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The syntheses and reactivities of sterically encumbered trans-dioxoosmium(VI) complexes containing Schiff-base
ligands his(3,5-di-tert-butylsalicylidene)-1,2-cyclohexane-diamine (H,Bu-salch) and bis(3,5-dibromosalicylidene)-1,2-
cyclohexane-diamine (H,Br-salch) are described. Reactions of [OsY(‘Bu-salch)O,] (1a) and [0sV!(Br-salch)O,] (1b)
with PPhs, p-X—arylamines (X = NO,, CN), NyH,;-H,0, Ph,NNH,, SOCl,, CF;CO,H, Br,, and I, under reducing
conditions gave [0s"(Br-salch)(OPPhs),] (2), [Os"(Br-salch)(p-X-CgHaNH),] (3), [u-O-{ Os"(Bu-salch)(p-NO,CsHs-
NH)},] (4), [0s"(Br-salch)(N2)(H.0)] (5), [0s"(Bu-salch)(OH)(CI)] (6), [0s"(Bu-salch)(OH),] (7), [0s"(‘Bu-salch)-
Cl] (8), [0s"(Bu-salch)(CF3CO,),] (9), [0s"(Bu-salch)Br;] (10), and [Os"(Bu-salch)ly] (11), respectively. X-ray
crystal structure determinations of [Os"(Br-salch)(p-NO,CsHsNH),] (3a), [Os"(Br-salch)(p-CNCsHsNH)] (3b), 6, 8,
9, and 11 reveal the Os—N(amido) distances to be 1.965(4)—1.995(1) A for the bis(amido) complexes, Os—Cl
distances of 2.333(8)-2.3495(1) A for 6 and 8, Os—O(CFsCO,) distances of 2.025(6)-2.041(6) A for 9, and Os-I
distances of 2.6884(6)—2.6970(6) A for 11. Upon UV irradiation, (1S,2S5)-(1a) reacted with aryl-substituted alkenes
to give the corresponding epoxides in moderate yields, albeit with no enantioselectivity. The (1R,2R)-6 catalyzed
cyclopropanation of a series of substituted styrenes exhibited moderate to good enantioselectivity (up to 79% ee)
and moderate trans selectivity.

Introduction complexes has rendered them to be an invaluable model
system for understanding the physical and spectroscopic
properties of their ruthenium analogues, which should be
more reactive toward organic transformations. Previous
works by Che and co-workers had described a one-pot
synthesis oftrans[0s"'(salen)Q] [salen = N,N'-bis(sali-
* Authors to whom correspondence should be addressed. Fax: (852 Cy"dene)ethylenediamine] _and_ the susceptibility of this
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The chemistry of dioxoosmium(VI) complexes containing
multianionic Schiff-base ligands has come under increasing
scrutiny in recent years? Unlike their ruthenium counter-
parts, the greater stability of dioxoosmium(VI) Schiff-base

pwhchan@hkucc.hku.bk (PW-H-C.). thiols22In view of these works showing that dioxoruthenium-
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plexes are effective catalysts for asymmetric methylene Scheme 1

transfer reaction3Jacobsen and Katsuki showed that chiral

manganese(lll) Schiff-base complexes catalyzed highly .. _, &

enantioselective alkene epoxidation angk bond oxida-
tions® More recently, Katsuki et al. reported that Ru(ll), Co-
(1), and Co(lll) Schiff-base complexes catalyzed cyclopro-

panation of alkenes with good to high cis diastereo- and

enantioselectivitie&:’ The applications of chiral ruthenium-

(I and manganese(lll) Schiff-base complexes in stereose-

lective nitrene transfer reactions te=C bonds and insertion
to saturated €H bonds have also been reporféderein,
we present the synthesis and characterizationtrans
dioxoosmium(VI) complexes supported by the sterically
encumbered chiral Schiff-base ligands bis(3,3edt-butyl-
salicylidene)-1,2-cyclohexane-diamineBu-salch) and bis-
(3,5-dibromosalicylidene)-1,2-cyclohexane-diamineBH
salch) and the reactivities of these compounds toward,PPh

amines, hydrazines, and nucleophiles under reducing condi

tions and alkenes under photolytic conditions. Thens

osmium(lV) Schiff-base complexes obtained from these
reactions have been structurally characterized by X-ray

(3) For works by us, see: (a) Leung, W. H.; Che, C.-MAm. Chem.
So0c.1989 111, 8812. (b) Ho, C.; Leung, W.-H.; Che, C.-N. Chem.
Soc., Dalton Trans1991, 2933. (c) Lai, T.-S.; Zhang, R.; Cheung,
K.-K.; Kwong, H.-L.; Che, C.-M.Chem. Commur1998 1583. (d)
Liu, C.-J,; Yu, W.-Y.; Peng, S.-M.; Mak, T. C. W.; Che, C.-M.
Chem. Soc., Dalton Tran4998 1805. (e) Lai, T.-S.; Kwong, H.-L.;
Zhang, R.; Che, C.-MJ. Chem. Soc., Dalton Tran$998 3559. (f)
Liu, C.-J.; Yu, W.-Y.; Che, C.-M.; Yeung, C.-H. Org. Chem1999
64, 7365. (g) Zhang, R.; Yu, W.-Y.; Lai, T.-S.; Che, C.-Mhem.
Communl1999 409; Chem. Commurl999 757. (h) Zhang, R.; Yu,
W.-Y.; Lai, T.-S.; Che, C.-MChem. Commuri999 1791. (i) Zhang,
R.; Yu, W.-Y.; Wong, K.-Y.; Che, C.-MJ. Org. Chem2001, 66,
8145. (j) Zhang, R.; Yu, W.-Y.; Sun, H.-Z.; Liu, W.-S.; Che, C.-M.
Chem—Eur. J.2002 8, 2495.
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crystallographic analysis. We also describe a chiral osmium-
(IV) Schiff-base-catalyzed protocol for alkene cyclopropa-

nation with ethyl diazoacetate (EDA) that was accomplished
with moderate trans selectivity and moderate to good
enantioselectivities (Scheme 1).

Results and Discussion

A. Dioxoosmium(VI) Schiff-Base Complexes [O4('Bu-
salch)Q,] (1a) and [Os” (Br-salch)O,] (1b). i. Synthesis.

A number of first row transition metal complexes containing
chelating multianionic ligands have been extensively studied
for their catalytic activities in carboencarbon, carbon
oxygen, and carbonnitrogen bond formation reactiofis?
This is in contrast to only a handful reports on the chemistry
of late transition metal Schiff-base complexes. Previous
works by us and other¥°showed that certain [JXSchiff-
base)Q@] complexes could be readily prepared by reacting
the corresponding Schiff-base ligand with[®sO,(OH),].
However, a similar reaction of 0sO,(OH)4] with either
H>'Bu-salch or HBr-salch failed to result in metal complex-
ation. In this work, trans-dioxoosmium(VI) Schiff-base
complexeslaandlb were prepared through a modification
of the literature metho#:2° Treatment of K[OSO,(OH),]
(0.27 mmol) with either KHBu-salch or HBr-salch (0.27
mmol) in a solution of MeOH (25 mL) containing a few
drops of HCI followed by treatment with 2,6-lutidine at room
temperature gavda and 1b in yields of 70 and 65%,
respectively (Figure 1). Under these condition®,2R)- and
(1S29-1awere also prepared from the reactions gfd®sO;-
(OH),4] with (1R,2R)- and (1S29-H,'Bu-salch. The enan-
tiopurities of these two latter complexes were determined
on the basis of circular dichroism spectroscoms]{kzr)-1a

+ [¢las29-1a =~ 0).1° The addition of HCI was essential for
the synthesis; presumably, proton was used to remove the
strongly coordinated OHgroup.

ii. Reactivity. Previous studies demonstrated that
[0s"(14TMC)Q)?" (14TMC = 1,4,7,11-tetramethyl-1,4,7,11-
cyclotetraazanonane) and [(EN),0,](PhuAs), are power-
ful photo-oxidants, undergoing light-induced oxygen atom
transfer reactions with trialkylphosphines, dialkylsulfides, and
alkenes'! In light of these works, we reasoned that similar

(9) (a) Anson, F. C.; Collins, T. J.; Gipson, S. L.; Keech, J. T.; Krafft, T.
E.; Peake, G. TJ. Am. Chem. Sod.986 108 6593. (b) Muller, J.
G.; Takeuchi, K. JInorg. Chem.1987, 26, 3634.
(10) See the Supporting Information for circular dichroism spectra of
(1R,2R)- and (1S29-1a
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1a, R =Bu, L = L' = O, [0s"!(Bu-salch)O,];

1b, R=Br, L = L' = O, [0s"(Br-salch)O,];

2, R=Br, L =L'= OPPhg, [Os"(Br-salch)(OPPhs),];

3a, R = Br, L = L' = p-NO,CgH,NH, [0s"(Br-salch)(p-NO,CgH,NH),;
3b, R =Br, L = L' = p-CNCgH4NH, [0s"(Br-salch)(p-CNCgH,NH),;
4, R='Bu, L= p-NO,CgHsNH, L' = [0s"('Bu-salch)(L)]-O,
[1-0-{0s"V('Bu-salch)(p-NO,CgHsNH)}I;

R =Br, L = N,, L' = H,0, [0s'(Br-salch)(N,)(H,0)];

R ='Bu, L = Cl, L' = OH, [0s"(Bu-salch)(OH)(CI)];

R =Bu, L = L' = OH, [0s"('Bu-salch)(OH),];

R='Bu, L=L'= Cl, [0s"(Bu-salch)Cl,];

, R=Bu, L=L'=CF3CO,, [0s"(Bu-salch)(CF3CO,),;

10, R = Bu, L = L' = Br, [0s'V(Bu-salch)Br,];

11, R =Bu, L = L' = I, [0s"('Bu-salch)l,].

Figure 1. Dioxoosmium(VI) and osmium(lV) Schiff-base complexes
prepared in this work.

© o NSO

Table 1. Light-Induced Oxidation of Alkenes wittha®

Benzaldehyde
Yield (%)

le]
Ej/Q 23 28

26 14

Entry Substrate Epoxide Yield (%)

a Reaction conditions: @29-1a/alkene= 1:100; degassed 2:1 Gal,/
MeCN; UV irradiation for 24 h; analyzed by GC analysisrield
determined by GC analysis and based on ti%28-1aused.c Not detected.

reactivities could be observed for [B§1S,2S} (‘Bu-salch)-
O;] (1a) when it is subjected to UV irradiation (Table 1).

Thus, when a degassed @FH,/MeCN (2:1 v/v) solution
containing 1 equiv of ($29)-1a and 100 equiv of styrene

Zhang et al.

dioxoosmium(VI) moiety was no longer present. Under these
conditions, styrene oxide along with benzaldehyde were
furnished in 23 and 28% yield, respectively, on the basis of
gas chromatography (GC) analysis (Table 1, entry 1).
However, the epoxidation of styrene was found to be non-
enantioselective. Similar photochemical reactions with
andtrans5-methylstyrene and 1,2-dihydronaphthalene with
(1S,29-1a gave the corresponding epoxidation products in
moderate yields (Table 1, entries-2). The reaction of
cyclooctene with ($29-1a gave no epoxidation product
detected by eithetH NMR or GC analysis.

In the absence of either UV irradiation or a reductant,
neither [O¥'(‘Bu-salch)Q] (1a) nor [Os'(Br-salch)Q] (1b)
was found to react with styrene, ethanol, 1,3-dimethyl-
imidazolidine-2-thione, or aniline under a variety of condi-
tions, such as at temperature up to°€and with the use
of excess reactants. In contrast, reactiodafvith 6 equiv
of PPh in MeCN at room temperature f@ h gave a green
solution. Analysis of the solution by FAB mass spec-
trometry revealed the presence of cluster peaks that could
be assigned to [O&u-salch)(PP¥)], [Os(Bu-salch)(OPP¥)-
(OH)], and [OsiBu-salch)(OPPH)(PPH)]. No [Os(Bu-salch)-
(MeCN).]" species were found. The analogous reaction of
1b with 6 equiv of PPhin MeCN at room temperature, on
the other hand, furnished [®@r-salch)(OPP¥),] (2a) as
the sole product in 60% yield, and tentatively characterized
on the basis of IR measurements and FAB mass spectrometry
(see the Experimental Sectioh).

The bis(amido)osmium(lV) complexes [O&r-salch)p-
NO,CeH4NH),] (38) and [O¢(Br-salch)p-CNCsHiNH),]
(3b) were obtained in 30% yields whdi was treated with
2 equiv of eithemp-nitro- or p-cyanoaniline in the presence of
hydrazine hydrate. Under similar conditions, the analogous
reaction ofla with p-nitroaniline, however, gave the dinu-
clearu-oxo-bridged complex in 50% yield. Complex, [u-
0-{0gV(Bu-salch)p-NO,CsHsNH)} 5], was characterized by
elemental analyses and FAB mass spectrometry. While no
reaction was found betwedra and hydrazine hydrate in di-
methylformamide (DMF), the reaction of hydrazine hydrate
with 1b in DMF gave the dinitrogen complex [(8r-salch)-
(N2)(H20)] (5) in 50% yield. Structural elucidation &was
based on elemental analyses and IR spectroscopy (see later
section)!3 With diphenylhydrazine hydrochloride, [(3§Bu-

was placed in a photochemical reactor (Rayonet RPR-100)salch)(OH)(CI)] 6) was preferentially furnished in 80% yield,
and irradiated with an array of 16 low-pressure mercury arc and no mono- or bis(hydrazido)osmium(IV) complex could
lamps (RPR-2537) over a 24 h period, a color change from be detected by eithéH NMR spectroscopy or mass spectro-
orange to green was observed. Analysis of the crude reactionmetry. This is different from the analogous reaction of [Os-
mixture obtained after photolysis by fast atom bombardment (Por)Q] with diphenylhydraziné? [OsV{ 1R 2R} (‘Bu-salch)-
(FAB) mass spectrometry revealed the presence of cluster(OH)(CI)] (6) was similarly obtained from the reaction of
peaks atmz 737, 753, 767, 769, and 1522 that could be diphenylhydrazine hydrochloride with [@$1R,2R} (‘Bu-
assigned to [O#Bu-salch)], [OsBu-salch)O],1a, [Os(Bu- salch)Q] (1a). Repetition of this reaction with Bl to re-
salch)(OH})], and [ Os(Bu-salch)(0).0], respectively (see — _ _ _

Figure S16 in the Supporting Information). In addition, the (12) ﬁg%,%%&ﬁgg{ég"388;[19’ W.-C.; Schaefer, W. P.; Gray H. B.

v(0OsQ) stretch at 832 cmt detected by IR spectroscopic  (13) iag)gé'bgi”?é% (Abr;toLnit%tti%S.;H BaldarI], DS.; B&r]dign&n,(l?ow. Cchr?m

. . f . y . I, £. Y., AUang J.-o.; an, . C.-W.; eung,
analysis (see later section) disappeared, suggesting that the K.-K.: Che, C.-M. Inorg. Chem.1997, 36, 3064. () Coia, G. M.
Devenney, M.; White, P. S.; Meyer, T. J.; Wink, D. lorg. Chem.
(11) (a) Che, C.-M.; Yam, V. W. W.; Tang, W.-Chem. Commuri98§ 1997, 36, 2341.

100. (b) Yam, V. W. W.; Che, C.-MNew J. Chem1989 13, 707.
(c) Yam, V. W. W.; Che, C.-MCoord. Chem. Re 199Q 97, 93.
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Table 2. H NMR Spectra ofla, 3a, 3b,and6—11

Ha R R
Hasignal Hp signal Hcsignal Hgsignal He—Hpsignal Bu p-X—CeHsNH
complex (d, 2H) (d, 2H) (s, 2H) (m, 2H) (m, 8H) (4 x s, 32H} (m, 8H)
la 7.14 7.66 8.38 3.98 3.81,2.04,1.73,1.48 1.32,1.58
3a 7.53 7.86 9.38 3.92 2.240.86 8.02, 6.92
3b 7.52 7.77 9.23 4.00 3.31,2.19,1.68 7.46,7.08
6 6.99, 6.81 10.58, 10.37 9.38,8.30 2.86,2.61 1.27,0.85 2.32,2.29,0.57,0.39
7 6.41 8.30 5.35 3.17 1.69, 1.120.07 1.91,1.28
8 8.04 12.43 16.44 4.94 1.99,0.151.27 2.37-0.21
9 7.56 10.40 14.07 6.31 2.31,0.70, 0.44.01 1.96,0.34
10 8.44 13.07 19.31 6.49 2.00, 0.080.27,—1.49 2.46-0.27
11 8.82 13.73 22.15 8.35 2.00, 1.49, 0.311..89 2.56,0.31

axX = NO,. PX = CN.

place KOH preferentially gave [O¢'Bu-salch)(OH)] (7) of these signals to 3.953.98 ppm relative to those of the
in 60% yield. Thus, the role of diphenylhydrazine in these free ligand which are located in the 3:38.33 ppm region.
reactions could be that of a reductant. The reaction of'fOs  This is comparable to the data noted for {GR-salen)Q]
(‘Bu-salch)Q] (1a) with either SOC] or CRCO:H under re- and [O¢'(R-saltmen)@ {R = 'Pr, 'Bu, (3-Me)Bu; H-
ducing conditions (i.e., BHs-H-O and PPk respectively),  (saltmen)= N,N'-(1,1,2,2-tetramethylethylene)bis(salicyl-

on the other hand, afforded [®Bu-salch)CJ] (8) and [O%'- idenamine).2> A marked downfield shift of the equatorial
(‘Bu-salch)(CECO,)7] (9) in 70 and 40% yield, respectively.  and axial G protons of the cyclohexane ring i to 2.03-
Similarly, the analogous reaction bawith either Brz or |2 in 2.17 and 2.782.83 ppm, respectively, has also been

the presence of M,-H,0 gave [0 (Bu-salch)Bg] (10)and  gpserved. In the free ligand, these signals appear as a
[0sY(Bu-salch)] (11) in 50 and 80% yield, respectively  muitiplet at 1.4%1.95 ppm. Fola, 3a, 3b, and7—11,where
(Figure 1). . - _ o the axial ligands are equivalent, only one set of signals
Under alkylating conditions, the reaction ®fwith either corresponding to the two azomethine, four AtCand four
MeLi or PhLi was found to result in the formation of an gy, groups is observed. Férwith different axial ligands, a
amorphous brown solid. Although analysis of the reaction (,:4 of 10 signals for the 2 azomethine, 8 Arotons
mixtures by conventional spectroscopic means was unableg 4 4, groups of the Schiff-base ligand are found (Figure
to elucidate the product(s) obtained, the detection of no 2). As depicted in Table 2, the chemical shift of the
stretching frequencies that could be assigned to the SChiff'az'omethine Hprotons shifts L;pfield by 0.15 ppm froBa
base ligand by IR spectroscopy suggests that demetalatlor}o 3b. This upfield shift is attributed to the strong electron-

ha.(.j. occrc;urre? d.u”?g thg courlse osflt_hslelse reatcu;)lng h withdrawing effect of the N@substituent ir3a. A similar
- aracterization. Lomplexe are stable in the trend of the chemical shift of Hrom 6 to 8 has also been

e ! oS found. Repiaingan il Cgand it OK gand
97 p'e, P as in6, results in an upfield shift of the fsignal by> 7.0

month was found to result in no noticeable decomposition opm. A further upfield shift of the kisignal to 5.35 ppm is

on the basis ofHH NMR spectroscopic analysis. observed when the CI ligand i (H. signal= 8.30 and

The!H NMR spectra ofla, 3a, 3b, and6—11 exhibit well- : . :
resolved signals at normal fields. This is consistent with the 9.38 ppm) is further replaced by another OH ligand, a& in

diamagnetic nature of related dioxoosmium(VI) and osmium- AN inspection of theH NMR data of [O¢'(‘Bu-salch)-
(IV) Schiff-base complexes reported in the literatire The X2l (8, X = CI; 9, X = COCF;; 10, X = Br; 11, X =),
spectral data are summarized in Table 2. The insolubility of listed in Table 2, shows a significant downfield shift of the
1b and5 in various deuterated solvents renders characteriza-Schiff-base ligand proton signals on going frém— 8 —
tion of these complexes by NMR and WWis spectroscopy ~ 10— 11 This trend apparently correlates to thevoonding
difficult. interaction of the axial halide ligands with Os(lV), which

The 'H NMR spectrum ofla in CDCl; features the  would be most pronounced for the soft iodide ligand. The
azomethine and ArB protons shifted downfield to 8.38,  d.{Os(IV)} —p(X~) interaction would compete with the
7.66, and 7.14 ppm relative to the respective signals of the 7-bonding interaction between Os(IV) and the coordinated
free Schiff-base ligand at 7.29, 6.80, and 7.30 ppm, which Schiff-base ligand and, hence, affecting the ring current-
is assignable to a deshielding effect by the axial oxo ligands deshielding effect. Similar trends have also been reported
(see the Supporting Information). A similar effect on the in NMR studies on the Schiff-ba%e& 9 and porphyrinatt
bridging methylene protons iha causes an observed shift complexes of ruthenium and osmium.
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Figure 2. H NMR spectrum of6 in CDCl.

Table 3. UV—Vis Spectral Data ofla, 2, 33, 3b, and4—11in CH,CI,

complex AmaXnm (loge/dm® mol~tcm™1)
la 272(4.17), 307(4.04), 377(3.72), 437(3.48)
2 356(4.17), 432(4.27)
3a 378(4.22), 653(4.23)
3b 390(4.00), 634(4.10)
4 384(4.75), 409(4.73), 463(4.57)
5 349(4.07), 399(4.10)
6 269(4.48), 347(4.14), 398(4.35), 702(4.00)
7 268(4.43), 370(4.33), 425(4.40), 594(3.76)
8 270(4.44), 310(4.08), 343(4.05), 406(4.28), 760(4.08)
9 233(4.47), 265(4.32), 338(3.96), 392(4.22), 756(4.00)
10 270(4.36), 327(4.01), 348(4.00), 411(4.27), 788(4.04)
11 271(4.45), 345(4.19), 414(4.48), 854(4.11)

The UV—vis data ofla, and2—11 are summarized in
Table 3. The UV-vis spectrum ofla (see Figure S4 in the
Supporting Information) shows absorption bands at 272, 307,
and 377 nm and a shoulder at 437 nm. The high energy band
at 272 and 307 nm, with respective legalues of 4.17 and
4.04 dn?¥ mol~* cm™%, are dominated by intraligand charge-
transfer transitions of the coordinated Schiff-base ligands,
although the spin-allowed,(0?") — Os(VI) charge-transfer
transition of relatedrans-dioxoosmium(VI) complexes was
reported to occur at a similar spectral region (ca. 300%#5).
Complexes3a, 3b, and6—11 exhibit a low energy band with
Amax lying between 594 and 854 nm. Thgax value red-
shifts by 2535 cm! on going from6 to 8 and to11 (Figures
S5-S6 in the Supporting Information). We attribute this low
energy absorption band ag(phenolate)—~ Os(IV) with p,-
(axial ligand)— Os(IV) charge-transfer character.

Cyclic voltammetry was used to examine the redox
properties ofla, 2, 3a 3b, and 6—11 in CH,Cl,. The

(15) (a) Huang, J.-S.; Leung, S. K.-Y.; Cheung, K.-K.; Che, C@Wlem—
Eur. J 200Q 6, 2971. (b) Li, Y.; Huang, J.-S.; Xu, G.-B.; Zhu, N;
Zhou, Z.-Y.; Che, C.-M.; Wong, K.-YChem—Eur. J.2004 10, 3486.

(16) Miskowski, V. M.; Gray, H. B.; Hopkins, M. DAdv. Transition Met.
Coord. Chem1996 1, 159 and references therein.
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Table 4. Electrochemical Data for the Osmium Schiff-Base Complexes
1a 3a 3b, and6—11 in CH.Cl,

potential (V}

complex oxidation first reduction
la 0.78°1.14 -1.3%
3a 0.57¢1.21° —0.8%
3b 0.41°1.0¢° -1.09
6d 0.51¢0.85¢1.05 -1.0¢
7d 0.17¢0.71¢1.06 —-1.33
8 0.7581.5C¢ —-0.7F
9 0.89¢1.5%F —0.6#
10 0.7381.49 —-0.7#
11 0.6981.2Z —-0.72

aVersus that of the GFe™ couple.? Quasi-reversibles Irreversible.
d Several irreversible oxidation waves are obser¢dReversible.

electrochemical data (vs e couple) for these com-

é)lexes are tabulated in Table 4. The cyclic voltammogram

of 1a shown in Figure 3, reveals two quasi-reversible
oxidation waves and a quasi-reversible reduction wave. The
reduction wave at-1.39 V is assigned to the reduction of
Os(VI) to Os(V). The quasi-reversible oxidation couples of
la at 0.78 and 1.14 V are interesting because related
dioxoosmium(VI1) Schiff-base complexes were found to show
irreversible oxidation at potentials 0.92.95 V2® The two
oxidation couples ofla are attributed to ligand-centered
oxidation because reversible oxidation couples vip
values of 0.69-0.89 V have also been found for the related
Os(IV) complexes [O%(‘Bu-salch)X] (8, X = Cl; 9, X =
COCF;; 10, X = Br; 11, X = I). The cyclic voltammograms

of 8—11 also reveal an irreversible oxidation wave
values ranging from 1.22 to 1.53 V (see the Supporting
Information). The potentials for the first and second oxida-
tions of 8—11 are more anodic than those for the related
[OsV(salen)(OR)] (R = Me, Et,'Pr) complexes (0.360.50
V).2¢ In addition, theE;;, for the first oxidation couple
becomes less anodic along the sequéhee8 — 10— 11.
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Figure 3. Cyclic voltammogram trace dfa, in CH,Cl, at 298 K with 0.1

M (BusN)PFs as a supporting electrolyte (scan ratd 00 mVst; CpFet’~
= 0.27 V; working electrode= pyrolytic graphite).
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This trend ofE;/, values is in accord with a decrease in the
inductive effect of the axial ligands, which follow the order
CRCO, > CI > Br > I. In contrast, the cyclic voltammo-
grams of3a and3b revealed an irreversible oxidation peak
with Epaat 0.57 and 0.41 V foBaand3b, respectively. The
irreversibility could be due to the electrochemical generation
of an Os(V)}-N (amido) complex. Similarly, fo6 and 7,
several irreversible oxidation peaks in the 0-3033 V

Figure 4. Perspective view a8a. Hydrogen atoms and solvent molecules
have been omitted for clarity. Selected bond lengths (A) and angles (deg):
0Os—0(1) 2.005(9), 0s0(2) 2.033(7), OsN(1) 2.025(9), OsN(2) 1.968-

(11), Os-N(3) 1.995(10), OsN(5) 1.979(10), N(1)-C(7) 1.28(14)N(2)—

C(9) 1.498(18), O(LyOs—N(1) 94.0(4), N(2)-Os—N(3) 91.9(4), N(2)-
Os—N(5) 90.0(4), N(3)-Os—0(1) 89.1(4), N(3)-Os—0(2) 90.2(3), N(3)
Os—N(1) 89.6(4), N(5-0Os—N(1) 88.0(4), C(21}N(3)—Os 126.1(8),
C(27)-N(5)—Os 128.8(9)8

assigned to the(OH) stretch. The positive ion FAB spectra
of laandlb each exhibit three signals that can be attributed
to the parent ion [M} and the [M— O]t and [M — 20]*

region are found, which we tentatively assign to the oxidative fragments. FoP—11, the positive ion FAB spectra of these

deprotonation of the Os(I\VYOH moiety.

The cyclic voltammograms &a, 3b, and6—11 also show
a reversible/quasi-reversible Os(IV)/Os(lll) coupleBaf,
ranging from —0.49 to —1.33 V. A comparison of the
electrochemical data revealed that Bag of Os(IV)/Os(lII)
couples follow the tren® > 8, 10, 11 > 6 > 7, which
parallels the increase rdonor strength of the axial ligands.
As OH ligand is a strongr- andsz-donor, the Os(IV) site
would be more electron rich because of stroog@H")—
d7{Os(IV)} m-bonding interaction. The axial halide ligands
have little effect on thdg;,, of Os(1V)/Os(lIl) couple.

IR spectroscopic measurementslafandl1b reveal avas
(OsQ) stretch at 833 cirt for 1a and one at 841 cnt for
1b. In both 1a and 1b, the absence of a&(OH) stretch
indicates that the phenolic OH groups of thegs&lch ligand
are deprotonated. Bands at ca. 1640 and 1560 are
assigned ta(C=N) andv(CO), respectively. FoR, peaks
at 1420, 1155, and 1066 ¢ assignable to(P—Ph), and
at 1121 cm?, assignable to(P=0), are consistent with the
stretching frequencies of the axial ORRigands. The IR
spectra ofda—c and4 exhibit one sharp and three medium
NH stretching bands at 3290, 3296, 3329, and 3278'cm

respectively. These stretching frequencies are higher than

that observed for [Os(TPP)(PhNM)[H2(TPP) = mese
tetrakis(phenyl)porphyrin] at 3253 crh'® but lower than that
for [Os(Tp)(NHPh)(CB] [Tp = hydro-tris(1-pyrazolyl)-
borate] at 3519 crt.'” The IR spectrum ob reveals a band
at 2017 cm? attributed to the/(N,) stretch!® For 6 and7,
sharp medium bands located at 3533 and 3557'cane

complexes revealed ion clusters assignable to the parent ion
[M]* and the [M— (axial ligand)]* fragments.

B. Structures of 3a, 3b, 6, 8, 9, and 118 Complexes3a
and3b were recrystallized from CH@hcetone, whered;
8, and9 were recrystallized frorm-hexane/CHG| and11
was recrystallized from ED/CH.CI, at room temperature.
Perspective views a8a—b, 6, 8, 9 and 11 are depicted in
Figures 4-9. The crystal data and structural refinements are
given in Table 58

As shown in Figures 4 and 5, the axial ligands3afand
3b adopt a configuration where the aryl rings of the axial
ligands are situated away from the cyclohexane ring,
presumably to minimize unfavorable steric interactions with
the Schiff-base ligand. The aromatic rings of the axial ligands
sit in planes that are nearly perpendicular to the plane of the
Schiff-base ligand, with dihedral angles between these planes
equal to 80.4 and 8521for 3a and 85.3 and 88%for 3b.
The amido aryl rings in these complexes are also located in
the same plane with respect to each other, with dihedral
angles between the planes occupied by the aryl rings of the
amido ligands equal to 1£5n 3a and £ in 3b. The
structures of6, 8, and 11, depicted in Figures 6,7, and 9,

(17) Crevier, T. J.; Bennett, B. K.; Soper, J. D.; Bowman, J. A.; Dehestani,
A.; Hrovat, D. A.; Lovell, S.; Kaminsky, W.; Mayer, J. Ml. Am.
Chem. Soc2001, 123 1059.

(18) CCDC 228404228408 and 254698 contain the supplementary
crystallographic data for this paper. These data can be obtained free
of charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK. Fak44 1223
336033. E-mail: deposit@ccdc.cam.ac.uk).
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mesetetrakisp-chlorophenyl)porphyrin] and 1.749(7) A in
[OsY(Tp)(CI)2(NH)].?° They are, however, shorter than the
Os—N (amido) distance in [Q§u-dan)(CO)q] [2.165 A; H,-
(dan) = 1,8-diaminonaphthalené}. The average OsCI
distances ir6 and8 [2.333(8)-2.349(1) A] are similar, but
they are slightly shorter than related values in'{Q$PPh)-
(salophen)(Ch)] [H(salopen)= N,N'-bis(salicylidene)-phe-
nylenediamine; 2.424(5) AJand [Os(bpb)(PPHCI)] [H 2
(bpb) = N,N'-bis(2-pyridinecarboxamide)-1,2-benzene,;
2.410(4) A]22 The Os-OH distance 0B is 1.94(2) A, which

is comparable to that for @O(OPr) in [0V (salen)(CPr)]
[1.92(3) A]2¢In 9, the average OsO(CRCO,) distance is
2.033 A, which is longer than that i6. The bond angles
between the axial ligands i@ and 11 are 179 and 177
respectively, which are close to the 28@lue required for
linearity. In comparison, the analogous angles between the
two axial ligands in6 and9 are 170 and 167 respectively,
suggesting the Os-axial ligand moieties in these complexes
to be slightly bent.

Figure 5. Perspective view o8b. Hydrogen atoms and solvent molecules
have been omitted for clarity. Selected bond lengths (A) and angles (deg):

83_83(—1%\1 %Agzgé?igf%(ikiégzllg?ég?r\’il((ll) fé?gfgségc()%%z()ligg? At this juncture, it is worthy to highlight that the crystal
N(é) 89.8(2), N(Z)—OS‘—O(l) 89.9.(2), N(é)—OS—N(4) 96_1(2): N(4)-Os— structures oBa, 3b, 8, 9, and11 not Only show the Chlrallty
O(1) 177.2(1), N(4y0s—0(2) 92.7(2), N(6)-0Os—0(2) 90.7(1), N(6) of the bonding environment around the osmium atom, but

Os—N(1) 89.5(1), C(14yN(2)—Os(1) 132.1(4), C(28)N(6)—0Os(1)

130.8(4)1 they also conform to an idealized, molecular geometry

with a pseudo-2-fold axis passing through the metal center
respectively, reveal that the axial ligands, which are sterically and the midpoint of the bridging cyclohexane bond.6in
less demanding than those of the arylamido group8af  the axial ligands are different, consistent witH NMR
and3b, are also situated in planes that are at near right anglesanalysis of this complex.
to the plane of the Schiff-base ligand. The average axial C. [0sV{1R,2R}(Bu-salch)(OH)(CI)] (6) Catalyzed

ligand—Os—N (imine) angle is between 86 and*3 6, 89 Organic Reactions.In the literature, Schiff-base complexes
and 92 in 8, and 87 and 90in 11. The axial Cl and OH 9 ) ' P
. . . : . . of Cr(V)? and Mn(lll)*??*are known to catalyze €0 bond
ligands in 6 are disordered. A perspective view 6fis . .

formation reactions. Jacobsen and co-workers showed that

depicted in Figure 8. The plane occupied by the twa-CF " . idati
CO, axial ligands is slightly tilted by ca. 20from the (Mn"{15,25 (Bu-salch)Cl] catalyzed the epoxidation of

idealized perpendicular plane with respect to the plane of 8lkenes with enantioselectivities of up to 98%?¢én this

the Schiff-base ligand. Presumably, in this conformation, any Work, when (R,2R)-6 (2 mol %) was treated with a GEl
unfavorable steric interactions between the;Q®B; axial solution containing 1 equiv of styrene and 1.5 equiv of
ligands and the Schiff-base ligand are kept to a minimum. Ph=O, no epoxidation was found on the basis of GC
Ligand chelation irBa, 3b, 6, 8, 9, and11is found to result analysis. Similarly, no aziridination product was detected by
in a minimal distortion of the Os atom from the calculated either'H NMR spectroscopy or GC analysis for the reaction
least-squares plane of the Schiff-base ligand, with the metalof (1R,2R)-6 (2 mol %) with 1 equiv of styrene and 1.5 equiv
in each complex sitting in the plane of the ligand. For each of Phi=NTs. In contrast, when 1.5 equiv of EDA was slowly
complex, the five-membered chelate ring comprising Os, the added dropwise to a GBI, solution containing styrene (1
two N (_irr_line) atoms, and the bridging C (_cyclohexane) equiv) and (R2R)-6 (1 mol %) at room temperature,
atoms sitin a gagche form, so that the two vicinal C atoms 2-phenyl-cyclopropanecarboxylic acid ethyl ester was fur-
bonded to the bridging C (cyclohexane) are staggered with nished in 50% yield and with a trans/cis ratio of 2.320n

respect to each other. the basis of high-performance liquid chromatography (HPLC
The average OsN (amido) distances if3a and 3b are SIS 'gh-periorma qu! r graphy ( )
1.987 and 1.97 A, respectively. These distances are slightly

longer than that found in [OTp)(NHPh)(CIY] [1.919(6)  (20) Huynh. M. gag&gvggehg;;-: John, K. D.; Meyer, T. Angew.

A],Y7 though similar to that of the ReNHAr bond [1.956- (21) Cabeza, J. A.; Noth, H.; Rosales-Hoz, M. D. J.; Sanchez-Cabrera, G.
(7) Al in [RUV(TTP)(-CI—PhNH)] [Ho(TTP) = meso Eur. J. Inorg. Chem200Q 2327.

. . . ) ) 22) Che, C.-M.; Cheng, W.-K.; Mak, T. C. WChem. C nos
tetrakis(tolyl)porphyrin:® The Os-N (amido) distances in (22) zooe_ end a em. Commuri98s

3aand3b are also longer than the ©8l (imido) distance (23) O'Mahony, C. P.; McGarrigle, E. M.; Renehan, M. F.; Ryan, K. M.;

of 1.775 Ain [O§'(4-CI-TPP)(NBU)2]13b [Ho(4-CI-TPP)= gggrggan, N. J.; Bousquet, C.; Gilheany, D. Grg. Lett. 2001, 3,
(24) (a) Jacobsen, E. N.; Zhang, W.; Muci, A. R.; Ecker, J. R.; Deny L.
(19) Huang, J.-S.; Sun, X.-R.; Leung, S. K.-Y.; Cheung, K.-K.; Che, C.- Am. Chem. Sod991 113 7063. (b) Larrow J. F.; Jacobsen, E.N.
M. Chem—Eur. J.200Q 6, 334. Am. Chem. Sod994 116, 12129.
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Figure 6. Perspective view 06. Hydrogen atoms and solvent molecules have been omitted for clarity. Selected bond lengths (A) and angles (deg):
Os—ClI(1) 2.333(8), Os0O(1) 1.94(2), Os0O(3) 1.996(6), OsO(4) 1.98(6), Os'N(1) 1.994(8), OsN(2) 1.983(8), N(1)-C(7) 1.281(11), N(2rC(22)
1.296(11), CI(1}Os—0O(1) 170.1(9), Cl(1}3O0s—0O(3) 93.0(3), CI(1}Os—N(2) 87.8(3), O(1} Os—O(4) 86.8(11), O(1}Os—N(1) 93.7(12), O(3) Os—

N(1) 93.3(3), O(30Os—N(2) 176.4(3)\8

Figure 7. Perspective view 0B. Hydrogen atoms and solvent molecules have been omitted for clarity. Selected bond lengths (A) and angles (deg):
Os—CI(1) 2.3495(10), OsClI(2) 2.349(1), OsO(1) 1.976(2), Os0O(2) 1.962(2), OsN(1) 1.991(3), OsN(2) 1.997(3), N(1)-C(7) 1.305(4), N(2)C(22)
1.302(4), Cl(1y0s—CI(2) 178.99(3), CI(1)Os—0O(1) 88.26(8), Cl(1)Os—N(2) 91.79(9), ClI(2)-Os—0O(1) 90.74(8), Cl(2yOs—N(1) 91.36(9), N(1y

0Os—0(1) 91.0(2), N(1)Os—0(2) 173.7(1):8

analysis, the enantiomeric excess of the trans product wasany catalytic activity toward alkene cyclopropanation in
determined to be 38% ee whereas that ofdisecyclopro- reaction with styrene and EDA, on the basis of a GC analysis
pane (65% ee) was much higher (Table 6, entry 1). Under of the reaction mixture.

similar conditions, cyclopropanation of a series of styrene A series of competition experiments was performed to
derivatives bearing either an electron-donating or -withdraw- jnvestigate the product ratios of the cyclopropane esters
ing substituent at the para position withR2R)-6 gave the  formed by the reaction of g8sCH=CH, versus that op-X —
corresponding 2gtsubstituted phenyl)-cyclopropanecarbox-  C¢H,CH=CH, (X = MeO, Me, Cl, CR) with EDA in the

ylic acid ethyl ester products in 4%3% yields and trans/  presence of (EDA/alkenep = 200:100:1). The ratios of

cis ratios of up to 2.7:1, along with enantioselectivities of the corresponding cyclopropane esters, defined as the relative
up to 79% ee (entries-25). The results are listed in Table rate constant&y/ky, were determined on the basis of GC

6. A survey of other osmium complexes prepared in this work gpalysis. This gave lokx/ky values of 0.525 (X= OMe),
for similar reactivity showed that neithérnor 7 exhibited 0.24 (X = Me), 0.148 (X= Cl), and —0.40 (X = CF),

. : ; ) which suggested that cyclopropanes derived from alkenes
(25) During preparation of this manuscript, Nguyen and co-workers reported . . . .
a ruthenium(ll) Schiff-base-catalyzed alkene cyclopropanation pro- Substituted with an electron-donating group are more reactive
cedure. See: (a) Miller, J. A.; Jin, W.; Nguyen, SAngew. Chem.,  than styrene, whereas those with electron-withdrawing para
- E?ézc?géénlé ?&?i‘ﬁﬁ{éﬂﬁﬁ oy g?'gglssghgﬁq‘]z'é%agsga"’ substituents retard the carbene group transfer process. Fitting
7884. (by the least-squares method) the logky data to theo™
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Figure 8. Perspective view 0B. Hydrogen atoms and solvent molecules have been omitted for clarity. Selected bond lengths (A) and angles (deg):
Os—0(1) 1.954(5), 0Os0(2) 1.959(5), Os0O(3) 2.025(6), OsO(5) 2.041(6), OsN(1) 2.013(6), OsN(2) 1.998(6), N(1)C(7) 1.295(9), N(2)-C(22)
1.317(10), O(1}Os—0(3) 87.9(2), O(1yOs—N(1) 89.6(2), O(1}-Os—N(2) 168.3(3), O(2)-Os—0(3) 85.1(2), O(3)y0s—0O(5) 167.0(2), N(1) Os—0O(3)
100.3(3), N(1)-Os—0(5) 90.9(3), N(1)-Os—N(2) 81.6(2)*8

Figure 9. Perspective view ofll. Hydrogen atoms and solvent molecules have been omitted for clarity. Selected bond lengths (A) and angles (deg):
Os(1)-1(1) 2.6884(6), Os(1y1(2) 2.6970(6), Os(yO(1) 1.976(4), Os(1yO(2) 1.981(4), Os(EyN(2) 1.998(5), Os(1}rN(1) 1.999(5), N(1)}-C(7) 1.318-

(7), N(2)—C(20) 1.304(7), O(EyOs(1)-1(1) 88.23(11), N(2)-Os(1)-1(1) 89.10(13), (1} Os(1)}-1(2) 177.37(2), O(1)Os(1)-0O(2) 96.70(17), N(2)Os-
(1)—N(1) 83.0(2)'8

scale results in reasonable linearify € 0.95), with ap™ treatment of 1 mmol of (&,2R)-6 with EDA (0.2 mmol) in
value of —0.66 & 0.09 (see the Supporting Information).  CH,ClI, (5 mL) over an 18 h period at room temperature by
Although the mechanism is currently unclear, it would not FAB mass spectrometry revealed a cluster of peaks with
be unreasonable to speculate that the reaction occurs via the
initial formation of a metallocarbenoid intermediate that has (26) (a) Woo, L. K.; Smith, D. AOrganometallics1992 11, 2344. (b)

i iog i Smith, D. A.; Reynolds, D. N.; Woo, L. KI. Am. Chem. Sod 993
been shown or prpposed to be a reactive spe80|es in a number 115 2511, (¢) Walf. J. R.: Hamaker, C. G.. Djukic. P+ Kodadek,
of related ruthenium and osmium systethig® Although T.: Woo, L. K. J. Am. Chem. Sod.995 117, 9194.
attempts to isolate such osmium-carbene species proved?27) F':OF rggggt E%\fezv;i s?be): I_(ak)) Clha, CM-M.; Huarjlg,Fﬁﬁ&rcil_- Chemc-

. . 29 (S78 . epel, H.; arcoux, J.-rF.; olinaro, C.]
unsuccessful with either BBN,* or EDA as a carbene Charette, A. BChem. Re. 2003 103 977. (c) Maas, GChem. Soc.

source, analysis of the reaction mixture obtained from the Rev. 2004 33, 183.
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Table 5. Crystal Data and Structure Refinement for Comple3as3b, 6, 8, 9, and 118

3a-1.5CHC} 3b 6
formula QszaBI’4NaOsOS‘1.5CHCh C34HzeBI’4NGOZOS QeHszClNzOgOS
Mg 1279.50 1060.46 786.45
ATA] 0.71073 0.71073 0.71073
T[K] 253 294 301
cryst syst monoclinic orthorhombic monoclinic
space group P2i/n P212,2; P2:/n
a[A] 12.574(3) 12.9219(16) 18.688(2)

b [A] 17.4000(4) 17.563(2) 11.941(1)

c[A] 19.254(4) 18.195(2) 20.078(2)

o [deg] 90 90 90

p [deg] 104.25(3) 90 94.43(2)

y [deg] 90 90 90

VI[A3 4082.9(16) 4129.3(9) 4467.1(8)

z 4 4 4

peacid[Mg M9 2.082 1.772 1.169

w(Mo Ka) [mm=1] 7.384 6.997 2.943

F(000) 2446 2104 1596

index ranges —-13<h< 14, —-16<h <16, —22<h=<22,
—19=< k=19, —22=< k=22, —13< k=12,
—21<1=<21 —23<1<16 —23=<1=<23

reflns collected 19063 28099 22173

independent reflns 5921 9438 7467

refinement method

full-matrix least-squaresrén

full-matrix least-squares of?

full-matrix least-squares of?

params 312 478 406
GOF 0.94 1.01 1.09
final Rindices | > 20(1)]2 Ry =0.051,wR, = 0.12 R!= 0.039,wR, = 0.077 R!=0.059,WwR, = 0.2
largest diff. peak:hole [eA] 1.346/-1.879 0.940f0.522 1.3081.29
8 9 11
formula GeH 52CI2N 20,08 CioH54FsN2060s GeHs2l oN20O,0s
Mg 805.90 963.05 988.80
2TA] 0.71073 0.71073 0.71073
T[K] 294 293 301
cryst syst triclinic triclinic orthorhombic
space group Py P1 Pbca
a[A] 12.1571(11) 12.681(3) 12.522(3)
b [A] 13.3553(12) 14.074(3) 24.059(5)
c[A] 13.3721(12) 14.727(3) 26.455(5)
o [deg] 69.7 67.2 90
f [deg] 81.066(2) 72.51 90
y [deg] 71.178(2) 85.65 90
VA3 1925.4(3) 2308.3(9) 7970(3)
z 2 2 8
Pcacid[Mg m~3] 1.390 1.386 1.648
u(Mo Ka)) [mm™] 3.481 2.828 4.779
F(000) 816 972 3840
index ranges —15< h <15, —14<h< 14, —13<h=13,
—-17< k=16, -16< k=17, —27<k=28,
-14=<1=17 -17=<1=17 —30=<1=<25
reflns collected 13050 12321 21005
independent refls 8735 6928 5956

refinement method

full-matrix least-squaresFén

full-matrix least-squares off?

full-matrix least-squares of?

params 389 484 383

GOF 0.81 1.0 0.50

final Rindices | > 20(1)]2 R; = 0.045wR, = 0.11 R; = 0.044,wR,=0.11 R; = 0.028,wR, = 0.056
largest diff. peak:hole [e2] 1.059-0.933 0.851+1.617 0.7244-0.584

3Ry = Z|/Fo| — |FlI/Z|Fol; WRe = [SW(|/Fol — [Fel)2|/Zw]|Fo|?]Y2.

values centered at/z 821 and 907 that match the respective formulations. Analysis of the FAB mass spectrum also
[Os(Bu-salch)(CHCGEL)] and [Os{Bu-salch)(CHCGEL),] showed cluster peaks with values centeredvat752, 767,
769, and 786 that could be assigned to [Bg{salch)(OH)],
(28) For works by us, see: (a) Lo, W.-C.; Che, C.-M.; Cheng, K.-F.; Mak, 1la, 7, and (IR,2R)-6, respectively. However, FAB mass
Iég-;’V._-Vﬂ‘?_ri’j-YC.;OIT;TLfrr"l_g?;ZKlvfgr?é’(‘a'_Cl_h;e'Tghg”'-,;t'F“"'j‘rl‘_ge*eJ’-ﬁ:j spectrometric analysis of isolated fractions obtained from
S.; Lo, W.-C.; Peng, S.-M.; Zhou, Z.-YI. Am. Chem. SoQ001, purification of the crude reaction mixture by column chro-
é%%ﬁ]luln% é(% Lliégz-:_(lz*hueanqg,cgﬁrguzrgggé éb_gé; %‘ez r?dhm(r:‘e-r?'- matography showed a marked decrease in the intensity of
’ ' y 03. (e the signal at/z 821, assigned to [O§u-salch)(CHCG
Et)], the complete disappearance of theéz 907 signal

Chan, P. W. H.; Yu, W.-Y.; Che, C.-M5ynthesi®003 9, 1403. (e)
Zhang, J.-L.; Chan, P. W. H.; Che, C.-Metrahedron Lett2003 44,
8733. (f) Zhou, C.-Y.; Yu, W.-Y.; Chan, P. W. H.; Che, C.-N.
Org. Chem2004 69, 7072. (g) Li, Y.; Chan, P. W. H.; Zhu, N.-Y.;
Che C.-M.; Kwong, H.-L.Organometallic2004 23, 54.

(29) Miller, J. B.J. Org. Chem1959 24, 560.
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Table 6. [OsV{1R,2R}(‘Bu-salch)(OH)(CI)] 6) Catalyzed Cyclopropanation of Alkenes with EDA

entry alkene product yield®/(conversion)® (%) transicis®  trans (% ee)®  cis (% ee)’

CO,Et 50(37) 2.1:1 38 65

g
)

COEt 49 (25) 2.0:1 31 50
Me

:
4

A CO,Et
3 /©/\ @A 5127) 2.0:1 2 50
MeO MeO
X
4 D/\ /@AC%B 67 (16) 2.7:1 35 52
Cl
Cl
S
5 /©/\ /OAcozEt 43 (23) 2.4:1 37 79
Br

Br

aReaction conditions: catalyst/styrene/EBA1:100:150; CHCIy; 40 °C; EDA; addition over 10 h and stirring for 24 hlsolated yield based on the
amount of alkene consumetDetermined by GC analysis with tribromobenzene as an internal starfdaedermined by analytical GC columfDetermined
by HPLC using chiral OJ column. In addition to the cyclopropane adduct, diethyl fumarate and diethyl maleate were obtained as side productddbut the yi
of these latter compounds were not determined.

assigned to [O#8u-salch)(CHCGEL),], and the appearance selectivity. When treated with EDA, RI2R)-6 was shown
of a cluster of peaks centered iz 1522 that could be to catalyze alkene cyclopropanation with moderate trans
assigned tog-O-{ Os(Bu-salch)Q]. In addition, the forma- selectivity and moderate to good enantioselectivities. Our
tion of diethyl fumarate was detected By NMR spectros- studies lead us to speculate that EDA decomposition in the
copy in monitoring the reaction of 18mol of (1R,2R)-6 presence of [B,2R)-6 gives a metallocarbenoid intermediate
with EDA (1.2 umol) in CDCk (1 mL) over a 10 h period  that undergoes carbene transfer via a carboradical species
at room temperature (see the Supporting Information). Thus,that cyclizes to give the cyclopropane. Product formation
the inability to isolate the osmium-carbenoid species in the was shown to occur more quickly for reactions derived from
pure form could be due to its instability; similar observations alkenes substituted with an electron-donating group compared
in related ruthenium and osmium systems have previouslyto those derived from electron-withdrawing substituted
been reported? 28 alkenes.
Conclusion Experimental Section

In this article, we describe the synthesis thns
dioxoosmium(VI) containing sterically bulky Schiff-base General Consi_derations.3,5-Di-tert—butyI-2-hydroxybenzaIde-
complexes. The reactions @& with PPh were shown to Eyde (99%; _Aldnchg,t.rans (£)-(IR2R)- a;wo! (1529-1,2-cyclo-
give a complex mixture of products, but the analogous exanediamine (99%; Aldrich), O$@39.8%; Aldrich), 4-nitroa-

. . . . . niline (99%t+; Aldrich), 4-chloroaniline (98%; Aldrich), and 1,1-
reaction .Oflb with F.’PQ furnished2. In_ add|t_|on, rea(_:tlons diphenylhydrazine hydrochloride (97%; Aldrich) were all purchased
of 1b with arylamines gave the bis(amido)osmium(lV)

X . : and used as received. All of the solvents used were of AR grade.
Schiff-base complexes3a and 3b in moderate yields.  k,j0s/10,(OH), was prepared following the literature procedéfte.
Reaction ofLawith p-nitroaniline is the only example where  Bis(3,5-ditert-butylsalicylidene)-1,2-cyclohexane-diamine;(Bu-
the u-oxo-bridged Os(IV) Schiff-base comple® was salch) and bis(3,5-dibromosalicylidene)-1,2-cyclohexane-diamine
preferentially furnished. With hydrazine compounds, the (H,Br-salch) were prepared from the reaction of 3,3ait-butyl-
expected bis(hydrazido)osmium(IV) Schiff-base complexes 2-hydroxybenzaldehyde or 3,5-dibromo-2-hydroxybenzaldehyde
were not obtained. These reactions preferentially furBish ~ With 1,2-cyclohexanediamine in ethanol (2:1), respectively.
6, and7 in good yields. Reaction afa with either thionyl Instrumentation. *H NMR spectra were recorded on either a
chloride, trifluoroacetic acid, bromine, or iodine under Bruker bPX 300 ora Bruker DPX 400 spectrometer at 300 or 400
reducing conditions, on the other hand, gave the expectedHZ: The chemical shifts&, ppm) were reported relative to
0s(IV) complexe—11in good yields:H NMR spectros- tetramethylsilane (TMS). _IR spectra were measured on a Bio-Rad
: FT-IR spectrometer. UVvis spectra were recorded on a Hewlett-
copy and X-ray crystallographic analyses reveal that the

” . A . Packard 8452A Diode Array spectrophotometer. FAB mass spectra
ligands in these complexes form a chiral environment around yere measured on a Finnigan MAT 95 mass spectrometer using

the metal center. Upon UV irradiation, $25)-1 was 3-nitrobenzyl alcohol as the matrix. HPLC measurements were
demonstrated to undergo light-induced epoxidation with a
series of alkenes in moderate yields, albeit with no enantio- (30) Malin, J. M.Inorg. Synth 198Q 20, 61.
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carried out on a HP 1050 Series HPLC. Cyclic voltammetry was
performed with a Bioanalytical Systems (BAS) model 100 B/W

electrochemical analyzer. A conventional two-compartment elec-

[u-O-{[Os" (‘Bu-salch)](-NO,CsHsNH)} ;] (4). Yield: 50%.
Anal. Calcd for G4H11/NgO0s05+2(CH3),CO: C, 57.61; H, 6.77;
N, 5.97. Found: C, 57.93; H, 6.52; N, 5.82. IR (Nujol, ch wny

trochemical cell was used. The glassy carbon electrode was polished3287. FAB MS: m/z 1761 [M + H]*, 1624 [M — p-NO,CeHy-

with 0.05 mm alumina on a microcloth, sonicated for 5 min in
deionized water, and rinsed with MeCN before use. An Ag/AgNO

NH]Jr, 1487 [M— 2(p-NOzC6H4NH)]+, 889 [M — p-NO,CeH4NH
— {Os(Bu-salch}]*, 751 [M — 2(p-NO,CsHsNH) — {Os(Bu-

(0.1 M in MeCN) electrode was used as the reference electrode.salch}]*, 735 [M — 2(p-NO,CsH,NH) — [Os(Bu-salch)]— O]*.

All of the solutions were degassed with argon before the experi-

[Os! (Br-salch)(N2)(H20)] (5). To a DMF (10 mL) solution

ments.Ey; values were taken from the average of the cathodic and containing 1b (20 mg) was added several drops of hydrazine
anodic peak potentials for the oxidative and reductive waves. The monohydrate. The reaction mixture was stirred at room temperature

E1» value of the ferrocenium/ferrocene couple §Eg7°) measured
in the same solution was used as an internal reference.

General Procedure for the Synthesis of Dioxoosmium(VI)-
(Schiff-Base) Complexes 1A few drops of HCI (2M) was slowly
added to a mixture of JOs"'O,(OH),] (100 mg, 0.27 mmol) and
either HBr-salch or HtBu-salch (100 mg, 0.18 mmol) in MeOH
(25 mL). The mixture was then stirred for several minutes. Upon
the addition of 2,6-lutidine (0.1 mL), an orange solid was observed
to slowly precipitate. The crude product was recrystallized by the
diffusion of EbO into a solution of CHCls.

[OsV!(‘Bu-salch)Qy] (1a).Yield: 70%. Anal. Calcd for ggHsoN,O4-

Os: C,56.37; H, 3.65; N, 6.38. Found: C, 56.20; H, 3.89; N, 7.01.
IH NMR (300 MHz, CDC}): ¢ 8.38 (s, 2H), 7.66 (d, 2H] = 2.6
Hz), 7.14 (d, 2HJ = 2.6 Hz), 3.98 (m, 2H), 3.81 (m, 2H), 2.04
(m, 2H), 1.73 (m, 2H), 1.58 (s, 18H), 1.48 (m, 2H), 1.32 (s, 18H).
IR (KBr pellet, cnT?): 1636, 15334500y 833. FAB MS: m/z
767 [M]*, 751 [M — O]*, 735 [M — 20]*.

[OsV!(Br-salch)O;] (1b). Yield: 65%. Anal. Calcd for GoHie
BrsN»,O40s: C, 27.99; H, 1.88; N, 3.26. Found: C, 27.50; H, 1.92;
N, 3.10. IR (KBr pellet, cm?): 1642, 1581 vas0s0) 841. FAB
MS: m/z 858 [M]*, 842 [M — O], 826 [M — 20]".

[Os" (Br-salch)(OPPhs);] (2). A solution of MeCN (20 mL)
containinglb (86 mg, 0.1 mmol) and PRI262 mg, 1 mmol) was

stirred for 24 h. The reaction mixture was filtered and evaporated

for 10 min, quenched with water (40 mL), filtered, and concentrated
in vacuo to afford a light green solid. The crude product was
recrystallized by slow diffusion of ED into a CHC} solution.
Yield: 50%. Anal. Calcd for ggH1gBrsN,0O:0s2CHCEL: C, 23.78;

H, 1.81; N, 5.04. Found: C, 23.62; H, 2.20; N, 5.19. IR (KBr pellet,
cmY): vy=ny 2017,vc—y 1638.

[OsV(1Bu-salch)(OH)(CI)] (6).18 A solution of 1,1-diphenylhy-
drazine hydrochloride (220 mg, 1 mmol) and KOH (90 mg, 1.4
mmol) in CH,CI, (20 mL) was stirred for 1 h. Compleka (40
mg, 0.05 mmol) was added to the resulting brown mixture, and
the reaction was stirred for 1 further day at room temperature. The
brown solution was observed to turn green after evaporation to
dryness. The green residue was loaded on a silica gel column, which
was first eluted with CELCl,/n-hexane (1:1 v/v) to remove the brown
band. The green band was eluted with 3% MeOH in,Chl to
give 6. Yield: 80%. Anal. Calcd for gsHs3CIN,Os050.5GH 14
C, 56.40; H, 7.28; N, 3.37. Found: C, 56.07; H, 7.26; N, 31p4.
NMR (300 MHz, CDC}): 6 10.58 (d, 1HJ = 2.4 Hz), 10.37 (d,
1H,J = 2.4 Hz), 9.38 (s, 1H), 8.30 (s, 1H), 6.99 (d, 1H= 2.5
Hz), 6.81 (d, 1HJ = 2.5 Hz), 2.86 (m, 1H), 2.61 (m, 1H), 2.32 (s,
9H), 2.29 (s, 9H), 1.27 (m, 2H), 0.85 (m, 6H), 0.57 (s, 9H), 0.39
(s, 9H). IR (Nujol, cnTY): von 3533. FAB MS: m/z 788 [M +
H]*, 771 [M — OH]*, 753 [M — CI]*, 735 [M — CI — OH]*.

[OsV (‘Bu-salch)(OH),] (7). This compound was prepared fol-

to dryness. The brown solid obtained was recrystallized from a lowing the procedure of but with NEg as the base. Yield: 60%.

solution of CHCI, and EO to give the title compound. Yield:
70%. IR (Nujol, chl): V(P—Ph) 1420,V(p_ph) 1155,V(o=p) 1121,
ve-pn) 1066. FAB MS: n/z 1382 [M + H]*.

General Procedure for the Synthesis of Bis(arylamido)-
osmium(lV) Complexes 3a, 3b, and 4To a solution ofl (40
mg, 0.05 mmol) and arylamine (128 mg, 1 mmol) in £ (20
mL) was added one drop ofN4-H,O. The mixture was stirred

Anal. Calcd for GgHs4N,O4Os: C, 56.22; H, 7.08; N, 3.64.
Found: C, 56.77; H, 7.37; N, 3.584 NMR (400 MHz, CDC}):
0 8.30 (d, 2HJ = 1.9 Hz), 6.41 (d, 2H) = 2.4 Hz), 5.35 (s, 2H),
3.17 (m, 2H), 1.91 (s, 18 H), 1.69 (m, 2H), 1.28 (s, 18H), 1.12 (m,
4H), —0.07 (m, 2H). IR (KBr pellet, cml): von 3557, 1595, 1524.
FAB MS: m/z 769 [M]*, 752 [M — OHJ*, 735 [M — 20H]*.

[Os" (‘Bu-salch)Ch] (8).1 Complexla (100 mg, 0.13 mmol)

for 24 h at room temperature. The resulting green solution was was dissolved in CkCl, (15 mL), and one drop of M,-H,O was

evaporated to dryness. The solid was dissolved in@4which
was purified on a silica gel column with GEI, as an eluent. The
second green band was eluted with £LH/acetone (2:1 v/v),

subsequently added. Excess SO@.1 mL) was slowly added,
and the reaction mixture was stirred overnight. The resulting green
solution was evaporated to dryness. The residue was loaded on an

collected, and evaporated to dryness to give the title compound asalumina column with CECI, as an eluent. The green band was

a green solid.

[Os"Y (Br-salch)(p-NO,CegH4NH),] (3a).18 Yield: 30%. Anal.
Calcd for GoH,6BrsNeOsOs2CHCL: C, 32.85; H, 2.27; N, 6.76.
Found: C, 33.01; H, 1.90; N, 6.984 NMR (300 MHz, acetone-
de): 6 9.38 (s, 2H), 8.02 (m, 4H), 7.86 (d, 2H,= 2.4 Hz), 7.53
(d, 2H,J = 2.4 Hz), 6.92 (m, 4H), 3.92 (m, 2H), 2.240.86 (m,
8H). IR (Nujol, cnm?): vy 3290. FAB MS: mvz 1101 [M+ H]™,
963 [M — p-NO,CgH4NH]+, 826 [M — 2(p-NO,CsHsNH)] "

[OsV (Br-salch)(p-CNCgH4NH);] (3b).18 Yield: 30%. Anal.
Calcd for G4H26BraNeO.0s2.5CHCl,: C, 34.44; H, 2.45; N, 6.60.
Found: C, 34.53; H, 2.24; N, 6.694 NMR (300 MHz, acetone-
de): 09.23 (s, 2H), 7.77 (d, 2H] = 2.5 Hz), 7.52 (d, 2H) = 2.5
Hz), 7.46 (d, 4HJ = 9.0 Hz), 7.08 (m, 4H), 4.00 (m, 2H), 3.31
(m, 2H), 2.19 (m, 4H), 1.68 (m, 2H). IR (Nujol, cth): vnu 3296,
veen 2207. FAB MS: m/z 1060 [M]", 943 [M — p-CNCgH4NH] ™,
826 [M — 2(p-CNCgHNH)]*.

collected and concentrated te-2 mL. The addition ofn-hexane
gave a green solid. Crystals @fwere obtained by slow diffusion
of EO into a CHCI, solution. Yield: 70%. Anal. Calcd for
C3gHs5:NoCl,0O,0s: C, 53.65; H, 6.50; N, 3.48. Found: C, 54.02;
H, 6.32; N, 3.881H NMR (300 MHz, CDC}): ¢ 16.44 (s, 2H),
12.43 (d, 2HJ = 2.1 Hz), 8.04 (d, 2HJ = 2.4 Hz), 4.94 (m, 2H),
2.37 (s, 18 H), 1.99 (m, 2H), 0.15 (m, 4H}0.21 (s, 18H)—1.27
(m, 2H). IR (KBr pellet, cnt?): 1584. FAB MS: vz 807 [M +
H]*, 772 [M — CI]*, 735 [M — 2CI]*.

[OsV (‘Bu-salch)(CRCO,);] (9).18 To a solution ofla (78 mg,
0.1 mmol) was added GEOH (16 mL) and PPk (150 mg) in
tetrahydrofuran (THF; 20 mL). The reaction mixture was heated
for 1h. Upon cooling to room temperature and removal of the
solvent, the residue was dissolved in £y and purified by silica
gel chromatography with Cil, as an eluent. The first band was
collected and evaporated to dryness to give the title compound as
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a green solid. Yield: 40%. Anal. Calcd fors8154FsN.OsOs
0.25GH.4 C, 50.62; H, 5.89; N, 2.85. Found: C, 50.74; H, 5.75;
N, 2.64.'H NMR (300 MHz, CDC}): 6 14.07 (s, 2H), 10.40 (d,
2H,J = 2.4 Hz), 7.56 (d, 2HJ = 2.4 Hz), 6.31 (m, 2H), 2.31 (m,
2H), 1.96 (s, 18H), 0.70 (m, 2H), 0.42 (m, 2H), 0.34 (s, 18H),
—0.01 (m, 2H). IR (Nujol, cm?): vc—o 1711. FAB MS: m/z 963
[M]+, 850 [M — CFsCO4] ", 735 [M — 2(CRCO,)]".
[OsV(‘Bu-salch)Br;] (10). To a solution ofla (78 mg, 0.1 mmol)
in anhydrous THF (20 mL) was added 2 drops oFi}H,O. After
the reaction mixture was stirred for 20 min at room temperature,
two drops of Bg solution was added. The reaction was stirred for

Zhang et al.

program on a PC. In all cases, graphite monochromatized Mo K
radiation ¢ = 0.71073 A) was used.

Procedure for Photoinduced Oxidation of Alkenes by [O¥'-
{1S,2S} (‘Bu-salch)O)] (1a). A CH,Cl,/MeCN (2:1 v/v, 150 mL)
solution containing ($,29)-1a (65 umol) and alkene (6.5 mmol)
was placed in a photochemical reactor (Rayonet RPR-100) and
irradiated with an array of 16 low-pressure mercury arc lamps (RPR-
2537) for 24 h. After evaporation of the reaction mixture to dryness,
product yields were determined by GC using an analytic column
with tribromobenzene as an internal standard. IR #4dNMR
spectroscopy were used to determine the organic and inorganic

1 further day. The resultant green solution obtained was evaporatedproducts obtained.

to dryness and loaded on a silica gel column, which was eluted

with CH,Cl; to isolate the green band and furnish the title compound
as a green solid. Yield: 50%. Anal. Calcd foseHs,N,O,Br,Os
0.5CHCL,0.25GH14 C, 47.61; H, 5.95; N, 2.92. Found: C,
47.63; H, 6.09; N, 2.922H NMR (400 MHz, CDC}): 6 19.31 (s,
2H), 13.07 (s, 2H), 8.44 (s, 2H), 6.49, 2.46 (s, 18H), 2.00 (m, 2H),
0.08 (m, 2H),—0.27 (s, 20H)~1.49 (m, 2H). IR (KBr pellet, cm")
1583. FAB MS: mVz894 [M]*, 815 [M — Br]*, 735 [M — 2 Br]*.
Synthesis of [O¥ (‘Bu-salch)l,] (11).28 To a solution ofla (78
mg, 0.1 mmol) in anhydrous THF (20 mL) was added 2 drops of
NoH4H,0. After the reaction mixture was stirred for 20 min at
room temperature; (100 mg) was added. The reaction was stirred

for 1 further day. The resultant brown solution was evaporated to

dryness and loaded onto a silica gel column. Exceas$ removed
by eluting with n-hexane, and C}Cl, was used as an eluent to

Procedure for [OsV{1R,2R}(‘Bu-salch)(OH)(CI)] (6) Cata-
lyzed Cyclopropanation of Alkenes with EDA.A solution of EDA
(1.5 mmol) in CHCI, (5 mL) was added dropwise to a solution of
alkene (1 mmol) and ®2R)-5 (0.01 mmol) in CHCI, (5 mL)
over a 10 h period at room temperature under an argon atmosphere.
The mixture was then stirred for an additional 24 h. After
purification by flash chromatography on a short column of silica
gel, substrate conversion and the ratidrahs- to cis-cyclopropyl
esters were determined by GC using an analytic column with
triboromobenzene as an internal standard. Further purification of the
cyclopropyl esters was carried out by column chromatography on
silica gel withn-hexane/EtOAc (20:1 v/v) as an eluent.
Competitive Cyclopropanations Catalyzed by (R,2R)-6. In
a typical experiment, equimolar amounts of each alkene (1.5 mmol)
and (IR,2R)-6 (0.015 mmol) were dissolved in GBI, (2 mL) at

isolate the brown band and furnish the title compound as a brown room temperature. A solution of EDA (0.3 mmol) in g1, (1

solid. Yield 80%. Anal. Calcd for &Hs,N-0,1,050.4GHq14 C,
44.97; H, 5.67; N, 2.73. Found: C, 44.91; H, 5.72; N, 2.84.
NMR (400 MHz, CDC}): ¢ 22.15 (s, 2H), 13.71 (s, 2H), 8.81 (s,
2H), 8.35 (m, 2H), 2.56 (s, 18H), 1.99 (d,= 3.0 Hz, 2H), 1.49
(m, 2H), 0.31 (s, 20H);-1.89 (m, 2H). IR (KBr pellet, cm?) 1578.
FAB MS: myz 990 [M]*, 863 [M — 1], 735 [M — 2I]*.

X-ray Crystallography. Crystals of3a and 3b were obtained
by slow diffusion of CHC} into acetone solutions of eith&a or
3b, whereas those @, 8, and9 were obtained by slow diffusion
of n-hexane into CHGlIsolutions of eithe6, 8, or 9, respectively,
and those ofl1 was obtained by slow diffusion of # into a CH-
Cl, solution containindL 1.8 For 3b and8, the data were collected
on a Bruker SMART CCD diffractometer by employing a crystal
of the dimensions 0.2% 0.14 x 0.12 mn? at 294 K and 0.20«
0.14x 0.12 mn? at 294 K, respectively. The structures were refined
by full-matrix least squares using the SHELXL39program. For
the other four complexes, data collection was made on a MAR
diffractormeter by using a crystal of the dimensions of 0x40.20
x 0.10 @a-1.5CHCE, at 253 K), 0.50x 0.20 x 0.20 @, at 301
K), 0.50 x 0.30 x 0.25 mnd§ (9, at 293 K), and 0.50«< 0.12 x
0.08 mm (1, at 301K). The images were interpreted and the
intensities integrated by using the program DENZOhe structures
were solved by direct methods by employing the SHELX$:97

(31) Sheldrick, G. MSHELXL97. Programs for Crystal Structure Analysis,
release 97-2; University of Goettingen: Goettingen, Germany, 1997.

(32) Otwinowski, Z.; Minor, W. “Processing of X-ray Diffraction Data
Collected in Oscillation Mode”Methods in Enzymology, Macromo-
lecular Crystallography, Part ACarter, C. W., Sweet, R. M., Jr., Eds.;
Academic Press: New York, 1997; Vol. 276, pp 3(B26.
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mL) was added ovea 6 hperiod. The cyclopropane esters obtained
were analyzed by GC spectroscopy.
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