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Rh(lll) porphyrin complexes with bridging hydrazine and substituted hydrazine ligands were characterized in
solution by*H NMR spectroscopy and in the solid state by X-ray diffraction. Addition of further ligand to these
species afforded 1:1 complexes in which methylhydrazine MiNdimethylhydrazine preferentially bound to

the Rh center through the substituted nitrogen atom, as evidencéld bYWMR chemical shifts. An alkylated
Rh(Ill) porphyrin was isolated as a decomposition product of the reactidbhNstlimethylhydrazine with Rh(Il)
porphyrin in the presence of light and oxygen. J8e and MeS;, formed bridging and nonbridging complexes
with Rh(lll) porphyrin, analogous to that observed witti\N'-dimethylhydrazine.

Introduction paper, we describe the preparation of Rh(lll) porphyrin com-
plexes with hydrazine ligands and demonstrate the formation
of analogous species with disulfide and diselenide ligands in
solution.

The crystal structure of a nitrogenase enzyme coféctor
revealed an FeMo sulfide cluster believed to be responsible
for the biological fixation of nitrogen. These findings renewed
interest in the coordination chemistry of dinitrogen with ) )
transition metals with a view to both understanding the natural Experimental Section
system and developing artificial nitrogen fixation processes. Of

particular importance is the reduction of coordinated nitrogen 1 .

o nydraine and ammonia or s ncorporaton mo orgaic 5001z 904 1267 Mz or-0) A 400 o DY 00 o0,
m0|ecy|es under mild COﬂ(Z!ItIOI’]S. Recent fidvances n this field MHz for *H, 62.9 MHz for*3C) instruments. Chemical shifts are quoted
have included the formation of ammonia by reaction of a s parts per million with respect to tetramethylsilane (TMS). Infrared
tungsten-dinitrogen complex with an acidic Rty?H, com- spectra were recorded on a Perkin-Elmer Paragon 1000 FTIR spec-
plex? and reaction of a Zr(u-7%1%-N,) species with H to trometer at 4 cmt resolution or better. UVvisible spectra were
form an N-H bond3 The complexes of hydrazines with recorded on a Hewlett-Packard 8452A diode array spectrophotometer.
metalloporphyrins have generated interest as models for inter- X-ray Crystallography. Diffraction data were collected in Cam-
mediates in the reduction of dinitrogen. Collman et al. have bridge on a Rigaku R-Axis lic or Nonius Kappa CCD device, or for
reported the preparation and redox Chemistry of Cova|ent|y small crystals, were collected at the Daresbury SRS (UK), Station 9.8,
linked Ru(ll) porphyrin dimers in which hydrazine was bound Using & Bruker AXS SMART CCD area detectdr:“ Structures were
between the already cofacial porphyrin§ We have previously ~ S0Ived with either SHELXS-97 or SIR92.™ Refinement was carried
described hydrazine binding to steroid-capped Zn(ll) por- out w_nt_h_SHELXL-97._ Exten_swe dlsc_)rd_er was often observed in the
phyrins? and more recently, others have reported syntheses Ofsolublllzmg hexyl chains, typical of this kind of structuf€The carbon
Ru(IV) and Ti(IV) porphyrin complexes with hydrazido ligarfefs.

Instrumentation. NMR spectra were recorded on Bruker DRX 500
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Table 1. Crystallographic Data fo, 4, 5, 7, and9

Redman et al.

2 4 5 7 9
empirical formula GaoH 156l 2N10RM, CsoH7oINsRh CroH16:Clal 2N1oRP, Cr23H16:Clal2N10R, Ci22H160Cl2l2N10R M,
fw 2198.17 1100.09 2311.15 2311.15 2297.12
cryst size, mm 0.0% 0.04x 0.02 0.07x 0.06x 0.02 0.16x 0.14x 0.03 0.20x 0.04x 0.04 0.12x 0.06x 0.06
space group P1 P2i/c P1 P1 P1
a, 16.2361(13) 16.3158(13) 15.1170(4) 15.231(2) 15.1665(9)
b, A 18.6695(15) 26.431(2) 18.7980(8) 18.438(3) 18.7297(11)
c, A 20.6876(16) 12.7523(10) 21.9870(9) 22.377(3) 21.7848(12)
o, deg 72.554(2) 90 68.4040(14) 65.943(5) 67.709(5)
B, deg 87.348(2) 100.830(2) 81.457(2) 83.689(5) 81.345(5)
y, deg 67.114(2) 90 79.604(2) 81.358(5) 79.304(5)
vV, A3 5493.8(8) 5401.5(8) 5691.0(4) 5664.8(14) 5604.5(6)
VA 2 4 2 2 2
Peale M@/ 1.329 1.353 1.349 1.355 1.361
R 0.0895 0.0632 0.0863 0.1544 0.0702
WR2 0.2170 0.1177 0.1988 0.3393 0.1891
GOF onF? 1.065 1.073 1.032 1.143 0.997

atoms in these disordered groups were refined with isotropic temperature360, 408, 528, 558. IR (CQ)lvmax (cm™): 3287 (w), 3231 (w), 3147
factors and restrained to give chains with a reasonable geometry. Even(w), 2957 (s), 2930 (s), 2858 (m), 1466 (m).

with synchrotron radiation, crystals were found to be weakly diffracting,
resulting in a relatively high R1 value.

IH NMR Titrations. CDCl; for use in titrations was stored over
anhydrous KCGO;s in a refrigerator. Typically, a solution of Rh(lll)
porphyrin ()-MeOH (4 mg) in CDC} (600xL) was titrated with 5uL
aliquots of a solution of ligand in CDght a concentration of 72 mM.
1H spectra (400 MHz) were acquired at room temperatureSdevas
filtered through neutral alumina before use.

UV—Visible Titrations. A 3.0-mL aliquot of a 4uM solution
of 1-MeOH in CHCI,/MeOH (200uL MeOH/100 mL of solvent)
was titrated at 25°C with 10uL aliquots of a 75uM solution of
ligand in the same solvent mixture. The cuvette was magnetically stirred
for ~30 s prior to recording each spectrum. Spectra were processed
by factor analysis followed by least-squares fitting using the program
Specfit?°

Materials. 1 was prepared as previously descrifehd recrystal-
lized from CHC} layered with MeOH. Other chemicals were obtained
from Aldrich and used without further purification. Merck 60 mesh
silica gel was used for column chromatography.

Synthesis. *NH,NH (2). Hydrazine monohydrate (0.6L, 10
umol) in water (10 mL) was added to a mixture of a solutiorLd¢fLO
mg, 9.2umol) in CHCl, (1 mL) and water (5 mL). After 150 min at
room temperature, an additional portion of £H (20 mL) was added,
and the organic layer was separated, washed with water3@ mL),
and dried (MgSG). Evaporation of the solvent afforded the product as
an orange solid (5 mg, 49%).

For structure determination, crystals Bfwere obtained from a
solution of2 and 3 (prepared by adding 0.5 equiv of NH4-H,0 to
1) in toluene layered with MeOH (see Table 1).

H NMR (400 MHz, CDC}): 6 9.37 (s, 4H, meso), 7.84 (m, 8H,
Ar), 7.55 (m, 8H, Ar), 7.25 (m, Ar), 3.72 (m, 16H, hex'}12.24 (s,
24H, CH), 2.04 (m, 16H, hex B, 1.84 (m, 16H, hex B, 1.63 (m,
16H, hex H), 1.52 (m, 16H, hex B, 1.05 (t,J = 7 Hz, 24H, hex H),
—11.03 (s, 4H, NH). 13C NMR (100.6 MHz, CDCJ): 6 143.5, 141.6,
138.6, 138.0, 137.8, 133.0, 132.9, 128.5, 127.6, 127.3, 118.3, 96.8,
33.4, 31.9, 30.5, 27.0, 22.9, 15.1, 14.2. Y¥s (CH.CIy) Amax NM:

(19) Nakash, M.; Clyde-Watson, Z.; Feeder, N.; Teat, S. J.; Sanders, J. K.
M. Chem—Eur. J.200Q 6, 2112.

(20) Specfit version 2.09X; Spectrum Software Associates: Chapel Hill,
NC.
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1:NH3; Complex (4).A solution of1 (5 mg, 4.6umol) in CHClI; (1
mL) was treated with vapor from aqueous Néblution for 30 min at
room temperature. The solvent was evaporated by blowing with N
and the product was obtained quantitatively after being dried in vacuo.
Crystals for structure determination were obtained from a toluene
solution layered with MeOH.

IH NMR (400 MHz, CDC}): 6 10.23 (s, 2H, meso), 8.14 (d,=
7 Hz, 2H, Ar), 7.98 (dJ = 7 Hz, 2H, Ar), 7.78-7.68 (m, 6H, Ar),
4.00 (m, 4H, hex 1), 3.89 (m, 4H, hex B, 2.45 (s, 12H, Ch), 2.22
(m, 8H, hex H), 1.80 (m, 8H, hex B, 1.55 (m, 8H, hex ¥, 1.43 (m,
8H, hex M), 0.95 (t,J = 7 Hz, 12H, hex H), —5.77 (s, 3H, NH). 1*C
NMR (100.6 MHz, CDCY): o6 144.1, 142.8, 140.5, 140.1, 138.6, 134.0,
132.8, 128.3, 127.8, 127.2, 119.3, 98.8, 33.4, 32.0, 30.3, 27.1, 22.8,
15.6, 14.2. UV~vis (CH:Cl2) Amax (nm): 360, 420, 532, 562. MALDI
MS mVz [M — NHg]* 1084. IR (CCl) vmax (cmY): 3381 (w), 2957
(s), 2930 (s), 2858 (m). Anal. Calcd forsEl7oINsRh: C, 65.51; H,
7.24; N, 6.37. Found: C, 65.70; H, 7.43; N, 6.03.

1,-NHMeNHMe (5). A solution of :NHMeNHMe (6) (10 mg, 8.7

umol) in CHCly/hexane (1:1) was passed through a silica column. The

solvent was evaporated to afford the product as an orange solid (7.1
mg, 73%). Crystals for structure determination were obtained from a
CHCI; solution layered with MeOH.

1H NMR (400 MHz, CDC}): 6 9.64 (s, 4H, meso), 7.79 (m, 12H,
Ar), 7.53 (m, 8H, Ar), 4.17 (m, 4H, hex Hl 4.05 (m, 4H, hex B,
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3.79 (m, 8H, hex M), 2.32 (s, 12H, Ch), 2.29 (s, 12H, Ch), 1.96

(m, 4H, hex H), 1.85 (m, 12H, hex B, 1.65 (m, 16H, hex B}, 1.47—

1.33 (m, 32H, hex H), 0.93, 0.90 (2x t, J = 7 Hz, 24H, hex H),

—7.32 (d,J = 6 Hz, 6H, NHQH3), —9.40 (t,J = 6 Hz, 2H, NHCHj).
1-NHMeNHMe (6). To a solution ofl-MeOH (12.2 mg, 1Jumol)

in CH,Cl, (20 mL) was addedl,N'-dimethylhydrazine dihydrochloride

(17.3 mg, 0.13 mmol) in water (20 mL). NaOH (10%, 2 drops) was

added, and the mixture was shaken. The organic phase was separated,

dried (MgSQ), and evaporated to an orange solid (10.6 mg, 85%).
'H NMR (400 MHz, CDC}): 6 10.28 (s, 2H, meso), 8.10 (m, 2H,
Ar), 8.04 (m, 2H, Ar), 7.76 (m, 6H, Ar), 4.03 (m, 4H, hex*{3.91
(m, 4H, hex H), 2 x 2.48 (s, 12H, Ch), 2.21 (m, 8H, hex B, 1.77
(m, 8H, hex H), 1.52 (m, 8H, hex ¥, 1.41 (m, 8H, hex F), 2 x
0.92 (t,J = 7 Hz, hex H), —0.66 (s, 3H, NKCH3), —3.27 (d,J =6
Hz, 3H, RhNHGH3), —4.09 (s, 1H, NHCHs), —4.90 (m, 1H, RhiRYICH).
13C NMR (100.6 MHz, CDCJ): 6 2 x 144.3, 142.7, 140.5, 140.4,

140.1, 140.0, 138.8, 138.7, 133.8, 133.0, 128.3, 127.7, 127.3, 119.5,

98.9, 34.3, 33.8, X 33.3, 32.0, 2x 30.1, 2x 27.0, 22.7, 15.5, 14.1.
1,-NH,NMe; (7). 7 was prepared by titration of a solution &f
MeOH (4.0 mg, 3.6umol) with N,N-dimethylhydrazine in CDGI
Material for crystal growth was prepared by passing a solutiot of
(5.2 mg, 4.8umol) and N,N-dimethylhydrazine (luL, 13 umol) in
CHXCIl; (0.5 mL) and hexane (0.5 mL) through a silica column.
Porphyrin was washed from the column with &Hb/hexane (1:1), and
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Figure 1. Molecular structure o2. Hydrogen atoms and porphyrih

the solvent was evaporated. X-ray quality crystals were obtained from Substituents have been omitted for clarity.

a CHCI, solution layered with MeOH.

IH NMR (400 MHz, CDC}): ¢ 9.77 (s, 2H, meso), 0.37 (s, 2H,
meso), 7.80 (m, 12H, Ar), 7.62 (m, 6H, Ar), 7.37 @= 7 Hz, 2H,
Ar), 4.04 (m, 8H, hex H), 3.76 (m, 8H, hex B, 2.38 (s, 12H, Ch),
2.29 (s, 12H, CH), 1.85 (m, 16H, hex B, 1.63 (m, 16H, hex B,
1.50-1.30 (m, 32H, hex ¥, 0.93 (t,J = 7 Hz, 12H, hex H), 0.88
(t, J = 7 Hz, 12H, hex W), —7.83 (s, 6H, NCH), —10.24 (s, 2H,
NHy).

1,:NHMeNH; (9). 9 was prepared by titration of a solution bf
MeOH (4.2 mg, 3.&tmol) with methylhydrazine in CDGI After the
titration, the sample was eluted through a silica column with hexane/
CH.CI, (1:1) and evaporated to an orange solid. This was dissolved in
CHXCIl, and layered with MeOH to obtain crystals for structure
determination.

IH NMR (400 MHz, CDC}): ¢ 9.47 (s, 2H, meso), 9.43 (s, 2H,
meso), 7.93 (d) = 7 Hz, 2H, Ar), 7.82 (m, 8H, Ar), 7.52 (m, 8H, Ar),
7.33(d,J = 4 Hz, 2H, Ar), 4.03 (m, 4H, hex B, 3.89 (m, 4H, hex
HY), 3.75 (m, 4H, hex B, 3.66 (m, 4H, hex B, 2.33 (s, 6H, Ch), 2
x 2.27 (2x s, 18H, CH), 2.17-1.34 (m, 64H, hex F), 0.96 (m,
24H, hex H), —7.79 (d,J = 6 Hz, 3H, NHH;), —10.00 (m, 2H,
NHMeNHH), —10.34 (m, 1H, NHH).

Results and Discussion

1 was prepared as a methanol complex according to the

literaturel® A solution of 1-MeOH in CDC} was titrated with
hydrazine monohydrate, and the product distribution was
monitored by'H NMR spectroscopy. Hydrazine displaced the
coordinated methanol and initially formed a 2:1 compl&x (
with a bridging hydrazine ligand as evidenced by a highly
shielded resonance at11.03 ppm and an upfield shifted

can be attributed to exchange of the latter protons catalyzed by
traces of acidic impurity. In support of this hypothesis, exposure
of the sample to trifluoroacetic acid vapor further broadened
the RhNHNH, resonance without affecting the width of the
RhNH,NH; peak.

Passage of a solution @fand3 through a silica gel column
eluted with CHCl,/hexane (1:1) retained hydrazine on the silica
and converte® to 2. In this way, a mixture with initial meso
resonances in the intensity ratio of 1:0.872) was converted
to a mixture in which this ratio was 1:9.6. Starting from 10 mg
of 1-MeOH, a total of 8.0 mg of material was recovered after
this treatment, confirming that there is a true conversiol of
to 2 on the silica gel and that this filtration does not simply
remove3 to leave a mixture enriched & An alternative route
to 2 was extraction of an aqueous solution of hydrazine with a
solution of1 in CH,ClI, followed by a standard aqueous workup.
The infrared spectrum & in CCl, solution showed a band at
3231 cnt! and a further pair of very weak bands in the same
spectral region, which may be assigned to the NH stretches of
the hydrazine?!

Crystallization of a mixture 08 and2 from a toluene solution
layered with methanol resulted in preferential crystallization of
2, most likely because of the poor solubility of this complex in
methanol. A single-crystal X-ray diffraction study revealed that
in the solid state the hydrazine adopts a trans geometry with a
Rh—N—N—Rh torsion angle of 178.5(1)Figure 1). The N-N
bond length of 1.47(1) A is in the range typically reported for

porphyrin meso resonance at 9.37 ppm. Collman et al. observedoridging hydrazine complex@3The two inequivalent RRNaxial

a similarly upfield shifted resonance at10.15 ppm, corre-
sponding to hydrazine bound within a Ru(ll) cofacial dipor-
phyrin® Addition of >0.5 equiv of hydrazine resulted in the
breakup of the dimeric complex to afford the 1:1 comp8&x
which displayed a pair of shielded NHesonances at3.77

bond lengths are 2.030(9) and 2.089(9) A. The porphyrins are
oriented with almost parallel planes but with the axes joining
the opposite meso positions twisted slightly, apparently to avoid
steric clash of the peripheral substituents. The deviation of the
porphyrins from planarity is irregular and not easily classified

and—3.28 ppm and a porphyrin meso resonance at 10.25 ppm.into one of the commonly observed distortion moéfes.

2 and 3 were in slow exchange on the NMR chemical shift
time scale, although equilibration occurred too rapidly to readily
monitor the kinetics of this process By NMR. The more
upfield NH, resonance, assigned to RHMNH,, remained sharp
throughout the titration, whereas the peak -88.28 ppm,
assigned to RhNENH,, progressively broadened. Broadening

For comparison witf2 and3, the complex ofl with ammonia,
4, was prepared by exposure of a £Hp solution of 1 to

(21) Sacconi, L.; Sabatini, Al. Inorg. Nucl. Chem1963 25, 1389.
(22) Heaton, B. T.; Jacob, C.; Pagedtord. Chem. Re 1996 154, 193.
(23) Scheidt, W. R.; Lee, Y. Btruct. Bondingl987, 64, 1.
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Figure 2. Molecular structure db. Hydrogen atoms have been omitted.

Table 2. Selected Bond Lengths (A), Angles (deg), and Torsions
for 2, 4, and5

2 4 5
Rh—Naial 2.030(9), 2.089(9) 2.113(5) 2.195(7), 2.199(7)
Rh—l ayial 2.622(1), 2.620(1) 2.6447(6) 2.6261(8), 2.6261(9)
I axia—Rh—Nasial 177.7(3), 179.5(3) 178.0(1) 176.4(2), 175.9(2)
Naxia—Naxial 1.47(1) 1.479(9)
Rh—Naxia—Naxa  120.1(6), 115.8(6) 118.2(5), 117.3(5)
Rh—Nasia—Naxia—Rh 178.5(5) 151.4(3)
C_NaxiaI_NaxiaI_C 582(9)

Rh—Nayia—C 114.5(5), 114.6(5)
ammonia vapor. ThéH NMR spectrum of4 displays a singlet
at—5.77 ppm, arising from the ammonia ligand. We have been
unable to observe any coupling between thesNkbtons and
103Rh. The X-ray structure of revealed a RR Ny bond length

of 2.113(5) A, comparable with the corresponding bond lengths
of 2 (see Table 2).

Treatment ofl in dichloromethane with an aqueous solution
of N,N'-dimethylhydrazine dihydrochloride basified by addition
of NaOH afforded the 1:1 complek Both the*C and'H NMR
spectra of this compound are complicated by the formation
of a chiral center at the bound nitrogen atom of the dimethyl-
hydrazine. This removes mirror symmetry from the porphyrin,
leaving only averag€, symmetry, assuming free rotation about
the Rh—Naxial bond. Splittings are observed in the hexyl and

Redman et al.

i, !

-10.0 -10.2 ppm

Figure 3. Upfield region of the 500 MHZH NMR spectrum of9
showing the NH resonances.

centrosymmetric with a molecule of each enantiomer in the unit
cell. The porphyrin planes are not parallel but are tilted by
28.31(5) to accommodate the methyl groups of the ligand. The
axes joining the opposite substituted meso positions of each
porphyrin are rotated by approximately°dith respect to each
other to avoid steric clash. The RNz bond lengths of
2.195(7) and 2.199(7) A are comparable to the value of
2.216(8) A reported for the RAN distance of the
[RhCl4(PPh)(NHMeNHMe)]~ anion2®

Titrations of 1-MeOH in CDCk with methylhydrazine and
N,N-dimethylhydrazine were carried out. On addition<e®.5
equiv of these substituted hydrazines, the expected bridging
complexes7 and 9 were observed, as evidenced by highly
shielded NH and methyl resonances. The resonances of methyl-
hydrazine in9 all appear as multiplets (Figure 3). The methyl
resonance is assigned to a doublet-&79 ppm with3Jynch
= 6 Hz.3JyncH for free methylhydrazine has been reported as
6.25 Hz2® A COSY spectrum revealed a cross-peak between
this resonance and a multiplet-aL0.00 ppm that integrated to
two protons. This peak is assigned to the overlapping resonances
of the NHCH3 proton and a single proton of the diastereotopic
NH, group. The resonance of the other proton of this group
resembles a triplet at10.34 ppm. In contrast 1, the'H NMR
spectrum of7 is simple with singlets at-7.83 and—10.24 ppm
assigned to the N(d3), and NH resonances, respectively.
Addition of >0.5 equiv of the hydrazines dissociated the dimers
to afford the 1:1 complexe8 and 10. Here, the situation is
complicated by the possibility of isomeric forms in which the
hydrazine coordinates through different nitrogen atoms. Al-
though theoretical and NMR studiésave supported the belief
that the substituted nitrogen of alkyl hydrazines is the more
basic, in reported crystal structures of methylhydrazineNyhd

B-methyl resonances but not the meso and aryl resonancesdimethylhydrazine, these ligands bound through the unsubsti-
Coupling is observed between the proton of the coordinated tuted and less sterically hindered nitrogen at8ni? The ability

nitrogen atom at-4.90 ppm and its methyl group at3.27
ppm with J = 6 Hz. The value ofJyncy in N,N'-dimethyl-
hydrazine has been reported as 6.12HEhe other methyl group

of the ligand appears as a singlet-&0.66 ppm while the NH
resonance at4.09 ppm is broad, presumably because of proton

of the Rh(lIll) porphyrin to act as a shift reagent for bound
ligands has now permitted the elucidation of the binding mode
of these substituted hydrazines. We propose that Ni¢
dimethylhydrazine ligand & is bound through the substituted
nitrogen atom on the basis of the chemical shifts of the methyl

exchange. Passage of this sample through silica gel andgroups (3.31 ppm) and by comparison with the spectrum of

recrystallization from a chloroform/methanol mixture afforded
the 2:1 comple)s. Although this could exist as a mixture of
diastereomersH NMR spectroscopy suggested that only one

was present or that interconversion was rapid on the NMR time

scale. A single meso resonance and doubled hexypbandthyl

resonances were observed, consistent with the presence of s)

chiral center at the nitrogen atom of the bound ligand but with
rapid rotation about the RhNaxia bond. The methyl groups of
the ligand at-7.32 ppm are split into a doublet witdyncH =

6 Hz, and a corresponding splitting is observed in the NH
resonance at9.40 ppm. In the solid-state structure (Figure 2),
the ligand is ordered, and the chirality of each of the nitrogen
atoms in a molecule is the same, but overall, the crystal is

(24) Yunda, N. G.; Lagodzinskaya, G. V.; Fel'dman, E. B.; Manelis, G.
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6. The situation for10 is not so clear-cut, although the Me;S; led to broadening of the porphyrin resonances and an
observation of a doublet at3.24 ppm withJ = 6 Hz, assigned upfield shift of the meso resonance to 9.8 ppm. Evidence for a
to the hydrazine methyl group, suggests that the hydrazine isbridged dimer was the observation of a broad peaks6é ppm
bound through the substituted nitrogen atom in the major speciesassigned to the methyl groups of the bridging ligand. On addition
in solution. However, a minor singlet at0.79 ppm can be  of >0.5 equiv of MeS,, this peak progressively disappeared,
tentatively assigned to the methyl group of the isomeric complex to be replaced by peaks at 0.1 an@.7 ppm assigned to the

in which the unsubstituted nitrogen is bound to the rhodium inequivalent methyl groups of a 1:1 complex in which a single
center. In support of this assignment was the observation of asulfur atom binds to the rhodium center. This was accompanied
cross-peak in the NOESY spectrum, acquired &t@between by a sharpening and downfield shift of the meso resonance to
the peaks at-0.79 and—3.24 ppm. At room temperature, this  10.22 ppm. Likewise, a titration df in CDCl; with Me;Se
cross-peak was extremely weak, consistent with an increasingafforded a bridged dimer with a meso resonance at 9.62 ppm
rate of exchange of the methylhydrazine between the two and ligand-methyl resonance at5.21 ppm. The 1:1 complex
binding modes as the temperature was increased. The NHdisplayed a meso resonance at 10.21 ppm and methyl groups
protons of the minor species cannot be located with confidence, at 0.58 and—2.30 ppm. In this case, peaks were sharper, and

although the peak at-3.91 ppm assigned to the HCHs the meso resonances were in slow exchange on the 400 MHz
resonance of the major isomer appears to be overlapping with'H NMR chemical shift time scale, indicating that the diselenide
another minor resonance. ligand has a lower exchange rate than the disulfide ligand.
Passage of samples 8fand 10 through silica gel, eluted  Additional support for these complexes was obtained from-UV
with dichloromethane/hexane (1:1), converted them hémd visible titrations ofl with Me>S, and MeSe in dichloromethane

9, respectively. The solid-state structure@nd9 were found with methanol added as a competitive ligand. On addition of
to resemble that db, except the ligands were disordered. As in the chalcogenide, the Soret bandlot 412 nm was replaced
5, the porphyrins are canted to accommodate the methyl groups.by a red-shifted Soret band, observed at 422 nm in the case of
The angles between the best fit planeg @nd9 are 25.49(9) Me>S, and 428 nm for MgSe. In the former instance, we have
and 25.94(3), respectively. been able to account for the observed spectral changes during
Initial attempts to obtain crystals @fby diffusion of methanol the course of the titration using a model consisting solely, of

into a solution o8 and excessl,N-dimethylhydrazine afforded Me,S,, and1-Me,S; with a binding constant of log{) = 5.7.
a mixture of crystals from which could be identified the The concentration of 2:1 complex is likely to be negligible at
organometallic derivativé1 by X-ray diffraction andH NMR, the porphyrin concentration employed for the titration experi-
in comparison with an authentic sampfeBy integration of the ment. However, the data for M8&e cannot be satisfactorily

| modeled without inclusion of the speciksMe,Se with a broad

I Soret band centered at 426 nm. In this case, we calculate log-

—RT_ (K) = 6.6 for the binding of a single porphyrin to ®&e, and
CHs log(K) = 5.4 for the binding of a second porphyrin unit,
implying weakly anticooperative behavior.
" In summary, we have prepared complexes of Rh(lll) por-

meso resonances in thel NMR spectrum,11 was estimated ~ Phyrins with bridging hydrazine and substituted hydrazine
to comprise 6% of the porphyrinic material in this sample, with ligands and characterized these in solution By NMR
the remainder largely attributed ® Further experiments, in ~ SPectroscopy and_ in the solid state t_)y X-ray diffraction. Addition
which samples 08 and excessl,N-dimethylhydrazine in CDGI of further hydrazine to these species afforded 1:1 complexes.
were exposed to combinations of air and light, revealed that a On the basis ofH NMR chemical shift evidence, we propose
combination of both accelerates the formatioriafand other ~ that methylhydrazine anld,N-dimethylhydrazine preferentially
unidentified products. Similarly, others have reported the Pind to the Rh center through the substituted nitrogen atom. A
formation of metal alkyls from decomposition of alkyl hydrazine Methylated Rh(Ill) porphyrin was obtained as a decomposition
complexe$4-38 The IR spectrum of showed a sharp but weak product.of. the reaction afl,N-dimethylhydrazine W|th Rh(1l1)
peak at 3216 cmi, wherea9 gave a group of peaks at 3224 porphyrin in a process accelerated by oxygen and I|gh§S\e!2e
cm-%, which are attributed to NH stretches by analogy véith ~ @nd MeS; behaved analogously t,N'-dimethylhydrazine and

As MeS, and MeSe are also known to act as bridging formed .bndglng and nonbridging complexes with Rh(lll)
ligands3%-43we predicted that they would form complexes with porphyrin.
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