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of Cationic Alcohol Complexes of Osmium Nitrosyl Porphyrins
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New alkoxide (OEP)Os(NO)(OR) (OER 2,3,7,8,12,13,17,18-octaethylporphyrinato dianiors Bthyl, isopropyl,
hexyl, cyclohexyl) compounds and alcohol [(OEP)Os(NO)(HORYmplexes (R= methyl, ethyl, isopropyl,
hexyl, cyclohexyl) have been prepared in high yields and have been fully characterized ¥y NRJR, and

UV —vis spectroscopy, and by elemental analyses. The (OEP)Os(NO)(OEt) compound was characterized by single-

crystal X-ray crystallography. The cationic aqua and alcohol [(OEP)Os(NO)(HO&hplexes (R= ethyl,

isopropyl, hexyl) complexes were also characterized by single-crystal X-ray crystallography, and the latter represent

the first osmium alcohol structures to be reported. The electrophilic [(OEP)Os{N@)ipon in the [(OEP)Os-

(NO)(HOR)I" complexes renders the coordinated alcohol ligands susceptible to deprotonation by pyridine to
produce the corresponding alkoxide (OEP)Os(NO)(OR) derivatives. A one-pot reaction sequence for the preparation
of new (OEP)Os(NO)(OR) complexes from (OEP)Os(NO)(OEt) was developed, which was based on (i) initial

protonation of the ethoxide compound to give [(OEP)Os(NO)(HOE()) alcohol substitution by ROH to give
[(OEP)Os(NO)(HOR)Y, and (iii) deprotonation of the latter by pyridine to give (OEP)Os(NO)(OR).

Metalloporphyrins of the Group 8 metals containing O-bound = ethylenebis(salicylidineimine) dianio) (PELPh)(CI)2(NO)-
axial ligands are potential structural models for the heme- Os(OCHCH,OMe) and (PPrs),(H),0s(OCHCFRs)2,12 as well

containing catalasésr the hemed; domain of cytochromed;
nitrite reductase frorfParacoccus denitrifican&B17 (Thiospaera

pantotrophd.2 These heme-containing biomolecules contain
tyrosinate as an axial ligand, and both these heme enzymes ar@smium alcohol compounds have been reported, and only one

known to react with nitric oxide (NO) to give hem&O

as the porphyrin-containing (TPP)Os(QRR = Et, iPr, Ph}3
and (OEP)Os(NO)(Bu) 814
Surprisingly, however, no solid-state X-ray structures of

Group 8 nitrosylmetalloporphyrin alcohol complex has been

species. We were interested in developing the chemistry of reported, namely [(TPP)Fe(NO)(H®-CsH11)]*.6 We recently

(por)M(NO)(OR) (por= porphyrinato dianion) complexes as

showed that alkoxide complexes of the form (por)M(NO)(OR)

part of our ongoing studies of six-coordinate Group 8 nitrosyl- (M = Ru, Os) are formed from the formal trans addition

metalloporphyrins containing mutually trans axial ligafdge

reactions of alkyl nitrites (RON=O0) with the precursor

have reported a few such nitrosyl porphyrin alkoxide complexes (por)M(CO) compound4.We now report the first synthesis,

of RUP~7 and Os38 We were intrigued to find out that only a

characterization, and X-ray structural analyses of several alcohol

very few solid-state X-ray structures of monometallic osmium complexes of osmium nitrosyl porphyrins, and show that these
alkoxide compounds have been reported, and these include theomplexes undergo facile deprotonation by pyridine to give the

non-porphyrin (PP§)2(Br)zs0s(OMe)? (salen)Os(@r), (salen
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corresponding alkoxide derivatives.

Experimental Section

General Procedures. All reactions were performed under an
atmosphere of prepurified nitrogen (Airgas) using standard Schlenk
techniques and/or in an Innovative Technology Labmaster 100 drybox
unless stated otherwise. Solvents ¢CH, THF, hexane, and heptane)
were distilled from Caklunder nitrogen just prior to use.
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Chemicals. 2,3,7,8,12,13,17,18-octaethylporphyrin (OEPHvas [(OEP)Os(NO)T (100%). UV~—vis spectrum £ (e, mM~1cm™1), 9.48
obtained from Porphyrin Products (Logan, UT) and used as received. x 107 M in CH,Cl,): 347 (57), 362 (58), 419 (71), 538 (15), 577
(OEP)Os(CO) was prepared by a literature metidethyl nitrite (15 (22) nm.
wt. % solution in ethanol), tetrafluoroboric acid (54 wt. % solution in Preparation of Other Alcohol Complexes.The syntheses of the
diethyl ether), anhydrous pyridine (99.8%), anhydrous methanol other cationic alcohol complexes paralleled that of the ethanol complex
(99.8%), anhydrous ethanol (reagent, denatured), anhydrous 2-propanotlescribed above, but with the desired alcohol used as the solvent instead
(99.5%), hexyl alcohol (98%), and cyclohexanol (99%) were purchased of ethanol. The following is a representative example.
from Aldrich Chemical Co. Chloroformd (99.8%) was obtained from Preparation of [(OEP)Os(NO)(HOMe)|BF,4. To a suspension of
Cambridge Isotope Laboratories, subjected to three fregamp-thaw (OEP)Os(NO)(OEt) (0.030 g, 0.038 mmol) in anhydrous methanol (10
cycles, and stored over Liadt A molecular sieves. Elemental analyses mL) was added HBFEO (3 drops, 54 wt % diethyl ether solution,
were performed by Atlantic Microlab, Norcross, GA. ca. 1.4 mmol). The red reaction mixture was refluxed for 2 h. The

Instrumentation. Infrared spectra were recorded on a Bio-Rad FT- crude red product was isolated as above, and recrystallized froai@IgH
155 FTIR spectrometetH NMR spectra were obtained on a Varian hexane (1:5, 6 mL) by slow solvent evaporation over a 3-day period
XL-400 spectrometer, and the signals (in ppm) were referenced to the (0.030 g, 0.034 mmol, 91% vyield). Anal. Calcd forsAgNsO,-
residual signal of the solvent employed. All couplings are in hertz. OsBR-1.2CHClyt C, 47.12; H, 5.22; N, 7.19. Found: C, 46.96; H,
ESI mass spectra were obtained on a Micromass Q-TOF mass5.36; N, 7.20. IR (CKClp, cn™): uno = 1828. IR (KBr, cm™): wno
spectrometer. UVvis spectra were recorded on a Hewlett-Packard = 1813 s; also 2965 m, 2933 w, 2874 w, 1718 w, 1700 w, 1696 w,
model 8453 diode array instrument. 1653 m, 1577 vw, 1559 m, 1540 w, 1507 m, 1472 w, 1457 w, 1380 m

Preparation of (OEP)Os(NO)(OEt). To a CHCl, (150 mL) br, 1273 m br, 1157 s, 1084 s br, 1056 s br, 1024 s, 996 s, 965 m, 852

solution of (OEP)Os(CO) (1.00 g, 1.33 mmol) was added excess ethyl M *H NMR (CDCL, ‘3); 10.61 (2' 4Hmese-H of OEP)’ 4.24 (qJ=f
nitrite (25 mL, 15 wt % in ethanol, ca. 40 mmol). The color of the 8 Hz, 16H, CHCH, of OEP), 2.03 (tJ = 8 Hz, 24H, G1:.CH; 0

solution changed from pink-red to bright red immediately. The mixture OEP), ~2.82 (s, 3H, HO®s). ES| mass spectrum:n/20786 [(OEF.))'
was stirred at room temperature for 2 h. All volatiles were then removed Os(NO)(HOMe)r (?10%);1 754 [(OEP)?S(NOﬂ (100 /f))' UV=vis
by rotatory evaporation in air. The red residue was dissolved in a spectrum £ (¢, mM"fem™), 7.10 x 10°° M in CH,Cl): 345 (51),
minimum amount of ChCl, and chromatographed on a silica gel 502 (49 sh), 418 (65), 538 (14), 575 (19) nm. _1
column (2 x 40 cm) prepared in hexane using a £LH/THF (1:1) [(OEP)OS(NO)(HOlPr)]BF“' 96% yield. IR (CHCI, cm™): vno
mixture as eluent. The red band was collected and taken to dryness by 1828. IR (KBr, cn1’): vno = 1814 s; also 2965 m, 2937 w, 2873
rotary evaporation. Recrystallization of the residue from hot ethanol W: 1701 w, 1654 w, 1569 w, 1560 w, 1540 w, 1507 w, 1473 m br,

under N gave (OEP)Os(NO)(OEY) as purple-red crystals (0.830 g, 1.04 1498 m br, 1380 m br, 1316 w br, 1273 m, 1153 s, 1111 s br, I1085 S
mmol, 78% vyield) which were collected in air. Anal. Caled for Pr» 1056 s br, 1023 s, 996 s, 964 m, 849 m, 749kNMR (CDC,

CasHasNsO:08H,0: C, 55.93; H, 6.30; N, 8.58. Found: C, 55.68; H, 0): 10:59 (s, 4Hmeso-H of OEP), 4.24 (q) = 8 Hz, 16H, CHCH.
600 N. 8.38, IR (CHCL, em-): veo = 1750, IR (KBr, cm?): g Of OEP), 2.00 (tJ = 8 Hz, 24H, G4,CH, of OEP),~2.74 (d,J = 7

_ . Hz, 6H, HOCH(G3),), —4.18 (m, 1H, HO®I(CHs),). ESI mass
= 1756 s: also 2966 m, 2933 m, 2871 w, 1469 w, 1448 w, 1365 w, .
1316 w, 1274 m, 1230 w, 1155 m, 1103 m, 1064 m, 1057 m, 1020 m, SPectrum: m'z 814 [(OEP)Os(NO)(H®@r)]" (1%), 754 [(OEP)Os-

994 m, 963 m, 843 m, 746 w, 584 WH NMR (CDCl, 0): 10.32 (s,  (NO)I" (100%). UV-—vis spectrum/ (¢, mMcm ), 1.00x 10°°M

4H. meso-H of OEP). 4.16 (. — 8 Hz, 16H, CHCH, of OEP)  in CH:Cla): 347 (56), 361 (57), 419 (69), 539 (15), 577 (22) nm.
1.99 (t,J = 8 Hz, 24H, GHsCH, of OEP),—2.65 (q,d = 7 Hz, 2H, [(OEP)Os(NO)(HO(CH_)sCH3)]BF4. 92% vyield. Anal. Calcd for
OCH,CHy), —3.11 (t,J = 7 Hz, 3H, OCHCH). ESI mass spectrum: ~ C#2HsNsQ:0SBR-HOCH(CH,).CHy: C, 85.21; H, 6.95; N, 6.71.
m'z 799 [(OEP)Os(NO)(OEW)] (8%), 754 [(OEP)Os(NOY] (100%). ~ Found: C, 55.40; H, 6.93; N, 6.94. IR (GBI, cnr™): vo = 1828.
UV —vis Spectrum/'( (E, mM—lcm—l)' 7.14% 10 M in CH2C|2): 341 IR (KBr, cm ): UNO = 1816 S, also 2967 S, 2933 m, 2873 m, 1696
(40), 417 (101), 533 (19), 567 (30) nm. vw, 1653 w, 1576 w, 1570 w, 1559 w, 1540 w, 1507 w, 1472 m br,

1454 m br, 1377 m br, 1274 m br, 1156 m, 1113 m, 1085 s br, 1058
s br, 1023 m, 996 m, 965 m, 849 m, 746 #1 NMR (CDCls, 9):
10.58 (s, 4Hmese-H of OEP), 4.24 (qJ = 7 Hz, 16H, CHCH of

Preparation of [[OEP)Os(NO)(HOEt)|BF.. To a stirred suspension
of (OEP)Os(NO)(OEt) (0.020 g, 0.025 mmol) in anhydrous ethanol (8
mL) was added HBFELO (5 drops, 54 w_t % diethyl .ether s_olutlon, OEP), 3.51 (t, free hexanol), 2.03 Jt= 8 Hz, 24H, G4:CH, of OEP),
ca. 2.'3 m”.“")- A red homogeneous solution fqrmed |mmeQ|ater. The 1.44 (m, free hexanol), 1.27 (m, free hexanol), 0.84 (t, free hexanol),
reaction mixture was refluxed for 2 h. After cooling the reaction mixture 0.36 (M, 5H, HOCKCHy)sCHsCHs), —0.36 (m, 2H, HOCH(CH,)s-
to room temperature, heptane (8 mL) was added. Slow solvent CH,CHs), —1.81 (M, 2H, HOCH(CH,)sCH,CHy), —2.57 (m, 2H,
evaporation in a drybox over a one week period gave purple crystals HOCH,(CH;)sCH,CHa), —2.96 (t,J = 7 Hz, 2H, HOGH(CHp)sCHy-

of [(OEP)Os(NO)(HOED]BE (0.020 g, 0.023 mmol, 90% yield). IR ¢ "F ) mass spectrunmiz 856 [(OEP)Os(NO)(HOhexylj](10%),
(CHAClz, cm 7): uno = 1828. IR (KBr, cmi): vno = 1814 s, also 75, 1(OER)OS(NO)] (100%). UV-vis spectrum A (e, mM-icm-3),
2966 m, 2934 w, 2873 w, 1466 m, 1454 m, 1382 m, 1275 M, 1156, 1o 100 Mot CH,Cly: 343 (53). 364 (47 ah), 416 (84), 535 (17)
1084 s br, 1058 s, 1023 s, 996 m, 964 m, 849 m, 746 w, 7384w. 569 (23) nm

Nt'x'R (|CD4C2'3é 0): llghf’gcj(;ﬁ”f’”(‘)eég H3 %flOEFf’r)’ 6'5& (nbrl’ "zegz [(OEP)Os(NO)(HOCsH 11— cyclg]BF . 92% yield. Anal. Calcd for
ethanol), 4.23 (m, 16H, 20 ). 3.81 (g, free ethanol), 2. CarHssNsO,08BF+0.5HOGH: . C, 54.59: H, 6.31; N, 7.08. Found:

(t, J = 8 Hz, 24H, GH3CH, of OEP), 1.12 (t, free ethanol};2.78 (t, C,54.56: H, 6.61: N, 6.81. IR (CIEl, ¢ Y): vyo = 1828. IR (KB,

JE - 6 Hz, 3H, HtOCHnC]:/H%,OBZ.Sg E(; JO= ,35'2;.%';”02‘3&“724 cm): uno = 1816 s; also 2964 m, 2926 m, 2869 m, 1274 m, 1227
mass spectrumm/z 800 [(OEP)Os(NO)(HOEL)] (2%), w, 1156 s, 1112 s, 1060 s, 1021 s, 996 5, 964 S, 845 m, 7AMm.

NMR (CDCl, 6): 10.58 (s, 4H,meso-H of OEP), 4.24 (m, 16H,

(15) Adams, R. D.; Babin, J. EOrganometallics1987 6, 1364-1365. CH3CH; of OEP), 3.49 (m, free cyclohexanol), 2.00Jt 8 Hz, 24H,
(16) f\galfggg_RlOBS Pompeo, M. P.; Tanner, J.Ofganometallics1991, CHsCH, of OEP), 1.81 (m, free cyclohexanol), 1.66 (m, free cyclo-
(17) Adams, R. D.; Babin, J. EDrganometallics1988 7, 2300-2306. hexanol), 1.20 (m, free cyclohexanol), 0.18 = 13 Hz, 1H of
; A . - HOGC¢H14), 0.09 (d,J = 13 Hz, 2H of HOGH1), —0.67 (m, 1H of
(18) Falloon, S. B.; Szafert, S.; Arif, A. M.; Gladysz, J. Bhem—Eur. J.
1998 4, 1033-1042. HOGsH11), —1.13 (m, 2H of HOGH;1), —1.33 (d,J = 8 Hz, 1H,
(19) Arnold, J.; Wilkinson, G.; Hussain, B.; Hursthouse, M ®lyhedron HOG¢H11), —2.25 (m, 2H of HOGH11), —3.44 (d,J = 10 Hz, 2H of
1989 8, 597-602. ) HOGCgH11), —4.81 (m, 1H of HOGH.1). ESI mass spectrumm/z 854
(20) Braga, D.; Sabatino, P.; Johnson, B. F. G.; Lewis, J.; Massey, A.  [(OEP)Os(NO)(HOGH11)]t (30%), 754 [(OEP)Os(NOJ] (100%).
(21) (B\:'Ige%n?/mgt: Iaggg;lglgz' ﬁﬁghzg;kWP B. Organomet. Cheni977, UV—vis spectrum (e, mM“cm ™), 8.00x 10 °M in CH.C,): 342
140, 297-307. e P B0 ' ' (46), 364 (40 sh), 417 (77), 535 (15), 569 (21) nm.
(22) Che, C.-M.; Poon, C.-K.; Chung, W.-C.; Gray, H. Borg. Chem. Preparation of [(OEP)Os(NO)(HOCsH4F)]BF4. To a suspension

1985 24, 1277-1278. of (OEP)Os(NO)(OEt) (0.012 g, 0.015 mmol) in heptane (10 mL) was
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Table 1. Crystal Data and Structure Refinement

{0.856[(OEP)Os(NO)(EtOH)]BF
0.144[(OEP)Os(NOYPrOH)|BF.} -
PrOH

(OEP)Os(NO)(OEt) [(OEP)Os(NO)@)]BF4H,0O
formula (fW) C33H4gN50zOS (79802) GGH43N503OSBF4 (87580) Q1_14H53_2J\1503OSBF4 (94797)
T, K 133(2) 133(2) 133(2)
diffractometer Bruker SMART CCD Bruker SMART CCD Bruker SMART CCD
crystal system triclinic triclinic triclinic
space group P1 P1 P1

unit cell dimensions ~ a=8.675(2) A,o. = 85.525(4 a=10.4973(7) Ao = 99.0862(16)  a=10.8792(9) Ao = 69.531(2)
b=10.159(3) A8 = 77.724(4 b=10.6931(7) A = 92.3344(18) b=14.8132(12) AB = 71.443(2)
c=11.013(3) Ay = 65.186(3) c=16.3071(8) Ay = 98.4056(12) c=15.0341(13) Ay = 71.450(2)

V,Z 860.7(4) B, 1 1784.25(19) A 2 2092.7(3) &, 2
D(calcd), g/cm 1.540 1.630 1.504
Abs coeff, mn1t 3.744 3.638 3.108
WR(F 2 all data) 0.1477 0.1436 0.0889
Final R(F obsd. data) 0.0540 0.0547 0.0389
[(OEP)Os(NO)(HOCHCH;)|BF4-ethanol [(OEP)Os(NO)(HO(ChHCH3)1BF4
formula (fVV) C;oHseNsOgOSBH (93191) QszgNstOSBH (94194)
T, K 163(2) 133(2)
diffractometer Bruker P4 Bruker SMART CCD
Crystal system triclinic monoclinic
Space group P1 P2
Unit cell dimensions a=10.604(2) Ao = 69.661(14) a=12.7943(9) Ao = 90°
b=14.867(3) A = 72.42(2) b= 22.0541(14) AB = 102.796(2)
c=14.949(3) A,y = 71.516(12) c=15.1707(8) Ay = 90°
V,Z 2046.6(7) R, 2 4174.405) & 4
D(calcd), g/cm 1.512 1.499
Abs coeff, mnt?! 3.176 3.114
WR(F 2 all data) 0.1234 0.0827
Final R obsd. data) 0.0461 0.0369

added excess solid 4-fluorophenol (0.5 g, 4.5 mmol) and HBFO vw, 1155 m, 1112 w, 1057 m, 1021 m, 993 m, 983 m, 964 m, 843 m,
(5 drops, 54 wt % diethyl ether solution, ca. 2.4 mmol). The mixture 737 m.*H NMR (CDCls, 6): 10.32 (s, 4Hmese-H of OEP), 4.16 (q,
was refluxed for 3 h. After cooling to room temperature, the reaction J = 8 Hz, 16H, CHCH, of OEP), 1.97 (tJ = 7 Hz, 24H, GH5CH; of
mixture was filtered to remove unreacted 4-fluorophenol. The filtrate OEP), —3.02 (d,J = 6 Hz, 6H, OCH(®3).), —4.17 (m, 1H,

was taken to dryness in vacuo to give [(OEP)Os(NO)(HEE)|BF, OCH(CHg),). ESI mass spectrumm/z 814 [(OEP)Os(NO)(®r)]*
as a red solid*H NMR (CDCls, ¢): 10.55 (s, 4Hmese-H of OEP), (5%), 754 [(OEP)Os(NO)] (100%). UV—vis spectrum £ (e,
4.18 (q,J = 8 Hz, 16H, CHCH, of OEP), 1.98 (tJ = 7 Hz, 24H, mM~tcm™), 1.06 x 105 M in CH.Cl,): 341 (36), 418 (91), 533 (17),
CH3CH; of OEP), 1.22 (m, 2H of HOgH4F), 0.65 (s, 2H of HOGH.F). 567 (26) nm.

Deprotonation of Cationic Alcohol Complexes with BaseThe (OEP)Os(NO)(O(CH,)sCH3). 60—70% yield. IR (CHCl,, cmY):

following reaction is representative: To a @B, (3 mL) solution of vno = 1757. IR (KBr, cntl): wvno = 1754 s.'H NMR (CDCls, 6):

[(OEP)Os(NO)(HOMe)]BE (0.008 g, 0.009 mmol) was added excess 10.32 (s, 4Hmeso-H of OEP), 4.16 (q,) = 7 Hz, 16H, CHCH, of

pyridine (0.3 mL). The red color of the solution immediately turned OEP), 1.99 (tJ = 8 Hz, 24H, G15CH, of OEP), 0.37 (m, 5H, OCH

bright pink-red. After stirring under Nn the dark for 5 min, all volatiles (CH)3CH,CHj3), —0.29 (m, 2H, OCH(CH>)3CH,CHs), —1.63 (m, 2H,
were removed in vacuo. The red residue was dissolved in a minimum OCH,(CH2)sCH>CHs), —2.80 (t,J = 7 Hz, 2H, OCH(CH2)sCH,CHj),

amount of CHCI, and quickly chromatographed on a silica gel column.  —3.03 (s, 2H, OElx(CH,);CH,CH).

Elution with a mixture of CHCI/THF (5:1) gave the pure known (OEP)Os(NO)(0OGH11—cyclg. 60—70% yield. IR (CHCl,, cnm™):

alkoxide compound (OEP)Os(NO)(OMe) (0.005 g, 0.0063 mmol, 70% wvyo = 1755. IR (KBr, cnil): wno = 1751 s.*H NMR (CDCl, 9):

yield). 'TH NMR (CDCls, ¢): 10.44 (s, 4Hmeso-H of OEP), 4.19 (q, 10.32 (s, 4Hmesoe-H of OEP), 4.16 (m, 16H, C#CH, of OEP), 1.97

J =7 Hz, 16H, CHCH, of OEP), 2.00 (tJ = 7 Hz, 24H, GH35CH, of (t, J = 8 Hz, 24H, GH;CH, of OEP), with the O@H;; peaks at 0.16

OEP),—2.82 (s, 3H, OGls). (d,J =13 Hz, 1H),—0.48 (d,J = 13 Hz, 2H),—0.83 (m, 1H),—1.04
Preparation of Alkoxide Complexes from (OEP)Os(NO)(OEt). (m, 2H), —2.79 (s, 2H),—3.60 (d,J = 11 Hz, 2H), and—4.83 (m,

The following is representative: To a suspension of (OEP)Os(NO)- 1H).

(OEtY) (0.018 g, 0.023 mmol) in 2-propanol (8 mL) was added HBF X-ray Structure Determinations. All the intensity data were

Et,O (5 drops, 54 wt % diethyl ether solution, ca. 2.3 mmol) in the collected using graphite monochromated MoKl = 0.71073 A)
dark. The red solution was refluxed for 2 h. All volatiles were removed radiation. For the data collection using the Bruker (Siemens) SMART
in vacuo, and the residue was dissolved in,CH (3 mL) and pyridine CCD area detector system at the University of Wisconsin, the intensity
(0.5 mL). The solution was stirred at room temperature for 5 min. All data nominally covered one and a half hemispheres of reciprocal space.
volatiles were removed in vacuo. The red residue was dissolved in a The detector was operated in a 52512 mode and was positioned
minimum amount of CKCI, and quickly chromatographed on a short  5.00 cm from the sample. All the structures were solved by direct
silica gel column by using C¥I/THF (5:1) as eluent (the known methods and refined by full-matrix least-squares-gnThe data were
[(OEP)Os(NO)}(u-O)* also forms if the alkoxide compound stays in  corrected for absorption by the empirical method. Hydrogen atom
contact with the silica gel column for a longer period). The red band positions were initially determined by geometry and were refined using
was collected and taken to dryness, and the alkoxide compounda riding model. Non-hydrogen atoms were refined with anisotropic
(OEP)Os(NO)(@Pr) was obtained as a red solid (0.012 g, 0.015 mmol, displacement parameters. Thermal ellipsoids in Figures dre drawn
65% yield). IR (CHCl,, cm™): vno = 1756. IR (KBr, cnl): vno = at 35% probability. Crystallographic and refinement data are collected
1743 s; also 2964 s, 2932 m, 2869 w, 1468 m, 1373 w, 1272 w, 1230 in Table 1.
() (OEP)Os(NO)(OEY). Red prism-shaped crystals were grown from
(23) Cheng, L.; Chen, L.; Chung, H.-S.; Khan, M. A.; Richter-Addo, G. hot ethanol. The intensity data were measured as a series of g oscillation
B.; Young, V. G., JrOrganometallics1998 17, 3853-3864. frames each of 04for 20 s/frame. Coverage of unique data was 93.1%
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complete to 25.00 degreesénCell parameters were determined from  intensity data were measured as a series of g oscillation frames each
a nonlinear least-squares fit of 6001 peaks in the range 2.%1< of 0.4° for 20 s/frame. Coverage of unique data was 97.3% complete
27.40. The first 50 frames were repeated at the end of data collection to 25.00 degrees ifi. Cell parameters were determined from a nonlinear
and yielded 5 peaks showing a variation-60.13% during the data least-squares fit of 5713 peaks in the range %78 < 28.27. The
collection. A total of 10057 data were measured in the range 2.21 first 50 frames were repeated at the end of data collection and yielded
< 28.29. A total of 251 parameters were refined against 45 restraints 289 peaks showing a variation 6f0.06% during the data collection.
and 3680 data to give wWR(?) = 0.1477 and S= 1.043 for weights of A total of 27987 data were measured in the range k80 < 28.34.

w = 1/[6*(F ) + (0.0960 PJ], where P= [F,? + 2F?]/3. The final A total of 535 parameters were refined against 45 restraints and 9772
R(F) was 0.0540 for the 2858 observeds B 40(F)], data. The data to give wRF 2 = 0.0889 and S= 0.978 for weights ofw =
molecule sits on the crystallographic center of symmetry. The nitrosyl 1/[0%(F ?) + (0.0470 Pj. The final RF) was 0.0389 for the 7939
and ethoxide groups are thus given occupancies of 0.5. One ethyl group,observed, F > 40(F)], data. One ethyl side chain, C(27¢(28), of
C(17)-C(18), was disordered and modeled in two orientations with the porphyrin ring was disordered and modeled in two orientations with
occupancies of 0.640(19) and 0.360(19) for the unprimed and primed refined occupancies of 0.535(8) and 0.465(8) for the unprimed and
atoms, respectively. Restraints on the positional parameters of theprimed atoms. The alcohol group chelated to the metal appeared to be
disordered ethyl atoms and the displacement parameters of N(5) andtwo different species, ethanol and 2-propanol. The refined occupancies

O(2) were required for the refinement to achieve convergence. for the alcohol group were 0.856(6) for ethanol [C{&)(38)] and
(i) [[(OEP)Os(NO)(H20)]BF 4H20. Red prism-shaped crystals were  0.144(6) for 2-propanol [O(}-C(39)]. The crystal structure also
grown from a CHCly/heptane solution of [[OEP)Os(NO)(H@d:F)]- contains a 2-propanol solvent site. One methyl of the solvent C(41)

BF, in air at—20 °C. The intensity data were measured as a series of was disordered and modeled in two orientations with refined occupan-
@ oscillation frames each of 0.2or 120 s/frame. Coverage of unique  cies of 0.53(5) and 0.47(5) for the unprimed and primed atoms.
data was 92.1% complete to 25.00 degree®.iGell parameters were Restraints on the positional parameters and the displacement parameters
determined from a nonlinear least-squares fit of 6760 peaks in the rangeof the disordered groups were required for the refinement to achieve
2.50 < 6 < 28.27. The first 50 frames were repeated at the end of convergence.

data collection and showed no significant decay of the sample during  (v) [(OEP)Os(NO)(HO(CH.)sCH3)]BF 4. Red needle-shaped crystals
the data collection. A total of 8452 data were measured in the range were grown from CHClo/hexane at-20 °C. The intensity data were
1.95 < 6 < 28.28. A total of 572 parameters were refined against measured as a series of g oscillation frames each bf@.80 s/frame.

844 restraints and 7416 data to give WRJ = 0.1436 and S= 1.074 Coverage of unique data was 99.3% complete to 25.00 degre®s in
for weights ofw = 1/[o%F ?) + (0.0800 Pj + 10.6268 P]. The final ~ Cell parameters were determined from a nonlinear least-squares fit of
R(F) was 0.0547 for the 6582 observe#,  40(F)], data. Although 7545 peaks in the range 2.466 < 29.02. The first 50 frames were

the cation sits in a general position in the unit cell, the anions are split repeated at the end of data collection and yielded 656 peaks showing
between two different centers of symmetry. Because the anions cannota variation of 0.29% during the data collection. A total of 20844 data
have inversion symmetry, both anion sites are disordered and arewere measured in the range 1.856 < 29.02. A total of 992
modeled in two orientations. The refined occupancies for the A site parameters were refined against 133 restraints and 16500 data to give
atoms are 0.238(8) and 0.262(8) for the unprimed and primed atoms, wR(F 2) = 0.0827 and S= 1.008 for weights ofw = 1/[0%F ?) +
respectively. The refined occupancies for the B site atoms are 0.187(8)(0.0380 Pj]. The final RF) was 0.0369 for the 14924 observeB, ¥

and 0.313(8) for the unprimed and primed atoms, respectively. 44(F)], data. There are two formula units per asymmetric unit of the
Restraints to the positional and displacement parameters of the aniongell. Restraints on the positional parameters of the hexanol and anion

were required for the refinement to achieve convergence. were required for the refinement to converge to a chemically reasonable
(iii) [(OEP)Os(NO)(HOEL)]BF 4EtOH. Purple-red crystals were result.

grown from a CHCI; solution of (OEP)Os(NO)(OEt) containing HBF

Et,O and ethanol at room temperature. The data were corrected forResuIts and Discussion

Lorentz and polarization effects, and an empirical absorption correction

based ony-scans was applield. The structure was solved by the heavy We have shown previously that alkyl nitrites (RB=0; R
atom method using the SHELXTL system (Release 5.03) and refined _ i-CsH11, N-Bu) add to the (por)Os(CO) compounds (per

i . P )
by full-matrix least squares dn? using all reflections. Hydrogen atoms TTP, OEP) to give the six-coordinate trans addition nitrosyl

were included in the refinement with idealized parameters except for . 8 -~ .
H(1) and H(2) and the hydrogen atoms of the ethanol solvent molecule. alkoxide products (por)Os(NO)(OR£SA similar reaction of

H(1) and H(2) were located in the difference map and H(1) was refined €thyl nitrite EtG-N=0 to (OEP)Os(CO) in CCl, at room
isotropically and H(2) was included with fixed positional and thermal temperature gives, after WOT.kUp, th? new nlt_r05y| ethoxide
parameters (attempts to refine H(2) isotropically were unsuccessful complex (OEP)Os(NO)(OEt) in 78% isolated yield as purple-
because of the disorder). Other hydrogen atoms belonging to the ethanoted crystals. This compound is moderately air-stable in the solid-
solvent molecule could not be located because of the disorder and werestate, showing no signs of decomposition in air after several
not included in the refinement. days. In aerated solution, however, it decomposes slowly to the
The asymmetric unit contains one cation with minor disorder. The nown bimetallicu-oxo compound [(OEP)Os(NQJj-0) 23 The
overall geometry of the cation is good except for the atoms involved s : ; ;
S ) . pectroscopic properties of (OEP)Os(NO)(OEt) are consistent
in minor disorder (C(21), C(22), and C(22)). Both the&fion and with its formulation as such. Thus, its IR spectrum reveals a

the ethanol solvent molecule are highly disordered, and despite using 1
the SHELXTL restraints of SADI the geometry remained poor, stronguno band at 1759 cmf (CH;Cly) or 1756 cm* (KB,

especially for the minor component of the B&nion (F(1A), F(2A), indicating the presence of a t.ermmalllmtrosyl ligand. Thie

F(3A), and F(4A)) and for the solvent involving C(39A), C(39B), and NMR spectrum also reveals, in addition to peaks due to the

C(39C) atoms. The ethanol solvent molecule forms a H-bond with the porphyrin protons, peaks at2.65 (quartet) ane-3.11 (triplet)

coordinated ethanol as an acceptor, and also with a fluorine atom of ppm due to the axial OC}H; ligand. The solid-state molecular

the anion as a donor as shown in Figure 3a. Despite the poor geometrystructure was obtained from a single-crystal X-ray crystal-

of the anion and the solvent molecule, the main objective of this study |Ographic ana|ysis of a suitable Crysta| of the Compound, and is

of establishing the structure of the cation was achieved unambiguously.shown in Figure 1a. Selected bond lengths and angles are shown

(iv) [(OEP)Os(NO)(HOEt/HO'Pr)|BF 4/PrOH. Red plate-shaped in Table 2.

crystals were grown from Ci€l, solution of (OEP)Os(NO)(OEt) S .

containing HBR-EL,O and 2-propanol at room temperature. The The Os-N—O moiety is bent with a bond angle of 156.1(17)
and the OsN(O) and OsN-O bond lengths are 1.81(2) and

(24) North, A. T. C.; Philips, D. C.; Mathews, F. Acta Crystallogr.1968 1.33(2) A, respectively. The ON(porphyrin) distances are
A24, 351-359. 2.069(6) and 2.079(6) A, and fall within the 1.942(35)-2.169(33)
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Table 2. Selected Bond Lengths and Angles for

(OEP)Os(NO)(OEt)
Bond Lengths (A)
0s(1)-N(@3) 181(2)  Os(I}FN(2) 2.079(6)
N(3)-O(1) 1.33(2)  Os(1yO(2) 1.89(2)
Os(1)-N(1) 2.069(6) O(2}C(19) 1.39(3)

Bond Angles (deg)
Os(1)-N(3)—0(1) 156.1(17) N(3yOs(1)-N(2) 91.9(8)
N(3)—0s(1)-0(2) 167.8(10) N(3)yOs(1)-N(1) 95.5(8)
Os(1)-0(2)-C(19) 123.7(15) O(2yOs(1)-N(2) 95.9(6)
0O(2)—0s(1)-N(1) 93.8(6)

1.909(4)-1.938(2) A). Other structurally characterized mono-
metallic Os-O(alkoxide) bond lengths fall in the range 1.920(3)-
2.200(7) A9-12

The axial nitrosyl N atom of (OEP)Os(NO)(OEt) is tilted 5.4
from the normal to the 24-atom porphyrin plane, and a tilt of
7.5° is observed for the O atom of the trans ethoxide ligand.
The resulting (O)N-Os—0O(ethoxide) bond angle is 167.8(20)
Axial nitrosyl N-atom tilts in porphyrins have been observed
in iron, 333 cobalt3* and ruthenium porphyrin&:3The relative
orientation of the ethoxide ligand with respect to the porphyrin
core is shown in Figure 1b; the N@Ds(1)-0(2)—C(19)
torsion angle is 11 Perpendicular displacements of the 24 atoms
of the porphyrin core are shown in Figure 1c.

Preparation of Nitrosyl Alcohol Complexes. Prior to the
current study, no alcohol complexes of osmium nitrosyl por-
phyrins had been reported. Protonation of (OEP)Os(NO)(OEt)
with tetrafluoroboric acid in ethanol solvent gives the cationic
alcohol complex [(OEP)Os(NO)(HOEt)komplex as the tetra-
fluoroborate salt in 90% isolated yield. Thgo of the complex
occurs at 1828 cmt (CH,Cl,), which is 69 cmi® higher than
that of the precursor ethoxide complex, and indicates less
Os—NO back-bonding in the cationic ethanol complex. In situ
IH NMR measurements show that protonation of (OEP)Os(NO)-
(OEt) in CDCk also generates the cationic alcohol complex,
although we find that protonation in the presence of ethanol
solvent allows for the isolation of the complex in high yield,
suggesting that perhaps the alcohol ligands do not bind strongly
to the [(OEP)Os(NO)] fragment. Indeed, in contrast to the
neutral ethoxide precursor complex which was moderately air-
stable, the cationic product is air-sensitive, giving the new
[(OEP)Os(NO)(HO)]* and known [(OEP)Os(NO)u-0)?3
3 complexes upon exposure of the cationic ethanol complex to

-2 3 air.
Figure 1. (a) Molecular structure of (OEP)Os(NO)(OEt). Hydrogen ~ We have taken advantage of the weak binding of the ethanol
atoms have been omitted for clarity. (b) Approximate view along the ligand in [(OEP)Os(NO)(HOEt)] to generate other alcohol
O(2)-0s bond, showing the orientation of the axial ethoxide group complexes (eq 1).
with respect to the porphyrin skeleton. (c) Perpendicular atom displace-

ments from the 24-atom porphyrin plane (in 0.01 A units). Negative H+ ROH
values are displacements toward the porphyrin face containing the No (OEP)Os(NO)(OEty— [(OEP)OS(NO)(HOE'{)J] _EtoH

ligand. [(OEP)Os(NO)(HOR)] (1)

A range® previously observed for other (OEP)Os-containing ) )
compounds:25-30 The Os-O(ethoxide) bond length is 1.89(2)  For example, protonation of (OEP)Os(NO)(OE) in methanol
A, and is similar to that seen in (OEP)Os(NO)BD) (1.877(7) solvent gives, after appropriate vyorkup, f[he cationic methanol
A) and in the (TPP)Os(OR)complexes (R= Et, iPr, Ph;  complex [(OEP)Os(NO)(HOMej]in 91% isolated yield. The
use of other alcohols in this protonation reaction allows for the

(25) Masuda, H.; Taga, T.; Osaki, K.; Sugimoto, H.; Mori, Bull. Chem.

Soc. Jpn1984 57, 2345-2351. (31) Scheidt, W. R.; Duval, H. F.; Neal, T. J.; Ellison, M. K.Am. Chem.
(26) Scheidt, W. R.; Nasri, Hnorg. Chem.1995 34, 2190-2193. Soc.2000 122 4651-4659, and references therein.
(27) Nasri, H.; Scheidt, W. RActa Crystallogr.1990 C46, 1096-1098. (32) Ellison, M. K.; Scheidt, W. RJ. Am. Chem. S0d.997, 119, 7404
(28) Che, C.-M.; Lai, T.-F.; Chung, W.-C.; Schaefer, W. P.; Gray, H. B. 7405.
Inorg. Chem.1987, 26, 3907-3911. (33) Richter-Addo, G. B.; Wheeler, R. A.; Hixson, C. A.; Chen, L.; Khan,
(29) Chen, L.; Khan, M. A.; Richter-Addo, G. B.; Young, V. G., Jr.; Powell, M. A.; Ellison, M. K.; Schulz, C. E.; Scheidt, W. R. Manuscript in
D. R. Inorg. Chem.1998 37, 4689-4696. preparation.
(30) Salzmann, R.; McMahon, M. T.; Godbout, N.; Sanders, L. K.; (34) Ellison, M. K.; Scheidt, W. Rlnorg. Chem.1998 37, 382-383.
Wojdelski, M.; Oldfield, E.J. Am. Chem. Sod999 121, 3818- (35) Hodge, S. J.; Wang, L.-S.; Khan, M. A.; Young, V. G., Jr.; Richter-

3828. Addo, G. B.Chem. Commuril996 2283-2284.
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Table 3. Selected Bond Lengths and Angles for
[(OEP)Os(NO)(HO)]BF4-H-0

Bond Lengths (A)

Os(1)-N(5) 1.726(6) Os(LyN(3) 2.061(6)

N(5)—0(2) 1.153(9) Os(IyN(4) 2.067(6)

Os(1)-N(1) 2.060(6) Os(1yO(1) 2.071(5)

Os(1)-N(2) 2.056(6) O(1y-0(1S) 2.482(10)
Bond Angles (deg)

Os(1-N(5)-0(2) 176.6(6) N(GYOs(1-N(4) 92.4(3)
N(5)—-Os(1}-O(1) 176.7(2) O(1}Os(1}-N(1) 84.9(2)
N(5)—-Os(1-N(1) 92.0(3)  O(1}Os(1}-N(2) 84.5(2)
N(5)-Os(1-N(2) 96.6(3) O(1}Os(1}-N(3) 86.6(2)
N(5)-Os(1-N(3) 96.5(3)  O(1}-Os(1)-N(4) 86.6(2)

Figure 3. (a) Molecular structure of [[OEP)Os(NO)(HOEL)|BAOEL.

Most hydrogen atoms have been omitted for clarity. (b) Approximate
view along the O(1)Os bond, showing the orientation of the axial
ethanol group, ethanol solvate, and the anion with respect to the

Figure 2. (a) Molecular structure of the cation of [(OEP)Os(NO)-  Porphyrin skeleton. Distances (A) and angles (deg): O{@J3) =

(H20)]BF4H.0. Most hydrogen atoms have been omitted for clarity. 2-554(6), O(3):-F(2) = 2.782(12), O(1)}H(1)-+-O(3) = 165.3, O(3)-

(b) Approximate view along the O(2)Os bond, showing the orientation H(2)---F(2) = 157.2.

gf the aaub Sc;'vat‘z. Wilth rESpetth to ﬂt]r? gzrprtwrin Sker:etQ”- I(C) this compound from CbClo/heptane in air at-20 °C resulted

erpendicular atom aisplacements frrom tne -atom por rn plane . :

(in F()).01 A units). Neggtive values are displacemer?ts F1ozvardlo the N '_[he_formatlon of the new _[(OEP)QS(NO)ﬁG)J+ aqua

porphyrin face containing the NO ligand. derivative, presumably from the introduction of moisture during
the crystallization process. This aqua derivative was character-

preparation of their cationic osmium derivatives in high yields ized by X-ray crystallography, and the solid-state structure is

for the 2-propanol (96% yield), hexanol (92% vyield), and shown in Figure 2, and selected bond lengths and angles are

cyclohexanol (92% vyield) solvents. Theyo bands of the collected in Table 3.

aliphatic alcohol [(OEP)Os(NO)(HOR)lcomplexes in CkCl;, The Os-N—O group is linear with a bond angle of 176.6(6)

are at 1828 cmt, or fall in the narrow 18131816 cnT! range and the Os'N(O) and N-O distances are 1.726(6) and 1.153(9)

as KBr pellets. We have not yet been able to isolate a relatedA, respectively. The nitrosyl N-atom is tilted 4.away from

complex containing dertiary alcohol ligand (e.g.tert-butyl the normal to the 24-atom mean porphyrin plane, and a smaller
alcohol), presumably due to unfavorable steric interactions tilt of 2.2° is observed for the O-atom of the axial aquo ligand.
between the porphyrin macrocycle and the buég-butyl group The complex contains a water solvent molecule (Figure 2a).
of the alcohol. Although the resulting [(OEP)Os(NO)¢(B)]|BF4-H,O complex

We have also been able to prepare an aryl alcohol complex, is stoichiometrically similar to the ruthenium analogue [(OEP)-
namely [(OEP)Os(NO)(HOgH4F)]", by performing the pro- Ru(NO)(H,O)]BF4-H,0 previously reported by t&,an impor-
tonation in heptane in the presence of added 4-fluorophenol.tant difference between the two exists which manifests itself in
The aryl alcohol ligand is labile, and our attempts to crystallize subsequent chemical reactivity. In the Os complex, the axial
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Figure 4. (a) Molecular structure of the [(OEP)Os(NO)(HRD)|BF,'-
PrOH component of [([OEP)Os(NO)(HOEt)|BPrOH/[(OEP)Os(NO)-

(HOPI)|BF4/PrOH. Most hydrogen atoms have been omitted for clarity.

(b) Approximate view along the O(2Os bond, showing the orientation
of the axial alcohol groupPrOH solvate, and the anion with respect
to the porphyrin skeleton. Distances (A) and angles (deg): -©((3)

= 2.569(4), O(3)+F(4) = 2.702(4), O(9—H(2)-+-O(3) = 173.2,
O(3)—H(3)---F(4) = 178.1

(coordinated) HO molecule interacts with the water solvate via
a strong hydrogen boAtinteraction (O(1)-O(1S)= 2.482(10)

Inorganic Chemistry, Vol. 40, No. 1, 2001131

Figure 5. (a) Molecular structure of one form of [(OEP)Os(NO)-
(HOhexyl)|BFR:.. Most hydrogen atoms have been omitted for clarity.
(b) Approximate view along the O(2A)-Os bond, showing the orienta-
tion of the axial alcohol group with respect to the porphyrin skeleton.
Distances (A) and angles (deg): O(2AF(3A)=2.608(7), O(2B}-F(3B)

= 2.561(8), O(2A)-H(2A)-F(3A) = 172.7, O(2B)-H(2B)--F(3B) =
176.8

In our attempt to obtain crystals of ttierOH complex, we
obtained suitable X-ray quality crystals from the reaction of
[(OEP)Os(NO)(HOEN} with 'PrOH at room temperature.

A), whereas the equivalent interaction in the Ru analogue is However, solution of the crystal structure revealed a mixture

only moderate (3.172(34) & The relative orientation of the
water molecules in [(OEP)Os(NO){B)]BF4-H,0 is shown in

of the [(OEP)Os(NO)(HOEt)] and [(OEP)Os(NO}PrOH)I"
cations. The molecular structure of ti¥OH ligated complex

Figure 2b, and the axial displacements of the atoms of the is shown in Figure 4. As with the pure EtOH complex described

porphyrin core are shown in Figure 2c.

Molecular Structures of Alcohol Complexes.The solid-
state structures of the [(OEP)Os(NO)(HOEf{OEP)Os(NO)-
(HOPNJ*, and [(OEP)Os(NO)(HOhexyh] compounds are

earlier (Figure 3), théPrOH ligand is hydrogen bonded to the
iPrOH solvate via a moderately strong interaction (6@Q)3)

= 2.569(4) A), and the solvate is also hydrogen bonded to the
tetrafluoroborate anion.

shown in Figures 3, 4, and 5, respectively. For brevity, selected The hexanol complex, on the other hand, was obtained as an
structural parameters are summarized in Figure 6. A common unsolvated complex (Figure 5). In this case, the coordinated
feature in these structures is that the NO and alcohol ligandshexanol ligand is hydrogen bonded directly to the anion, with
are situated trans to each other. The nitrosyl ligands are (ligand)O-to-F(anion) distances of 2.561(8) and 2.608(7) A for

essentially linear (174.4(6Y178.5(3Y), and the axial N(nitrosyl)
and O(alcohol) atoms are only very slightly tilted from the

the two independent molecules.
The G,-atoms of the alcohol ligands are situated between

normal to the 24-atom mean porphyrin planes, although slightly adjacent porphyrin nitrogens. The smallest (porDs—0O—
larger tilts of the N(nitrosyl) atoms are observed in the hexanol C(alcohol) torsion angles are 20.8{#pr the EtOH complex

complex (3.3-4.6°).
The [(OEP)Os(NO)(HOEt)] compound crystallizes as an

(Figure 3b), 23.2(4)for the 'lPrOH complex (Figure 4b), and
22.9(5) and 20.9(8)for the two molecules of the hexanol

ethanol solvate (Figure 3). The coordinated EtOH ligand complex (Figure 5b).

interacts with the ethanol solvate via a moderately strong

hydrogen bon# (O(1)—0(3) = 2.554(6) A), and the solvate is
also hydrogen bonded to the tetrafluoroborate anion.

(36) Chen, L.; Yi, G.-B.; Wang, L.-S.; Dharmawardana, U. R.; Dart, A.
C.; Khan, M. A,; Richter-Addo, G. Bnorg. Chem1998 37, 4677
4688.

(37) Jeffrey, G. AAn Introduction to Hydrogen Bondin@®xford University
Press: New York, 1997; Table 2.1, p 12.

Deprotonation Reactions.Given our observation that other
1° and 2 alcohols could substitute the ethanol ligand in
[(OEP)Os(NO)(HOEM), we attempted to prepare the cationic
[(OEP)Os(NO)(py)f complex by substitution of the alcohol
ligand(s) with pyridine. We had previously obtained the
ruthenium analogue [(OEP)Ru(NO)(py)by such a displace-
ment reactior¥® We found, however, that addition of pyridine
to the cationic [[OEP)Os(NO)(HOMe)lcomplexes resulted in
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(a) [((OEP)Os(NOY(HOEY)]*

(b) [(OEP)Os(NOYHOPH]*/  (c) [(OEP)Os(NO)(HOhexyD)]*

Cheng et al.

(d) [(OEP)Os(NO)(HOhexyl)I*

[(OEP)Os(NO)(HOE)]* (2nd molecule)
0] O O &)
E g 2
El 2 c <]
178.5(3) < Nv 176.6(3) N 174.4(6) C N 176.8(7) ( N
5 5 5 5
[53 o B ™
"""""" IR N4 5o |8 sy N1 NIA 5 |8 NAA NIB_ 5 [§ e N4B
s 2 3 S 2 . 5 S 205, 26 S 20
Y N o008 oGy, s L By, Y. Gy
N4 / | §\N1 N3 / SN2 7T C— iﬁ ------- N3A NZB/ 3 N3B
130.54) (~ < 129.16) (~ > 12734 (7 |7 12635 (|7
O o] o) 0]
C H C H C H C H

a=08% B=06°
axial 0-Os-N = 178.73(14)°

oa=14°% B=14°
axial 0-Os-N = 177.21(14)°

a=33% Bp=19°
axial 0-Os-N = 177.9(2)°

a=4.6°% p=27°
axial 0-0s-N = 177.1(3)°

Figure 6. Summary of structural parameters of the [(OEP)Os(NO)(alcohal){Bmpounds shown in Figures 3-5. Alphg ¢efers to the displacement

of the axial N(O) atom from the normal to the 24-atom porphyrin plane. Biteefers to the analogous displacement of the axial O atom (of the
alcohol ligand) from the normal to the 24-atom porphyrin plane. The axial atom displacements (bottom) are shown for the orientations of the
porphyrin planes shown in Figures 3c, 4c, and 5c, with the alcohol ligands on the top side of the plane.

deprotonation of the coordinated alcohol to give the neutral [(OEP)OS(NO)(HC'PT)T%’ (OEP)Os(NO)(CPr) (3)
alkoxide (OEP)Os(NO)(OMe) derivative in 70% isolated yield.

It thus appears that the [(OEP)Os(NOjilagmentis sufficiently qgition of pyridine to a CHCI, solution of this crude [(OEP)-

electrophilic to activate the bound alcohol ligands toward Os(NO)(HOPR)]* then generated the neutral (OEP)Os(NO)-

deproio_nation. Indeed, the electrophilic nature of [(OEP)OS- (ipp derivative in 65% overall isolated yield (eq 3). The hexyl
(NO)]™ is probably responsible for the preferred binding of the 5 cyclohexyl alkoxide derivatives were obtained similarly in
negatively charged alkoxide ligands rather than the neutral 557094 isolated yields.

pyridine ligand. The electrophilic nature of this cation in its We note that although the iron porphyrin methoxide complex
BF, salt also results in the production of the fluoride (OEP)- (TTp)Fe(OMe) reacts with less electron-rich alcohd®R to
Os(NO)F compourid**when the deprotonation is carried out  form new (TTP)Fe(OR derivativesi the (OEP)Os(NO)(OR)
under laboratory lighting and/or under longerS(min) reaction complexes do not appear to react in a similar manner even under
times. We also observed the conversion of the desired (OEP)-refluxing conditions. This is probably due, in part, to the
Os(NO)(OR,) products to the known [(OEP)Os(NfJ}O) oxo- presence of the tramsacid NO ligand which withdraws electron
dimer3if the nitrosyl alkoxides are allowed to remain in contact density away from the alkoxide O-atom making the alkoxide
with the silica gel column for extended periods. ligand less susceptible to attack by acid. Indeed, we have
The occurrence of this deprotonation event using pyridine previously observed that the [(OEP)Os(N§}O) oxo-dimer
suggested to us that other (OEP)Os(NO)(OR) complexes couldis unusually unreactive toward acid due to the presence of two
then be readily prepared by the corresponding deprotonationtrans NO ligand$?
reactions of their precursor cationic alcohol complexes. Indeed, Summary. In summary, we have prepared the first alcohol
this turned out to be the case, and provided an entry into a newcomplexes of osmium nitrosyl porphyrins. Their single-crystal
convenient route for the syntheses of other (OEP)Os(NO)(OR) X-ray structures represent the first solid-state structures of
complexes. For example, protonation of (OEP)Os(NO)(OEt) in 0smium alcohol complexes to be reported. We have shown that

2-propanol solvent followed by solvent removal gave crude solid the electrophilic [(OEP)Os(NO)]cation in the [(OEP)Os(NO)-
[(OEP)Os(NO)(HCPN* (eq 2). (HOR)]* complexes renders the coordinated alcohol ligands

susceptible to deprotonation by pyridine, thus generating new
(OEP)Os(NO)(OR) derivatives. This latter reaction represents
a new and convenient route to the preparation of the alkoxide
derivatives of osmium nitrosyl porphyrins.

(OEP)Os(NO)(OEt;

[(OEP)Os(NO)(HCPI)[" + EtOH (2)
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