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Abstract 

A variety of complexes of 1,4,7,10-tetra-aza- 
cyclotridecane ([ 131 aneN = L) have been prepar- 
ed and characterised. These complexes include 
[CuL] (ClO&, [CuL] (CuBQ, [CuL] (CuC14)*H20, 
[NWCW2, cis-[CoBrzL]Br, cis-[CoClZL]C104, 
rruns-[CoCl(Br)L] Br,0*5Hz0, tram-[CoC12L] Cl, 
cis-[CrCl,L] Cl.H;O and cis- [Rhz LC16] . The 
syntheses, properties, IR and electronic spectra of the 
complexes are discussed. 

The blue octahedral complex cis-[Ni( [ 131 aneN,)- 
(41 WU has been characterised and the 
isomerisation of cis-[Ni( [ 131 aneN4)(OH&] ‘+ to the 
planar yellow [Ni( [ 131 aneN4)] 2+ studied kinetically. 
The reaction follows the rate law, rate = koH[com- 
plex] [OH] with koH = 2.4 X lo3 dm3 mol-’ s-’ 
at 25 “C and I = 0.1 mol dme3. The blue folded cis- 
complexes are likely intermediates in the formation 
of nickel(H) complexes of tetra-aza macrocycles in 
aqueous solution. 

Introduction 

Although a considerable volume of data is avail- 
able on transition metal complexes of cyclen ([ 121 
aneN4) and cyclam( [ 141 aneN4) much less informa- 
tion is available on complexes of 1,4,7,10-tetra-aza- 
cyclotridecane( [ 13]aneN,) (I). The complexes [Cu- 
([WneWl(PF& [II, [~CL([13lan&)]PF, 
[2] and cis- and tram-[CoC12([13] aneNd)] Cl [3] 
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have been prepared. The chemistry of [Ni([13] ane- 
N4)] (C104)* has been briefly discussed, and its oxida- 
tion to the corresponding nickel(III) complex inves- 
tigated [4]. 

Experimental 

1,4,7,10-Tetra-azacyclotridecane was prepared as 
previously described [3] , and was isolated as [ 13]- 
aneN4*4HBr. The ‘H NMR spectrum of the tetra- 
hydrobromide salt in DzO with NaTMS as internal 
reference has the expected quintet at 2.26 6 (J = 
6 Hz) (2H) due to the bridgehead methylene group. 
The 13C spectrum has the expected five carbon signals 
at 48.03; 46.31; 45.98, 45.62 and 23.72 ppm. The 
latter signal is assigned to the bridgehead methyl- 
ene carbon (spectrum in DzO with NaTMS reference). 
The free ligand was prepared from [13] aneNd* 
4HBr essentially as previously described [3] . 

fWP3l aneN4 11 (Cl04 h 
To a slurry of basic nickel(H) carbonate (0.50 g) 

in water (200 cm3) was added with stirring, the 
ligand tetrahydrobromide (0.52 g) and the mixture 
heated on a water bath for ca. 30 min. The solution 
was filtered ‘hot and the filtrate reduced to cu. 5 cm3 
by evaporation. Perchloric acid (6-8 drops) was 
added giving a gummy yellow precipitate. Addition 
of acetone (10 cm”) and ethanol (10 cm3) followed 
by scratching gave yellow crystals which were filter- 
ed off, washed with ethanol and dried in vacua over 
silica gel (yield 0.15 g). Anal. Calc. for CgHzzC12- 
NiN40s; C, 24.35; H, 5.00; N, 12.62. Found: C, 
24.63;H, 5.06;N, 12.26%. 

/Cu(f13JaneN4)J(CuBr4) 
A mixture of copper carbonate (0.4 g, excess) 

and the ligand tetrahydrobromide (0.26 g) in 
methanol-water (60 cm3, 2 to 1 v/v) was heated on 
a water bath for ca. 20 min and filtered hot to 
remove unreacted copper(U) carbonate. The blue- 
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water (100 cm3, 3: 1 v/v) was stirred and heated 
on a water bath for 15 min., then filtered. The 
resulting wine-red filtrate was evaporated to cu. 
10 cm’. Cont. HCI (10 cm3) was added and the 
mixture evaporated to cu. 5 cm3, When the solution 
became deep green, methanol (10 cm3) was added. 
Addition of a few drops of cont. HC104 resulted in 
the crystallisation of dark red shining crystals which 
were filtered off and recrystallised from dilute (2 
M) hydrochloric acid-methanol. Anal. Calc. for Cs- 
H2ZClsCoN404; C, 25.99; H, 5.33; N, 13.47. Found: 
C, 25.85; H, 5.20; N, 13.51%. 

The free ligand (0.40 g) was added with stirring 
to a solution of CoClz*6Hz0 (0.50 g) in methanol 
and the resulting mixture warmed to ca. 60 “C on a 
water bath, after some 20 min, the colour had chang- 
ed from brown to green. Cont. HCI (1 cm”) was 
added and the mixture was aerated for 2 h, when 
some green crystals formed. The volume was reduc- 
ed to 10 cm3 and the green product was filtered 
off and recrystallised from methanol (yield 0.25 g). 
Anal. Calc. for CgHzzC13CoN4; C, 30.75; H, 6.31; N, 
15.94. Found: C, 30.30;H, 6.23;N, 15.61%. 

violet filtrate was concentrated to cu. 20 cm’. Addi- 
tion of methanol (20 cm3) to the cooled solution 
resulted in the precipitation of a grey-green prod- 
uct which was filtered off and discarded. The blue- 
violet filtrate was slowly evaporated to dryness. Addi- 
tion of acetone (5 cm”) initiated crystallisation of 
the dark blue complex, which was filtered off, 
washed with acetone and dried (yield 0.25 g). Anal. 
Calc. for CsHzzBr4CuzN4; C, 17.08; H, 3.50;N, 8.85. 
Found: C, 16.81;H, 3.27;N, 8.6%. 

The ligand tetrahydrobromide (0.5 g) was added 
with stirring, to a solution of potassium hydroxide 
(0.24 g) in water (20 cm3). The free ligand was then 
extracted four times with 20 cm3 portions of chloro- 
form and the combined chloroform extracts were 
rotary evaporated to give an oil (0.2 g). The oil 
was added with stirring, to a solution of copper(H) 
chloride dihydrate (0.5 g) in methanol (20 cm”) 
and the mixture heated on a water bath for cu. 1 
min during which time a brown compound formed. 
The mixture was then heated on a water bath for a 
further five minutes and allowed to cool. The com- 
plex was filtered off, washed with methanol, then 
ethanol and dried in vacua over silica gel. Anal. 
Calc. for C9H24N40C~ZC14; C, 22.84; H, 5.11; N, 
11.83.Found: C,23.01;H,4.72;N, 11.69%. 

The free ligand (0.20 g) was added to a filtered 
solution of copper(H) perchlorate hexahydrate (0.40 
g) in methanol (20 cm”) and the solution heated 
under reflux for 10 min. The solution was slowly 
evaporated to cu. 5 cm3 when purple crystals of the 
complex separated. The crystals were washed with 
ethanol then ether and dried in uacuo over silica 
gel. A?&. Calc. for C9H22C12C~N408 C, 24.09; H, 
4.94; N, 12.49. Found: C, 23.85; H, 4.81; N, 
12.24%. 

cis-[CoBr,((13JaneN4)/Br 
A suspension of Naa[Co(C0a)a]*3Hz0 (0.4 g) 

in methanol (40 cm3) was mixed with the ligand 
tetrahydrobromide (0.52 g) in methanol-water 
(30 cm’, 2:l v/v) and the mixture stirred and heated 
on a steam bath for 40 min. The red solution was 
filtered and cooled. Cont. HBr (2-3 cm3) was added 
to the filtrate, which was then concentrated to cu. 
5 cm3. Olive green crystals were obtained and these 
were washed with ethanol, methanol then diethyl 
ether and dried in VQCUO over silica gel (yield 0.4 g). 
And. Calc. for C9Hz2Br,CoN4: C, 22.29; H, 4.57; 
N, 11.56.Found: C,22.16;H,4.50;N, 11.28%. 

cis-(CoClz(f13]aneN4)]C104 
A mixture of Naa [Co(COa)a] * 3H20 (0.4 g) and 

the ligand tetrahydrobromide (0.5 g) in methanol-- 

Concentrated HBr (5 cmj) was added to a solu- 
tion of trans- [CoC12( [ 131 )aneN4)] Cl (0.20 g) in 
boiling methanol (50 cm”) and the mixture heated 
on a steam bath for 30 min. The solution was then 
concentrated to cu. 10 cm’, when green crystals of 
the complex separated. The crystals were collected 
and washed with a little methanol, followed by 
ethanol then ether. Anal. Calc. for C9Hz3BrZC1CoN4- 
00.s;C,24.04;H,5.15;N, 12.46%. 

cis-[Rh2 ((1 3]aneN4)C16/ 
A solution of the free ligand (0.5 g) in methanol 

(50 cm”) was mixed with a solution of RhC13* 
3Hz0 (0.5 g) in methanol (50 cm3). The mix- 
ture was refluxed for cu. 3 h and then allowed to 
stand overnight. The orange product which form- 
ed was filtered off, washed with methanol and dried 
in vacua over silica gel (0.2 g). Anal. Calc. for Cs- 
H,,N,Rh,Cl,; C, 17.87; H, 3.67; N, 9.26. Found: 
C, 17.57; H, 3.89;N, 9.22%. 

cis-[CrC12((13JaneN4)JCI*H20 
A solution of CrC13*3Hz0 (0.52 g) in a mixture 

of N,N-dimethylformamide and 2,2-dimethoxypro- 
pane (30 cm3, 1:l v/v) was heated under reflux for 
30 min. The free tigand (0.40 g) was then added. 
The mixture was heated on a hot plate with constant 
stirring for cu. 15 min, when violet crystals deposited. 
The product was filtered off after cooling in an ice 
bath, washed with DMF, then ether and dried in 
vacun over silica gel. Fractionation from hot 
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reported in detail in a subsequent paper. Hung and 
Busch [3] have previously studied the aquation of 
cis and trans-[CoC12( [ 131 aneNd)]‘. For the loss of 
the first halide ligand kQ = 9.5 X IO4 s-’ (cis) and 
6.8 X lo4 s-’ (trans) at 25 “C. The truns-diaquo 
complex isomerises to the cis-diaquo complex with 
a rate constant for isomerisation of 5.4 X 10d4 
s-’ at 25 “C. The trans-complexes are expected to 
have the configuration (V) with a chair (c) six 
membered ring, two gauche (g) five-membered rings 

TABLE II. The Stereochemistry of Macrocyclic Complexes 

of Cobalt(II1) and Rhodium(III).* 

L Rh(II1) Co(II1) 

[lZ]aneNg 
[13]aneN4 

[14]aneN4 
[lS]aneNd 

[16]aneN4 

cis 
CiS 

cis and irons 
trans 

Pans 

cis 
cis and trans 
cis and trans 
trans 

trans 

V 

and an eclipsed (e) five-membered ring with the chira- 
lity (6 or h) indicated. 

Rhodium(M) 
Rhodium(II1) complexes of [ 131 aneN with the 

formulations [RhC12L] Cl and [RhCl*L] PF, have 
been previously characterised [2]. These com- 
plexes were prepared by heating RhC13.3Hz0 with 
the ligand in methanol for 2 days, the PF6- salt 
being crystallised by the addition of NH4PF6. The 
chloride derivative has X,,, 350 nm (e 443 K’ 
cm-‘) and 300 nm (e = 538) with AM = 96 ohm-’ 
cm2 mol-’ in water, indicating a 1 :l electrolyte. 
Both complexes were assigned a &configuration. 
In the present work we have found that reaction 
of the free ligand with RhC13*3H20 in methanol 
for 3 h gives an orange-yellow complex which 
can be formulated Rh2LC16. The &-configuration 
of the macrocycle in this complex is consistent 
with the observation of two vNH bands at 3162 
and 3310 cm-’ [7]. Trans-complexes normally 
show a single vNH band [7,’ 131 ; The solid state 
spectrum has A,, 350 nm occurring as a distinct 

shoulder on an intense charge transfer band; a result 
consistent with a cis-configuration. Rhodium(II1) 
and cobalt(II1) give only &-complexes with [ 12]- 
aneN [14]. However, [13] aneN gives both cis 
and trans-complexes with Co(III), but only cis-com- 
plexes with Rh(II1). This is a result of the respective 
ionic radii of Co(II1) and Rh(II1) which are 53 and 
67 pm, respectively [ 1.51. The ligand [ 131 aneN 
cannot encompass Rh(II1) to form a trans com- 
plex. Trends in the stereochemistries of cobalt(II1) 
and rhodium(II1) complexes of tetra-aza macrocycles 
are summarised in Table II. 

A possible structure for Rh2LC16 is shown in (VI) 
in which the macrocycle adopts a cis-configura- 
tion. 

aFor Co(II1) and Rh(II1) complexes of [ IZ]aneNa see ref. 
5. For Rh(II1) complexes of [14]aneN4 see ref. 7. Other 
Rh(II1) complexes see ref. 2. For the cobalt(II1) complexes 

see ref. 3. 

In addition to the two vNH stretching vibrations 
at 3310 and 3162 cm-‘, there are two strong sharp 
bands at 555 and 480 cm-’ which can be assigned 
to Rh-N stretching vibrations. Two Rh-N stretch- 
ing vibrations are indicative of a &-configuration, 
only one band being observed with truns- complexes 
[7]. A medium intensity band at 300 cm-l is .prob- 
ably due to VRh-Cl. The structure (Vi) must be 
regarded as tentative, but may well represent an 
intermediate in the formation of monomeric [RhC12- 
L]’ species. 

Nickel(U) 
The nickel(I1) complex was isolated as a yellow 

square planar species, with h,,, = 422 nm (E = 96 
M-’ cm-‘) in water solvent. The visible spectrum 
was not affected by increasing the temperature or by 
increasing concentrations of sodium perchlorate. 
There was therefore no evidence for a square planar 
+ octahedral equilibrium of the type: 

[NIL] 2+ + 2H20 + [NiL(H20)2]2’ 

which has been observed with a variety of nickel- 
(II) complexes of tetra-azamacrocycles [ 161 . Similar 
observations have been made by Bencini, Fabbrizzi 
and Poggi [4] who found that [Ni([ 131 aneN412+ 
is 100% square planar in acetonitrile. 

The [ 131 aneN ligand appears to be unique in 
forming exclusively low spin square nickel(I1) com- 
plexes. The 12-, 14-, 15- and 16-membered tetra- 
azamacrocycles form nickel(I1) complexes which 
exhibit square planar * octahedral equilibria [4]. 
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([ 131 aneNd)] Cl. No evidence for the trans-isomer 
was found. The &configuration of the complex is 
confirmed by the electronic spectrum which has h,,, 
532 nm (e = 147) and 398 nm (E = 88) values which 
are very comparable to those of cis-[CrCls([l4] ane- 
N4)]+ with X,, 529 nm (E = 111) and 404 nm (e= 
106 M-l cm-‘) [8] . In Oh symmetry three ligand 
field bands are expected for a d3 ion 4A2g -+ 4Tzg, 
4A + 4Trp(F) and the two electron transition 4A2s 
-+ *‘Trg(P). The more symmetrical trens-isomers of 
[CrN,Cl,]’ normally have extinction coefficients 
of <30 and the lowest energy d-d band (4A2g -+ 
4T2g) occurs in the range 570-580 nm [21]. The 
less symmetrical c&isomers have much higher 
extinction coefficients (CL 70-140 M-r cm-‘) 
and the lowest energy d-d band occurs in the region 
530-560 nm. The IR spectrum of cis-[Cr(‘l3] ane- 
N4)C12]C1*H20 has a broad band due to water at 
ca. 3450 cm-’ and a strong vNH band at 3090 cm-’ 
with a shoulder at 3 130 cm-‘. 
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