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The tetraazamacrocycle, tmtaalreacts with [M(COD)(u-OH),], M = Rh or Ir, to give [M(tmtaaH)-
(COD)], which give the dicarbonyl derivatives, [M(tmtaaH)(GPpn exposure to CO. The COD and
dicarbonyl derivatives, M= Rh, are methylated with MeOTf at th®carbon site of the imidinate ring,
giving [Rh(tmtaaHMe)(k)]*, where L, = COD or (CO). The crystal structure of [Rh(tmtaaHMe)(C{)
[OTf] shows that the site of methylation is the imidinate ring that contains the Rh(€&yment.
Protonation by HOTf also occurs at tfiecarbon site of the imidinate ring, assumed to be the ring that
contains the Rh(}) fragment. The dicarbonyls are deprotonated by LiN(S)¥ia thf, giving [M(CO),-
(tmtaa)Li(thf)]. A crystal structure of M= Rh shows an intramolecular £Rh distance of 2.635(10) A
and an intermolecular RhRh contact distance between two molecular units of 3.198(1) A that align
along their moleculaz-axis. Addition of Mel to [M(CO)(tmtaa)Li(thf)] yields [M(tmtaaMe)(CQ}, where
the methyl group is attached to the imidinate ring that contains the Li(thf) fragment, as shown by X-ray
crystallography. The [M(tmtaaH)(Cg))reacts with half an equivalent of [MICOD),(«-OH),] to give
the mixed dimetal complexes [M(C@imtaa)M(COD)], where M,M is either Rh,Rh or Rh,Ir, which
react with CO to give [MM(tmtaa)(CQ)].

Introduction with Cy, symmetry, and the monometal complexes generally

- . _ have been shown or are assumed to have a similar SHgpe.
The dianion of 7,16-dihydro-6,8,15,17-tetramethyldibenzo- However, the saddle shape is not universally observed since

[b,i][1,4,8,11]tetraazacyclotetradecine, the systematic name for omblexes such as [Pd(tmtaasind transRu(PR)-(tmtaa
6,8,15,17-tetramethyldibenzotetraaza[14]annulene, abbreviate Re p= PPhMe® or PEDQS have)ibee%l obser\fed%i)rz\(whicr?],the
tmtaa, has l_)een ;tudied extensively as a ligand in d'tran_Sitionligand has an open steblike conformation. The platinum com-
metil c_her|1|1|stry ?nlme the E(Ia\/lbase,f trﬁtgghas p_rgpared Inl plex, [Pt(tmtaa)], crystallizes in two polymorphs, one of which
Zyn.t etically usefu arroun i oslt.o :] € I—transmokn rr:jet? d has a saddle shape and the other an open steplike conformation;
erivatives contain only one metal in the planar pocket defined y,oqe authors also show that the palladium complex is also
by the four nitrogen atoms; but a small number of dimetal dimorphici® Thus, the conformation of the ligand is rather
_(lj_ﬁrlv?tlve; of the type r[](tmtaa)N(lj_éF] h:;ve b(.aenhdescpgéd. flexible and is driven by the electronic requirements of the
e free base, tmtaaHhas a saddle shape in the solid state g ongjion metal, the steric requirements of the other ligands,
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with 24 z-electrons (4, wheren = 6) and therefore not Hikel
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Scheme 1
tmtaaH, + 0.5 [M,(COD),(1u-OH),]

Figure 1. ORTEP diagram of [Rh(tmtaaH)(C&))3. The ellipsoids

are 50% probability surfaces except for the hydrogen atom, which

'CON:O is arbitrary. All non-hydrogen atoms are refined anisotropically,
and the hydrogens are placed in calculated positions, except for

the hydrogen atom H22 on N1, which is refined isotropically.

and M= Ir, »(CO) = 2050 and 1966 cr, in the solid state,
consistent with the presence oCa, M(CO), fragment Cs for
the molecule). The patterns of the resonances intthand
13C{1H} NMR spectra of3 and4 are similar to those found in
1 and2, suggesting that their stereochemistry is as showk, in
M =Rh (3), Ir (4) Scheme 1. The ORTEP diagram shown in Figure 1 proves this

] o ) ) deduction for3. To see if the N-H functional group is
is a goodo-donor, but significant negative charge is located on interacting with the rhodium atom or if the NHN site
the f-carbons. This molecular orbital model is useful in  exchange is slow on the NMR time scale, the low-temperature
rationalizing the chemistry of the metal complexes of this ligand. 14 NVR spectrum of3 was examined te-80 °C in C;Ds. No

In this article, we describe a general synthesis of monometal change in the chemical shift of the NH resonancé &t12.4 is
complexes of Rh(l) and Ir(l), [M(tmtaaH)g)l, where (L) is observed, nor is any RiH coupling observed at-80 °C.

L, = COD; M = Rh (1), Ir (2)

COD or (CO}, their reactions with electrophiles, MeH™, and The molecular structure &is shown in the ORTEP diagram
Li*, and more importantly, a selective synthesis of the dimetal Figure 1. The crystal data are listed in Table 1, and some
complexes [(ML,ML")(tmtaa)]. important bond lengths and bond angles are shown in Table 2;
Table 3 lists the dihedral angles for this and related structures.
Results and Discussion The geometry is related to that of [Etmtaa)(C0)],5 in which

a Rh(CO) fragment is replaced by a hydrogen atom. The
in this work, [M(tmtaaH)(COD)], M= Rh (1) or Ir (2) in hydrogen atom is attached to N1 with a refined distance of 0.94-

O hi ; ; ; 4 mi 7) A. The geometry around N2 is planar since the angles sum
Scheme 1, are prepared in high yield by dissolving a 2:1 mixture ( i .
of tmtaak and the hydroxide-bridged dimer [REEOD)(u- to 360 and the hydrogen atom on N1 is in the plane defined

OH),] in toluene. The complexes may be crystallized from EyzNéL;?l;\CS_ dCSENZ.’tE?\igiEQZtZOV_VZ’g%BR% thr]rﬁhgﬂh_zﬁ
toluene as yellow, M= Rh, or orange, M= Ir, crystals in high =2.82(7) A an , Wi = 2.03(6) A. The

. P . distances, 2.043(2) and 2.046(3) A, are slightly shorter than the
ield. When the reaction is conducted ig3g in an NMR tube, . -
)e/md monitored by!H NMR spectroscopy, the reaction is average.dlstance n [Rimtaa)(CO)] of 2.071(4) A. The Rr-
quantitative ove4 h (Rh) or 14 h (Ir). In addition, a resonance C(CO) distances in these two structures are equal, 1.864(3) A.

for water is observed a = 0.5 ppm in each case. TWo The geometry around Rh is nearly square planar, as shown by

structural isomers are conceivable for these complexes asthe angles I'St.ed in Table 2. .
An interesting feature of the molecular structure is the

represented by andB in Scheme 1. Assuming that the-¥ distorti f the tmitaa ligand in th iral tal and
proton is exchanging sites between the two adjacent nitrogen Istortion of the tmtaa figand in the neutral, monometal, an
positions, both isomers hav@ symmetry, but they can be dimetal structures, as shown by th_e dihedral angles listed in
distinguished byH and'3C NMR spectroscopy. A, the mirror Table 3. The distortions are describedasor S-angles, as
plane of symmetry contains the imidingteCH group, making defined in the footnote to Table 3. The neutral free base and
them chemically inequivalent, whereas Bnthe mirr’or plane the imidinate fragmer_lt that r(_atains the proton _ha_V(_a similar
of symmetry makes them chemically equivalent. THENMR p-angles. However,_thls angle increases tb mahe_lm|d|nate
spectra ofl and2 have twoS-CH singlets at 4.89 and 4.62 fragment that contains the Rh(Cjagment. This is presum-
ably due to the overlap requirement of the_¢ orbital as it

= 1 1
g\p;lectrz?I:g]i?ufwgtlwzngir?;;s(gzs;r)é ;’rf:g 93;:{5 'E',E/'zl\“\élrl?) forms a bond with ther-orbitals on N3 and N4. The dihedral
) : : angle formed by the intersection of the planes defined by N3
i‘ggs‘?stleonlt'gn?;ﬂvi?ﬁ 8 (M- 10 for 1 and2. This pattem IS gn1_Na and the N3 C12-C14-C15-N4 planes is 21in the
; P | ; direction of N2-N1—H22. In [Rhy(tmtaa)(CO)], the S-angle
The COD ligand is displaced by brief exposurelaind2 to is not calculated, but it is said that “the N atom lone pairs are

carbon monoxide, yielding the dicarbonyl addu@tsand 4, " .
respectively. These adducts form yellow crystals from toluene, almost normal to Fhe N4 plané The shortest mtermolgcular
M = Rh (3), or thf, M = Ir (4). Both complexes show two CO Rh---Rh contact distance is 5.58 A, longer than that in fRh
stretching frequencies, M Rh,»(CO)= 2061 and 1987 cm, (tm_taé?)(c?@] of 498 A. The angles_ referred to aschang_e by
an insignificant amount (24°) on going from the neutral ligand
(12) Giannici, L.; Solari, E. DeAngelio, S.; Ward, T. R.; Floriani, C.; 10 3, and the “saddle angle” in both solid state structures is
Chiesi-Villa, A.; Rizzoli, C.J. Am. Chem. Sod.995 117, 5801. essentially the same.

Synthesis of [M(tmtaaH)(L,)]. The starting materials used
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Table 1. Crystal Data for 3, 6, 9, and 11

3 6 9 11
formula GH 23N402R h CzeH 26N4O5S F3R h ngH 30Li N 403Rh C25H 25N402Rh
fw 502.37 666.48 580.41 516.40
space group P2:/n P212,21 P2:/n P2i1/n
a(h) 11.894(1) 9.8907(9) 11.504(2) 9.702(1)
b (A) 10.114(1) 10.1410(9) 16.972(3) 13.431(1)
c(A) 18.139(1) 27.449(2) 14.306(3) 18.114(2)
S (deg) 93.180(2) 109.382(3) 100.745(1)
V (A3) 2178.6(4) 2753.2(4) 2643.9(9) 2319.0(4)
Zz 4 4 4 4
pealc (g/cnP) 1.532 1.608 1.463 1.479
u(Mo Ka)care (cm™1) 8.1 7.6 6.8 7.6
size (mm) 0.20x 0.18x 0.06 0.06x 0.04 x 0.04 0.18x 0.18x 0.15 0.11x 0.08 x 0.07
temp (K) 125(2) 155(1) 140(2) 113(1)
scan typefmax w, 24.70 w, 22.0 w, 24.76 w, 25.4
no. of reflns integrated 9390 10995 11499 10928
no. of unique reflnsRint 3596, 0.043 2612, 0.041 4323, 0.082 2971, 0.032
no. of good refins 2865 (> 2.000(1)) 2700 ( > 3.000(1)) 2846 ( > 2.000(1)) 3002 ( > 3.000(1))
no. of variables 288 361 338 289
transmn range 0.90 0.82 0.98 0.86
R 0.037 0.030 0.054 0.049
WR, 0.093 0.034 0.117 0.066
Rail 0.053 0.046 0.099 0.075
GOF 1.021 1.14 0.985 1.18
Table 2. Some Important Bond Distances (A) and Angles (deg) for 3, 6, 9, and 11
compound3 compounds compound®® compoundLl
Bond Distances
Rh1-N3 2.046(3) Rh:N3 2.085(4) RhEN1 2.034(5) Rh:N3 2.050(4)
Rh1-N4 2.043(3) Rh+N4 2.074(4) Rh+N2 2.058(5) RhN4 2.064(4)
Rh1-C23 1.870(4) RhtC23 1.877(7) RhtC23 1.861(6) RhC23 1.859(6)
Rh1-C24 1.858(4) RhtC24 1.868(7) RhtC24 1.852(7) RhtC24 1.870(6)
N1-C1 1.338(5) N+C1 1.348(7) N3-C12 1.332(7) N+C1 1.270(7)
N2—C4 1.323(5) N2-C4 1.327(7) N4-C15 1.319(7) N2C4 1.269(7)
N3—-C12 1.329(5) N3-C12 1.278(7) N+C2 1.336(7) N3-C12 1.321(6)
N4—C15 1.322(5) N4C15 1.285(7) N2 C4 1.324(7) N4-C15 1.332(7)
N1-C22 1.413(5) N+C22 1.412(7) N3-C11 1.405(7) N+C22 1.423(8)
N2—C6 1.412(5) N2C6 1.400(8) N4-C17 1.408(7) N2C6 1.410(7)
N3—C11 1.433(5) N3-C11 1.447(7) N+C22 1.446(7) N3-C11 1.435(7)
N4—C17 1.443(5) N4C17 1.445(7) N2C6 1.445(7) N4C17 1.428(7)
C14-C25 1.54(1) C3-C25 1.525(8)
Li1—N3 1.92(1)
Lil—N4 1.91(1)
Lil—Rh1 2.63(1)
Bond Angles
N3—Rh1-N4 87.0(1) N3-Rh1-N4 85.5(2) NERh1-N2 88.1(2) N3-Rh1-N4 88.0(2)
C23-Rh1-C24 87.2(2) C23Rh1-C24 88.0(3) C23Rh1-C24 88.6 (3) C23Rh1-C24 85.9(3)
N3—Rh1-C23 92.9(2) N3-Rh1-C23 92.9(2) N+Rh1-C23 91.4(2) N3-Rh1-C23 93.2(2)
N4—Rh1-C24 92.8(2) N4 Rh1-C24 93.7(2) N2-Rh1-C24 91.6(2) N4 Rh1-C24 92.7(2)
C11-N3—-C12 117.9(3) C1EN3—-C12 122.7(5) C2N1-C22 115.7(5) C1EN3—-C12 117.1(5)
C15-N4—C17 117.6(3) C15N4—C17 122.3(5) C4N2—C6 116.8(5) C15N4—C17 115.4(3)
C1-N1-C22 126.3(3) C+N1-C22 127.7(5) C1iN3-C12 122.4(5) C+N1-C22 120.6(5)
C4—N2—-C6 125.1(3) C4N2—-C6 124.9(5) C15N4—C17 122.8(5) C4N2—-C6 120.5(5)
C12-C14-C15 113.4(5) N3-Lil—N4 97.7(5) C1+C3-C4 110.8(5)
C15-C14-C25 111.4(5) N3Li1-03 128.4(6) C+C3-C25 11.0(5)
C12-C14-C25 109.7(5) N4Li1—03 113.8(5) C4C3-C25 114.7(5)
Reactions of [Rh(tmtaaH)(Ly)] with Electrophiles. Me™ isomersD andE have two possible orientations for the methyl

or H*. The COD () and CO 8) complexes react with MeOTf  group either exo or endo relative to the other imidinate ring.
(MeOSQCF;) or HOTf (HOSQCF;) to give the cationic The'H NMR spectrum o6 shows a new methyl resonance at
species shown in Scheme 2. Addition of 1 molar equiv of ¢ 2.26 that appears as a doublétf 7 Hz), and the imidinate
MeOTf to 1 in CH,CI; gives a yellow solid whose empirical methine resonances appear as a quartet centeded.sb J =
composition is [Rh(tmtaaHMe)(COD)][OTf]5. A cation of 7 Hz) and a singlet at 4.92. This coupling pattern is diagnostic
similar composition, [Rh(tmtaaHMe)(C&)OTf], 6, is obtained for isomerD or E, in which the methyl group is located on the
by addition of MeOTf to3 followed by crystallization from a  S-carbon atom of the imidinate rings. Compl&kas a similar
thf—pentane mixture. pattern in théH NMR spectrum, and th®C{1H} NMR spectra
There are three sites for electrophilic attack, the nitrogen lone- for 5 and6 are also similar. Furthermore, the imidinate-Me
pair yielding C (Scheme 2) or the3-carbon atoms of the  groups in5 and6 appear as two equal area resonances in the
imidinate rings illustrated aB or E (Scheme 2), all of which I1H NMR spectra. The exo stereochemistry is suggested by the
carry a negative chardé!? Structural isomerC has C; lack of NOE between the two resonances at 2.26 (d) and 4.92
symmetry, wherea® and E haveCs symmetry assuming the  (s) in thelH—'H NOESY experiment or6. Thus the site of
NH---N tautomerization is rapid. In addition, the geometric electrophilic addition is not at the site of highest electron density
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Table 3. Dihedral Angles in Selected tmtaa Structures

3 6 9 tmtaah: [Moa(tmtaa)(OAc)]
o (deg) 18 18 13 20 9
17 17 13 21 9
—p (deg) 38 31 51 37 49
76 64 57 37 49
ref this work this work this work 5 13

ao andp angles are defined in the scheme below.

(the N site) but at theg8-C(H) site, which is presumably the average N3-C12, N4-C15 distance is 0.044 A shorter than
thermodynamic site preference. Although the site of electrophilic the equivalent distances B, while the average RhC(CO)
addition is the3-C(H) site, there are two different sites, one in distances are identical. The bond distance changes in the Rh1
which the imidinate ring contains the NH group and the other N3—C12—-C14—C15-N4 fragments in6 and3 are consistent
that contains the Rhfl. fragment. It is not possible to distinguish ~ with an increase in the local positive charge on the Rh¢CO)
between these two alternatives by NMR spectroscopy; the fragment in6, which results in a longer RhN distance and a
correct stereochemistry @éfis illustrated byD (Scheme 2), as  shortening of the €N distance as the €N bond order

shown by X-ray crystallography. An ORTEP diagraméois increases. The bond angles@Grand3 are essentially identical
shown in Figure 2, and important bond angles and distancesin the two structures, as are tlheangles shown in Table 3.
are listed in Table 2. The -angles, however, are different, sinGg andfrn are 7

Comparison between the bond distance$ iand 3 shows and 12 smaller in 6. Although the geometry around Rh is
that the average RhN distance in6 is 0.035 A longer and the  square-planar, the bond angles sum to°3@te intersection of

Scheme 2

h, R = Me, L, = COD (5)
h, R = Me, L, = (CO); (6)
h,R =H, L, =COD (7)
h,R=H, L, = (CO); (8)

R
R
R
R

GJ LiN(SiMe3),
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Figure 2. ORTEP diagram of [Rh(tmtaaHMe)(CgOTf], 6. The
ellipsoids are 50% probability surfaces except for the hydrogen
atom, which is arbitrary. All non-hydrogen atoms are refined
anisotropically, and all hydrogen atoms are placed in calculated
positions and not refined. The triflate anion is not shown, but a
complete ORTEP diagram is available as Supporting Information.

the planes defined by RRIN3—N4 and N3-C12-C15-N4

is 152, and that between N3C12—C15-N4 and C12-C13—

C14 is 137. The methyl group, C25, is exocyclic (Figure 2)
with a short G-H+++Rh contact distance of 2.77 A; the hydrogen
atom positions are not refined, but they are placed in idealized
positions. The H-Rh contact distance is identical to that
recently reported by Tilley and co-workers, where the hydrogen
atom positions also were not refingdThe Jrn-n and Jrn—c
couplings are not observed in either complex in solution and
the H--Rh contact distance in the solid state structur® s

Fandos et al.

Scheme 3
oc co oc co
N L\,M/ L
VERN AN
'}‘. HN + [M'2(L)2(n-OH);] ';‘ /M' N
H N\/}N L,=COD =N SN
N 2 /‘\ N
/\ NI NI
M =Rh (3), Ir (4)
M=M= Rh (14)
‘+ LiN(SiMes), M =1Ir; M' = Rh (16)
+CO
B
M =Rh (9), Ir (10)
J»f Mel M =M = Rh (15)
M =Ir; M' = Rh (17)
oc co
Ny
Oy \-"@
TR

Me

M=Rh (11), Ir (12)

presumably a consequence of the six-membered ring in a boat

configuration that orientates the-& bond toward the filled
dz orbital on Rh.

Addition of 1 molar equiv of HOTf to [Rh(tmtaaH)(COD)],
1, in thf, yields yellow plates of [Rh(tmtaal{ COD)][OTT], 7,
on crystallization from thf. The dicarbonys, behaves similarly,
giving cation8 as yellow crystals from thf. Again, three isomeric
structures are possible, and these are illustrat€t] D, andE,
where R= H. IsomersD andE are readily distinguished from
C in the 'TH NMR spectrum since the GHyroup in thef-site
of an imidinate ring appears as an AB patterr8iat 6 4.64
with J = 16 Hz and 4.43 witld = 16 Hz, and the resonance of
the3-CH group on the other imidinate ring appears as a singlet
at 4.89. The NMR spectra df are similar to those observed
for 8, and therefore isomeb is proposed (Scheme 2) by
inference from the structure éf(Figure 2). The preference of
H* for the 5-C(H) site in metal complexes of the tmtaa has
been observed by GoedKeand rationalized by HoffmanH.

The protonation experiments do not, however_, show whether 9 and 10 are similar an
the proton attacks a specific site or attacks all sites of negative

electron density. A distinction is possible by using DOTf. Thus,
addition of DOTf to a CCI; solution of8 shows that deuterium

is found in both nitrogen sites and in ti%eCH sites. This is
shown by carefully integrating thiH NMR spectrum of3 in
CD,Cly, adding 1 equiv of DOTf at room temperature, then
integrating the spectrum until the integrals due to the NH and
CH resonances are constant relative to the intensity of €
resonances. The result of this experiment shows that the intensit
of the resonance due to the-¥ (6 12.6) decreases by 50%,
the resonance due to tj}eCH. (6 4.5) decreases by 20% (10%
in each site), and that due to the otlle€H site decreases by
20%. Given the accuracy of the integration, it is clear that D

(13) Kebaol, J. M.; Furet, E.; Guerchias, J. E.; LeMest, Y.; Saillard, J.
Y.; Sala-Pala, J.; Toupet, llnorg. Chem.1993 32, 713.

(14) Krumper, J. R.; Gerisch, M.; Magistrato, A.; Rothlisberger, U.;
Bergman, R. G.; Tilley, T. DJ. Am. Chem. So2004 126, 12492.

is distributed over all sites of negative electron density and that
the net preference for the N site is about the same as that for
the C sites. This result may be interpreted by postulating that
a rapid tautomeric equilibrium exchanges the-W protons,
which scrambles H and D between the two nitrogen atoms, while
DT also attacks thg-C(H) site, generating C(H)(D). Thus, at
20 °C the protonation is not stereospecific.

Reactions of [M(tmtaaH)(CO),] with the Proton Acceptor
LiN(SiMe 3),. The N—H functional groups ir8 or 4 are acidic
since they can be deprotonated by LiN(Si)ien thf at room
temperature to giv® and 10 (Scheme 3). Both complexes
crystallize as red crystals from thf, and both complexes contain
one thf per lithium. Unlike the other complexes described in
this paper, which are stable to air and moist@end 10 are
very air and moisture sensitive and the rhodium complex darkens
on standing at room temperature, which is perhaps the reason
9is the only complex for which an adequate elemental analysis
is not obtained. ThéH and*3C{'H} NMR spectra in @Dg of
d consistent with a contact ion-pair
structure ofCs symmetry in which a Li(thf) fragment replaces
a hydrogen atom ir8 and 4. This deduction is shown to be
correct by the X-ray structure &

An ORTEP diagram of the molecule [Rh(GQintaa)Li(thf)],

9, is shown in Figure 3a. Crystal data are shown in Table 1,
and bond distances and angles in Table 2. The intramolecular
Rh—N, C—N, and C-C bond lengths are very similar to those
found in complex3, Table 2. The geometry around rhodium is

yessentially square-planar, since the bond angles sum t§ 360

but the geometry around the lithium is not trigonal-planar, since
the angles sum to only 340Thus the lithium atom moves out

of the trigonal plane defined by NN4—03, forming a
tetrahedral and four-coordinate lithium, since the-iRh
distance is 2.635 A. It seems reasonable to propose that this
interaction is between the pair of electrons in the Rtodbital

and an empty sghybridized orbital on lithium. Thus, the
interaction may be viewed as a dor@cceptor bond in which
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the unit cell is 3.198 A, 2.2 A less than B In the mono-
clinic unit cell, the individual [Rh(CQ)tmtaa)Li(thf)] molecules
are packed in an updown fashion with the orientation Hi
Rh---Rh—Li along the molecular-axis as shown in Figure 3b;

a packing diagram is available as Supporting Information. A
similar packing is observed in [RftimtaaH)(CO)]*---[Rhy-
(tmtaaH)(CO)]*, where the Rh+Rh contact distance is 3.268
A, only 0.21 A shorter than the intramolecular-RRh distance

of 3.057 A5 In this structure the orientation of the dimers
is up—down, and the stacking of the dimetal fragments are
[Rh(+)—Rh]:-s[Rh—Rh(+)] along the molecular-axis.

The Rh:-Rh contact distance in these two rather different
molecular complexes differs by only 0.070 A, with the shorter
distance found in the EiRh complex. The Rh-Rh contact
distance cannot be rationalized by a dipetipole interaction
in the solid state since the orientation of the dipoles is repulsive.
A qualitative molecular orbital description along the lines
advanced by Gray and co-workers to account for weak Rin
bonds in [Rh(CNRJ2" is applicable to the complexes described
herel® In the isocyanide dimers the two Rh(l) square-planar
fragments approach each other along their mole@#exis with
a Rh—Rh distance of 3.193 A in [RKCNPh}]2t. The Rh-Rh
interaction is suggested to result from a combination of the d
Figure 3. (a) ORTEP diagram of [Rh(C@}mtaa)Li(thf)],9. The orbitals forming a bonding and an antibonding molecular orbital
ellipsoids are 50% probability surfaces. All non-hydrogen atoms with a pair of electrons in each. Mixing the empty grbital
are refined anisotropically, and all hydrogen atoms are placed in into the (d?)* orbital removes some of the antibonding character,
calculated positions. (b) ORTEP diagram showing two molecules resulting in a net RhRh bonding interaction. A qualitatively
of 9in the unit cell. The complete packing diagram is available as  gjmjlar bond model may be applied & in which the Li(thf)"
Supporting Information. uses its empty porbital to remove electron density from the
HOMO, the (d2)* orbital. The net result is that the RIRh

negative charge density is transferred from rhodium to the gistance in these two very different molecules is identical since
electropositive lithium atom. This bond model is consistent with o frontier molecular orbitals are isolobal and presumably

the increase in the CO stretching frequencies on going from
[Rh(tmtaaH)(COj], 3, »(CO) = 2061 and 1987 cni to 2071
and 2013 cm?® in [Rh(CO)(tmtaa)Li(thf)], 9. Thus the Li(thf)
fragment competes for electron density with carbon monoxide

on the rhodium fragment. The geometry of the iridium complex, a yellow solid, M= Ir, 12. The site of the methyl group can be

10, is assumed to be similar. A either the N site or thg-C(H) site. These two possibilities are
The Li—N distances of 1.914(11) and 1.922(11) A, where eaqily distinguishable since thC(Me)(H) group will give
the coordination number is three, are shorter than those found;ise to a doublet quartet pattern in th& NMR spectrum. This
in [Li o(tmtaa)(dme}], which range from 2.028(6) to 2-815’(_6) pattern is observed fot1 and 12, but, as above, the NMR
A, where the coordination numb?&r ranges from four to*8iX.  gpectra do not show which imidinate ring carries th&(H)-
The Li—O distance of 1.940(11) A is in the range found for  (\je) group. The crystal structure it is shown by the ORTEP
three-coordinate lithiun Although the C-C and C-N dis- diagram in Figure 4, which shows that the site of the methyl
tances do not change much on going fr@nto 9, the tmtaa ~ group, €25, is thed-carbon atom of the imidinate ring that
ligand undgrgoes a §ubstant|al reorgamzat!on. This is quantified . ontains the Li(thf) fragment iB. However, the stereochemistry
by comparing the dihedral angles shown in Table 3¥and of the N1-C1—C3—C4—N2 imidinate ring changes so that N1
9. Botho-angles open by-45°, making the saddle more open. 434 N2 have an anti orientation rather than a syn one,
The largest change is in thigangles, which decreases by 5 resumably to avoid the lone-pair repulsion in a syn orientation.
for the fragment that contains the Rh(G@jagment but opens |, comparison with3 the Rhi-N3—N4—C23-C24 fragment
by 13" when H is replaced by Li(thf). These changes are pre- i, gach complex is essentially identical, but the average N1
sumably dictated by the need to maximize the overlaps betweenc1 and N2-C4 distance il1is 0.060 A shorter. since these
the nitrogen donor orbitals and the square-planar Rh(l) and ponds are now €N bonds. In the crystal structure two

tetrahedral '—_i(thf) fragments. individual [Rh(tmtaaMe)(CQ) molecules are orientated in an
The big difference between the two structures3adnd 9, up—down fashion along the moleculaiaxis, similar to9, Fig-

however, is not apparent by comparing the molecular structuresyre 3b, so that the RhRh distance is 3.370(1) A, 0.172 A
in Figures 1 and 3a, but the difference appears when the crystalionger than in9.

structures are examined, Figure 3b. In [Rh(tmtaaH)({:G) The solid state structure dfl, and presumably2, clearly
the intermolecular Rh-Rh contact distance is 5.58 A; a packing shows that the molecule is without symmetry. lfDgsolution,
diagram is available in the Supporting Information. In contrast, powever, thetH NMR spectrum at 20C is consistent with a

the Rh(1)--Rh(1_3) contact distance between the two rhodium olecule of C; symmetry since ther-C(Me) groups on the
atoms of the individual [Rh(CQ[tmtaa)Li(thf)] molecules in

isoenergetic.

Reactions of [M(CO),(tmtaa)Li(thf))] with Me *. Addition
of Mel to either9 or 10in thf gives the neutral complexes that
may be obtained from pentane as red crystalss Rh, 11, or

(16) (a) Lewis, N. S.; Mann, K. R.; Gordon, J. G, II; Gray, H.BAm.
(15) Setzer, W. N.; Schleyer. P. Rdv. Organomet. Chenil985 24, Chem. Soc1976 98, 7461. (b) Smith, D. C.; Miskowski, V. M.; Mason,
353-451. W. R.; Gray, H. B.J. Am. Chem. S0d.99Q 112, 3759.
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Table 4. v CO Stretching Frequencies (Nujol mulls)

v CO stretching average
frequencies frequency
compound (cm™) (cm™)

[Rh(tmtaaH)(CO}], 3 2061, 1987 2024
[Ir(tmtaaH)(CO}], 4 2050, 1966 2008
[Rh(tmtaaHMe)(COJ[OTf], 6 2092, 2029 2060
[Rh(tmtaah)(CO)][OTf], 8 2097, 2024 2060
[Rh(COY(tmtaa)Li(thf)], 9 2071, 2013 2042
[Ir(CO),(tmtaa)Li(thf)], 10 2039, 1981 2010
[Rh(tmtaaMe)(COy, 11 2052, 1985 2018
[Rh(tmtaaMe)(COY, 13 2055, 1992 2023
[Rh(CO)(tmtaa)Rh(COD)]14 2050, 1980 2015
[Ir(CO),(tmtaa)Rh(COD)]16 2032, 1957 1994
[Ir(CO)2(tmtaa)Rh(COY|, 17 2056, 2040, 2020

2001, 1984

Figure 4. ORTEP diagram of [Rh(tmtaaMe)(C§}) 11. The whos_elH_NMR spectrum is_ identical to that reported similar
ellipsoids are 50% probability surfaces. All non-hydrogen atoms reaction is observed on mixing [Ir(tmtaaH)(GD®, and [Rh-
are refined anisotropically, and all hydrogens are placed in (COD)(u-OH)] in toluene and heating for 3 h. Cooling the
calculated positions, not refined, and not shown. mother liquor yields dark red crystals of [Ir(C&mtaa)Rh-
(COD)], 16. In this complex the CO ligands are attached to the
imidinate rings are pairwise chemically equivalent since they ijridium atom since they appear as a single resonandel8
appear as single resonances (6 H each) at 1.80 and 1.77 ppn the 13C NMR spectrum, while irl4 the carbonyl resonance
and the-C(Me) resonance appears as a doublet at 1.20 ppm.appears as a doublet&tL88 with Jry_c = 67 Hz. This shows
As the temperature of the solution is lowered, the two single, that the ligands on the8dnetal fragments do not exchange
sharp resonances broaden into three very broad resonances igositions during the synthesis. Exposurd 6to an atmosphere
an approximate 3:6:3 ratio by50 °C, which yield four slightly  of CO vyields the tetracarbonyl derivative [Ir(Cmtaa)Rh-
broadened equal-area singlets at 2.22, 1.81, 1.61, and 1.18 PPMCO),], 17. When16is dissolved in GDg in an NMR tube and
by —80 °C. Over this temperature range, the line shape of the exposed to an atmosphere of CO, then heated t6C70the
doublet resonance due to tieC(Me) does not change appre-  only resonances observed in the spectrum are those due to free
ciably. Thus, at-80°C thea-C(Me) resonances are chemically cop and17. When thelH NMR spectrum of isolated 7 in
inequivalent, as observed in the solid state, Figure 4. The c b is monitored over 15 h (26C) and 8 h (7C°C), no new
fluxional motion is presumably due to rotation about-34 resonances or intensity changes are observed. Thdses not

that introduces a time-averaged mirror plane of symmetry, gisproportionate tdl5 and, by implication, [ls(tmtaa)(CO)]
resulting in chemical equivalence of C2, C5 and C13, C16 ger these conditions.

(Figure 4).

Deprotonation of catioB with LiN(SiMe3), yields the neutral
complex [Rh(tmtaaMe)(CQ), 13, which has the same empirical
composition ad1, R = Me, but is a different structural isomer
(Scheme 2). ThéH NMR spectrum shows that the-NH group
is present, as is th8-CMe group, which is a singlet. Isomers
11 and 13 differ only in the substituents on the N and C sites
and presumably the conformation of the imidinate rings since
the proton inl3forces the syn conformation, but it is unknown .
which proton is abstracted from catiénSince the specific sites The average value of CO of4, M = I, is 16 cnT* lower
cannot be deuterated, this question cannot be answered by affian thatin the analogous rhodium compl&xThis is consistent
experiment, but the results described earlier are consistent withWith the well-known periodic trend that third-row transition
deprotonation of the €H rather than the NH bond. metals_ are better-bases than th_ose in the second row. A similar

Reactions of [M(tmtaaH)(CO)] with the Proton Acceptor trend is observed when the dimetal compl_eitésr_md 14 are
[Rhy(COD),(u-OH),]. Perhaps the most interesting set of compared; namely, the average valueg O in16is 21 cnT?
reactions described in this paper are the proton abstractions from{oWer than that ofl4. When Li(thf)" replaces the NH protons
3 and 4 by [Rh(COD)(u-OH),], which eliminate water and forming9 and10, the averagez_CO increases _by 1_8 cnﬁ(M_z
form the dimetal complexes shown in Scheme 3. These reactionsRh) and 2 cm* (M = Ir). This is consistent with Li(thf) being
result in the specific synthesis of dimetal complexes in which @ better acceptor than‘as mentioned earlier.
the two metals and their ligands give a single isomer depending The protonated and methylated rhodium complexesd8
upon the identity of the starting reagents. Mixing [Rh(tmtaaH)- have an identical average CO stretching frequency that is
(CO)y, 3, and [RE(COD)(u-OH);] in an NMR tube in GDg 36 cnt! higher than that in neutr&®, consistent with the view
shows only resonances in théd NMR spectrum of the that a cation is a poorer electron donor than a neutral molecule.
individual reactants. Heating at 8% results in their disap-  The solid state structure 6fshows that the Rh(CQ@Jragment
pearance and appearance of a new set of resonances, includingtabilizes the positive charge better than does a proton on
one due to waterd 0.5), over a 45 h period. Repeating the the imidinate fragment, which is consistent with the increase
reaction on a synthetic scale yields [Rh(G@hntaa)Rh(COD)], in v CO from 3 to 6. The average’ CO for 13 of 2023 cn?

14, Scheme 3. ThéH NMR spectrum is consistent with this is identical to that irB, showing that replacing a hydrogen atom
structure since the NH resonance is absent and the CODby a methyl group in the imidinate fragment has a minor effect.
resonances appear as six equal area resonances. Exposure bowever, they CO of 11, an isomer ofl3, is 5 cnt?! lower

14 to CO yields the known complex [Rfimtaa)(CO)], 15, than that in13, which shows that the ligands on the framework

Discussion of the CO Stretching FrequenciesThe CO
stretching frequencies of the complexes prepared in this paper
are listed in Table 4. All of the complexes in Table 4 h&e
or lower symmetry, and the monometal complexes are expected
to display two CO stretching frequencies, as observed. The
average value of the two observed frequencies can be used to
get information about the electron density at the M(€O)
fragment.
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of the macrocycle do have subtle effects on the global electron spectra were recorded on a Bruker AVB-400, AVQ-400, or 200

density in these complexes. Mercury Varian Fourier transform spectrometer. Trace amounts of
The CO stretching frequencies of the complexes described protonated solvents were used as references, and chemical shifts

in this paper are an informative measure of the donor charac-are reported in units of parts per million relative to SiMe

teristics of the tmtaaHligand. Thus the average valuesioa€O [Rh(tmtaaH) (COD)] (1). To a mixture of [RR(COD),(u-OH),]

for the well-known acetylacetonate complexes are 2049cm  (0.284 g, 0.62 mmol) and tmtaakD.428 g, 1,24 mmol) was added

in [Rh(acac)(COy*” and 2037 cm? in [Ir(acac)(CO}].18 These toluene. The suspension was stirred at room temperature for 4 h

values are 2529 cni! higher than in3 and 4, respectively, and then filtered. The solvent was removed under vacuum and the

clearly showing that tmtaaHis a better donor than acac  Yellow residue washed with ED (yield 0.479 g, 69%):H NMR

Another comparison is the averageCO value in the anion  (CsDe, 1t): 0 12.42(s, 1 H, NH), 6.84 (m, 8 H, Ar), 4.89 (s, 1 H),

[Rh(oxalate)(COy ~, 2035 cntl, consistent with the tmtaaH 4.62 (s, 1 H), 4.30 (m, 2 H, COD), 2.71 (m, 2 H, COD), 2.28 (m,

being a better donor than the oxalate diarfidn. 2 H, COD), 1.94 (m, 2 H, COD), 1.75 (s, 6 H, Me), 1.64 (8 H,

; Me, COD), 1.27 (m, 2 H, CODY3C{H} NMR: ¢ 158.6 (sC-Me),
On the other hand, tmtaatis a slightly poorer or comparable 57 5 (¢ ~'\1e) 145.3 (s, ipsoAr), 141.8 (s, ipsoAr), 124.8 (s, Ar),
donor than that of a dithiocarbamate ligand, as shown by the 124.2 (s, Ar), 123.4 (s, Ar), 121.9 (s, Ar). 99.9 (s, CH), 99.5 (s
averagey CO’s in [Rh(RRNCS,)(CO)], R = R' = Me (2038 CH), 80.7 (d,iJRH; —13.2 l—]z, COD),’76.3' (dl»]Rhfc,: 126 Hz, '
cm )R =R = El (2031 cm)® R = Me, R = Ph (2020 cop), 30.8 (COD), 30.3 (s, COD), 23.8 (s, Me), 20.8 (s, Me).
cm4).% The tmtaaH is a better donor than the bidentate ana| Calcd for GoHasNaRh: C, 64.97; H, 6.36; N, 10.10. Found:
sulfur—nitrogen ligand in the rhodium pyrimidine thiolate com- ¢ 65.03: H, 6.45: N, 10.02.
plex, Whgre the average valueio€O is 2038 cmt.22 S|m|IarIy, [Ir(tmtaaH)(COD)] (2). To a mixture of [IB(COD)(u-OH),]
tmtaaH is a bett_er d_onor than_ the bl_de_ntate oxygeitrogen (0.151 g, 0.24 mmol) and tmtaakD.164 g, 0,48 mmol) was added
ligands, 8-oxyquinoline or salicylaldimine [M(oxyquinoline)-  tojyene. The suspension was stirred at room temperature for 14 h
(CO)l, M =Rh,» CO=2040 cmi; M =Ir,22» CO=2032  anq then filtered. The solvent was partially evaporated under
cmt, and [M(salicylaldimine)(CQJ, M = Rh,v CO = 2044 vacuum and the solution kept &20 °C for 1 day to yield a crys-
cm Y M =1Ir,24v CO = 2028 cn1’. One more comparison is talline orange compound (0.200 g, 64%) NMR (CeDg, r1t): 6
revealing; the averageCO in [RhCp(CO)]%5 and [IrCp(C0)]%¢ 12.05 (s, 1 H, NH), 6.89 (m, 8 H, Ar), 4.91 (s, 1 H), 4.57 (s, 1 H),
are 2019 and 2007 crh, respectively. These values are close 4.18 (m, 2 H, COD), 2.45 (m, 2 H, COD), 2.22 (m, 2 H, COD),
to those in3 (2024 cntl) and 4 (2008 cnt?), showing that 1.87 (m, 2 H, COD), 1.71 (s, 6 H, Me), 1.62 (8 H, Me, COD),
tmtaaH and Cp are comparable donors. 1.15 (m, 2 H, COD)*3C{H} NMR: ¢ 159.0 (s,C-Me), 157.2 (s,
C-Me), 144.9 (s, ipsoAr), 141.9 (s, ipsoAr), 124.8 (s, Ar), 124.7
(s, Ar), 123.4 (s, Ar), 121.6 (s, Ar), 101.0 (s, CH), 99.8 (s, CH),
63.1 (s, COD), 59.9 (s COD), 31.7 (COD), 30.9 (s, COD), 23.8 (s,
The synthetic method outlined in this paper is general for Me), 20.7 (s, Me). Anal. Calcd for gHssNJlr: C, 55.96; H, 5.47;
the preparation of monorhodium and -iridium complexes of the N, 8.70. Found: C, 56.59; H, 5.52; N, 8.53.
type [M(tmtaaH)(Ly)]. The synthetic route is applicable for the [Rh(tmtaaH)(CO) ] (3). Carbon monoxide was bubbled through
stereospecific synthesis of dimetal derivatives in which the a suspension of (0.153 g, 0.27 mmol) in pentane at°C for 5
macrocyclic dianion supports Rh,Rh or Rh,Ir fragments. The min, the suspension was stirred under CO atmosphere for 1 h, and
synthetic methodology yields complexes with a specific stereo- then the solid was separated by filtration. The residue was extracted
chemistry that will be used to study the nature of the intra- and With toluene and the solution kept a20 °C for 2 days to yield
intermolecular interactions between the&edf complexes and ~ Pale yellow crystals (0.105 g, 75%). IR C—0): 2061 (vs), 1987
how these interactions influence the reaction chemistry. These(VS)-*H NMR (CeDe, 1t): 6 12.61 (s, 1 H, NH), 7.10 (m, 2 H, Ar),
studies will be described in due course. 6.90 (m, 4 H, Ar), 6.80 (m, 2 H, Ar), 4.92 (s, 1 H), 4.54 (s, 1 H),
1.70 (s, 6 H, Me), 1.59 (s, 6 H, Me}*C{H} NMR (toluene, rt):
, , 5 186.2 (d,Yrnc = 66.8 Hz, CO), 160.2 (SC-Me), 157.3 (s,
Experimental Section C-Me), 148.5 (s, ipsoAr), 141.3 (s, ipsoAr), 123. 4 (s, Ar), 123. 3

General Procedures.All reactions and product manipulations (s, An), 123.2 (s, Ar), 100.1 (Sj CH). 99'2_ (s, CH), _21'7 (s, Me).
were carried out under dry nitrogen using standard Schlenk andAnal- F:alcd for §4H23N492Rh' C, 57.38; H, 4.62; N, 11.15.
glovebox techniques. All organic solvents were distilled prior to Found: C, 57.16; H, 4.69; N, 11.05.
use. [RR(COD)(u-OH),],27 [Ir (COD)(u-OH),],28 and tmtaak? [Ir(tmtaaH)(CO) ;] (4). A solution of complexX in THF (0.105
were prepared according to the literature methods. All other 9. 0.16 mmol) was stirred under a CO atmosphere for 2 h. The
chemicals were purchased from Aldrich and used as received.Solution was cooled to- 30 °C for 1 day to yield pale yellow

Infrared spectra were obtained as Nujol mulld.and 3C NMR crystals (0.064 g, 66%). IRv(C—0O): 2050 (vs), 1966 (vsyH
NMR (CeDe, 1t): & 12.39 (s, 1 H, NH), 7.04 (m, 2 H, Ar), 6.86

Conclusion

(17) Bonati, F.; Wilkinson, GJ. Chem. Socl964 3156. (m, 4 H, Ar), 6.74 (m, 2 H, Ar), 4.91 (s, 1 H), 4.48 (s, 1 H), 1.64

(18) Bonati, F.; Ugo, RJ. Organomet. Cheni968 11, 341. (s, 6 H, Me), 1.50 (s, 6 H, Me}3C{H} NMR: 6 176.3 (s, CO),

88; Eegl, J-;FBXWMJ-CCI-; La;ho? ZJ. Cheénh. Co&rgzr}?%ég%- 160.7 (s,C-Me), 157.8 (s,C-Me), 147.5 (s, ipsoAr), 141.6 (s,
otton, F. A.; McCleverty, J. Anorg. Chem. , . ;

(21) Elduque, A.; Finestra, C.; lp@z, J. A.; Lahoz, F. J.; Merchan, F.; IpSOA), 125.9 (s, Ar), 123. 4 (s, Ar), 123.3 (s, Ar), 123.1 (s, A),
Oro, L. A.; Pinillos, M. T.Inorg. Chem.1998 37, 824. 102.3 (s, CH), 99.4 (s, CH), 21.9 (s, Me), 20.2 (s, Me). Anal. Calcd
(22) Rojas, S.; Fierro, J. L. G.; Fandos, R.; Rgdez, A.; Terreros, P. for CogHasN4Oolr: C, 48.72; H, 3.91; N, 9.46. Found: C, 48.67;

J. Chem. Soc., Dalton Tran2001, 2316. _ H, 3.90; N, 9.40.
196(3283)139105‘93” LaMonica, G.; Cenini, S.; Bonati, F.Organomet. Chem. [Rh(tmtaaHMe)(COD)][OTf] (5). To a solution ofL (0.239 g,
(24) Cozens, R. J.; Murria, K. S.; West, B. @. Organomet. Chem.  0.43 mmol) in CHCI, was added MeOTf (0.070 g, 0.43 mmol),
1971, 27, 399. _ and the solution was stirred at room temperature for 2 h. The solvent
(25) Fischer, E. O; Bittler, KZ. Naturforsch1961, 16h, 225. was removed under vacuum, and the residue was washed with THF

26) Fischer, E. O.; Brenner, K. . Naturforsch.1962 17h 774. : .
E27; () Uso, R.; Oro, L. A.. Cabeza, J. Anorg. Synthzlgsg 23, 126. to yield complex5 as a yellow solid (0.285 g, 92%}H NMR

(b) Selent, D.; Ramm, MJ. Organomet. Chenl.995 485, 135. (CDLCl, rt): 6 12.34 (s, 1 H, NH), 7.20 (m, 4 H, Ar), 7.06 (m,
(28) Green, L. M.; Meek, D. WOrganometallics1989 8, 659. 2 H, Ar), 6.61 (m, 2 H, Ar), 4.92 (s, 1 H, CH), 4.23 (§4-n =
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7.41Hz, 1H, CH), 4.13 (m, 2 H, COD), 2.83 (m, 2 H, COD), 2.65
(d,3J4-n = 7.41 Hz, 3 H, Me), 2.38 (m, 2 H, COD), 2.08 (m, 8 H,
Me + COD), 1.99 (6 H, Me), 1.86 (m, 2 H, COD), 1.64 (m, 2 H,
COD).13C{'H} NMR: 6 183.8 (s, ipsoAr), 160.9 (€-Me), 140.3
(s,C-Me), 137.3 (s, ipsoAr), 127.9 (s, Ar), 125.7 (s, Ar), 124.8 (s,
Ar), 120.6 (s, Ar), 100.8 (s, CH), 89.0 (tlgn-c = 12.6 Hz, COD),
83.5 (d,}3Jgh-c = 11.8 Hz, COD), 54.4 (s, CMe), 31.0 (COD), 30.6
(s, COD), 24.9 (s, Me), 24.1 (s, Me), 21.4 (s, M€ {*H} NMR:

0 —79.3 (s, CR). Anal. Calcd for GoH3zgF3sN4O3RhS: C, 53.48;
H, 5.33; N, 7.79. Found: C, 52.95; H, 5.34; N, 7.68.

[Rh(tmtaaHMe)(CO),][OTf] (6). To a solution of3 (0.191 g,
0.38 mmol) in CHCI, was added MeOTf (0.062 g, 0.38 mmol),

Fandos et al.

(s, 6 H, Me), 3.29 (m, 4 H, THF), 4.59 (s, 1 H, CH), 4.86 (s, 1 H,
CH), 6.84 (m, 2 H, Ar), 6.99 (m, 4 H, Ar), 7.11 (m, 2 H, Ar).
3C{H} NMR: ¢ 186.5 (d,*Jrn-c = 65.1 Hz, CO), 160.2 (s,
C-Me), 159.8 (sC-Me), 150.4 (s, ipsoAr), 125.6 (s, Ar), 124.8 (s,
Ar), 123.6 (s, Ar), 121.1 (s, Ar), 99.4 (s, CH), 95.7 (s, CH), 67.9
(s, THF), 25.1 (s, THF), 22.1 (s, Me), 21.4 (s, Me). Anal. Calcd
for CogH3gN4OsRNLI: C, 57.94; H, 5.21; N, 9.65. Found: C, 54.78;
H, 4.53; N, 8.84.

[Ir(CO) o(tmtaa)Li(thf)] (10). To a solution of [Ir(tmtaaH)(CG)
(0.084 g, 0.14 mmol) in THF was added a solution of LINTMS
Et,O (0.034 g, 0.14 mmol) in THF. The solution was stirred at
room temperature for 1 h. After this time pentane was added and

and the solution was stirred at room temperature for 2 h. The solventthe mixture was cooled t&-23 °C for 24 h to yield red crystals of
was removed under vacuum and the residue crystallized by slowthe complex (0.061 g, 64%). IR*(C—0): 2039 (vs), 1981 (vs).

diffusion of pentane into a THF solution (0.179 g, 71%). IR (
C—0): 2092 (vs), 2029 (vs}H NMR (CD.Cly, rt): 6 12.62 (s, 1
H, NH), 7.32 (m, 6 H, Ar), 7.05 (m, 2 H, Ar), 4.92 (s, 1 H), 4.55
(9, 1 H,334_n = 7.02 Hz, 1 H), 2.26 (d, 3 HJy_y = 7.02 Hz, 1
H), 2.17 (s, 6 H, Me), 2.00 (6 H, Me}3C{H} NMR: ¢ 189.2 (s,
ipsoAr), 182.5 (d}Jgh-c = 70.4 Hz, CO), 161.6 (C-Me), 143.7
(s,C-Me), 137.1 (s, ipsoAr), 128.9 (s, Ar), 125.7 (s, Ar), 125.6 (s,
Ar), 124.1 (s, Ar), 100.7 (s, CH), 54.9 (s, C-Me), 25.3 (s, Me),
23.9 (s, Me), 20.9 (s, Me}°F {*H} NMR: —78.8 (s, Ck). Anal.
Calcd for GeHo6F3N4OsRNS: C, 46.85; H, 3.93; N, 8.40. Found:
C, 47.04; H, 4.01; N, 8.55.

[Rh(tmtaaH ;)(COD)][OTf] (7). To a solution ofl (0.105 g,
0.19 mmol) in THF was added HOTf (0.017 mL, 0.19 mmol). The
solution was stirred fol h atroom temperature, and then the

IH NMR (CgDg, 1t): 6 1.07 (m, 4 H, THF), 1.62 (s, 6 H, Me), 1.83
(s, 6 H, Me), 3.30 (m, 4 H, THF), 4.55 (s, 1 H, CH), 4.88 (s, 1 H,
CH), 6.88 (m, 2 H, Ar), 6.98 (m, 4 H, Ar), 7.06 (m, 2 H, Ar).
13C{H} NMR: 6 176.5 (s, CO), 160.5 (€£-Me), 159.8 (sC-Me),
150.5 (s, ipsoAr), 149.4 (s, ipsoAr), 126.2 (s, Ar), 124.7 (s, Ar),
123.4 (s, Ar), 120.7 (s, Ar), 101.6 (s, CH), 95.6 (s, CH), 67.9 (s,
THF), 25.1 (s, THF), 22.2 (s, Me), 21.2 (s, Me). Anal. Calcd for
ngH30N403IrLi: C,50.21; H, 4.51; N, 8.36. Found: C, 50.07; H,
4.27; N, 8.26.

[Rh(tmtaaMe)(CO),] (11). To solution of9 (0.050 g, 0.086
mmol) in THF at—20 °C was added Mel (0.012 g, 0.086 mmol).
The solution was stirred for 10 min, and then the solvent was re-
moved under vacuum. The residue was extracted with pentane, and
the solution was cooled te20 °C during 14 h to yield red crystals

solvent was partially removed under vacuum and the solution was of complex 11-1/2pentane (0.021 g, 47%). The pentane that

cooled to—30 °C to yield yellow plates, which were identified as
7-1/2THF (0.086 g, 64%)!H NMR (CDCl, rt): ¢ 12.32 (s, 1 H,
NH), 7.15 (m, 6 H, Ar), 6.75 (m, 2 H, Ar), 4.88 (s, 1 H), 4.82 (d,
23y = 15.11 Hz, 1 H), 4.23 (d¥Jy_p = 15.11 Hz, 1 H), 4.36
(m, 2 H, COD), 3.73 (m, 2 H, THF), 2.91 (m, 2 H, COD), 2.54
(m, 2 H, COD), 2.12 (s, 6 H, Me), 2.02 (m, 2 H, COD), 1.99 (s,
6 H, Me), 1.87 (m, 2 H, COD), 1.83 (m, 2 H, THF), 1.60 (m, 2 H,
COD).3C{1H} NMR: 6 179.2 (s, ipsoAr), 160.8 (§-Me), 140.2
(s,C-Me), 136.9 (s, ipsoAr), 127.7 (s, Ar), 125.3 (s, Ar), 125.1 (s,
Ar), 121.3 (s, Ar), 100.6 (s, CH), 87.2 (Hlzn-c = 12.2 Hz, COD),
85.8 (d,Jrnc = 12.2 Hz, COD), 68.6 (s, THF), 51.6 (s, CH),
30.9 (COD), 30.6 (s, COD), 26.3 (s, THF), 25.7 (s, Me), 21.5 (s,
Me). 1F{*H} NMR: 6 —78.6 (s, CR). Anal. Calcd for GsHaoFs-
N4OssRhS: C, 53.51; H, 5.48; N, 7.56. Found: C, 53.39; H, 5.51;
N, 7.36.

[Rh(tmtaaH 2)(CO),][OTf] (8). To a solution of3(0.110 g, 0.22
mmol) in CH,Cl, at —30 °C was added HOTf (0.019 mL, 0.22

crystallizes with11 was observed in the NMR spectra. IR (
C—0): 2052 (vs), 1985 (vsfH NMR (CgDg, 1t): 0 1.12 (d,3Jy-n

= 7.3 Hz, 3H, Me), 1.74 (s, 6 H, Me), 1.76 (s, 6 H, Me), 3.28 (q,
3Ju-n = 7.3 Hz, 1 H, C-H), 4.86 (s, 1 H, CH), 6.57 (m, 2 H, Ar),
6.88 (M, 4 H, Ar), 6.97 (m, 2 H, An!H NMR (C;Dg, 193 K):
1.09 (br, 3 H, Me), 1.18 (br, 3 H, Me), 1.61 (br, 3 H, Me), 1.81
(br, 3H, Me), 2.22 (br, 3 H, Me), 3.25 (br, 1 H, CH), 4.79 (s, 1 H,
CH), 6.50 (br, 2 H, Ar), 6.83 (br, 6 H, Ar}3C{'H} NMR: ¢ 186.4
(d, Yrn-c = 66.7 Hz, CO), 172.9 (£-Me), 159.4 (sC-Me), 146.7
(s, ipsoAr), 146.5 (s, ipsoAr), 125.7 (s, Ar), 124.4 (s, Ar), 123.0
(s, Ar), 119.5 (s, Ar), 99.3 (dJrh-c = 2.7 Hz, CH), 54.5 (s, CH),
22.4 (s, Me), 20.2 (s, Me), 15.8 (s, Me). Anal. Calcd for
Co7Ha1N4OzRN: C, 59.78; H, 5.65; N, 10.14. Found: C, 59.57;
H, 5.52; N, 10.25.

[Ir(tmtaaMe)(CO) ;] (12). To solution of [Ir(CO}(tmtaa)Li(thf)]
(0.055 g, 0.082 mmol) in THF at20°C was added Mel (0.011 g,
0.082 mmol). The solution was stirred for 10 min, and then the

mmol). The solution was stirred for 30 min, and then the solvent solvent was removed under vacuum. The residue was extracted with
was removed under vacuum. The residue was extracted with THF, pentane, and the resulting solution was cooled-9) °C during

and the solution was cooled 630 °C during 24 h to yield complex
8 as a yellow crystalline solid (0.074 g, 52%). IRC—0): 2097
(vs), 2024 (vs)IH NMR (CDClg, rt): 6 12.69 (s, 1 H, NH), 7.12
(m, 6 H, Ar), 7.11 (m, 2 H, Ar), 4.89 (s, 1 H), 4.64 (y—n =
15.98 Hz, 1 H), 4.43 (d?Jy—n = 15.98 Hz, 1 H), 2.20 (s, 6 H,
Me), 2.02 (s, 6 H, Me)13C{'H} NMR: 6 184.4 (s, ipsoAr), 182.5
(d, Yrh-c = 72.1 Hz, CO), 161.3 (£-Me), 143.5 (sC-Me), 136.6
(s, ipsoAr), 128.6 (s, Ar), 125.9 (s, Ar), 125.2 (s, Ar), 122.2 (s,
Ar), 100.6 (s, CH), 51.5 (s, CH), 25.1 (s, Me), 21.0 (s, Mél-
{H} NMR: 6 —78.5 (s, CR). Anal. Calcd for GsHz4F3N4Os-
RhS: C, 46.02; H, 3.71; N, 8.58. Found: C, 46.12; H, 3.74; N,
8.76.

[Rh(CO),(tmtaa)Li(thf)] (9). To solution of [Rh(tmtaaH)(CQ)
(0.059 g, 0.12 mmol) in THF was added a solution of LINTMS
Et,O (0.028 g, 0.12 mmol) in THF. The solution was stirred at

24 h to yield a yellow solid that was characterized as comf2x
(0.030 g, 60%)H NMR (CgDg, r1t): 6 1.07 (d,3Jy—n = 7.3 Hz,
3 H, Me), 1.69 (s, 6 H, Me), 1.71 (s, 6 H, Me), 3.22 fdy-n =
7.3 Hz, 1 H, G-H), 4.93 (s, 1 H, CH), 6.54 (m, 2 H, Ar), 6.88 (m,
4 H, Ar), 6.97 (m, 2 H, Ar)BC{*H} NMR: ¢ 176.2 (s, CO), 173.2
(s, C-Me), 159.6 (s,C-Me), 146.7 (s, ipsoAr), 145.6 (s, ipsoAr),
126.5 (s, Ar), 124.1 (s, Ar), 122.8 (s, Ar), 119.3 (s, Ar), 101.6 (s,
CH), 54.6 (s, CH), 22.5 (s, Me), 20.1 (s, Me), 15.7 (s, Me). This
compound was not obtained analytically pure, as it was always
contaminated by variable amounts 4f

[Rh(tmtaaMe)(CO),] (13). To solution of 6 (0.068 g, 0.10
mmol) in THF was added LINTMSEt,O (0.024 g, 0.10 mmol),
and the mixture was stirred at room temperature for 1 h. The solvent
was removed under vacuum and the residue extracted with CH
Cl,. The solvent was evaporated, the residue was extracted with

room temperature for 1 h. After this time pentane was added and THF, and the solution was cooled 30 °C for 1 day to yield the

the mixture was cooled t&-23 °C for 24 h to yield red crystals of
the complex (0.050 g, 73%). IR/ (C—0): 2071 (vs), 2013 (vs).
1H NMR (CgDg, 1t): 0 1.06 (m, 4 H, THF), 1.68 (s, 6 H, Me), 1.86

complex as dark yellow crystals (0.031 g, 59%). IRO—0): 2055
(vs), 1992 (vs)H NMR (CDCls, rt): ¢ 1.69 (s, 6 H, Me), 1.81 (s,
3 H, Me), 1.89 (s, 6 H, Me), 4.61 (s, 1 H, CH), 6.89 (m, 2 H, Ar),
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6.99 (m, 4 H, Ar), 7.14 (m, 2 H, Ar), 12.37 (s, 1 H, NHFC{H} All measurements were made on a Bruker SMART 1K CCD
NMR: 6 186.4 (d,}Jgh-c = 67.1 Hz, CO), 159.6 (3-Me), 158.7 diffractometer® Cell constants and an orientation matrix were
(s,C-Me), 148.8 (s, ipsoAr), 141.4 (s, ipsoAr), 125.5 (s, Ar), 124.6 obtained for the measured positions of reflections with 100 to
(s, Ar), 123.9 (s, Ar), 123.6 (s, Ar), 99.8 (s, CH), 21.1 (s, Me), give the unit cell. The systematic absences uniquely determined
18.9 (s, Me), 18.4 (s, Me). Anal. Calcd for4E,5sN,O,Rh: C, the space group in each case. An arbitrary hemisphere of data was
58.15; H, 4.88; N, 10.85. Found: C, 57.87; H, 4.90; N, 10.77. collected at low temperature (see Table 1) using dhescan
[Rh(CO),(tmtaa)Rh(COD)] (14). A mixture of 3 (0.101 g, 0.20 technique with 0.3 scans counted for 10 s per frame. Data were
mmol) and [RR(COD),(u-OH),] (0.046 g, 0.10 mmol) in toluene  integrated using SAIN® and corrected for Lorentz and polarization
was heated at 88C for 3 h. After cooling to room temperature the effects. The data were analyzed for agreement and absorption using
solvent was removed under vacuum and the residue washed withXPREP3! and an empirical absorption correction based on com-
pentane to yield the dimetallic derivative as dark red crystals (0.104 parison of redundant and equivalent reflections was applied using
g, 72%). IR ¢ C—0): 2050 (vs), 1980 (vs}H NMR (CgDe, rt): SADABS?3? The structures were solved by direct methods and
0 1.27 (m, 2 H, COD), 1.46 (s, 6 H, Me), 1.54 (s, 6 H, Me), 1.60 expanded using Fourier techniques. Non-hydrogen atoms were
(m, 2 H, COD), 2.23 (m, 2 H, COD), 2.32 (m, 2 H, COD), 2.89 refined anisotropically, and the hydrogen atoms were included in
(m, 2 H, COD), 4.43 (m, 2 H, COD), 4.56 (s, 1 H, CH), 4.63 (s, calculated positions, but not refined (unless stated otherwise). The
1 H, CH), 6.87 (m, 6 H, Ar), 7.00 (m, 2 H, Arf3C{1H} NMR: structures were solved and refined using the software packages
0 188.1 (d,Jrn-c = 66.7 Hz, CO), 158.6 (sC-Me), 158.0 (s, SHELXS-97 (structure solutiofdand SHELXL-97 (refinemenf
C-Me), 150.3 (s, ipsoAr), 148.4 (s, ipsoAr), 125.7 (s, Ar), 124.4 Crystallographic data are deposited with Cambridge Crystallo-
(s, Ar), 124.3 (s, Ar), 124.2 (s, Ar), 99.4 (s, CH), 99.2 (s, CH), graphic Data Centre. Copies of the data (CCDC 294896, 294897,
78.5 (d,YJc-n = 12.9 Hz, COD), 75.3 (KJc-n = 12.6 Hz, COD), 604679, and 604680) can be obtained free of charge via http://
31.0 (COD), 30.2 (s, COD), 22.5 (s, Me), 21.2 (s, Me). Anal. Calcd www.ccdc.cam.ac.uk/data_request/cif by e-mailing data_request@
for CsHagN4O2Rp: C, 53.95; H, 4.81; N, 7.86. Found: C, 54.10; ccdc.cam.ac.uk or by contacting The Cambridge Crystallographic
H, 4.96; N, 7.85. Data Centre, 12 Union Road, Cambridge CB 1EZ, UK; fe&4
[Rhy(tmtaa)(CO),] (15). A solution of14 (0.050 g, 0.070 mmol) 1223 336033.
in toluene was heated at 8@ under CO atmosphere for 9 h. After

that the solution was cooled to room temperature, forming red Acknowledgment. This work was supported by the Director
crystals of15 (vield 0.033 g, 71%):H NMR (CDCh, rt): 6 1.74  (ffice of Energy Research, Office of Basic Energy Sciences
(12 H, Me), 4.69 (s, 2 H, CH), 7.26 (m, 8 H, Arn). Division of the U.S. Department of Energy under Contract No.
[Ir(CO) o(tmtaa)Rh(COD)] (16). A mixture 0f4 (0.0939,0.16  pE-AC03-76SF00098. R.F. thanks Spanish Ministry of Edu-
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was heated at 85C for 3 h. Cooling the solution te-23 °C for Dr. F. J. Hollander and Dr. A. Oliver at the CHEXRAY facility
15 hyielded red crystals of the dark red heterometallic complex 5t yc Berkeley for their help with the X-ray crystallographic
(0.078 g, 62%). IRi C—O): 2032 (vs), 1957 (vs}H NMR (C¢De, studies and Dr. P. Terreros for her help with the IR spectra.
r): 61.28 (m, 2 H, COD), 1.45 (s, 6 H, Me), 1.46 (s, 6 H, Me), The authors wish to thank a referee for helpful comments on
1.67 (m, 2 H, COD), 2.31 (m, 4 H, COD), 2.87 (m, 2 H, COD),  the original manuscript. These comments lead us to do crystal
4.40 (m, 2 H, COD), 4.52 (s, 1 H, CH), 4.77 (s, 1 H, CH), 6.74  grctures of complexe8 and 11 that resulted in changes in

(m, 2 H, Ar), 6.88 (m, 6 H, An:3C{*H} NMR: 6 177.6 (s, CO),  their stereochemistry from those in the original manuscript.
159.0 (s,C-Me), 158.2 (s,C-Me), 149.7 (s, ipsoAr), 148.5 (s,

ipsoAr), 125.4 (s, Ar), 124.9 (s, Ar), 124.0 (s, Ar), 123.7 (s, Ar),
100.9 (s, CH), 99.4 (s, CH), 78.5 (8Jrn-c = 13.3 Hz, COD),
74.4 (d,"Jrp-c = 12.6 Hz, COD), 31.1 (COD), 30.0 (s, COD),
22.3 (s, Me), 21.2 (s, Me). Anal. Calcd forzfl3N4OIrRh: C,
47.93; H, 4.27; N, 6.99. Found: C, 47.91; H, 4.46; N, 6.88.
[Ir(CO) 5(tmtaa)Rh(CO);] (17). A solution of [Ir(CO)(tmtaa)-
Rh(COD)] (0.045 g, 0.056 mmol) in toluene was stirred at’Z0
under CO atmosphere during 6 h. After that the solution was cooled OM060039Y
to —30 °C to yield purple crystals 017 (yield 0.026 g, 65%). IR
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labeling diagrams, tables giving atomic positions, anisotropic
thermal parameters, bond distances, bond angles, torsion angles,
and least-squares planes. This material is available free of charge
via the Internet at http://pubs.acs.org. Structure factor tables are
available from the authors.

(v C=0): 2056 (vs), 2040 (m), 2001 (s), 1984 (MH NMR (29) SMART Area-Detector Software PackaBeuker Analytical X-ray

(CDClg, rt): 6 1.76 (12 H, Me), 4.65 (s, 1 H, CH), 4.80 (s, 1 H, Systems, Inc.: Madison, WI, 206D3.
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