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Reactions of dioxoosmium(VI) porphyrins [Os"/(Por)O;] with excess 1,1-diphenylhydrazine in tetrahydrofuran at ca.
55 °C for 15 min afforded bis(hydrazido(1-))osmium(IV) porphyrins [Os"(Por)(NHNPh,),] (1a, Por = TPP (meso-
tetraphenylporphyrinato dianion); 1b, Por = TTP (meso-tetrakis(p-tolyl)porphyrinato dianion)), hydroxo(amido)-
osmium(1V) porphyrins [Os"(Por)(NPh,)(OH)] (2a, Por = TPP; 2b, Por = TTP), and his(hydrazido(2-))osmium(VI)
porphyrin [0sY/(Por)(NNPh,),] (3¢, Por = TMP (meso-tetramesitylporphyrinato dianion)). The same reaction under
harsher conditions (in refluxing tetrahydrofuran for ca. 1 h) gave a nitridoosmium(VI) porphyrin, [OsV'(Por)(N)(OH)]
(4b, Por = TTP). Oxidation of 1a,b with bromine in dichloromethane afforded bis(hydrazido(2-)) complexes [Os"-
(TPP)(NNPh,),] (3a) and [Os"(TTP)(NNPh,),] (3b), respectively. All the new osmium porphyrins were identified by
H NMR, IR, and UV-vis spectroscopy and mass spectrometry; the structure of 2b was determined by X-ray
crystallography (Os—NPh, = 1.944(6) A, Os—OH = 1.952(5) A).

Introduction found to rapidly react with a variety of N reagents such as
Dioxoosmium(VI) porphyrins [O4(Por)Gy]* 2 are gener- a.mingf,l,‘l—l& hydroxylamines? imines?® and arylhydra-
ally much less reactive than their ruthenium counterparts ZN€s:

[RUY(Por)Q].45 While it is reported that [O&(Por)O;] can Our study on the reactivity of [OPor)Qy] toward an
react with PR “ROH + SnC}, or ascorbic acid2’8RSH?&9 arylhydrazine aims to gain access, through such reactions,
and B® to afford osmium porphyrins [§Por)(PR)J], to a hydrazidoosmium porphyrin complex, whose synthesis

[0SV (Por)(OR}], [0SV (Por)(SR}], and [04(Por)Be], re- has not been reported in the literature. We envisaged that
spectively, the reactivity of [O4Por)Q] toward N reagents ~ reaction of [O¥'(Por)Q] with an arylhydrazine may generate
has been rarely studied (a notable exception is the reaction? Pis(hydrazido())osmium(IV) porphyrin, parallel to the

of [0sY(Por)Q] with hydrazine hydrate to give dinitrogen ——

complexes [O“E(POI’)(NZ)(THF)] in tetrahydrofuran or bis- (10) ?:ghler, J. W.; Smith, P. DAngew. Chem., Int. Ed. Engl974 13,
(ammine) complexes [B&Por)(NHs),] in dichloromethane/  (11) Buchler, J. W.; Folz, MZ. Naturforsh.1977, 32B, 1439.

methand®®13). This is in contrast with the case of dioxo- (12 |ﬁ6é-éﬂ2;i%gé#§§';3ggin' M. C.-W.; Cheung, K.-K.; Che, C.-M.
ruthenium(VI1) porphyrins [RU(Por)Qy], which have been  (13) Antipas, A.; Buchler, J. W.; Gouterman, M.; Smith, P.JDAm. Chem.
Soc.198Q 102 198.
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Hydrazidoosmium and Amidoosmium Porphyrins

reactions of [RY (Por)Q] with arylhydrazine to form bis-
(hydrazido(%))ruthenium(lV) porphyring!? The bis(hy-
drazido(X-))osmium(1V) porphyrins, if indeed obtainable,
could serve as good precursors to bis(hydrazieQ)2
osmium(VI) porphyrins. Note that (hydrazide{pruthenium/
osmium porphyrins resemble their imido and nitrido ana-
logues as M-N multiply bonded species. Despite the reports
of a number of bis(imido)ruthenium(VI)/osmium(\A31422
oxo(imido)ruthenium(VI)/osmium(VI§21418and nitridoru-
thenium(VI)/osmium(VI13322 porphyrins, no ruthenium/os-
mium porphyrins bearing a hydrazidef2group are known.
Our efforts to oxidize bis(hydrazido{d))ruthenium(lV) por-
phyrins to the corresponding bis(hydrazide{2ruthenium-

rins [Os" (Por)(NPhy)(OH)] (2). To a mixture of 1,1-diphenyl-
hydrazine hydrochloride (38 mg, 0.17 mmol) and sodium hydroxide
(10 mg, 0.25 mmol) in freshly distilled tetrahydrofuran (10 mL) in
the presence of activated molecular sieves (4 A) was addet-[Os
(Por)Q] (Por=TPP or TTP, 0.03 mmol) under argon. The mixture
was heated at ca. 5% for 15 min to give a red solution. After
removal of solvent in vacuo, the oily residue was dissolved in
dichloromethane and then filtered. The filtrate was transferred onto
an alumina column. Hexane and dichloromethane were sequentially
used as eluents to remove any unreacted 1,1-diphenylhydrazine and
[OsY(Por)Qy]. The desired products and 2 were eluted with a
dichloromethane/chloroform mixture (3:1 v/v) and neat chloroform,
respectively.

Data for [Os"(TPP)(NHNPh,),] (1a). Yield: 35%.H NMR

(VI) species were unsuccessful; however, parallel oxidation (300 MHz, CDC%): Hg 8.34 (s, 8H), H 7.96 (d, 8H), kh, Hp

for osmium might be less difficult given the substantially
higher stability of osmium(VI) porphyrins than their ruthe-
nium(VI) analogues.

Herein we report on the reactions of dioxoosmium(VI)
complexes of several tetraarylporphyrins (RerTPP @),
TTP (b), TMP (c)) with 1,1-diphenylhydrazine, which not
only result in isolation of bis(hydrazidofd))osmium(lV)
porphyrins [O¥ (Por)(NHNPh),] (1ab), but also give
hydroxo(amido)osmium(lV) porphyrins [OY¢Por)(NPh)-
(OH)] (2ab), bis(hydrazido(2))osmium(VI) porphyrin
[OsY(TMP)(NNPH)2] (3c), and nitridoosmium(VI1) porphyrin
[OsV'(TTP)(N)(OH)] @b), depending on the porphyrinato
ligand used and on the reaction conditions. The bis-
(hydrazido(t-))osmium(IV) porphyrinslab have been
successfully converted to bis(hydrazide{@osmium(VI)
porphyrins [O¥'(Por)(NNPh),] (3ab) through bromine
oxidation.

Experimental Section

General Procedures1,1-Diphenylhydrazine hydrochloride (Al-

7.68 (m, 12H), K, 6.67 (t, 4H), Hy, 6.45 (t, 8H), H, 3.85 (d, 8H);

the NH proton resonances were not located. IR (KBr pellet): 1015
cm~1 (oxidation state marker band). UWis (1.03x 10> M, CH,-
C1): Amafnm (loge) = 408 (4.91), 441 (4.80), 558 (3.99). ESI
MS: m/z1170 [M]*, 818 [M — NHNPh, — NHPh)]*. Anal. Calcd

for CggHsoNgOs: C, 69.84; H, 4.31; N, 9.58. Found: C, 69.65; H,
4.03; N, 9.52.

Data for [Os"V (TTP)(NHNPh,),] (1b). Yield: 37%.1H NMR
(300 MHz, CDC1%): Hp8.38 (s, 8H), H7.82 (d, 8H), K, 7.44 (d,
8H), p-Me 2.65 (s, 12H), K 6.57 (t, 4H), Hn 6.36 (t, 8H), H,
3.79 (d, 8H); the NH proton resonances were not located. IR (KBr
pellet): 1015 cm? (oxidation state marker band). U\Wis (9.82
x 1076 M, CH,C1,): Amadnm (log €) = 406 (4.97), 438 (4.90),
552 (4.13). FAB MS: m/z 1226 [M]", 874 [M — NHNPh, —
NHPh]*. Anal. Calcd for GHsgNgOs: C, 70.56; H, 4.77; N, 9.14.
Found: C, 70.34; H, 4.67; N, 9.10.

Data for [Os" (TPP)(NPh,)(OH)] (2a). Yield: 43%.'H NMR
(300 MHz, CDC1%): Hg 7.83 (s, 8H), H 8.14 (d, 4H), 7.91 (d,
4H), Hy, Hp 7.83 (m, 12H), K, 6.33 (t, 4H), H, 6.20 (t, 2H), H,
3.49 (d, 4H); the OH proton resonances were not located. IR (KBr
pellet): 1010 cm?! (oxidation state marker band). UWis (7.09
x 1078 M, CH,C1y): Amadnm (log €) = 406 (5.12), 492 (4.24).
FAB MS: m/z 989 [M]*, 972 [M — OH]*. Anal. Calcd for

drich, 97%) and sodium hydroxide pellets (Fisher) were used as CygH3NsO0s2H,0: C, 65.67; H, 4.23; N, 6.84. Found: C, 65.31;

received. Tetrahydrofuran (AR, Ajax) was distilled over sodium

benzophenone. All other solvents were of AR grade (unless

H, 4.02; N, 6.65.
Data for [Os" (TTP)(NPh,)(OH)] (2b). Yield: 48%.1H NMR

otherwise specified) and used without purification. The complexes (300 MHz, CDC3): Hs 7.84 (s, 8H), H 8.02 (dd, 4H), 7.81 (dd,

[OsY!(Por)Q)] (Por= TPP, TTP, TMP) were synthesized according
to literature method$Ultraviolet—visible (UV—vis) spectra were

4H), Hy 7.50 (m, 8H),p-Me 2.66 (s, 12H), K, 6.30 (t, 4H), H,
6.16 (t, 2H), H, 3.44 (d, 4H); the OH proton resonances were not

recorded on a Hewlett-Packard 8453 diode array spectrophotometefgcated. IR (KBr pellet): 1010 cni (oxidation state marker band).

(interfaced with an IBM-compatible PC) or a Perkin-Elmer Lambda
19 spectrophotometetd! NMR spectra were recorded on a Bruker
DPX 300 spectrometer. Chemical shifi, ppm) are relative to

UV —vis (5.98x 1076 M, CH,C1y): Amadnm (loge) = 408 (5.13),
496 (4.29). ESI MS (CkC1,): m/z1045 [M]*, 1028 [M — OH]*.
Anal. Calcd for GgH47/NsOOs2H,0: C, 66.71; H, 4.76; N, 6.48.

the peak for tetramethylsilane. Infrared (IR) spectra were obtained Found: C, 66.36; H, 4.96: N, 6.62.

on a Bio-Rad FT-IR spectrometer. Fast atom bombardment (FAB)

Oxidation of Bis(hydrazido(1—))osmium(IV) Porphyrins [Os" -

mass spectra were recorded on a Finnigan MAT 95 mass spec-(por)(NHNPh,),] (1) to Bis(hydrazido(2—))osmium(Vl) Por-

trometer using 3-nitrobenzyl alcohol as the matrix. Electrospray

phyrins [OsV!(Por)(NNPhy);] (3). Complex1 (0.025 mmol) was

mass spectra were measured on a Finnigan LCQ quadrupole iongissolved in dichloromethane (5 mL). A dilute solution of bromine

trap mass spectrometer. Samples were dissolved in HPLC dichlo-(50 mM) in dichloromethane (ca. 5 drops) was added, and the
romethane and filtered. The spray and capillary voltages were 4.0 mixture was stirred for 15 min to give a red-green solution. Removal
and 22 eV, respectively. Elemental analyses were performed by of the solvent by rotary evaporation afforded a dark purple solid.
the Institute of Chemistry, Chinese Academy of Sciences. Data for [OsV!(TPP)(NNPhy),] (3a). Yield: 93%.H NMR (300
Isolation of Bis(hydrazido(1—))osmium(lV) Porphyrins [Os'V - MHz, CDCL): H, 8.78 (s, 8H), K 8.07 (d, 4H), 7.97 (d, 4H), H
(Por)(NHNPhy)7] (1) and Hydroxo(amido)osmium(IV) Porphy- H, 7.81 (m, 12H), M, 6.93 (t, 2H), 6.72 (t, 2H), H, 6.63 (t, 4H),
6.51 (t, 4H), H, 3.81 (d, 4H), 3.50 (d, 4H). IR (KBr pellet): 1018
cm ! (oxidation state marker band). W\Wis (1.25x 105 M, CH,-
Clp): Amadnm (loge) = 406 (4.92), 509 (4.13). ESI MS1/z 1168
[M]*, 818 [M — NNPh, — NPh*.

(22) Au, S.-M.; Huang, J.-S.; Yu, W.-Y.; Fung, W.-H.; Che, C.-MAm.
Chem. Soc1999 121, 9120.

(23) Leung, S. K.-Y.; Huang, J.-S.; Liang, J.-L.; Che, C.-M.; Zhou, Z.-Y.
Angew. Chem., Int. EQ003 42, 340.
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Table 1. Crystallographic Data o2b

empirical formula GoH47Ns00s a A 15.836(3) vV, A3 5190(2)
cryst syst monoclinic b, A 23.880(5) z 4
fw 1044.23 c, A 14.720(3) Pcalca @ CNT3 1.336
space group P2,/c o, deg 90.00 2 range, deg 51.04

B, deg 111.20(3) GOF 0.98

y, deg 90.00 R1/wR2 0.045/0.13

Data for [OsV'(TTP)(NNPh,),] (3b). Yield: 95%.'H NMR (300 successful refinement by full-matrix least-squares using the program
MHz, CD,C1,): Hg 8.80 (s, 8H), H 7.96 (d, 4H), 7.88 (d, 4H), SHELXL-9726 All 8980 independent reflections from a total of
Hm 7.63 (m, 8H),p-Me 2.73 (s, 12H), K 6.93 (t, 2H), 6.72 (t, 25447 reflections participated in the full-matrix least-squares
2H), Hm 6.63 (t, 4H), 6.51 (t, 4H), H 3.81 (d, 4H), 3.48 (d, 4H). refinement againgt2. These reflections were in the range$8 <
IR (KBr pellet): 1017 cm? (oxidation state marker band). UV h < +18, =26 < k < +28, and =17 < 1 < +17. One
vis (1.55x 1075 M, CH,CL): Ama/nm (loge) = 409 (4.80), 510 crystallographic asymmetric unit consists of one formula unit. In

(4.00). ESI MS: m/z 1225 [M]*, 874 [M — NNPh, — NPh]*. the final stage of least-squares refinement, all non-H atoms were
Anal. Calcd for GHsgNgOs: C, 70.68; H, 4.61; N, 9.16. Found: refined anisotropically; H atoms except the one on the O atom were
C, 70.50; H, 4.49; N, 9.12. generated by the program SHELXL-97. The positions of the H
Isolation of Bis(hydrazido(2—))osmium(V1) Porphyrin [Os V!- atoms were calculated on the basis of the riding mode with thermal
(TMP)(NNPhy),] (3c). This complex was isolated from the same parameters equal to 1.2 times that of the associated C atom, and
reaction as for the isolation dfand2, except that [O4(TMP)O;] participated in the calculation of fin& indices. Table 1 shows

was used instead of [#¢TPP)Q] or [Os¥/(TTP)O,]. Chromatog- the crystallographic data &fb.

raphy of the reaction mixture on an alumina column with dichlo-

romethane/chloroform (3:1 v/v) as the eluent, followed by removal Results

of the solvents, afforde8c as a dark purple solid in 40% yieltH

NMR (300 MHz, CDC3): Hz 8.71 (s, 8H), K, 7.33 (s, 4H), 7.21 Dioxoosmium(VI) porphyrins [O4(Por)Q] were found

(s, 4H),p-Me 2.61 (s, 12H)p-Me 1.87 (s, 12H), 1.22 (s, 12H), to rapidly react with an arylhydrazine such as 1,1-diphenyl-
H'p, H'm 6.80 (t, 2H), 6.50 (m, 6H), 6.40 (t, 4H),'§3.75 (d, 4H), hydrazine at elevated temperature. We first examined such
3.42 (d, 4H)._ IR (KBr pellet): 1020 crt (oxidation state marker  regctions by using the complexes {¥EPP)Q] and [0/
band). UV-vis (2.36x 10°°M, CHchZ):fma*/”m (loge) = 409 (TTP)Qy], both bearing a simple porphyrinato ligand. When
(4.71), 510 (3.84). ESI MSm/z 1337 [M]", 986 [M — NNPh, — each of the dioxo complexes was treated with excess 1,1-

NPh]*. Anal. Calcd for GoH72NgOs: C, 71.94; H, 5.43; N, 8.39. . . . . .
Found: C, 71.72: H, 5.37: N, 8.15. diphenylhydrazine (generated in situ from 1,1-diphenyl-

Isolation of Nitridoosmium(VI) Porphyrin [Os VI(TTP)(N)- hydrgzme hydrochloride and slightly excess sodium hydrox-
(OH)] (4b). This complex was isolated by following the same ide) in tetrahydrofuran at ca. 5% under argon, the dark
procedure as for the isolation of complexieand?2 except that (i) green reaction mixture changed, within 15 min, to a red
the reaction mixture was refluxed for.ca h until it turned green  solution containing bis(hydrazido{))osmium(lV) porphy-
and (ii) after removal of any unreacted 1,1-diphenylhydrazine and rins [O8Y(Por)(NHNPh),] (1a,b) and hydroxo(amido)-
[OsV(TTP)Q] with hexane and dichloromethane, dichloromethane/ osmium(IV) porphyrins [O¥(Por)(NPh)(OH)] (2a,b) (re-
chloroform (1:3, v/v) was used as the eluent. Yield: 63R6NMR action 1), which were isolated in ca. 35%a(b) and 45%

(300 MHz, CDC1): Hy 9.31 (s, 8H), K 8.26 (dd, 8H), K 7.65 (24 b) yields upon column chromatography on alumina.
(d, 8H), p-Me 2.77 (s, 3H); the OH proton resonances were not

located. IR (KBr pellet): 1018 cni (oxidation state marker band).

o) NHNPh, NPh,
UV —vis (3.05x 105 M, CH,C1,): Ama/nm (loge) = 339 (4.47), PhyNNH;CI
389 (4.70), 475 (4.45), 593 (3.95), 634 (3.80). ESI M8z 891 o * (1)
[M]*, 874 [M — OH]*. Anal. Calcd for GgHa/NsOOSH,0: C, ! ,LHNth o
63.39; H, 4.33; N, 7.71. Found: C, 63.78; H, 4.23; N, 7.41.

X-ray Structural Determinations. Diffraction-quality crystals Por = ﬁgf b 1 2

of 2b were obtained by slow evaporation of a solution2f in

dichloromethane/hexane (1:5 v/ v). A purple crystal of dimensions . . .
0.3 x 0.2 x 0.15 mm in a glass capillary was used for data Treatments of the bis(hydrazidet})osmium(IV) porphy-

collection at 28°C on a MAR diffractometer with a 300 mmimage NS 1ab with bromine in dichloromethane at room temper-
plate detector and graphite-monochromatized Me tadiation ature for 15 min led to the formation of red-green solutions,
(A =0.71073 A) using the scan mode. Data collection was made from which the bis(hydrazido¢2))osmium(VI) porphyrins
with 3° oscillation (60 images) at a 120 mm distance and a 300 s [Os"'(Por)(NNPh),] (3a,b) were isolated in almost quantita-
exposure. The images were interpreted and intensities integratedive yield (reaction 2).

using the program DENZ®&. The structure was solved by direct

methods employing the SHELXS-97 progr&mon a PC. The Os NHNPh, NNPh,
and many non-H atoms were located according to the direct Bry
methods. The positions of the other non-H atoms were found after > @)
- — NHNPh, NNPh;
(24) Gewirth, D.The HKL Manuat-A Description of Programs DENZO,
XDISPLAYF, and SCALEPACHith the cooperation of the program 1a,b 3ab
authors Z. Otwinowski and W. Minor); Yale University: New Haven,
CT, 1995.
(25) Sheldrick, G. M.SHELXS-97. Program for the Solution of Crystal  (26) Sheldrick, G. MSHELXL-97. Program for the Refinement of Crystal
Structures University of Gdtingen: Gidtingen, Germany, 1997. Structures University of Gdtingen: Gitingen, Germany, 1997.
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Interestingly, when we extended reaction 1 to\{QEMP)-
O;] (which bears a sterically encumbered porphyrinato
ligand), the reaction under the same conditions directly
afforded bis(hydrazido@))osmium(VI) porphyrin [O¥-
(TMP)(NNPh),] (3¢) in 40% vyield (reaction 3), together with
an unidentified osmium porphyrin in about the same yield.
Neither [0 (TMP)(NHNPh)] (1¢) nor [0SV (Por)(NPh)-
(OH)] (2c) was detected.

o NNPh,
PhyNNH,CI
‘@ —_— ‘ @ 3)
“ NaOH
(0] NNth
Por=TMP: ¢ 3c

We have also examined reaction 1 under harsher condi-
tions; that is, the reaction mixture was refluxed for ca. 1 h
rather than heated at ca. 36 for 15 min. For [O¥ (TTP)-
O;], a green solution was obtained, from which the nitri-
doosmium(VI) porphyrindb was isolated in 65% yield.
Under these conditions, no hydrazidoosmium(I1V), hydroxo-
(amido)osmium(1V), or hydrazidoosmium(VI) porphyrins
were isolated. A similar phenomenon was observed foY'fOs
(TPP)Q], whose reaction product shows a bVis spectrum
almost identical with that ofb and a mass spectrum with a
prominent peak atvz 818 assignable to [OTTP)(N)]".
However, in the case of [J§TMP)O,], no nitrido complex

1224.9
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was detected; the products observed were the same a§l9urel (a) ESI mass spectrum and (b) MS/MS spectrum for the parent

described above.
Complexeslab, 2a,b, 3a—c, and4b are moderately air-
stable in the solid state but less stable to moist air in solution.

ion of 3b.

ruthenium counterparts [RTPP)(NHNPHh),] and [RuUV-

Their mass spectra all exhibit cluster peaks assignable to the(TTP)(NHNPh);].2* The *H NMR spectrum ofdb with 6

corresponding parent ions. For the hydrazido complézgs
and3a—c, prominent cluster peaks ascribable to the nitrido
species [Os(Por)(NJ] also appear in their mass spectra

= 9.31 (H, the pyrrolic protons of the porphyrinato ligand),
8.26 (H,, theortho protons of thenesephenyl groups), 7.65
(Hm, themetaprotons of themesephenyl groups), and 2.77

(MS/MS measurements revealed that such species result fron{Me) is also very similar to that of [RUTTP)(N)Br] (6 =
a fragmentation of the parent ions). This resembles the case®.36 (H;), 8.23 (H), 7.64 (Hn), 2.70 (Me))? this nitrido-

of [Ru"(Por)(NHNPh),],?* whose mass spectra show intense
peaks assignable to [Ru(Por)(N)Figure 1 shows the mass
spectrum of3b as an example, along with the MS/MS
spectrum for the corresponding parent ion.

The UV—vis spectra ofla,b appear to show two Soret
bands withimax Values of about 407 and 440 nm (note that
some previously reported nitrosyl- or nitridoosmium por-
phyrins also exhibit two Soret bands in their YVis
spectrd®. The 8 bands oflab were located atnyax values
of 558 and 552 nm, respectively. Conversionlajfb to the
complex3a,b resulted in collapse of the two Soret bands to
a single Soret band with an. value of about 407 nm,
accompanied by a blue shift of tifeband to ca. 510 nm.
The UV-vis spectrum of3c is similar to that of3ab.
Hydroxo(amido) complexe2ab show a Soret band with
Amax &~ 406 nm and & band withAmax ~ 495 nm in their
UV—vis spectra; the latter is substantially blue-shifted
compared with thgg bands ofla,b. The UV—vis spectrum
of the nitrido complex4b features five well-resolved bands
with Amax = 339, 389 (Soret), 475, 593, and 634 nm.

Further identification ofLla,b was facilitated by theitH
NMR spectra, which are almost identical to those of their

osmium(VI) porphyrin can also be prepared from oxidation
of [Os!'(TTP)(NHs),] with m-chloroperoxybenzoic acid, a
reaction similar to the oxidation of [(®OEP)(NH),] (OEP

= octaethylporphyrinato dianion) with peracetic acid in the
presence of HCIQto form [Os”'(OEP)(N)CIQ] as reported
by Buchler and co-workers.

The formulation of 2 as hydroxo(amido)osmium(IV)
porphyrins was confirmed by X-ray structure determination
of 2b. Figure 2 shows the ORTEP drawing of the complex
with the atom-numbering scheme. Selected bond lengths and
angles are given in Table 2. Compl2k has an OsNPh
distance of 1.944(6) A, comparable to the -¢HPh
distances in [TpOs(NHPh)gI(1.919(6) A, Tp= hydro-
tris(1-pyrazolyl)borate) and [TpOs(NHPh)(6F0s),]
(1.939(8) A) reported by Mayer and co-workéfg8 Such
Os—NPh, or Os-NHPh distances are similar to the
Ru—NHAr distance in [RY(TTP)(NH-p-CeH4Cl)7]
(1.956(7) A)!8 The Os-OH distance of 1.952(5) A i@b is
also similar to the RtOH distance of 1.943(5) A in

(27) Crevier, T. J.; Mayer, J. Ml. Am. Chem. S0d.998 120, 5595.
(28) Soper, J. D.; Bennett, B. K.; Lovell, S.; Mayer, J. Morg. Chem.
2001, 40, 1888.
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Figure 2. ORTEP drawing oRb with atom-numbering scheme.

Figure 3. (a) Top view along the N501 axis and (b) side view along
the C15-C5 axis of the structure db.

Table 2. Selected Bond Distances (A) and Angles (deg)Zbr

Os1-N5
Os1-N1
Os1-N3
N5—-C49

N5—0s1-01
N2—0s1-N4
N1—-0Os1-N4
N2—0s1-N3
N3—0s1-N5
N4—0s1-N5
01-0s1-N2
01-0s1-N4

[RU(TTP)(NO)(OH)]?° As depicted in Figure 3a, the C49,
N5, C55 plane of the axial diphenylamido group roughly
bisects the N20s1-N3 and N}-Os1—-N4 angles, with the
N2—0s1-N5—C49 torsion angle being about 38.9rhe

1.944(6)
2.066(6)
2.075(6)
1.457(9)

177.3(2)
177.5(2)
89.4(2)
89.0(2)
92.7(2)
91.4(2)
89.5(2)
87.9(2)

OstO01
OstN2
OstN4
N5-C55

N+Os1-N3
N+Os1-N5
N2-Os1-N5
N3-Os1-N4
N1-Os1—N2
N+0Os1-01
N3-Os1-01

1.952(5)
2.085(6)
2.062(6)
1.454(9)

177.3(2)
90.0(2)
91.2(2)
90.8(2)
90.6(2)
87.3(2)
90.0(2)

(29) Bohle, D. S.; Hung, C.-H.; Smith, B. Iorg. Chem1998 37,5798.
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porphyrin ring is basically planar (Figure 3b), and is almost
perpendicular to the axial @N and Os-O bonds (N5
Os—-01 angle 177.3(2).

Attempts to obtain diffraction-quality crystals &a—c
have not been successful despite many trials. These osmium-
(VI) complexes gave typical diamagnefid NMR spectra
with Hy signals atd = 8.78 (3a), 8.80 @b), and 8.71 3c),
which are substantially downfield from those of the bis-
(hydrazido(t-))osmium(IV) porphyrinslab (6 = 8.34 and
8.38) but are similar to those of bis(imido)osmium(VI)
porphyrins [O¥'(Por)(NBU),] (Por= TPP, TTP;0 = 8.72
and 8.73%>14The oxidation state marker bands3z (1018
cm1), 3b (1017 cn?t), and3c (1020 cm't) are also similar
to those of [O¥'(Por)(NBU);] (Por= TPP, TTP; 1016 and
1017 cnrt) 1214

Discussion

Hydrazidoosmium complexes have previously been iso-
lated only in the presence of non-porphyrin auxiliary ligands.
By employing 2,26',2"-terpyridine or tris(1-pyrazolyl)-
methane auxiliary ligand, Meyer and co-workers obtained a
number of mononuclear osmium complexes bearing mono-
hydrazido(t- or 2—) groups from reactions between the
corresponding nitridoosmium complexes and N bases (such
as secondary amines) or from electrochemical oxidation of
the ammine complexes in the presence of secondary
aminesi®-38

The present reactivity studies of dioxoosmium(VI) por-
phyrins result in isolation of the first examples of (i) a
mononuclear bis(hydrazido)osmium complex and (i) a
hydrazido complex of osmium porphyrin. In general, met-
alloporphyrins bearing hydrazido axial ligands are sparse.
About 20 years ago, Mansuy and co-workers isolated
hydrazido(2-)iron(1V) porphyrins [F& (Por)(NNR.)] (NR;
= 2,2,6,6-tetramethylpiperidin-1-y#:%° Recently, we re-
ported bis(hydrazido())ruthenium(lV) porphyrins [Rl-
(Por)(NHNPHh),]?* as mentioned above; Woo and Thorman
isolated hydrazido(2)titanium(lV) porphyrins [TV (TTP)-
(NNRy)] (R = Me, Ph)#

(30) Coia, G. M.; White, P. S.; Meyer, T. J.; Wink, D. A.; Keefer, L. K.;
Davis, W. M.J. Am. Chem. S0d.994 116, 3649.

(31) Coia, G. M.; Devenney, M.; White, P. S.; Meyer, T. J.; Wink, D. A.
Inorg. Chem.1997, 36, 2341.

(32) Huynh, M. H. V.; EI-Samanody, EI-S.; Demadis, K. D.; Meyer, T. J.;
White, P. S.J. Am. Chem. So0d.999 121, 1403.

(33) Huynh, M. H. V.; Meyer, T. J.; White, P. S. Am. Chem. Sod.999
121, 4530.

(34) Huynh, M. H. V.; EI-Samanody, EI-S.; White, P. S.; Meyer, T. J.
Inorg. Chem.1999 38, 3760.

(35) Huynh, M. H. V.; Lee, D. G.; White, P. S.; Meyer, T.JJ.Am. Chem.
Soc.1999 121, 10446.

(36) Huynh, M. H. V.; EI-Samanody, EI-S.; Demadis, K. D.; White, P. S;
Meyer, T. J.Inorg. Chem.200Q 39, 3075.

(37) Huynh, M. H. V.; Lee, D. G.; White, P. S.; Meyer, T.ldorg. Chem.
2001 40, 3842.

(38) Huynh, M. H. V.; White, P. S.; Meyer, T. horg. Chem 2001, 40,
5231.

(39) Mansuy, D.; Battioni, P.; Mahy, J.-B. Am. Chem. S0d.982 104
4487.

(40) Mahy, J.-P.; Battioni, P.; Mansuy, D.; Fisher, J.; Weiss, R.; Mispelter,
J.; Morgenstern-Badarau, |.; Gans,?Am. Chem. S0d.984 106,
1699.



Hydrazidoosmium and Amidoosmium Porphyrins

Although the reactions of dioxoosmium(VI) complexes
with excess 1,1-diphenylhydrazine to form [g®or)-
(NHNPhy);] (1a,b) resemble those of their dioxoruthenium-
(V1) counterparts (which afford [R(Por)(NHNPB),] as the
main products), the conditions for these'{iPor)(NHNPh),]-
formation reactions are quite different. In the case of
ruthenium, the [RY(Por)(NHNPh),] complexes were formed
as precipitates simply by stirring suspensions of{RRor)-

O;] (Por = TPP, TTP) in ethanol containing excess 1,1-

diphenylhydrazine at room temperature, and the crude

products can be readily purified by recrystallizatfn.
However, the reactions between [(d®or)Q)] (Por= TPP,
TTP) and 1,1-diphenylhydrazine had to be conducted in

a H; s " [OsY(TPP)(NPh,)(OH)] (2a)
H, " H,
el
H, |

OH H, Hp

I
S

A He
A JUU LJIj L
T T T T T T T T
ppm 8 7 6 5 4 3 2

homogeneous solution at elevated temperature. Because the

reactions also afforded large amounts of hydroxo(amido)
complexes2ab, purification of the crudelab through
recrystallization was difficult.

The formation of nitridoosmium(VI) porphyrins from
reactions of [O¥(Por)Q] (Por = TPP, TTP) with 1,1-
diphenylhydrazine under harsher conditions is interesting.
In our previous work, although the mass spectra of'{Ru
(Por)(NHNPB),] revealed the formation of nitridoruthenium

porphyrins in the gas phase under the mass spectroscopic

[OsV(TTP)(NHNPh,),] (1b)

b S H,

Lo

NH Ho, Hm

Me

z\

conditions, we were unable to obtain nitridoruthenium Hy !

porphyrins from the reactions between flRRor)Q] and 1,1- Ho Hn e

diphenylhydrazine. "'l'vh L
Complex2b is the sole example of structurally character- " " A JL_.ﬁ

ized amidoosmium porphyrins, despite the report of several pom & 7 6 5 H 3 5

bis(amido)osmium(1V) porphyrins [(O¢Por)(NHAr)].*> The
mononuclear osmium(lV) porphyringab each uniquely
bind different ligands at the axial sites, in contrastLigh,
[OsY(Por)(NHAr)],*? and other previously reported osmium-
(IV) porphyrins [O%/(Por)(X)] (X = OR278SR&°CI,” Brf),
which invariably bear identical axial ligands.

Since the bis(hydrazido{d))osmium(IV) porphyrinsla,b
give typical diamagnetiéH NMR spectra, like [RIY (Por)-
(NHNPh),],%t [0SV (Por)(NHAr)],*? [RuV(Por)(NPh),],*
and [RWY(Por)(NHAr)],*® whereas [O%(Por)(OR}],>"842
[OsV(Por)Ch],” and [O¢’(Por)BK]® give paramagnetiéH
NMR spectra, théH NMR spectra oRa,b that bear amido/
hydroxo mixed axial ligands deserve attention. Figure 4a
shows the spectrum &a as an example. The splitting of
the H, signals should arise from the lack of an equatorial
plane of symmetry in the molecule.

We found that the key spectral feature2afb resemble
those of previously reported diamagnetic bis(thiolato)-
osmium(lV) porphyrin [O¥(TPP)(SPhy;® the major dif-
ference lies in their kisignals (only one kisignal is observed
in [OsV(TPP)(SPh)). Therefore, the hydroxo(amido)-
osmium(1V) porphyrin®2a,b should also be diamagnetic in
nature.

However, comparison of thied NMR spectra oRab and
[OsV(TPP)(SPhy) with those oflab, [OsV(TPP)(NHPh)],*?
and [RW(Por)(NPh),]*® (the spectrum oflb is shown in

(41) Thorman, J. L.; Woo, L. Klnorg. Chem.200Q 39, 1301.

(42) Che, C.-M.; Huang, J.-S.; Li, Z.-Y.; Poon, C.-K.; Tong, W.-F.; Lai,
T.-F.; Cheng, M.-C.; Wang, C.-C.; Wang, ¥org. Chem1992 31,
5220.

Figure 4. H NMR spectra of (aRa and (b)1b in CDCls.

Figure 4b as an example) reveals two unusual features in
the spectra oR2ab and [O$/(TPP)(SPh). First, the H;
signals ¢ = 7.83 for2a, 7.84 for2b, and 7.79 for [O¥-
(TPP)(SPhy)) are substantially upfield from those @& (6

= 8.34),1b (6 = 8.38), [O¥(TPP)(NHPh)] (6 = 8.07),

and [RUY (Por)(NPh),] (6 = 8.37), and are even upfield from
the H, signals (see Figure 4a). Second, thig $ignals are
upfield from the Hy, signals, opposite the cases bd,b,
[OsV(TPP)(NHPh)], and [RW (Por)(NPh),] (cf. parts a and

b of Figure 4). This is reminiscent of tHeél NMR spectra

of paramagnetic osmium(lV) porphyrin [8§TPP)(OCH-

Ph)] reported earlief? except that [O¥(TPP)(OCHPh))]
gives much more upfield H6 4.15) and M, (6 1.77) signals
and substantially more downfield (Hsignals ¢ 9.34).
Accordingly, we measured thtH NMR spectra of2b at
different temperatures; they are depicted in Figure 5. Within
the temperature range of 233299 K, the H, Hy,, and H,
signals are essentially independent of temperature, and the
overall shifts AJ) of the other signals are not larger than
0.12. These results support the diamagnetic natu@abt

It is interesting that, as the temperature decreases from 299
K, the H, and H, signals become closer to each other and
at 233 K almost collapse to a single signal.

The successful conversions of bis(hydrazide)ilcom-
plexeslab to bis(hydrazido(2)) complexes3ab through
reactions with bromine are not surprising. These reactions
apparently occurred via an oxidative deprotonatiod&b.
Similar oxidative deprotonation reactions with bromine or
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Figure 5. H NMR spectra of2b in CD,Cl; at different temperatures.

The Hy, H'o, and Me signals are not shown.

air have been applied to prepare bis(amido)rutheniumi@v),
bis(imido)osmium(VI)}214or oxo(imido)ruthenium(VRz14
porphyrins in our previous works. We have also observed
that reaction of [RU(TTP)Q;] with tert-butylamine in
refluxing hexane can directly afford a mixture of bis(imido)-
and oxo(imido)ruthenium(VI1) porphyrins [RTTP)(NBU),]
and [RY/(TTP)(O)(NBU)] (the latter comes from the hy-
drolysis of the former due to its high moisture sensitivit).
The formation of [RY'(TTP)(NBU);] from such reaction
formally resembles the direct generation of Y@EMP)-
(NNPHhy)] (3c) from the reaction between [@$TMP)O;]
and 1,1-diphenylhydrazine (reaction 3).

A question arises as to why the bis(hydrazide)p
complexes3a,b were not directly isolated from the reactions
of [0s(TPP)Q] and [O%'(TTP)G,] with excess 1,1-
diphenylhydrazine. One possibility is that these reactions
could also lead to formation 08ab, but both the bis-
(hydrazido(2-)) complexes degraded to bis(hydrazide(1
)) complexeslab during the reactions (by, for example,
reacting with 1,1-diphenylhydrazine). Indeed, treatment of
the isolated3b with NaOH and PENNH3*CI~ in tetrahy-

Leung et al.

Hg Me
Hon Ha H,
. A JL s U "
ppm 9 8 7 6 5 4 3 2
Figure 6. H NMR spectrum of3b in CD.Cl,.

N—NPh, moieties of3 render the rotation of the NNRh
groups about the OGN bonds and the rotation of the NPh
groups about the NN bonds significantly more difficult.
This could make the molecules 8fack an equatorial plane
of symmetry and cause the two phenyl groups of each NNPh
axial ligand to be situated in different environments, if the
Os—N—NPh, moieties are bent (note the bent hydrazido-
(2—) coordination in [OY¥ (tpy)(bpy)(NNE%)](PFs). observed

by Meyer and co-worke?§) or considerably distorted from

a strictly linear geometry.

Conclusion

Dioxoosmium(VI) porphyrins readily react with an aryl-
hydrazine such as 1,1-diphenylhydrazine at elevated tem-
peratures. The products in the reactions depend on the types
of the porphyrinato ligands employed and on the reaction
conditions. By employing TPP and TTP, bis(hydrazide(1
))osmium(lV) and hydroxo(amido)osmium(lV) porphyrins
can be isolated in moderate yields; the latter are unique
osmium(IV) porphyrins bearing mixed axial ligands. Bromine
oxidation of the bis(hydrazidol))osmium(IV) porphyrins
leads to formation of the corresponding bis(hydrazido(2
))osmium(VI) porphyrins. If a sterically encumbered por-

drofuran under the same conditions as for reaction 1 gavephyrinato ligand such as TMP is employed, bis(hydrazieto(2

the hydrazido(*) complex1b in ca. 80% isolated yield.
This is in contrast with the case of the isolatgg which
underwent no appreciable conversion to 'MQEMP)-
(NHNPh),] (1¢) upon similar treatment. It might be the case
that the bulky and hydrophobic porphyrinato ligand TMP
provides a better shield for the &8INPh, groups toward
attack by external reagents, which significantly retards the
degradation of the hydrazido{2 complex to the hydrazido-
(1—) complex.

Interestingly, bis(hydrazido(2)) complexes3 each give
two sets (in a 1:1 intensity ratio) of JAH'p, H'm, and H,
signals (see Figure 6 for the spectrum3id), unlike the
bis(hydrazido(*)) complexesl (cf. Figures 4b and 6).
This suggests that conversion of a bis(hydrazidgji
osmium(lV) porphyrin to the bis(hydrazido{?) counterpart
significantly lowers the symmetry of the molecule. Since both
the M—N and N—-N bonds in the M-N—NR; moieties of
hydrazido(2-)metal complexes can have multiple bonding
character$? possibly such multiple bondings in the ©s
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))osmium(VI) porphyrin can be isolated directly from the
reaction between dioxoosmium(VI) porphyrin and 1,1-
diphenylhydrazine. The present work provides the first access
to a mononuclear bis(hydrazido)osmium complex and to a
hydrazido complex of osmium porphyrin.
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