotope Measurements. These were performed as
experiment was the reaction of the aqua (hydroxo) complex in described previouskusing bothh,- and d;-asym[Co(dmptacn)-
NaOD under identical conditions, to determine the extent of ClI(ClO.); as reactants, with runs performed in parallel to provide
deuteration after base hydrolysis. a direct comparison dfy/kp. The medium was 0.1 M NaOH and

In an alternative method of workup, the quenched base hydrolysis | = 1.0 M (NaCl)).
was cooled and unreacted starting material precipitated and filtered Crystallography. Red crystals oAsym[Co(dmptacn)CI](ClQ).
off. Later, after addition of 2-propanol, the aqua product precipi- suitable for X-ray crystallographic analysis were grown by slow
tated. The solids were washed with ethanol and ether and air-dried.evaporation of an aqueous solution. An orange-pink plate crystal

Steric Course of Base HydrolysisA sample (ca. 80 mg) of of [Co(dmptacn)CI](CIQ), having the approximate dimensions of
asym[Co(dmptacn)CI]CGl was dissolved in BD containing dioxane 0.40 x 0.32 x 0.08 mm was mounted on a glass fiber. All
as an internal reference, and € NMR spectrum was recorded.  measurements were made at “Z3 on a Rigaku AFC6R diffrac-
Two drops of NaOD (10 M) were then added, and @ NMR tometer with graphite-monochromated MaxKadiation. Crystal
spectrum was recorded for the hydroxo ion that formed within data are given in Table 2; the complex crystallizes as the racemate.

several seconds. The product solution was acidified by addition of  The structure was solved by direct methods and expanded using
a few drops of DCI (10 M) until the solution just became orange, Fourier technique®23 All non-hydrogen atoms were refined
and the'3C NMR spectrum was again recorded. In each case the anjsotropically. Hydrogen atoms were included at calculated
product was a single speciethe asym isomer. positions, except H on N(3) which was refined positionally. The
A sample of the optically resolved saltasym[Co(dmptacn)-  final cycle of the full-matrix least squares refinement was based

Cl]ZnCly (ca. 0.2 g) was dissolved in water (50 mL) and divided on the numbers given in Table 2. Neutral atom scattering factors
roughly into two. Half was retained while the other half was treated
with aqueous NaOH (5 M) to achievl M OH" after mixi_ng, (20) Schiessinger, Gnorg. Synth197Q 12, 267.
allowed to react for 1@y, at 25°C, and then quenched with an  (21) Jackson, W. G.; McKeon, J. A.; Marty, Wiorg. React. Mech2002
equal volume of HCI (11 M). After being heated on a steam bath 22) 4,|125. fard |

; ; ; 22) Altomare, A.; Cascarano, G.; Giacovazzo, C.; Guagliardi, A.; Burla,
for4 h, thls was diluted with water and chromatographed on Dowex M. C.: Polidori, G.. Camalli, M.J. Appl. Crystaliogr1994 27, 435,
along with, and separately from, the untreated sample. The chloro(23) North, A. C. T.: Phillips, D. C.; Mathews, F. ®cta Crystallogr.

ions were recovered wit3 M HCI, and the absorption spectra and 1968 A24, 351.

Buffer Solutions. The buffers employed consisted of ethanol-
amine (0.40 M) solutions that had been partly neutralized—<0.1
0.9 equiv) with HCI, with the ionic strength adjusted to 2.00 M
with NaCl. They were diluted 1:1 for use. The pH determinations
were performed as described previou&sty.

Base Hydrolysis Kinetics. The kinetics of hydrolysis of the
chloro species (Clsalt) were measured in a series of ethanolamine
buffers and also in NaOH/NaCl & 1.0 M) at 25.00+ 0.05°C.
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Molecular Structure Corp. 9S), rate data plot (Figure 11S), and a crystallographic file in CIF
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(24) Cromer, D. T.; Waber, J. Tnternational Tables for X-ray Crystal-  free of charge via the Internet at http://pubs.acs.org.
lography, The Kynoch Press: Birmingham, England, 1974; Vol. IV,
Table 2.2 A. 1C040041M

(25) International Tables for CrystallographyVilson, A. J. C., Ed.; Kluwer
Academic Publishers: Boston, MA, 1992; Vol. C, Table 4.2.6.8, pp

219-220. (27) teXsan. Single-Crystal Structure Analysis Softwaversion 1.7;
(26) International Tables for CrystallographyVilson, A. J. C., Ed.; Kluwer Molecular Structure Corp.: 3200 Research Forest Drive, The Wood-
Academic Publishers: Boston, MA, 1992; Table 4.2.4.3, p 200. lands, TX 77381, 19921997.
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