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A number of new [Co(cyclen)(NgIX]32" complexes have been prepared £XOH,, Cl, N3, OH), and their
stereochemistries, interconversions, and substitution reactions have been explored. All haysathie
configuration about the two meridional amine centers of disecoordinated cyclen ligandsyr(NH3),anti(X)-
andsyn(X),anti(NHs)-isomers for X= OH,, Cl, N3, OH; designated a&-X and 2-X respectively) but aynsyn
intermediate is proposed for a number of the reactions.”-©&talyzed hydrolysis (base hydrolysis) dominates
the substitution chemistry in aqueous solutig{M ! s~! values reported) and results from deprotonation at
one of the relatively very acidic meridional-Ncenters k./M~* s7* values reported). Aynorientation of the
NH proton in the reactant is considered important in these reactions, with the resulting lone pair assisting in the
displacement of X, and with this proton being transferred to ®H to facilitate an unusually fast and spontaneous
solvent replacement reactioke{ = 8 = 2 s1, | = 1.0 M (NaClQy), 25°C). Anation by N~ has been studied,
and this proceeds largely veaOH for both isomers. A crystal structure ®frn(NHz),anti(N3)-[Co(cyclen)(NH)-
N3]Clo5(ClOs)15* H20 is reported; monoclinid?2./n (No. 14),a = 9.008(6) A,b = 28.690(15) Ac = 14.528(7)

A, a= 90, g =104.12(73, y = 90°, Z = 8, R = 0.0695.

Introduction

Although many [Co(cyclen)(A)X}" complexes have been
reported recently, little is known about their substitution
chemistry. Because of its small “hole size” cyclen (1,4,7,10-
tetraazacyclodecane) forms omlig-octahedral complexéyut
available informatiotf-3indicates that even in this configuration

complex containing a saturated macrocyaed Sosa and Tobe
subsequently showed that this was due, at least in part, to a
particularly labile meridional N proton. Further, thecis-
[Co(cyclen)(OH)OH]?t cation’ has been found to catalyze the
hydration of CHCN and a number of other nitrilesand to
promote the hydrolysis of bis(4-nitrophenyl)phospRaaed
N-formylmorpholine!® Such reactions have been interpreted

the macrocycle is under considerable strain. Could this strain in terms ofcis-coordinated OH inducing the rapid release of
result in unusual reactivity? Previous studies in this area may coordinated Oklby an internal CB mechanisi followed by

be summarized as follows. Hay and Norrhhave shown that
base hydrolysis of [Co(cyclen)gt" occurs at the fastest rate
(kon=2.1x 10/ M~1s1 | = 1.0 M, 25°C) of anycis-dichloro

* Corresponding author.
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Table 1. Rate Data for M Exchange in the Two

syn(A) N [Co(cyclen)(NH)CIJ?* Isomers (RO, | = 1.0 M, NaClQ, 25 °C)?
[DYM 100D 1Y  10%d  ky/ML
NH (ppm) or pD M st st
syr(NHj3),anti(Cl)-isomerl
H syr(NHz) (6.30)  0.0087 0.53 96 1810
A 0.017 0.27 55 = 2.6 10°
anti(X) anti(Cl) (6.60) 3.51 8.6 41 4810
ap (6.65) 4.71 137 82 6.6 10°
Figure 1. Representation of syn(A),anti(X)-[Co(cyclen)(A)X]"" ion 4.9 ) 26 ) 1.2 4.6 100
designating thesynanti andap-NH protons. syr(Cl),anti(NHz)-isomer2
anti(NHy) (6.34)  0.017 0.27 42 1610
cyclen chelate. If a labile N proton was involved, could it be 2'825 8'%2 gg gi ig
located, and was its stereochemistry important? This article syr(Cl) (6.81) 493 297 21.4 94 108
considers such aspects. Most of the complexes considered here 4.96 243 20.3 8.4 10P
have not been reported previously. ap (6.68) 4.93 227 14.2 6.2 10°
4.96 243 13.6 5.6 10°

Experimental Section 2[Co] = 0.02 M.?[OD~] = 1060 ~ 1483y, ., = 0.58.° ky = kopd
All details of experimental methods, instrumentation, materials, and [OD]. 9 No added electrolytel (= ca. 0.2 M).

syntheses are available as Supporting Information. d-DMSO: but for isomerl in dilute DCI, theanti(Cl)- and
Results ap-NH signals overlap, and only two resonances are apparent,
Figure S1 (Supporting Information). However, the ca. 10-fold
difference in the rates of exchange at these sites means that the
processes are easily distinguished. For both isomers, the fastest
exchanging proton is thdtans to CI~ (isomer1, synNHz);
isomer 2, anti(NHs)) and the values of their similar rate
constantsky = (2.0 &+ 0.5) x 10° M~ s71, suggest reaction
rates at, or close to, the diffusion controlled lifkit.Such rate
constants are among the largest known fét Bkchange in a
2+ Co(lll) complex>18 The remaining M protons are less
probably due to the nonlat_)ility of theHNprotons in_this solvent. ,lt?n?g(: f\gllstthér igrefgrgﬁrgle' tt:: :nat%tle(ctillv)opergltj?\?a;illt:l] E' ;rc:)r:z)isl_ 0
F'gL.”e 1.Sh°.WS theynanti- andap-NH (ap = apical) proton For this isomer, both the meridional and apicall Mxchanges
designation in [Co(cyclen)(A))QT complexes. are faster than base hydrolysis of Gtf. Table 2, BO, kop(1)
syn(NH3),anti(Cl)- and syn(Cl),anti(NH3)-[Co(cyclen)- =6 x 10®° M1 sY). For isomer2, only exchange of the
(NH3)CI)(CIO 4), (Isomers 1 and 2, Respectively).These two anti(NHs)-NH proton is appreciably faster than base hydrolysis,

isomers were prepared following controlled hydrolysis of | .y id e .

16 ) . ) yr(Cl)-NH andap-NH protons having exchange
[Co(cyclen)(NH;p] *,'” anation W'.th HCl, and |. E. chromat_o rates not too different from that for base hydrolysis (cf. Table
graphic separation. The same isomers were produced in the, D,0, kop(2) = 7.2 x 106 M—% %) It was, therefore, of

same ratio (60+ 3% 1, 40 + 3% 2) by anation of isolated interest to see whether the latter exchan :
. , . ges occur in thg NH
[Co(cyclen)(NH)OH:](CIO4)s complexes (vide infra, either o roaciant or whether they result from faster (subsequent)

isomgr) at pH. #8 (1 M NaCl, 25°C). Fro”? th.ese' and other exchange in the NBIOH™ product. This was decided by an
experiments, it was shown that th_e above dlstr|but|on repr_esentsNMR experiment on isome2 carried out at pD 4.35 which
tlhg eq”"'gggg‘ m|c>§ture, eq Kei (__ [%1]/[211) =15+ 0'_2 ( _h showed that over a time period corresponding te 1/, for
Y ca. ). Care was required when recovering these base hydrolysis (ca. 27 min), tremti(NH3)-NH proton had
K completely disappeared, consistent with its very fast exchange
2-[Co(cyclen)(NH)CIJ?" == 1-[Co(cyclen)(NH)CI]>" (2.0 x 10° M7t s7%, Table 1), thesyn(Cl)-NH was partly
Q) exchanged (ca. 50%), whereas #pgprotons remained. Details
are given in Figure S2 (Supporting Information). It is therefore
complexes from the ion exchange column as the fastest movingclear that theky rate constant for theyn(Cl) proton of isomer
band (isomeg) contained any [Co(cyclen)(O#LCI]?" present 2 (cf. Table 1, 9x 10° M~ s71) corresponds only in part to
in the reaction mixture, and the slower band (isof)emeeded exchange in the N§ICI reactant (ca. 50%), and it must also
to be removed without delay as slow aquation occurred on the contain a similar contribution from base hydrolysis and exchange
column (even in the presence of~32 M HCI). Isomer in the hydrolysis product. The somewhat smakgwalue for
configuration (, 2) and NH identification were established by  ap-NH exchange (Table 1, & 10° M~! s™1) must then refer
NOE and COSY spectroscopy. No evidence (reversed-phaseonly to exchange in the N4#OH product. Further consideration
HPLC analysis) was found in any of these experiments for other of such matters will be taken up in the discussion below. No
isomers (syn,syn or anti,anti). H/D exchange was found for the NHbrotons of eitherl- or
NH exchange rate data was obtained in dilute DCI or buffered 2-[Co(cyclen)(NH)CI]2* prior to, or immediately subsequent
D,0 solution, Table 1. The threeHNsignals corresponding to  to, base hydrolysis of Cl Such protons cannot therefore be
the synanti- and ap-NH protons are clearly differentiated in  responsible for base hydrolysis. Aquation of coordinated ClI

The starting material for synthesis was [Co(cyclen)Cl|
and this was prepared directly from Ce®H,O and cyclen
4HCI by air oxidation in an improvement on methods previously
described:®1> The complex has thgyn,anticonfiguration about
the two meridional M centers in its usual forrhalthough the
syn,syAisomer has recently been isolated in admixture with the
syn,antiform.12 Substitution of coordinated Cby other ligands
occurs easily in neutral aqueous solution, but the complex
(ClO4™ salt) is reported to be quite stable in DMSTthis is

(15) Collman, J. P.; Schneider, P. \org. Chem 1996 5, 1380. (17) Ridd, J. HAdv. Phys. Org. Cheml978 16, 1.
(16) For the preparation of this complex see: Buckingham, D. A.; Clark, (18) Buckingham, D. A.; Clark, C. R.; Rogers, A.J.Am. Chem. Soc.
C. R.; Rogers, A. Jinorg. Chim. Actal995 240, 125. 1997 119, 4050.
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Table 2. Rate Data for Hydrolysis of the Two 7% would have been expected at this time if prior isomerization
[Co(cyclen)(NH)CI]** Isomers (25.0°C, | = 1.0 M (NaClQ)) 1-Cl — 2-Cl had occurred® Under most conditions, the
pH 10°[OH] 10 Skon/ [Co(cyclen)(NH)OH]?" product was found to have its equi-
(or pD) (or[OD " Kobds™t M-tst librium distribution (75%1, 25% 2, vide infra) since, as we
syn(N),anti(Cl)-isomerl shall see below, interconversion between them is fast in neutral
4.90 0.137 2.81x 10 2.1 to alkaline solution. However, by choosing an appropriate pH,
4.98 0.165 4.53x 104 2.8 and by acid quenching before substantial isomerization could
7.1F 25.5 7.2x 1072 2.8 take place, thémmediate NHz/OH~ product could be found.
.64 53 2.42< 107 32 Hydrolysis of1-Cl (pH 8.66 for 100 ms,~20% reaction); and
806 198 6.55% 101 33 Hydrolysis o (p 8.66 for ms; 6 reaction); an
83x 360 1.05 29 ion exchange separation of the quenched [Co(cyclenjiNH
8.95 1540 4.95 3.2 OH,]3" product gave on spectrophotometric examination an
8.079 31.4 1.85x 107t 5.9 extinction coefficient ratidduo/Az47 0f 1.28. Exactly the same
8.60¢ 106 0.64 6.0 ratio was obtained for the quenched aqua product in an identical
8.84¢ 185 115 62 experiment starting witR-Cl (pH 8.66 for 100 ms, 5 ty, for
syn(Cl),anti(N)-isomer2 base hydrolysis; no ion exchange separation necessary). This
g-?g 2(15‘7‘ 1‘2‘-‘30 ig extinction ratio corresponds exactly to that for p@reOH,, so
8.9 1430 57 40 that base hydrolysis oboth chloro isomers leads to only
9.0 2120 925 44 syn(OH),anti(NHz)-[Co(cyclen)(NH)OH]?* (i.e., 2-OH, ex-
8.099 32.8 2.52 77 perimental uncertaintyt10%). Over time (16 h) the two
8.61'0 109 8.09 74 acidified (pH 1-2) solutions relaxed to givBeo/As47 = 1.40,
8.86¢ 193 12.9 67 corresponding to that for the fully equilibrated aqua isomers
2[Co] = 2 mM, 300 nm."0.10 M acetate buffe.0.10 M HEPES ~ (vide infra).
buffer.90.10 M TRIS buffer.c0.10 M CHES bufferf 0.05 M TRIS syn(NH3),anti(OHo)- and syn(OH5),anti(NH3)-[Co(cyclen)-
buffer,[Ef,AO8 1nm.g D,0."[OH] = 10"“*14’00?(%) for pH data; [OD] (NH3)OH2](ClO4).NOs (Isomers 1 and 2, Respectively).
(:Orl[%pr])' J(y=) for pD data;y. = 0.58." kon (koo) = kood[OH"] These two complexes were prepared directly from the amino-

chloro complexes via the Hg-catalyzed removal of Clunder

- . acidic conditions, eq 4. This reaction is nearly always stereo-
under acidic conditions (1.0, 0.1 M HCip eq 2, was found to g y y

be slow for both isomers (spectrophotometric rate data not given) 1- or 2-[Co(cvelen)(NH)CITZ + Ho2 + H.O —
With keg() = (2.0 £ 0.1) x 10551, keg(2) = (3.9 % 0.2) [Coleyclen)(NFCI] g 2

10651 (1 = 1.0 M, NaCIQ; 25°C). Isomerl thus aquates 1- or 2-[Co(cyclen)(NH)OH,]*" + HgCI" (4)
- Keq retentive?! and so it is here; re-anation of the recovered
1- or 2-[Co(cyclen)(NH)CI*" + H,O— crystalline products (6 M HCI, 4060 °C) gave back the pure

1- or 2-[Co(cyclen)(NH)OH,]** + CI” (2) ~ NHJ/Clisomers. — o
This latter reaction in acid solution is distinguished from the

5 ti f han isorr The i . ity of th anation reaction under neutral to alkaline conditions (vide infra),
some S times faster than iso f 1he ISomeric purlty_o t € andthe result implies no isomerizatitr= 2 in the spontaneous
NH3/OH, product was not established with any certainty since displacement of either Cl(aquation) or Ok (anation). As with
isomerization between the two aqua ions occurs at a comparablginer NHy/OH, complexeg2 the mixed CIQ/NOs~ salt proved
rate (wdg |nfr.a). quever, since the faster reverse anation 1o pe the most suitable for isolation and recrystallization
reaction in acid solution occurs with full retention of configu- purposes. However, it was found necessary to keep all solutions
ration (vide infra), it can be assumed that spontaneous hydrolysisacidic (ca. 0.1.0 M HCIO,) and cold to prevent anation by
also occurs with stereochemical retention. NOs~. H-spectra in acidifiedls-DMSO, Figure S3 (Supporting
On the other hand, base hydrolysis is fast, even in neutral Info.rmation), together with NOE data, were used for structural
solution, eq 3, Table 2, witkon(1) = (3.0+£ 0.3) x 1P M1 assignment.
sL kon(2) = 4.2+ 0.3) x 1P M~1s 1 (I = 1.0 M, NaCIQ; Isor_nerization rate da_ta (‘_I’able ,Sﬂupporting Infor_mation),
25°C). Isomer2 thus hydrolyzes some 14 times faster tdan €9 5, is plotted vs [OH] in Figure 2.  This shows a first-order

2+/3+ - KOk
1- or 2-[Co(cyclen)(NH)CI]Z* + OH™ -2+ 1-[Co(cyclen)(NF)OH,/OH]™ + OH <5==r5r
2-[Co(cyclen)(NH)OHJ** + CI™ (3) 2-[Co(cyclen)(NH)OH,JOH]* " + OH™ (5)

dependence on [OH in the acid region (pH< 6.5) and again
above pH~ 8, but s clearly [OH]-independent from pH 6:5
8.0 (i.e., about the i, of the OH, ligand).

(the kon/kaq ratio ca. 18> M1 for 2 appears to be the largest

known for a Co(lll)-chloro complex). The differekgy values

means thatl-Cl and 2-Cl do not rapidly interconvert prior to

hydronS|s_and this was easily ch(_acked for faster reaalﬁg (19) The maximum amount @-Cl (i.e., 10&~1-9%) can be expected

by quenching after ca. & t1> (2.5 min, pH 4.80) and examining after a time given bytmax = In k/kopd1)(k — 1), wherex = kond1)/

recovered reactant by reversed-phase HPLQ-@bwas found \';-Qpls(Z): Cfd FSFOSL ANA-; 5661&823 R. 1%5 Iinetics and Mechanism
. . . . . ey an ons: ew yYor .

(<0.5%). A similar experiment using isomet required () we %’oundkobs(l 04 M)~ Zkobsg =10 M) for 1.Cl.

choosing a time such th&tCl, if produced, would be present  (21) Posey, F. A.; Taube, H. Am. Chem. Sod957, 79, 255. Buckingham,

in maximum amount? This experiment (12.5 s reaction time D.A.; Olsen, I.1.; Sargeson, A. M. Am. Chem. S0d.968 90, 6654.
However, see Jackson, W. @Gorg. Chim. Actal974 10, 51.

at pH 6.19) ~ 0.1 M) also failed to demonstrate the presence (22) Buckingham, D. A.; Clark, C. R.; Webley, W. Sust. J. Cheml98Q
of 2-Cl (<0.5% of Cq) in the quenched reaction mixture; some 33, 263.
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Figure 2. Plot of logkssVs pH for isomerization afyr(OH,),anti(NHs)-
[Co(cyclen)(NH)OH,]3+ (2-OH,), | = 1.0 M (NaClQy), 25 °C. The
curve represents the best fit to eq 6 uskng= 1.4 x 18 M~t s, Kk
=4x10*Mtst

T

10 12

The K, was found to be 6.02 for the isomeric mixture
(potentiometric titration). No “spontaneous” (i.e., acid-
independent) pathway could be found even in 0.1 M End
this is in keeping with the observed retention on anation by
ClI~ in aqueous HCI. The rate data fit the rate law

ki(obs)= k K,[OH J/(K,+ [OH ]) + K|[OH ]  (6)
wherek; corresponds to the second-order rate constant for-OH
catalyzed isomerization in the ¢ OHz ions, k = k(1) + ki(2)
=(1.4x 1M~1s1 | =1.0 M NaClQ, 25°C) andk, to the
similar rate constant for isomerization in the=XOH ions
=K1 +ki(2=4x100M1s1|=10MNacClqQ, 25
°C). Equilibrium concentrations of the two % OH, ions (65
+ 2% 1, + 35 + 2% 2) were found by allowing the isomers
(both 1 and?2) to stand overnight in 0.1 M HCIQ( = 1.0 M
NaClOy, 25°C) giving Kn,o = ki(2)/ki(1) = 1.9+ 0.1, and the

Buckingham et al.

10
o
81 o
1 o
6
1 |
kl(obs)/s °
4—
2 . ° ° ]
0 T T T T T L—
0.0 0.2 0.4 0.6 0.8 1.0 1.2
[Ns /M

Figure 3. Plots ofk;(obs) vs [N~] for anation of thesyr(NHs),anti(OH)-
(closed circles) andyn(OH),anti(NHsz)- (open circles) [Co(cyclen)-
(NH3)OHIJ?" isomers (-OH, 2-OH, respectively) at pH 7.62,= 1.0
M (NaClQy), 25 °C.

Anation by CI is slow under acidic conditions (h; 1.0 M,
4.0 M HCI; 25°C), but is fast at neutral pH{1 s, 1.0 M NacCl).
The [Co(cyclen)(NH)CI]2" product gave the same isomer
distribution for both sets of conditions, 6D 3% 1, 40 + 3%

2. Qualitatively it was found that the rate of this reversible
reaction was OH-dependent at pH values less than tig pf

the coordinated O molecule, but became very fast and
independent of pH under conditions where [Co(cyclen){NH
OHJ?" was the dominant species. Clearly, Canation is
associated with the above-mentioned loss of coordinatesl OH
or OH".

Anation by Ny~ at neutral pH is not reversible for BN] >
0.05 M. Rate data collected at pH 7.62 is given in Table S3
(Supporting Information) and plotted vs{N in Figure 3. Two
processes were observed for each isomer. The first involved a
large OD increase (&nax for the azido isomers, 514 nm), and
this was followed by a slower and smaller increase. Rate

separate forward and reverse rate constants for isomerizatiorCONSt@ntsKias(0bs),ksion(0bs)) were obtained using a consecu-

k(1) = 48 x 100 Mt sL k(2 = 9.2 x 10/ Mt s,
Alternatively, the rate data may be analyzed in terms of
spontaneous isomerization in the=X OH~ ions givingk;
2.5 sl Again, equilibration of these ions (pH 8.2, 10 s; giving
75+ 2% 1 plus 25+ 2% 2, Koy = 3.0+ 0.1, =10 M
NaClQy) allows the separate rate constakifd) = 0.63 s'1,
k(2) = 1.9 s'to be evaluated. The two mechanisms will be
considered further below, but it is clear that isomerization in
the X = OH™ ions is fast. Also, from the above equilibrium
data, the individual acidities of the two % OH, ions may be
evaluated; K4(1) = 5.96, K4(2) = 6.15.

Rate data for exchange of coordinated Okh [Co-
(cyclen)(NH)"OH,]®" (mixed isomers) with solvent is given
in Table S2 (Supporting Information). These were obtained
by following the increase in solvent,HO signal as a function
of time by 17O NMR. The method was restricted tg, > 2

tive first-order fitting program. The first reaction results from
the initial anation by M-, eq 7, and this is followed by [N]-
independent isomerization in the [Co(cyclen)®INg]2" product
(cf. eq 9 below). Thus anation does not give the equilibrium

1- or 2-[Co(cyclen)(NH)OH]*" + N;~ —
1+ 2-[Co(cyclen)(NH)N,]*" + OH™ (7)

mixture (48%1, 52%2, vide infra) but results in considerably
more?2 thanl. From the absorbance changes observed for the
two processes, we estimate £13% 2, 39+ 3% 1, independent

of [N3~] and of the starting isomer for the kinetic distribution.
However, while the rate constants for production of azido
product from1-OH are seen to be nearly independent of azide
ion concentration those fro2OH increase more sharply with
increasing [N~]. These differing responses and the observation

min, but exchange under neutral conditions was shown to be of a common product distribution are consistent with anation

complete within the time of the first observation (1 min).
However, the data in acidic solution clearly showed a strict OH

occurring largely via isome2. Isomerization in the hydroxo
reactants] = 2, k; = 2.5 s'1) was not directly observed under

dependence. This may again be interpreted as involving eitherthe experimental conditions (at 514 nm, the extinction coef-

OH™-catalyzed loss of coordinated,® in [Co(cyclen)(NH)-
OHy)3", kon = (4.5+ 1) x 108 M1 s71, or as spontaneous
loss of OH in [Co(cyclen)(NH)OH]?", with kex=8 £ 2 s7%.
This aspect will be taken up again below, but irrespective of

ficients of the hydroxo isomers are very similar and much less
(<1/10) than those of the azido products), but the rate at which
azido product is generated frotrOH largely reflects this
isomerization. Superficially this process appears to be pseudo-

mechanism, it is clear that solvent exchange is somewhat fasteffirst-order, but this is likely to be an artifact, especially at low

(ca. 5-10 times) than isomerizaticgh== 2. It was not possible

[N37], since an induction period should have been observed.

to determine whether only one or both isomers were responsibleClearly, the rate of production of azido complex frdr©OH is

for solvent exchange (vide infra).

such that the associated absorbance change should not follow a
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Table 3. Some Properties of the [Co(cyclen)(R)]32" Complexes

spontaneous base hydrolysis isomerization

complex isomer absorption NH exchange rates equilibrium ratio rate constant rate constant rate constant
X configuration maxima, nm ¢)° (ku, M~ts7Y) (K =11)/[2]) (k0o 571 (kom, M71s ) (k, M7ts})
OH,  synNHj),anti(OHy) 496 (197), 347 (133) 7.6 10° 1.86 [ 4.8x 107
syn(OHy),anti(NHz) 500 (194), 347 (153) i 45x 1C° 9.2x 107
OH syn(NHs),anti(OH) 3.0 8 1.0 0.6 1 x 10
syn(OH),anti(NH3) 8 1.0 1.9 3 x 10
Cl syr(NHg), anti(Cl) 524 (183), 364 (159) % 10° 5 x 107 15 2.0x 10°° 3.0x 10° g
syn(Cl),anti(NHs) 535 (159), 364 (163) % 10°, 9 x 10° 3.9x10° 4.2x 10° g
N3 synNHs),anti(Ns) 514 (548) 0.92 1.5 10F
syn(Ns),anti(NHs) 514 (434) 4.0x 10 15x 10°

a2In 1 M NaClQ,, 25°C. ? Units: M~* cm™L. ¢ Same for botlsyn (7.8 ppm) andanti (7.5 ppm) protons? For spontaneous reaction; unitst.s
€ Combined forwardK(2)) and reversek( (1)) rate constant.Not observed? Isomerization not observed prior to base hydrolysiBor hydrolysis
of the second Nglligand, Buckingham, D. A.; Clark, C. R.; Rogers, A. J., unpublished datat observed €107° s7%).

single exponential. This is not so f&-OH where azido k() =15x1PM1sLk(2=14x1PM1s1(1=1.0
production is significantly faster than reactant isomerization. M, NaClQy; 25 °C). Base hydrolysis of coordinatedsN eq
Here, it would be expected that the rate constants for anation @
should tend toward independence ins{iNas they approach the 2+ - a9
solvent exchange ratéef = 8 + 2 s7%), and the data in Figure 2-[Co(cyclen)(NF)N,] ™ + OH @

3 clearly indicate that this is so. Rate constants for the l—[Co(cycIen)(Nl—g)N3]2+ +OH™ (9)
subsequent (slower) isomerization in the azido produgt(obs),

Table S3, Supporting Information) are the same, independenty g \yas followed at 305 nm where a large OD decrease occurs:

of starting isomer (0.3% 0.04 5™, as would be expected. This  Tapje 510 (Supporting Information) gives rate data. These show
reaction was also examined separately using the pure azido

complexes (vide infra). } - 2+ -
synNHa),anti(Ns)- and syr(N).anti(NHs)-[Co(cyclen)-  +  21C0(Cyelem (NN + OH o
(NH3)N3](ClO4), (Isomers 1 and 2, Respectively). These 1- + 2-[Co(cyclen)(NH)OH]™" + N3~ (10)

complexes were prepared by anating either of the [Co(cyclen)-

(NH3)OH,](ClO4):NO3 isomers with 0.1 M Nahat pH ~ 7 strict OH™ catalysis withkoy = (4.04+ 0.1) x 10* M1 s (I

and separating the two products by ion exchange chromatog-= 1.0 M, NaCIQ; 25 °C) being the same for both isomers
raphy (pH~ 3). The complexes were isolated as “mixed” consistent with rapid prior isomerization. At the pH values used,
ClO,~/NOs~ salts and converted to their more soluble perchlo- subsequent hydrolysis of coordinated NiH the [Co(cyclen)-
rates by anion ion exchange chromatography. Isomer config- (NH3)OH]?" product is slow. The product was identified as
uration @ moves fastest on cation ion exchange chromatography the equilibrium mixture (pH 8.0, 1 min, pH-stat control) by
or reversed-phase HPLC) was determined by stereoretentiverecovering the quenched product by ion exchange chromatog-
conversion to the aqua ions, eq 8, and by a crystal structure ofraphy (HCI eluent) and examining the subsequently anated
syr(NHjz),anti(N3)-[Co(cyclen)(NH)N3]Clo 5(ClOy4)1 5 H0. Crys- [Co(cyclen)(NR)CI]2t complex by reversed-phase HPLC. This
tallographic data are given in Tables S4 to S8 and Figures S4gave 75%1 + 25% 2. Due to the slowness of the base
and S5 (Supporting Information). The bond lengths and angles hydrolysis process, which occurs with prior isomerization in

in the structure are unremarkable, with inequality in theNN the reactant and rapid isomerization in the bH product,
bond lengths in the azido ligand being what is usually observed the stereochemistry of this reaction remains unknown.

in Co(lll)-N3 structureg® and with the large differences in Selected properties of the [Co(cyclen)(BM] ™" complexes
C—N—C bond angles foap-NH compared tesyn or anti-NH are given in Table 3.

centers being in accord with observations on other Co(lll)-cyclen . )

complexeg® Discussion

Base Hydrolysis. Unquestionably, the single most important
1-, or 2-[Co(cyclen)(NH)N,]*"+ HNO, + H™ — factor controlling the reactivity of these [Co(cyclen) (K] 32+
) . 3+ complexes (X= OHjy, Cl, N3, OH) is the enhanced acidity of
1- or2-[Co(cyclen)(NF)OH,J™ + N, + N0 (8) the two “flat” meridionalseecNH centers. Acid ionization at
one center leads to a higher than usual concentration of the
conjugate base (e.d@;Cl (CB) in Scheme 1), and this extends
the S1CB process?* (Kops = Kiko[OHTJ/(k-1 + k2); Ka = Ky*
ki/k-1in Scheme 1) well into the acid region. In the case studied
(D20 solution, X= ClI), the quenched hydrolysis product, as
well as the unreacted starting material, showed no exchange of
NHz andap-NH protons so that such centers cannot be involved
in the CB mechanism. Also, spontaneous aquation is very slow
and normal by the standards of Co(lll) substitution chemistry
Viz., 1-Cl, kg = 2 x 1075 s} 2-Cl, kyg = 3.9 x 1076 s71).
‘ikewise, uncatalyzed exchange of coordinatedOHin
(23) Palenik, G. JActa Crystallogr 1964 17, 360. Restivo, R. J.; Ferguson, ~ LCO(CYCIEM(NH)YOHZ*" is slow (ex < 1 x 107* s7%), so
G.; Hay, R. W.; Piplani, D. PJ. Chem. Soc., Dalton Tran4978

1131. Comba, P.; House, D. A.; Jackson, W. G.; Marty, M.; Stoeckli- (24) Tobe, M. L. InComprehensie Coordination Chemistrywilkinson,
Evans, H.; Zipper, LHelv. Chim. Acta1992 75, 1130. G., Ed.; Pergammon: Elmsford, NY, 1987; Vol. 1, Sect. 7.1.5, p 300.

Isomer interconversion was followed at 514 nm in the
presence of added 1.0 MzN(to remove completely the effect
of the slower base hydrolysis reaction, vide infra). Rate data
are given in Table S9 (Supporting Information) and show strict
OH~ catalysisk = (2.9+0.2) x 1°M~1s1 | =1.0M, 25
°C). The data are the same for both isomers. From the final
equilibrium distribution 48+ 2% 1, 52 + 2% 2, determined
from experiments carried out in the absence of addgd(N.1
M Pipes buffer, pH 6.32, 10 min, reversed-phase HPLC), the
separate isomerization rate constants can be evaluated, eq
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Scheme 1. Suggested Mechanism for Base Hydrolysis of
2-Cl

[ /\NH [ /\NH
No... CI uNH3 k1 I‘IJ ------- (L‘ ..... \NH3
) o —_—
OH + N7 | ~a — NTT | ~a
N k-1
H
\/NH NH
2.Cl 2-C1(CB)
—Cl—l k2
2+
2+
/\NH k3 (fast) [ /\NH
'-~1[J.. | «NH3  concerted addition '--- I NH3
N '/C° \OH of H20 and syn Co -
*H | reprotonation
%//M, K/NH
2-OH S-coordinate

intermediate

that the enhanced reactivity lies solely with the Oehtalyzed

reaction and is not a property of the complex as a whole. Direc

measurement of the acidity constai, was not possible

because of the extreme reactivity of these complexes at hig

OH~ concentrationst{;, ~ 2 us for 1-Cl in 1.0 M NaOH).
However, for the more stable [Co(cyclen)(€r)]and [Co-

(cyclen)(S-AlaO)} systems, rapid spectrophotometric measure-

ment is possible, givingiy, values of 13.2 and 13.7, respectively
(I = 1.0 M, NaClQ).13 The lower charged [Co(cyclen)f©O

CO)I* ion also gives immediate and substantial absorbance
changes in strong alkali, and the doubly deprotonated [Co-
(cyclen-2H)(QCO)(OH)P~ species has been suggested as a

major contributor to release of GO under these conditior?s.
The H-exchange rates reported here (and elsewharencur
with these findings, with the rate for thet3ion (X = OH,)
being at, or close to, the diffusion limik{ = 7 x 10° M~
s, 1 = 0.2 M NaClQ, 25 °C), and only slightly less for the
most acidic proton in the2 ions ky = (1—2) x 1° M~1s7?
for X = Cl, N3; (1.5-6.4) x 10° M~1 s71 for the [Co(cyclen)-
(S-AlaO)F" isomerd®). Only for the H- ions [Co(cyclen)(G
CO)I* 2 and [Co(Mecyclen)(@C;0,)] %8 is ky significantly
reduced ((2-5) x 107 and 3x 10® M~1s71, respectively). We
therefore predicK, values of ca. 6< 10714 M for the 3+ ion
(X = OHy) and ca. 2x 10714 M for the most acidic proton in
the 2+ ions ¢ransto X = Cl, N3).?” Suchky measurements,

because they refer to specific sites, also tell us that strain about

the meridional NH centers plays a role since #peNH sites,

which bridge facial chelates but which are otherwise identical,

are some 161 less acidic (cf. X= Cl, Table 1; also for [Co-
(cyclen)(S-AlaO)f™ 18). Clearly, deprotonation of a meridional
NH center is preferred. However, there is little difference
between the labilities (acidities) afyn and anti-NH protons,
i.e., their orientation with respect to X is unimportant. Thus,
for X = NHg, ky is the same for both (¥ 10° M1 s71),26 and

a similar situation is found with [Co(cyclen)6QO)]" (ky = 2
and 5x 10" M~1 57125 and Co(Mecyclen)(@C:02)]" (ky =
2.7 and 3.4x 1 M~1s71).26 However, as is found with other
Co(lll) complexes;?*electronegative X (e.g., CIN:~, RCG)

(25) Clark, C. R.; Buckingham, D. Anorg. Chim. Actal997, 254, 339.

(26) Rogers, A. J. Ph.D. Thesis, University of Otago, 1995.

(27) At the diffusion controlled limitky does not give a good appreciation
of K, since reprotonationk( 1) is now rate limiting.

Buckingham et al.

increases the lability (acidity) of ansNH center. Thus, for
1-Cl NH-(syr(NH3)) is some 40 times more labile tharHN
(anti(Cl)), ky = 2 x 10° vs 5 x 10’ M~1s71; whereas fo2-Cl,
the difference is even largeky = 2 x 10° M~t s71 for NH-
(anti(NHsz)) vs 4 x 10° Mt s71 for NH-(syn(Cl)). Similar
differences are found with the [Co(cyclen)(S-AlaB)jsomers
where the donor atom in theans ligand is carboxylate-@?
Also, in these unsymmetrical systems, there does seem to be a
difference between thgynandanti protons with theky values
indicating that it is easier to remove a protamti to electrone-
gative X than onesynto it. Overall, these comparisons give a
good appreciation of thigans electronegative effect on proton
acidity since the reference amine is the same in each case, a
situation not often realized in Co(lll) chemistry.
Is it the meridional NH protoncis or transto X which leads
to the most reactive conjugate base? It is now generally agreed
that acis-NH proton does lead to enhanced reactivi§.28.2°
This has been proven with,3-[Co(trien)(GlyO)CI]",2° o,B-
[Co(tetraen)(ON@)]?+,3! and [Co(dien)(dapo)Clf,®2 where
more acididransNH, protons exist, but where inversion about
a cis meridional NH center during hydrolysis requires this center
to be responsible. It has also been proven wfo(tren)-
(NH3)CIJ?+,23t-[Co(trenen)CHT,34 asym[Co(datn)CIF*,%5 and
t all-trans[Co(N)4Cly]* systems where nipans-NH center exists.
The certain reactivity of &rans-deprotonated center now seems
punlikely, even if it is far more acidic (c§(R)- -[Co(trenen) X},
X = NOs, CI, where retention of thg(R) center is found in the
first formed producg!3¢koy (X = Cl) = 518 M1 571,36 with
S(R)-[Co(Metrenen)CR", kop = 1.2 x 10* M~1 571,36 where
acis-NH; proton must be involved). It seems that in the present
complexes, acis(X) meridional center is responsible for
hydrolysis, even though it does not contain the most acidic N
proton.

We believe that the orientation of tleés-NH proton is most
important, with repulsive overlap between thenlone pair of
the CB and the filled bonding and nonbondingobes of X
assisting in its departure, cf. Scheme 1. @i lone pair cannot
do this. It is this lowering in energy of the transition state
leading to the 5-coordinate intermediate which controls the
reaction rate ;) rather than the energy of the 5-coordinate
intermediate itself. This aspect does not seem to have received
sufficient attention in the past, possibly becauseaas amine
center was believed to be responsibleExperimental verifica-
tion of syn(X) overlap is difficult to prove largely because, while
a cis lone pair often points in the general direction of X, its
exact location (and often designation) remains uncertain due to
conformational or rotational flexibility.

However, inl- and2-Cl the lone pair is constrained to quite
rigid synandanti orientations, and crystal structufég4show

(28) Jackson, W. Glnorg. Chem.1991, 30, 4813.

(29) Rotzinger, F. P.; Weber, J.; Daul, Belv. Chim. Actal991 74, 1247.

(30) Buckingham, D. A.; Marty, W.; Sargeson, A. Melv. Chim. Acta
1978 61, 2223.

(31) Jackson, W. G.
Inorganic CompoundsBernal, .,
Vol. 1, p 255.

(32) Comba, P.; Jackson, W. G.; Marty, M.; Zipper,Helv. Chim. Acta
1992 75, 1147.

(33) Buckingham, D. A.; Cresswell, P. J.; Sargeson, A.livbrg. Chem
1975 14, 1485.

(34) konw =60 M~1s 1reported by Cresswell, P. J. Ph.D. Thesis, Australian
National Unlversny 1974.

(35) Gahan, L. R.; Lawrance, G. A.; Sargeson, A Adst. J. Cheml982
35, 1119.

(36) Cresswell, P. J. Ph.D. Thesis, Australian National University, 1974.

(37) Pearson, R. G.; Basolo, F. M. Am. Chem. Sod 956 78, 4878.
Mechanisms of Inorganic Reactiqr&nd ed.; Wiley: New York, 1967.

InThe Stereochemistry of Organometallic and
Ed.; Elsevier: Amsterdam, 1986;
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Table 4. Rate Constantskgy) for Loss of X in Some
[Co(cyclen)(A)XP2++ Complexes (= 1.0 M, NaCIQ, 25 °C)

A X kow/M~1s7t
NH3 NH3 2 x 102
N3 4 x 10
Cl(syr(NHs),anti(Cl) 3x 10°
Cl(syn(Cl),anti(NHa) 4 x 1¢°
OH, 45x 1C°
OH 4% 10%b
OH, OH, 1.1x 1¢
Cl Cl 2 x 10d
OH NHs; 1.2

aBuckingham, D. A.; Clark, C. R.; Rogers, A. J., to be published.

b Assumingk’, (cf. text) corresponds to base hydrolysis of=XOH.
¢ Compare ref 13¢ Compare ref 4.

Inorganic Chemistry, Vol. 37, No. 14, 1998503

Scheme 2. Common Mechanism for ¥ Exchange Kgy)
and Isomerizationk() in the [Co(cyclen)(NH)OH]>"
Isomers

2-OH 2-OH

A&y

K3{ k3 I

/N&
v

1-OH
for these reactions may be interpreted in two ways: either as
the OH" catalyzed reaction of the X OH, complex or as an
acid-independent (i.e., spontaneous) reaction of the ®H

1-OH

that the N-H bonds are aligned almost exactly antiparallel and complex. The former gives very large rate constakis, =

parallel, respectively, to the CoX axis. The conjugate base
formed from2-Cl is particularly reactive, with loss of Clbeing
similar in rate to reprotonatiork, ~ k_; (Scheme 1; general

45x 1M 1sl k=14x%x 10°M1s! and these seem
just too large when compared to rate constants for similar
processes in other Co(lll)-cyclen complexes (cf. Table 4 for

base catalysis was not investigated). A similar situation is ko, ki(1==2) = 2.9 x 10® M~1 s 1for X = N3 andk/(1=2)

possible with [Co(dien)(dapo)Clij,32 where the conjugate base

= 1.8 x 10°® M1 s71 for [Co(cyclen)(S-AlaO¥* 1. We

formed from themei(syn) isomer is some 10 times more reactive therefore support the alternative interpretation, whereby con-

than that from thener(anti) isomer wherky rate data are taken
into account. For the slower reactiigCl isomer, while no

certed deprotonation of Mland protonation of X= OH in the
transition state avoids the higher energy intermediates implied

2-Cl was found during hydrolysis (this would have required by the OH -catalyzed dissociation of 4@ and by the unassisted
two inversions), it is possible that the observed rate constantdissociation of the poor OHleaving group. This mechanism
corresponds to prior inversion in the 6-coordinate system to give would seem to be restricted to cases where poor leaving groups

the unstable (and never detectsgjiNH3),syrn(Cl)-isomer @3-

would prefer to leave the Co(lll) center as their conjugate acids,

Cl) which subsequently rapidly hydrolyses via its associated and X = OH provides possibly the best example of this.

synNH proton. The observed hydrolysis rate constant of 3
10° M~1s1is very similar to that found for isomerizatidn—
2 in [Co(cyclen)(NH)N3]?™ (k(l) = 1.5 x 10° M1 s71), a

Furthermore, its concerted nature would seem to require
utilization of asynNH proton. This aspect has not received
attention previousB+3840 but appears to be a stereo-

process which certainly occurs in the 6-coordinate system (vide chemical requirement. Indeed, in retrospect, we now believe

infra). Itis hard to imagine that isomerization1rCl is not at
least competitive with direct hydrolysis.

The immediate product on hydrolyzing both and 2-Cl is
indistinguishable from2-OH; certainly little 1-OH is formed

that it was only thesyrn(OH),anti(NHsz)-[Co(cyclen)(NH)"O-

H]?* isomer which underwent exchange in these experiments.
This is suggested from our observations that less than the
stoichiometric amount of’OH, label was released during

(<10%). For2-Cl this is easily accounted for (cf. Scheme 1) exchange (only ca. one-half that expected) and that a good time-
with syr(Cl) deprotonation leading to a 5-coordinate intermedi- independent infinity was never reached. If, as this impkgs,
ate which adds kD and reprotonates on the same face in a (2-OH) > ke (1-OH), then microscopic reversibility would

concerted manneik{ > kp, k-;). For 1-Cl, hydrolysis could
occur via 3-Cl with syr(Cl) deprotonation and loss of Cl

require the resulting 5-coordinate intermediate to re-form largely
2-OH on water re-entry, and this is in excellent agreement with

producing the 5-coordinate intermediate. This, then, could either that observed on base hydrolyzing both thel and 2-Cl

add HO on the same face to givBOH (preferred mechanism)

isomers (vide supra). We therefore picture bog®dHxchange

or add HO and separately reprotonate at an opposite face toand isomerization as occurring via the same 5-coordinate

give 2-OH directly. We will see below the®-OH is likely to

intermediate I in Scheme 2) withk, > ki. The re-entry step

be very unstable, and that it is more likely to isomerize largely need not be exclusive, however, with several acts of water

to 2-OH rather than tdl-OH, although1-OH is (finally) the
thermodynamically favored produdton([1]/[2]) = 3.0. Al-
ternatively3-OH might be indistinguishable fro-OH (vis—

exchange eventually leading to equilibration wit®©H. In this
schemek, = Key (:8 S_l), ke = k|(1) (:0.63 S_l), kok-1/k—» =
k|(2) (:19 §1), andkzkfllklkfz = KOH (:30), givingkzlkl =

UV spectrum) and may indeed have been the immediately 13 andk—»/k-1 = 4. Thus, loss of OH is indeed much faster

observed product frork-Cl.

A summary ofkoy values is given in Table 4, but in the
absence of knowrK, values for formation of the reactive
conjugate basec(s(Cl)), first-order rate constants for loss of X
cannot be evaluated. However, Blldppears to be only a
slightly poorer leaving group thansN but is stabilized in the
[Co(cyclen)(NH)OH]%" ion, possibly because OHis the

in the syn(OH)-isomer, and the 5-coordinate intermediate does
prefer to reprotonate on this same face. Under more alkaline
conditions, an OH-dependent pathway for isomerization in the
X = OH ions was foundK, = 4 x 10* M1 s71), and this
could represent either rate-determiningl&B-catalyzed loss

of OH™ to form the 5-coordinate intermediate or direct GH
catalyzed isomerization in the 6-coordinate syst&m= ks +

preferred leaving group in this case, and the fully deprotonated k-3 Scheme 2).

conjugate base is never fully realized. Complexes witk=X
N3, OH have similakoy values, but the very large value for X

= OH; has an alternative explanation as we will see below.

Isomerization and H,O Exchange in the X= OH,/OH

lons. As was pointed out in the results section, the rate data

(38) Ahmed, E.; Chatterjee, C.; Cooksey, C. J.; Tobe, M. L.; Williams, G.
J. Chem. Soc., Dalton Tran&989 645.

(39) Kruse, W.; Tobe, M. LJ. Am. Chem. Sod 961, 83, 1280. Poon, C.
K.; Tobe, M. L.Inorg. Chem 1968 7, 2398;1971 10, 225.

(40) Jackson, W. G.; Sargeson, A. M. Rearrangements in Ground and
Excited Statesde Mayo, P., Ed., Academic Press: NY, 1980; p 273.
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Scheme 3. Diagramatic Representation for Isomerization that thesynsynisomer is also involved here. Scheme 3 sets
betweenl-N3 and 2-N3 Isomers via (Unobserved®N; out the details with = knzkna/(Knt + Knz) + kne = 2.9 x 10P
H M1 st and Keq = knikna/ Knskne = 0.92. However, in the
\N, NH3 absence of known properties f8#Ns, further analysis is not
\CO/ possible. If the system follows [Co(cyclen)(S-Ala®)] then
the similar amounts ol- and 2-N3 found in the equilibrium
Nz\ N3 kn1 mixture result from differences in both N\H acidity and
% /H inversion barriersl < 3 < 2.
N NH3 Supporting Information Available: Experimental information
Co detailing the synthesis of [Co(cyclen}{iTl from cyclen4HCI; the
N syntheses of synNHs),anti(Cl)-[Co(cyclen)(NH)CI](ClO,), and
Kng “\ N3 syn(Cl),anti(NHz)-[Co(cyclen)(NH)CI](ClO4)*H,0, synNHs),anti-
A%' H (OHy)- and syn(OHy),anti(NH3)-[Co(cyclen)(NH)OH,](ClO4)NOs,
k syn(NHs),anti(N3)- andsyr(Ns),anti(NHz)-[Co(cyclen)(NH)N3](CIO,);
Ns NH3 N6 3-N3 the determination of equilibrium isomer ratios1)[2]) for the
\ / [Co(cyclen)(NH)X] 23 complexes (X= Cl, N3, OH, OH) in aqueous
\ solution; the preparation éfO-labeled [Co(cyclen)(NEJOH,](ClO4)3
N¢ N3 (isomeric mixture); the estimation of theKp of [Co(cyclen)(NH)-
H OH;](ClO4)3 (isomeric mixture); the determination of the immediate
product distribution on base hydrolysis of [Co(cyclen)@\E](ClO4).
(isomersl and?2); descriptions of reversed phase HPLC methods, NMR
] o ) and visible spectral measurements, and crystallographic measurements
Anation by N3~. The above analysis fits in nicely with the  on syn(NHs),anti(Ns)-[Co(cyclen)(NH)N3]Clo 5(ClO4) 15 H,0; details
rate data for N~ anation (Figure 3). This showsOH to be of pH and pD measurements with calculations of [Qldnd [OD];
more reactive tharid-OH, with the anation rate for the latter  Tables S+S3 giving, respectively, rate constants for isomerization in
being largely [N] independent, consistent with loss of OH  synOH;),anti(NH3)-[Co(cyclen)(NH)OH,/OH]**2*, 170 exchange in
being rate determining for this species and with the resulting [Co(cyclen)(NH)"OH,]**, and anation by b of syr(NH3),anti(OH)-
5-coordinate intermediate formirgg-OH in preference to azido ~ andsyn(OH).anti(NHs)-[Co(cyclen)(NH)OHJ*"; Tables S4 S8 giving
products. Such a process should not display first-order kinetics, for [Co(cyclen)(NR)Nz]Clos(ClO4).5H-O: crystallographic data, bond
but good first-order fits were obtained. Clearly, some immediate '€n9ths. and angles, atomic coordinates and equivalent isotropic
entry of Ng~ into the first formed intermediaté (n Scheme 2) displacement parameters, anisotropic displacement parameters, and

occurs. On the other hand, anation20H is seen to agree hydrqgen coordinates and Isotropic displacement parameters, respec-
tively; Tables S9 and S10 giving rate data for isomerization in

with the H0 exchange rate at high BN (kv = ko =8 £ 2 gy () anti(Ny)- andsyr(Ns),anti(NHy)-[Co(cyclen)(NH)N4J2* and
s ), suggesting exclusive entry ofsN under this condition. g catalyzed hydrolysis afyr(NHs),anti(Na)- andsyr(Na),anti(NHa)-
Unlike entry of HO, however, entry of A" gives thel- and [Co(cyclen)(NH)Ns]>, respectively; Figures S1S3, giving respec-
2-isomers in similar amount&,(Ns)/ki(Ns) = 1.5, suggesting  tively NH regions of theH NMR spectra ofsyr(NHs),anti(Cl)-
a separate, subsequent, reprotonation step in this case. [Co(cyclen)(NH)CIJ2+ in 0.1 M DCI, syn(Cl),anti(NHs)-[Co(cyclen)-
Isomerization in the X = N3~ System. This reaction takes  (NH3)Cl]?* recorded inds-DMSO solution (containing DCI) following
place in the 6-coordinate system. Since two inversions mustisolation after various times at pD 4.3 {O solution), and
occur and since the process is demonstrably first-order in OH  syrn(NHa),anti(OHz)- andsyr(OH,),anti(NHz)-[Co(cyclen)(NH)OH,]**
(k = 2.9 x 106 M1 s—l), a syn,synor anti,anti intermediate in ds-DMSO (containing &L of concentrated HCI); Figures S4 and
must be involved, with either its formation or decay being rate S5 giving respectively a structural diagram of )g(NHs),anti(Na)-
determining. In the [Co(cyclen)(S-Alad)] system, isomer- [Co(cyclen)(!\lI-J;)Ng]2+ cation and view of the unit cell contents for
ization = 1.8 x 10° M~1 s71) via a syn,synintermediate SyrNH).anti(Ns)-[Co(cyclen)(NH)Ns]Clo(ClO).. H2O (30 pages).
was provert® and the similarity in rate constants and the Ordering information is given on any current masthead page.
anticipated higher energy of amti,anti isomer make it likely IC971029F
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