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Metal complexes of salen (ethylenediamine bridged) and related °
ligands such as salophem-ghenylenediamine-bridged) have
occupied a central role in the development of coordination
chemistry for over half a century. The catalytic chemistry of these
complexes is of particular importance in recent years, especially
in the area of catalytic oxidation. The ability of salen to stabilize
high oxidation states and the ease of systematic variation of its
steric and electronic properties have led to the development of
catalysts that are particularly effective for the epoxidation of
several important classes of olefih$.The aziridination of alkenes
is another important reaction effected by nitridomanganese(V)
salen complexe$sAlthough coordinated salen and salophen are
susceptible to hydrolysis, the reactions are usually slow unless
under strongly acidic or basic conditions. It is generally believed
that the hydrolysis is initiated by nucleophilic attack at the imine
function; however, no such intermediates have been isolated an
characterize@8 We report here the first structurally characterized
complexes formed from remarkable nucleophilic addition of CN
(2, 3), H (4), and CRC(O)CH,~ (5) to a salophen ligand
coordinated to nitridoosmium(VI). Our results suggest that
nucleophilic attack at salen and salophen coordinated to a high-
valent metal center could be very facile.

The syntheses of compoungs 5 are outlined in Scheme™.
They are all stable to air and water and have been characterize
by 'H NMR, IR, elemental analysis, and electrospray mass
spectrometry (ESMS). Compoun8s5 have also been character-

ized by X-ray crystallography, and they are all found to be racemic
mixtures. The orange compl@is formed within minutes at room
temperature by treatment @fwith a few equivalents of KCN in
CH30H. In theH NMR the two equivalent HC=N— protons
in 1 resonate as a singlet@t9.87 ppm, while ir2 this becomes
two singlets at 9.81 and 6.96 ppm, which are assigned to the
H—C=N-— proton and the HC(CN)-N— proton, respectively.
Treatment of2 with 4-tert-butylpyridine in CHOH/CH,Cl,
produced the orange-red add®&;tand the X-ray structure is
shown in Figure Z.It indicates the addition of a CNto one of
the imine carbons of the salophen ligand. Notably the reaction is
stereospecific, the cyano group is addgdto the nitrido ligand.
This suggests that the electrophilic nitrido ligand may play a role
Ojn directing the attack of the cyanide. In thid NMR of 3, the
C(14)—H proton resonates as a singlet at 6.97 ppm, consistent
with the presence of a single stereoisomer. The resulting cyano-
salophen ligand is trianionic with N(3) bearing a formal negative
charge. This is evidenced by an -€4(3) distance of 1.965 A
shorter than the GsN(2) distance of 2.029 A. That the carbon
bearing the cyano group, C(14), becomesisgvidenced by the
N(3)—C(14)-C(15) bond angle of 115%@as compared with the
d\l(Z)—C(Y)—C(G) angle of 126.5 The C(14)-N(3) bond length

of 1.447 A is also of single-bond nature and is substantially longer
than the C(73-N(2) imine bond length of 1.302 A. The &N
bond is rather short (1.622 A), but the-E¥(4-tert-butylpyridine)
* Author for correspondence. Email: bhtclau@cityu.edu.hk. Fax: (852)2788 bond is rather long (2.544 A), indicating a largansinfluence

A, Uriversity of of the nitrido liganc®
3 %'}Z Bﬂ:&g{:}% 8f Hgﬂg ﬁgﬂg: 1 reacts rapidly with 1 equiv of KOH in methanol or 2-propanol
8 National Taiwan University. at room temperature to produdeas dark red crystals in 63%
(1) (8) Jacobsen, E. N. l@atalytic Asymmetric Synthesijima, I., Ed.; yield, and the X-ray structure is shown in Figuré®2t reveals a
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igtgégySiS lgigcg;fOH, E.N., Pfaltz, A, Yamamoto, H., Eds; Springer: Berlin |igand of 1. The resulting ligand becomes trianionic with N(5)
; pp - : - -
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Mol. Catal. 1996 113 87. bond length of 1.938 A shorter than the-€(6) bond length of
(3) (a) Samsel, E. G.; Srinivasan, K.; Kochi, J.XAm. Chem. S04985 2.025 A. C(27) becomes %pwith a N(5)-C(27)-C(26) bond
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(4) (@) Mahy, J.-P.; Bedi, G.; Battioni, P.; Mansuy,DChem. Soc., Perkin compared with the N(6)C(34)—C(35) angle of 125.3and the
Trans. 21988 2, 1517. (b) Du Bois, J.; Hong, J.; Carreira, E. M.; Day, M. N(6)—C(34) of 1.308 A. In the'H NMR the two inequivalent
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(d) Du Bois, J.; Tomooka, C. S.; Hong, J.; Carreira, E.A¢c. Chem. Res. 5.14 ppm. When 2-propanol was used as the solvent to prepare

1997 30, 364. (e) Minakata, S.; Ando, T.; Nishimura, M.; Ryu, |.; Komatsu,

M. Angew. Chem., Int. EA998 37, 3392. (f) Ho, C. M.; Lau, T. C.; Kwong, (8) Crystal data fo3, OsQNsCssHs7 (3-OEL): mol wt 753.89, triclinic,
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in the Supporting Information. 3.3%, GOF= 1.59.
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addition is reversed compared to that of cyanide. This suggests a
mechanism involving intramolecular attack by coordinated hfacac
(Scheme 2}? followed by insertion of a carbonyl group into an
Os—0 bond, and subsequent addition of §£H to produce
CRCOOCH;. The presence of GEOOCH; in the reaction
Figure 1. ORTEP diagram oB. Selected bond lengths (&) and bond mixture was confirmed by GEMS.

angles (deg): OsO(1) 2.017(3), OsO(2) 1.971(3), OsN(1) The modified salophen complex2s-5 readily decompose to
1.622(4), Os-N(2) 2.029(3), OsN(3) 1.965(3), OsN(5) 2.544(4), the original salophen complex in the gas phase, as revealed by
C(14)-N(3) 1.447(5), C(7rN(2) 1.302(5), N(3)C(14)-C(15) electrospray mass spectrometry (Supporting Information).
115.6(3), N(2)-C(7)—C(6) 126.5(4). There is a rich redox chemistry of electrophilic osmium nitrido

complexes such as [Os(terpy)NEi! and [TpOsNC]]; in many
cases redox reactions are initiated by nucleophilic attack at the
nitrido ligand41> Although bulky nucleophiles such as BPh
readily attack the nitrido ligand df (k, = 2.53x 10* M~1s™! at
25.0°C in CHsCN) to produce the corresponding osmium(1V)
phosphoraniminato compléqur studies here show that for less
bulky nucleophiles attack at an imine carbon of the salophen
ligand is more facile. Nucleophilic addition to salen-type osmium-
(VI) nitrido complexes was also found to occur, although the
reaction is slower and more complicated. A NMR study of the
Figure 2. ORTEP diagram off. Selected bond lengths (A) and bond  reaction of [Os(salchda)(N)CI] (salcheaN,N-bis(salicylidene)-

angles (deg): 0OsO(3) 1.960(6), OsO(4) 2.000(5), OsN(4) 1.630(7), trans-1,2-diaminocyclohexane dianion) with a few equivalents of
Os—N(5) 1.938(6), Os-N(6) 2.025(6), N(5)-C(27) 1.445(9), N(6;C(34) KCN in CD;OD at room temperature indicated an initial decrease
1.308(10), N(5)-C(27)-C(26) 117.2(6), N(6) C(34)-C(35) 125.3(8). in intensity of the imine protons peaks, consistent with nucleo-
- philic attack of CN* at an imine carbon. However the NMR
e spectrum gradually became broader and more complicated,
[y s suggesting a parallel reaction involving the addition of Cid
o ol 1 the nitrido ligand of the diamagnetic osmium(VI) complex to
) SO produce a paramagnetic osmium(IV) cyanoimido complex. The
):%:O /5‘4 con facile reaction of CN with [Os”'(tpy)(N)Cl]PFs to produce [O¥-
' @@g’{/ / (tpy)(NCN)Ch] has recently been reportétf.
= (LS Our studies suggest that nucleophilic addition to salophen and
\6 @cm} salen coordinated to a high-valent metal center could be very
cmg\ facile. One of the reasons for the low turnovers of most (salen)-
@3 @ manganese epoxidation catalysts could be due to attack at the
R 7 e Py (salen)manganese(V) oxo intermediates by nucleophiles in the
&2 reaction mixture; hence, suitable modifications of the salen ligand

to inhibit attack at the imine carbons could increase the lifetime

Figure 3. ORTEP diagram ob. Selected bond lengths (A) and bond of the epoxidation catalysts.

angles (deg) Os(1HO(1) 2.004(6), Os(£y0O(2) 1.991(5), Os(yN(1)
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4, acetone was produced in 80% yield as analyzed by GC and Supporting Information Available: Experimental, spectroscopic, and
GC—MS. This is consistent with a mechanism involving hydride crystallographic data (PDF). This material is available free of charge via
transfer from either coordinated alkoxide (analogous to the the Internet at http://pubs.acs.org.
Meerwein-Ponndorf-Verley reductiof’) or a free alkoxidé? JA011152C

1 reacts with a few equivalents of Tb(hfacaghfacac= T Wids A L Ora Reaci1944 2 178
(CF3CO).2CH ) a'.[ room temperature to produéeas dark red g12g Wle ?ﬁan'k 'onglofet?]%'reviivﬁers for making suggestions on the
crystals in 75% vyield. Th(hfacagyvas used as a source of hfacac ~ mechanisms.
when Khfacac was used instead, the product was found to be a _(13) Crystal data fos, OSEO4N3CﬁHzo (5-CH;OH): mol wt 661.63, mono-
mixture of 4 and 5. The X-ray structure (Figure $)shows a 23 P20 (lo- %‘24"2"(;)%?‘%ngoibgzli‘afz((“&éﬁ; 1=85172‘2(732:§\Tf
five-coordinate osmium(VI) nitrido complex with the salophen p_, =1.957 g/crd, 4145 unique reflections, find® = 4.1%, GOF= 1.47.
ligand modified by the net stereospecific addition of a;CF (14) (a) Huynh, M. H. V.; White, P. S.; Carter, C. A.; Meyer, TAhgew.

— i ; Chem., Int. ED2001, 40, 3037. (b) Huynh, M. H. V.; EI-Samanody, E.-S.;
(O)CH,™ to one of the imine carbons and with the carbonyl group Demadis, K. D.- White, P. S.- Meyer, T. lhorg. Chern2000 39, 3075. (¢)

being inserted into an GO bond. The resulting ligand is also  Huynh, M. H. V.; White, P. S.; Meyer, T. Jnorg. Chem.200Q 39, 2825.
trianionic, as in3 and 4, with N(2) bearing a formal negative  (d) Demadis, K. D.; Meyer, T. J.; White, P. Biorg. Chem1998 37, 3610.

charge; the OSN(Z) bond Iength (1_957 A) is shorter than the (e) Demadis, K._D.; Meyer, T. J.; White, P. Blorg. Chem.1998 37, 838.
15) (a) Crevier, T. J.; Bennett, B. K.; Soper, J. D.; Bowman, J. A.;

Os-N(1) bond length (2.045 A), the N@C(14)-C(23) bond  pefasant - Hrovat, D A~ Lovell . Kamaey, W.: Miayer. 3 SAM
angle of 110.5 indicates that C(14) is $@nd the N(2)-C(14) Chem. S%C.2001,123 1059. (b) McCarthyH M. R.; Crevier, T. J.; Ben(n;ett,
bond length of 1.50 A shows that it is a single bond. At the B.K.; Dehestani, A.; Mayer, J. M. Am. Chem. S0200Q 122, 12391. (¢

. . Crevier, T. J.; Lovell, S.; Mayer, J. Ml. Am. Chem. S0d.998 120, 6607.
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