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(CH,C¢H,S0O,)]PF; gave the original sulfinato-S complex
{Pt(PMe,Ph),(CH;C¢H,SO,)Cl].

The addition of AgPF; in acetonitrile to the sulfinato com-
plexes did not give the rearranged sulfinato-0,0’ complexes
but instead gave the complexes [Pt(PPh;),(CH;CN)-
(SO,R)]PF,, which have intense sulfinato S=O absorption
in the 1230- and 1060-cm™! regions (see Table I) and nitrile
C=N absorption in the 2300-2310 cm™' region. These com-
pounds also have the very intense PFg absorption centered at
840 cm™,

The products of reactions conducted in this study are sum-
marized in Scheme I. In contrast to the facile migration of
alkyl or aryl R’ groups from CO to Pt upon treatment of
[Pt(PR;),CI(R’CO)] with silver ion,’ the reaction of [Pt-
(PR;),CI(R’SO,)] with silver ion does not lead to migration
of R’ from SO, to Pt but rather to rearrangement of the
sulfinato-S to the sulfinato-O,0’ complex. The difficulty of
elimination of SO, from sulfinato complexes and a significant
barrier to desulfonylation may thus be attributed to the possible
rearrangement of the sulfinato-S to the sulfinato-O,0’ complex,
which will utilize vacant coordination sites needed for alkyl
or aryl migration.
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Our interest in regiospecific cyclopalladation has been stated
before.!? By altering substituents in the arylazonaphthalene

ligand, the site of metalation at either of the three ortho
positions could partially be governed. Cyclopalladation at the
peri position in the naphthyl moiety was achieved only after
all the ortho positions had been substituted by methyl groups.
Thus, the azo ligand 3 reacted with Na,PdCl, to complex 4
with a Pd—arene ¢ bond at carbon atom C(8), as was con-
firmed by !H NMR! and by cleaving the Pd~C bond with
NaBD,.2 No decision could be made, however, as to which
of the azo nitrogen atoms had been coordinated: closure of
the chelate ring at N,* would result in a five-membered ring
structure, whereas cyclopalladation at Ng* would lead to a
six-membered chelate.

According to Cope and Friedrich,® the formation of a
five-membered chelate seems to be a necessary prerequisite
for cyclopalladation to occur. This has been corroborated by
numerous cyclopalladated complexes,®® and to our knowledge
only three examples of six-membered Pd chelates with Pd—C
o bonds have been reported in the literature.>1%? In other
cases, an intermediate formation of a six-membered pallada-
cycle in a Pd(II)-catalyzed reaction can be postulated.'t!?

15N NMR spectroscopy has proved to be a promising me-
thod for distinguishing between the two possible structures of
complex 4: as bonding to a nitrogen lone pair (by a proton?!?
or by a metal center'¥) causes dramatic changes in *N
chemical shifts, 1N labeling of either N, or N and comparing
the SN resonances of the ligands with those of the palladated
complexes would offer conclusive proof of the chelate ring size.

Experimental Section

15N NMR Spectra. Ligands and complexes were measured as 2%
(CH;),SO" solutions on a Bruker WM-250 spectrometer!'® operating
at 25.33 MHz in the FT mode. !*N chemical shifts are related to
formamide as external reference (112.4 ppm with respect to 0 ppm
for anhydrous liquid ammonia at 25 °C!7).

I5N-labeled ligands 1 (**Ng) and 3 (**N) and Pd(II) complexes
2 (1*Ng) and 4 (1*Ng) were synthesized in the same way as their
unlabeled analogues.! The N, label was introduced by diazotization
of 1-aminonaphthalene with Na!SNO, (Stohler Isotope Chemicals,
99% !’N). For the *N,-labeled azo ligand 3 (**N,), a partially
different method was applied: 1-['SN]amino-2-methylnaphthalene
was synthesized by nitration of 2-methylnaphthalene!® with HSNO,
(60.2% solution, Stohler Isotope Chemicals, 99% !*N) and Béchamp
reduction of the resulting nitro compound.'”® Diazotization of 1-
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H.C ’@cm HC” : “CH,
18,

5("*N) 524.0 373.0
Aé -151.0

2(15Nﬂ) i(HN )
5("°N) 544.2 348.4
A8 -195.8
OH OH

S5("*N) 514.7 464.8
A8 -49.9

Figure 1. '*N NMR data for azo ligands and corresponding Pd(II)
complexes. *N chemical shifts are measured in ppm relative to
formamide (112.4 ppm with respect to 0 ppm for anhydrous liquid
ammonia), with 2% solutions of ligands and complexes in partially
deuterated (CH,),SO (15-20% deuterium content). All N signals
appear as singlets. A8 = 6(**N)eompiex — 8('"N)jigang; Negative sign means
shift to high field of the ligand >N resonance.

["*NJamino-2-methylnaphthalene with unlabeled NaNO, and sub-
sequent coupling on 3,5-dimethylphenol led to 3 (1*N,), which formed
complex 4 (!*N,) upon cyclopalladation with Na,PdCl,.

Results and Discussion

The *N chemical shifts of 1°N,- and *N-labeled ligands
and complexes are presented and compared in Figure 1.
Direct coordination of the palladium(II) center to the labeled
azo nitrogen atom as in complex 2 causes a high-field shift
of the 1N resonance by 151 ppm. This difference in chemical
shift (Ad) is in the same range and has the same direction
toward higher field as was reported for protonated azobenzene
compared with azobenzene (150 ppm)!3 or for a Pt(II)
complex with an o,0’-dihydroxyazobenzene ligand (-180
ppm).'* When the *N-labeled ligand 3 (!*Nj) is cyclo-
palladated, the !N, resonance is shifted toward high field by
almost 200 ppm, which suggests a ring closure at Ngand the
formation of a six-membered ring structure. We cross-checked
this result with the !N -labeled ligand 3 (**N_): cyclo-
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palladation still results in a high-field shift of the resonance
of 1’N,, adjacent to the unlabeled, coordinated nitrogen atom,
but to a lesser extent (=50 ppm). This result, too, is compatible
with other data (Ad = ~60 ppm for coordination of Pt(II) to
the adjacent, unlabeled azo nitrogen).'

Conclusion

The data discussed above (see Figure 1) unambiguously
assign the six-membered chelate structure 4 to the Pd(II)
complex obtained by peri palladation of the tri-ortho-meth-
ylated azo ligand 3. To the best of our knowledge, the for-
mation of a six-membered in preference of a five-membered
chelate ring upon cyclopalladation of an N-donor ligand is
unique. Our results do not exclude an intermediate cyclo-
palladation via a five-membered chelate and subsequent re-
coordination at Ny to the thermodynamically more stable
complex 4 with the six-membered palladacycle.
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In making comparisons of the thermodynamic properties
of metal complexes of tetraaza macrocyclic ligands with
analogous noncyclic ligands, all authors to date have chosen
simple linear tetraamines containing unsubstituted nitrogen
atoms as reference ligands.,! Thus for the smallest tetraza
macrocyclic ligand, 1,4,7,10-tetraazacyclododecane (L,) (1),
the noncyclic tetraamine 3,6-diaza-1,8-diaminooctane (L,) (II)
has been used as a reference.?
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This practice, which undoubtedly originates from the ready
availability of compounds such as L,, is open to some criticism
since L, contains four secondary nitrogen atoms whereas L,
contains two primary and two secondary nitrogen atoms.
Previous studies with N-methylated ethylenediamines indicated
that replacing one primary with one secondary nitrogen caused
the enthalpy of formation of the copper(II) complexes to
become between 0.4 to 1.0 kcal mol™! less negative per sub-
stituted nitrogen atom.> Thus one might reasonably expect
that the enthalpy of formation of the copper(II) complex of
1,4,7,10-tetraazadodecane (L;) (IIT) would be between some
1 or 2 kcal mol™! less negative than that of L,.
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