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Abstract: The osmium(VI) nitrido complex TpOs(N)&(1) has been prepared from K[Os(NgJ@nd KTp in
aqueous ethanolic HCI. It reacts rapidly with PhMgCI and related reagents with transfer of a phenyl group to
the nitrido ligand. This forms Os(IV) metalla-analido complexes, which are readily protonated to give the
analido complex TpOs(NHPh)E(4). The nitrido-phenyl derivatives TpOs(N)PhCl and TpOs(N)Rract

more slowly with PhMgCl and are not competent intermediates for the reactibwith PhMgCl. Reactions

of 1 with alkyl- and arylboranes similarly result in transfer of one organic group to nitrogen, leading to isolable
borylamido complexes such as TpOs[N(Ph)(BF®I, (11). This is an unprecedented insertion of a nitrido
ligand into a boror-carbon bond. Hydrolysis dfl gives4. Mechanistic studies suggest that both the Grignard
and borane reactions proceed by initial weak coordination of Mg or B to the nitrido ligand, followed by migration
of the carbanion to nitrogen. The hydrocarbyl group does not go to osmium and then move to ritfagen

is no change in the atoms bound to the osmium during the reactions. It is suggested that there may be a
general preference for nucleophiles to add directly to the mégend multiple bond rather than binding to

the metal first and migrating. Ab initio calculations show that the unusual reactivity rekults from its
accessible LUMO and LUMG- 1, which are the GsN z* orbitals. The bonding irl and its reactivity with

organoboranes are reminiscent of CO.

Introduction

forming methodologies are of interest for both fine and
commodity chemicals.

Metal—ligand multiple bonds are being utilized increasingly

The nitrido ligand is an interesting functionality because its

both as supporting ligands and as reactive functionafities. reactivity is quite sensitive to the ancillary ligands on the metal
Select|ve_ oxidations of organic compounds have long _been center. For example, the nitrido ligand of [Os(M)R(R = CH,-
accomplished by metaloxo complexes, such as osmium SiMe;) is nucleophilic, being alkylated by Mel, while isoelec-

tetroxide and permangan@eThe use of metatnitrogen
multiple bonds to oxidatively form €N bonds is more recent,
as in the Sharpless osmium oxyamination reaétiand the

tronic [Os(N)CH] ~ is electrophilic, reacting with phosphines at
nitrogen® Complexes with electrophilic multiply bonded ligands
are good candidates to be oxidants because they can potentially

heterogeneous ammoxidation of propylene to acrylonitrile. add nucleophiles directly at the ligand; this is now the favored

Metal nitrido compounds (M=N) are receiving increasing
attention because of their potential role in aziridination, nitrogen

mechanism for Os@poxidations of alkene%.
Reported here are reactions in which carbanions, especially

fixation, and other process&8® New selective &N bond-
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Grignard reagents and organoboranes, add to the electrophilic
nitrido ligand in TpOs(N)CGI (1) (Tp = hydrotris(1-pyrazolyl)-
borate)!° The scope and mechanism of these newNCbond-
forming reactions are described. The data indicate a mechanism
of direct addition to the nitrido ligand, without the involvement

of an osmium hydrocarbyl intermediate. The importance of the
electrophilicity of the nitrido ligand is indicated by experimental
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studies and by density functional calculations. There have been

few ab initio studies on transition metal nitrido complexes, and
few attempts to explain trends in reactivity using molecular
orbital argument!-12

Results

Synthesis of TpOs(N)C4 (1) and Related Compounds.
TpOs(N)Ch (1) is prepared in 3550% yield by refluxing a
mixture of KOs(N)Q,'® KTp, and aqueous HCI in ethanol for
40 min (eq 1). This very closely follows the procedure for

v Ol o
K[Os(N)O3] + KTp o £M7<CI 1)

Hbﬁa\'\’(j
1

preparation of the isoelectronic rhenitroxo analogue, TpRe-
(O)Ch, from KReQ,.1* Reaction 1 initially turns purple before
becoming a brick-red color, from which precipitates as an

orange-red solid. The reaction probably proceeds via purple

[Os(N)CE]2~, which is formed immediately upon treating KOs-
(N)Os with HCI in ethanol in the absence of KTp.Complex

1 can also be obtained fromfOs(N)Ck] or ["BusN][Os(N)-
Cly] and KTp but in lower yield®

Reaction 1 produces TpOsCas a byproduct, particularly

when heating is continued beyond 40 mirSeparation ofl
from TpOsC} is problematic; our best procedure involves
treatment with ferrocene, which removes TpQs [CpFe']-
[TpOsCk™].1” The X-ray crystal structure df purified in this

fashion (Tables 1 and 2; Figure 1) shows N/CI disorder at the

nitrido site, refined as 73% N/27% CI, most likely due to
rotational disorder within the cryst&.The elongated ellipsoid
for the nitrido ligand reflects the difficulty in resolving such
disorders, and the &N distance is not accurately determiréd.

The nitrido-diphenyl derivative, TpOs(N)R(B), is prepared
by adding KTp to a solution of'BusN][Os(N)Phl,], generated
in situ from "BuyN]J[Os(N)Ph] and aqueous HI (eq 2). This
procedure follows Koch and Shapley’s preparation o¥'¢kp
Os(N)Ph from [Os(N)Ph(py)z]BF4 (Tp“e2 = hydrotris(3,5-
dimethyl-1-pyrazolyl)borate?? TpOs(N)PhCI 2) is formed on
treating3 with HCI (1 M in Et,0) at 70°C (eq 3). The selective
protonolysis of one phenyl group under fairly forcing conditions
illustrates the inertness of the ©Bh bonds.
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G. M.; Meyer, T. J.Inorg. Chem.1995 34, 586-592. tpm = tris(1-
pyrazolyl)methane: (b) Demadis, K. D.; EI-Samanody, E.-S.; Meyer, T.
J.; White, P. SInorg. Chem1998 37, 383-384. (c) Demadis, K. D.; El-
Samanody, E.-S.; Coia, G. M.; Meyer, T.JJ.Am. Chem. S0d.999 121,
535-544

(17) Bennett, B. K.; Crevier, T. J.; Mayer, J. M., manuscript in
preparation.

(18) The position of the nitrido ligand is independently indicated by the
large trans influence, with ONp,yrans (2.262(9) A) almost 0.2 A longer
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Table 1. Crystal and Structure Refinement Data for TpOs(N)@), TpOs(N)Ph (3), TpOs(NHPh)C (4), TpOs(NHEL)CI; (8), TpOS[N(Ph)BPHCI; (11), TpOs[N(Ph)(PhBOBPHICI. (12),

TpOs(N(GFs)[B(CeFs)2])Cl2 (13), and TpOs[NB(GFs)3]Ph, (17)2

17

13

1z

11

&)
Q A~
%) « ~ o
o 08 s SN2 5 ©
~w©o O OHCIQ ——~O
ZOo0O X QoBF~AFHD
258 0®  QRAZTER®
SR8ES  SNORIND
0TG5 AT O SN
®» X.= X < o
T S0 ]
o Ly
o on N
3]
Q ® =
z 4 oo L
m A o IE S5 —~
=1 o qu_ ~
LLHO._X ~© n ~
INQ.E —HoQ I~ ®
u-m—m MOO ™ o
ng 83 ol ¢ o
:OQCO <O «dH ©
%Hgox MHHOHOQ
s E8g 5 o
O ©0 e
S o
o} @
O —_, ton \’_T
z x oL T o
o <t ONHN _gO
O 8m NS R AT RN
e fag==] Lo ScSOm
SRS  ANYRORS
ITPOE® o
S Mg o o
$) o ~
o
8 =
z % &6 a
S £y 363 T @
%(\!ﬂ'g(\! 037/0 @ 5’
mcl2ece  NoN o 3
Bm < S x “~ho S W
INOER o NoN A WO
5TUERg 7787
) cd ©
) ™
g 3
() —~~ —
5 o X ~= ~ Db
Z S 8875 § ¥
08885 8§ 3 O
BLe2T_ II® @ I
SN TOPFE ©CL2U%m o4 o
Lo edS Nodoood
o of SN
8
%) 4
le) o
> 0O X —~ —~
Z O 4 SN0 o
OO o 0O N~
U@m_- ~NowITN~To
mN e NOnOOYR g
306 oG X JoNa—Hog
TOsEY 1 =0 M0
BUONY = | A0 0
&) oR D~ <
™
b
=}
a o X
Q 8o JS8= S &
£ N
Zmood %Ng O
%ngx IR 5 S
Tdachoe NHN ¢ <
SS T ENT NN
me_ HNNOHOH
& o 9595w
™
S
1 o
Q X
Z 08h 8
2 ~ ~
=~ OE£o —~0 < ~
=09 o I g
On0co Vo0 N O
29284 IR N
O 5o AN o 3
BRITEcR wlmoocox
N4 O dNHOAO A
-
S
8 E =
S5 £ D
ECEEE ©
5223-2©
205 - o
s8N B %
c SNOT <
8:5.9"“”!3): ()
85— =7
E5088QG £
SELDLD = S
= s Falal-RS ©
DE 00 0MS@BO oI a>SN

azeet al.

©
o %)
i) «
— n
—

~2% © I
oo Qg =
R3Zenu~d | §

) ) >
Q8 S >

o
N~
d
®
=
[=}
a
o
n |2
o [}
o = S

Qe Mo | S

BOZHAMN SOK |1

odaNwLI~N® 4
S50+l 5 |o
NF p
%)

©

1%

0}

N

<t =

© ©

T} 1

— H— a
gaSgN 82 (o
€229 0 w2 |
Awﬁomv — [T,

e ]
2
©
=
[=}
a
o

+ |2
— O
2] ©

—

Noom ]
FobBbAagSn | 8
LNANOPRS | ©
NSOGB G | o
"R o

N
<
-~
0
>
2
5}
N
[oo) <«
N ©

AEQ ~ =

N ~00
OI\VHOQWQ 8
DodAn~adms

o~ =}

@'QHHQN- [0}
8 — | c
o
=1
|5}
o
©
c
©
%)
~ a .
[oe] <
) o
Lo N Q
O30 " NS
VT Rngo =0
OO INOES | ®
o Yo ) %)
noO< —
ﬁmN <O n .3
© >c
2
o O
©Z
Qo
~ O
<ﬁ
™
N~
a 4
© o

_© < -0

o S©%Hmﬂ ™~ <
~ o s | o
N@quqgo O
P QOO % I~
) o ()

SO

Q

3

=g

8<

5 |23
1 0.2
< oS

@gv < = O
JSoSaND . >

SO ® | =2
NI MO~ | O
NTODNH A4 D
S © s |2
No [Te] ED

(@)
%) =

— c o “%

Et slo 59

©8 2870 =3

TS O £ S

CTLLT 8~ 8=,

O o - ageE | T o

58082885 S €
=c
26225659 (82
S8octg o
bﬂmzwwic Q0
EBQUQQ_U < o
23E2gEss (B
U@QEECz@ g



Carbanion Addition to an Osmium Nitrido

J. Am. Chem. Soc., Vol. 123, No. 6, 20041

Table 2. Selected Bond Lengths (A) and Angles (Deg) for Os(VI) Nitrido Complexes: Crystallographic Results3fcand17 and

Computational Results (in Italics) fdrand18

TpOs(N)Ch(1)  TpOs(N)Ch(1)  TpOs(N)Pa(3)2  TpOs(N)Me (18)  TpOs(NBAE)Ph, (17)°
Os-N(1) 2.262 (9) 2.103 2.350 (4) 2.216 2.200 (3)
Os—-N(3) 2.082(9) 2.073 2.150(3) 2.209 2.168(3)
Os-N(5) 2.055(8) 2.143(3) 2.119(3)
Os—-N(7) 1.70(2) 1.699 1.637(4) 1.676 1.688(3)
Os—CI(1)/C(10) 2.295(3) 2.507 2.110(4) 2.154 2.089(4)
Os—CI(2)/C(16) 2.317(4) 2.111(4) 2.129(4)
N(7)—Os—N(1) 170.9(10) 176.4 174.44(16) 178.2 169.56(14)
N(7)—O0s—N(3) 92.1(10) 95.3 97.53(17) 99.9 94.74(13)
N(7)—Os—N(5) 93.8(11) 100.22(16) 106.84(13)
N(7)—Os—ClI(1)/C(10) 100.0(10) 94.9 97.15(18) 94.1 99.75(14)
N(7)—Os—ClI(2)/C(16) 99.7(10) 95.56(18) 92.90(14)
clic-0s-cliC 88.95(15) 92.3 89.92(16) 89.3 90.71(14)

aData from one of two independent molecules3of Other important bond lengths and angles fat N(7)—B(2), 1.591(5); B(2)-C(22),
1.652(6); B(2)-C(28), 1.626(5); B(2rC(34), 1.636(6); Os(BN(7)—B(2), 167.7(3); N(73-B(2)—C(22), 107.8(3); N(7¥B(2)—C(28), 101.8(3);

N(7)—B(2)—C(34), 111.3(3).

Figure 1. ORTEP diagram of one of the two independent molecules
in the crystal of TpOs(N)GI(2).

1. HI (aq)
2.
["BUN][OS(N)Ph] — -~ TpOS(N)Ph  (2)
3
TpOs(N)Ph ——— TpOs(N)PhCI ©)
3 CH,Cl/E,0 2

IH and 13C NMR spectra of1—3 are consistent with
diamagnetic complexes @ (1, 3) or C; (2) symmetry and are
similar to the related TpRe(O)@h,—n.14?1 The IR spectrum
of 1 shows peaks typical of octahedral Tp complékesd an
Os=N stretch at 1066 cm (Os=!°N, 1036 cnT?; calcd, 1030
cm™1). Meyer et al. report thal undergoes an irreversible
reduction at-0.98 vs SSCE in MeCN, yielding [Tp&Ds'(N,)-
08" Cl,Tp]~.16¢ We observe a similar reductior-0.35 V vs
CpFet®) and an oxidation wave far at ~2.05 V23 The aryl
complexes are harder to reducel(89 V,2; —2.04 V, 3) and
easier to oxidize (1.60 V2; 1.36 V, 3). The X-ray crystal
structure of3 (Tables 1 and 2, Figure 2) is similar to those of
1, TpMe0s(N)Ph,2° and especially TpRe(O)RA The Os=
N bond lengths, av 1.634 (4) A in the two independent

(21) Brown, S. N.; Mayer, J. MJ. Am. Chem. S0d.996 118 12119~
12133. (b) Brown, S. N.; Myers, A. W.; Fulton, J. R.; Mayer, J. M.
Organometallics1998 17, 3364-3374.

(22) Trofimenko, S.Chem. Re. 1993 93, 943-980 and references
therein.

(23) Bennett, B. K.; Crevier, T. J.; DuMez, D. D.; Matano, Y.; McNeil,
W. S.; Mayer, J. MJ. Organomet. Chen1999 591, 96—103.

Figure 2. ORTEP diagram of one of the two independent molecules
in the crystal of TpOs(N)Rh(3).

molecules, are typical of such linkages (1.525703 A, av
1.629 A24 TpMe:Os(N)Ph, 1.648 (3) A).

Complexesl—3, like most of the compounds described here,
are air stable and chromatograph well on silica gel. Complex
decomposes slowly in CITl, or CDCk over roughly a week
at 80°C, yielding some TpOsgl 3 is somewhat more stable.
The chloride ligands inl are quite inert: no exchange is
observed with Nal in either acetone or acetonitrile after extended
heating, and metathesis with silver salts (e.g., silver acetate)
requires heating Chloride substitution in the related rhenigm
oxo and—imido systems TpRe(E)gls much more facilé126
Complex1 is unreactive with the electrophiles MeOTf (methyl
triflate), [CRC(O)1O, BR*Et0, and [PRC][BF,4] at ambient
temperatures, with complex reactions occurring over days at
70 °C (as determined byH NMR). This contrasts with the
reactivity of many nucleophilic metal nitrido complexesiich
as the clean reactions of CpOs(N)(£3iMez), with MeOTH,
BF3-Et,0, and Ag .27 Shapley reports slow alkylation of Tie-
Os(N)Ph by MeOTf28 while we find that TpOs(N)P(3) reacts

(24) From a search of the Cambridge Structural Database, January, 1998
release. Allen, F. H.; Kennard, @hem. Des. Autom. New$93 8, 31—
37.

(25) Dehastani, A.; Bennett, B. K.; Mayer, J. M., work in progress. (b)
Crevier, T. J. Ph.D. Thesis, University of Washington, 1998.

(26) McNeil, W. S.; DuMez, D. D.; Matano, Y.; Lovell, S.; Mayer, J.
M. Organometallics1999 18, 3715-3727.

(27) Marshman, R. W.; Shusta, J. M.; Wilson, S. R.; Shapley, P. A.
Organometallics1991, 10, 1671-1676.

(28) Shapley, P. A., personal communication, 1998.
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Table 3. Selected Bond Lengths (A) and Angles (Deg) for Os(IV) Complexes TpOs(NHPBGITpOs(NHE)CI (8),
TpOs[N(Ph)BPHClI,, (11), TpOs[NPh(BPhOBPHICI, (12), and TpOs(N(GFs)[B(CsFs)2])Cl, (13)2

4 8 11 12 13
Os—Nanmide 1.919(6) 2.129(8) 1.880(10) 1.939(7) 2.057(7)
O5—Nyand 2.097(5) 2.056(8) 2.103(9) 2.074(7) 2.075(7)
Os—Ngis® 2.052(6) 2.051(5) 2.031(9) 2.038(7) 2.026(8)
Os—Neief 2.039(6) 2.065(10) 2.038(7) 2.036(8)
Os—CI(1) 2.363(2) 2.3707(19) 2.403(3) 2.363(2) 2.323(3)
0s-CI(2) 2.384(2) 2.355(3) 2.372(2) 2.308(2)
Namige—C(10) 1.384(9) 1.501(18) 1.405(15) 1.396(11) 1.461(11)
Namice—B(2) 1.602(16) 1.507(12) 1.408(14)
B(2)—C(16) 1.607(19) 1.570(15) 1.583(15)
B(2)-C(22)/0 1.60(2) 1.344(13) 1.632(18)
B(2)—Cl(1) 2.069(15)
B(3)-0 1.406(13) 1.406(13)
Namige—OS—Nuans 178.9(2) 179.9(2) 172.5(4) 178.9(3) 173.7(3)
Namige—OS—Nais1 93.7(3) 93.4(2) 97.4(4) 96.8(3) 91.0(3)
Namide—OS— Nz 94.6(2) 93.6(4) 93.5(3) 94.0(3)
Namige—Os—CI(1) 90.94(18) 88.06(15) 75.7(3) 89.9(2) 93.0(2)
Namige—Os—CI(2) 89.88(19) 100.3(3) 93.1(2) 94.8(2)
Cl(1)-0s-CI(2) 90.69(9) 91.21(9) 89.24(12) 90.78(9) 89.31(9)
OS—Namige—C(10) 133.8(5) 122.0(6} 127.9(8) 127.6(6) 115.7(5)
O5—Namice—B(2) 112.0(7) 115.6(5) 130.6(7)
C(10)~Namige—B(2) 119.3(10) 116.7(7) 113.7(8)

2 Nyans @and Nys refer to the relationship to MMige ? Data from one of two independent moleculeé®ther angles foll: N(7)—B(2)—C(16),
114.9(11); N(7y-B(2)—C(22), 115.3(10); N(AB(2)—CI(1), 92.0(7); C(16)-B(2)—C(22), 116.3(11); C(16)B(2)—ClI(1), 105.8(9); C(22yB(2)—
Cl(1), 108.9(9); OsCl(1)—B(2), 80.2(4).9 Other bond lengths and angles fb2 B(3)—C(22), 1.578(14); B(3)C(28), 1.581(14); GB(2)—
N(7), 121.7(9); O-B(2)—C(16), 118.7(8); N(7¥B(2)-C(16), 119.4(8); B(2yO—B(3), 138.6(8); O-B(3)—C(28), 116.2(8); ©-B(3)—C(22), 116.4(8);
C(22)-B(3)—C(28), 121.3(8)¢ Distance or angle involving Mine f Distance or angle involving C(5).

with excess MeOTf in CDGlonly upon heating at 70C for a

day, leading to decomposition. Changing chloride for phenyl

and changing Tp to Tf§2 both affect the reactivity of the nitrido

ligands, as well as the redox potentials of the compléXes.
Reactions with Grignard and Related ReagentsAddition

of 1 equiv of PhMgCI to an ether solution of TpOs(N)C1)

at —78°C gives a dark orange solution, which turns bright red

on exposure to air. Aerobic workup and chromatography on

silica gel give the red-purple osmium(lV) analido complex

TpOs(NHPh)C (4) (eq 4). Similar results are obtained in THF

Ph. _H
N
2D~ m<c' + PhMgC! B0 air @\ l(c ! @
oN Cl ﬁN/(T cl
’\%\ /N \\ /N
RO O

or toluene, and using PhMgBr, PhLi, or “@nLi” (3PhLi +
ZnCl) as the arylating agents. Phenyl cuprates, however, gave
low and irreproducible yields of the ClI metathesis proditts
and/or3.

Compound4 has a mildly paramagnetically shiftéd NMR
spectrum with sharp lines, as is typical fot dctahedral Os Figure 3. ORTEP diagram of one of the two independent molecules
and Re complexe¥.Mass spectrometry shows a strong parent in the crystal of ToOs(NHPh)gK4).

ion cluster with the characteristic isotope pattern, along with  addition of tolylmagnesium bromide tb and workup gives
clusters for M—Cl and M*—NHPh. The IR spectrum of the tolyl derivative TpOs(NHTol)GI(5). Interestingly 5 is also
shows a somewhat broad peak at 3519 due to the amido  formed on reaction of with p-toluidine (H;NTol) over 3 days
proton. Workup with RO instead of air (see below) givdsd;, at 70°C 2% Reaction of1 with 2 or 3 equiv of phenyl anion
in which the characteristic N resonance ai 5.87 is absent in gives the ana”do_pheny| Comp|exes TpOS(NHPh)Pmﬁd/
theH NMR. The X-ray structure oft (Tables 1 and 3, Figure  or TpOs(NHPh)Ph (7) upon workup. In both cases, there is
3) shows two independent molecules with nearly identical bond formation of a dark orange solution which turns bright red upon
Iengths and angleS, and no eVidence Of intermolecular interaC'aerobiC Workup_ Compoun(ﬁ-? give mass Spectra and Sharp,
tions. The coordination geometry about osmium is roughly paramagnetically shiftetH NMR spectra, consistent with their
octahedral, with the phenyl group of the analido ligand formulation as analogous t4. The X-ray structure of is
interleaved between two pyrazoles. described in the Supporting Information.

When the reaction of and PhMgBr is kept anaerobic, the
initially formed dark orange intermediates can be observed,

(29) For example: Randall. E. W.; Shaw, D. Chem. Soc. A969
2867-2872.
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Scheme 1
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showing paramagnetiti NMR spectra. With less than 1 equiv
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Figure 4. ORTEP diagram of TpOs(NJt)]|Cl; (8).

identified as the osmium(lV) amide complex TpOs(NHE})CI
(10; see below). Most likely, all of these reactions proceed by
addition of R to the nitrido ligand, analogous to the aryl anion
additions, but the alkyl carbanion sources cause further reduction

of Grignard reagent, a red-orange solid can be isolated thatto osmium(lll). Consistent with the involvement of electron

contains a mixture of and a new species that hassymmetry

transfer, treatment ol with PhCHMgBr forms substantial

and contains one Tp and one phenyl group. When excessbibenzyl and toluene.

Grignard reagent is used, the intermediate h@s-symmetric

The nitrido-phenyl complexezand3 react very slowly with

Tp ligand and two sets of phenyl resonances in a 2:1 ratio. Both PhMgBr in THF solution at room temperature. This contrasts
species are very rapidly protonated by stoichiometric degassedwith the reaction oflL with PhMgBr, which occurs instantly at

H20, yielding 4 or 7 (as happens on aerobic workup). The

intermediates are therefore tentatively formulated as osmium-

(IV) metalla-analido complexes TpOs[N(Ph)MgBriGfrom 1
equiv of PhMgBr) and TpOs[N(Ph)MgBr]Bhfrom excess

20 °C and over the course of a few hours-at8 °C. Workup
of the dark brown solution fron2 + excess PhMgBr after 1
day gives~20% 7, ~20% of unreacte®, and NMR-silent
material. The use of §DsMgBr gives 7-dy, whose'H NMR

PhMgBr) (Scheme 1). The solubility of these species in benzenespectra show that the analido phenyl ring~i85% deuterated,
suggests that there is tight ion pairing or coordination of the and the OsPhresonances have half the intensity seen for
imido nitrogen to the magnesium counterion, and there is likely protio-7 (eq 6). The analogous reaction®¥ith PhMgBr over

to be oligomerization about the cation. Dark orange materials

formed from PhLi have slightly differentH NMR spectra,
further supporting tight bonding with the cation. Various

attempts to isolate these materials, including cation exchange,

have yielded only impure materials. This is due in part to their
very high basicity, similar to other MN(R)Li complexe$° (as
described elsewhet®.

Reactions ofl with the alkyl carbanion sources EtMgBr,
EtAICIl,;, ZnEb, AlEts, MeMgBr, and PhCEKHMgBr give a
mixture of products, predominanthd NMR-silent materials.

In two cases, with Znkgtand MeMgBr, osmium(lll) amine
complexes TpOs(NER)Cl, (R = Et, 8; Me, 9) have been
isolated in~30% yields (eq 5)8 and9 have been characterized

H

H t\ll R
O\ m(a ON>O| <c )
ﬁﬂj’“ Cl  1.ZnEt, or MeMgBr, -78 'C N | ct
N\‘B\ N 2. aerobic workup N\ N
v ,
v NO H N\Q7
1 8, R=Et9,R=Me

by elemental analysis, IR spectroscopy, mass spectrometry, and

X-ray crystal structuresg( Tables 1 and 3, Figure 4; (quite
similar), see Supporting Information). The structure88eind

9 are very close to those ¢f and5, except that the 05—
NH,R distances of 2.129(8B) and 2.139(8)9) A are~0.2 A
longer than the @%—NHAr bonds of 1.919(6)4) and 1.922-
(7) (5) A. Some reactions of with 1 equiv of EtMgBr show,
on protonation, small NMR signals for what is tentatively

(30) For example: (a) Dewey, M. A.; Stark, G. A.; Gladysz, J. A.
Organometallics1996 15, 4798-4807. (b) Powell, K. R.; Rez, P. J.; Luan,
L.; Feng, S. G.; White, P. S.; Brookhart, M.; Templeton, JOtganome-
tallics 1994 13, 1851-1864.

(31) Soper, J.; Bennett, B. K.; Lovell, S.; Mayer, J. Morg. Chem.
2001, in press.

H FeDs
air (_\\
%q <"

H/B\N\j

+ CstMgCI
{excess)

(6

ﬂ“
%\N d

X=Cl(2) - X=CgDs(dio?)
X=Ph(3) = X=CgHs(dsT)

1 day gives~10% 7, ~80% unreacte®, and uncharacterized
materials. Reaction with fDsMgBr gives 7-ds (eq 6), where
only the analido phenyl group is deuterated (as determined by
IH NMR). The use of TolMgBr in reaction 6 gives somewhat
higher yields of Os(IV) analido products, apparently with
analogous substitution patterns.

Reactions with OrganoboranesAnaerobic addition of BPh
to a toluene solution of results in an immediate color change
from pale orange to dark, vivid orange. Layering the solution
with pentanes yields the borylamido complex TpOs[N(Ph)-
(BPH)ICI (11) as dark, air-sensitive orange crystals (eq 7). A

| [ _ci
"~ + ArBXYY . [N~ 7
}A )T<C A;N/CYS\CI ™
B\
(®)
1 11 Ar=X=Y=Ph

12 Ar=X=Ph, Y=0BPh,
13 Ar=X=Y=C¢Fs

slower reaction betweehand diphenylboronic anhydride ($2h
BOBPh) forms TpOs[NPh(BPhOBRJICI, (12) after stirring
overnight. Complexl reacts very rapidly with the potent
electrophile B(GFs)3®? in benzene to form TpOs(N¢Es)-
[B(CeFs)2)Cl2 (13). Complexes11—-13 exhibit the sharp,
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Chart 1.2
\
PKN{X Ph\ /X Pl\N//B\
TpOsCly TpOsCla TpOsCilz
A B ]
axX =H, B(Y)Z.

—40 °C, indicating either that there is no&l interaction in
solution or that the boron is rapidly “hopping” from one chloride
to the other in solution. In the structuresi and13there are
no B---Cl interactions, despite the higher Lewis acidity of the
B(CsFs)2 group.

The B(2)-N(7) distances of 1.602(16) A ih1 and 1.509-
(13) A'in 12 correspond to long and average B single bonds,
respectively (average BN, 1.52 &4, while the distance of
1.408(14) A in13is quite short. The osmium-amido [O5I(7)]
bond lengths vary in the reverse order: 1.884(10), 1.937(7),
and 2.057(7) A for11—13 (compare OsN7 in 4 of 1.919(6)

A). In [Os(en-p)2(en)]Br: (en- = HoNCH,CH,NH™), the Os-
N(amide) bonds of 1.896(7) A are much shorter than the Os
N(amine) distances (cis, 2.113 (9); trans, 2.194(7) A), and this
has been attributed to ©N z bonding®® On this basis, there

is likely to be significant OsN sz bonding in11 and12, with

a large contribution of resonance folnin Chart 1. In11, the
B—CI interaction reduces the contribution @, leading to
shorter Os-N and longer N-B distances. Comple%3 is best
described byC, a result of electron-withdrawinge¢Es groups.

C is also the best description of the bonding for the two previous
reports of borylamido complexes, bulky M[N(Ar)(BAt.
compounds reported by Power et3aland bis(borylamide)
complexes described by Schrock efal.

Exposure ofl1—13to air, or addition of water under oxygen-
free conditions, results in hydrolysis of the-Bl bonds to form
the analido complexed or TpOs(NHGFs)Cl, (14; eq 8). In

PV V4
(Nq\“\ ,<C 'L w0 (N@ ~ '(C' + "HOBXY"  (8)
ﬁN/(T ct N cl
\ \
Figure 5. ORTEP diagrams of (a) TpOs[N(Ph)BR@l, (11) and (b) Hhﬁa\@ H%‘N{@
TpOs(N(GFs)[B(CeFs)2])Cl2 (13).
11 Ar, X, Y=Ph }_’4 Ar<Ph
paramagnetically shiftetH NMR spectra indicative of Os(IV), 12 Ar, X =Ph, Y=0BPh, -
with a significantly larger range of chemical shifts b8 (for 18 AnX,¥Y=Cefs — 14 Ar=CeFs

instance, one of the pyrazole peaks appears28.31 ppm).

The paramagnetit NMR spectrum ofl3, though broadened  the case ofl1, the boron hydrolysis product is EBOBPh, as

such that only two peaks have resolvabteF~coupling, shows
the presence of s groups in a 2:1 ratio.

determined by!H NMR. 11 and 13 are very sensitive to
atmospheric moisture, even in the solid state, while sbid

The structures of all three compounds have been confirmedcan be handled briefly in the aifH and'°F NMR spectra of

by X-ray diffraction (Tables 1 and 3, Figure 5 [fd2, see

14 are paramagnetically shifted, with pyrazoles in the expected

Supporting Information]). All three show the roughly octahedral 2:1 ratio and shifted but unbroadened fluorine resonances.
coordination about osmium typical of this group of compounds.  Complex1 reacts rapidly with tri(tolyl)borane to give TpOs-
In 11, the boron atom forms single bonds to the nitrogen and [N(Tol)(BTol,)]Cl; (as determined bjH NMR), which hydro-

to two phenyl groups and has an intramolecular interaction with |yzes to TpOs(NHTol)GI(5). Reactingl with a 10-fold excess
one of the chloride ligands. At 2.078(14) A, this is the longest of both BTok and BPh gave a 1:1.4 ratio of TpOs[N(Tol)-
B—Cl distance in the Cambridge Crystallographic Database (av (BTol,)|Cl, to 11 and roughly the same ratio 6#4 on hydrolytic
1.822 + 0.049 A)?* siill, this interaction is enough to pull  workup.'H NMR spectra of the reaction mixture bplus BTok
chloride toward the boron (N(#)Os-B(2) = 75.7(3}) and to and BPh showed no evidence of the crossover products TpOs-
lengthen the OsCI(1) bond (2.403(3) A, vs OsCI(2), 2.355- [N(Ph)(BTob)]Cl, and TpOs[N(Tol)(BPH]Cl, (<10%). Reac-
(3) A). The boron is almost in the plane of the amide nitrogen . . ——

and the ipso carbons3[X-B-Y angles] = 359.2), further (39 B/ Sargsson, A M. Skelton, B. W.; white, A 81Am.
indicating the weakness of the—&I interaction.’H NMR (34) Chen, H.; Bartlett, R. A.; Olmstead, M. M.; Power, P. P.; Shoner,

spectra ofl1 show Cs symmetry in CBDCl, solution down to S. S.J. Am. Chem. S0d.99Q 112 1048-1055. ‘
(35) Warren, T. H.; Schrock, R. R.; Davis, W. rganometallics1996
15, 562-569.

(32) Piers, W. E.; Chivers, T. Chem. Soc. Re 1997, 26, 345-354.
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tion with the unsymmetrical BPh(Tel)suggested that the
crossover products would have been resolvable. There is thus
no scrambling of N-aryl or B-aryl groups either during or after
the reaction. The reaction df with BPh(Tol) gave, after
hydrolysis, a 7:1 ratio 0b6:4. In a similar competition study,
B(CsFs)3 and BPR were mixed 1:1 in CDGI (there was no
evidence of exchange over 3 h), and 0.33 equi¥ whs added.
Prompt analysis byH and '°F NMR showed onlyl1 and
unreacted BPhand B(GFs)s, and aerobic workup gavé in

good yield.

Complex1 also reacts rapidly with BPh&to give a complex
similar to 11 and 12, as determined byH NMR. Hydrolysis
yielded primarily 4, with small amounts offH NMR-silent
materials. Complexl does not react with 2-phenyl-1,3,2-

1
dioxaborinane, Ph[BOCK¥H,CH,0], even after 3 days at 70
°C in benzene solution. Heating a solution bfand excess
NaBPh in acetonitrile results in a very slow reaction with some
formation of4. This suggests the presence of trace water and
that the reaction could have proceeded by initial hydrolysis of

the BPh~ to BPh.
The alkylboranes Bitand BEt(OMe) also add td, forming
TpOs[N(Et)B(Et)X]ChL (X = Et, 15, OMe, 16; eq 9). BEt reacts

B XY
}a’\'\ol( + EBXY ——= {—‘N\ (C' ©)

”“Bw 6

15 X=Y=Et
16 X=Et, Y=OMe

rapidly, while BER(OMe) requires over 40 min at room
temperature to form6. The same reactivity pattern is observed
for arylboranes: BAJ reacts faster than PBOBPh. The
products are assigned on the basis of tREIINMR spectra,
both showing standar@s symmetry pyrazole resonances and

Figure 6. ORTEP diagram of TpOs[NB(¢Es)s]Ph. (17).

the course of several days at room temperature,"BinMR
spectra of the resulting purple solution show only the disap-
pearance of starting material. No products analogoukltor

17 are observed.

Complex 17 has a'H NMR spectrum indicative of a
diamagnetic complex, consistent with the Os(VI) formulation.
The equivalence of pairs of pyrazole and phenyl groups shows
Cs symmetry. Only the chemical shifts of the trans pyrazole
are dramatically shifted fror8, as expected from perturbation
of the nitrido ligand. The similarity of the spectra shows that
the phenyl groups remain on the osmiutf NMR indicates

two types of ethyl groups. The ethyl groups bound to boron the presence of only one type o group, and the chemical

are broadened by the quadrupolar boron nucleus (as observe@hift of

—81.6 ppm for the para fluorine atoms is strongly

in free ethyl boranes), but the ethyl groups bound to nitrogen suggestive of an addu#t.The X-ray structure o7 (Tables 1
show a clear triplet/quartet pattern. A few resonances are shiftedand 2, Figure 6) confirms the formulation. As is typical of

out of the diamagnetic region. The FAB/MS1# shows a weak
parent ion with stronger signals due to"MBEt, and M"—
BEt,CI. Brief atmospheric exposure &6in CDCl; gives clean
conversion to TpOs(NHEt)€I(10), which has been observed
in low yield in the reaction oflL with EtMgCI (see above). It

nitrido-borane adducts3? the Os-N(7) bond (1.688(3) A) is
only slightly lengthened from that i&(1.634(4) A). The B(2)
N(7) bond length (1.591(5) A) is a long-BN single bond (see
above). There is a stacking interaction+3.2 A) between one
of the GsFs groups on the boron and one of theHz groups on

has been characterized by its mildly paramagnetically shifted the metal center. The @3N—B angle (167.7(3) is slightly

1H NMR spectrum withCs symmetry and one ethyl group, and

its FAB mass spectrum (M M* — CI). In contrast15 decays

in the air without formation of newH NMR-active Tp species.
The diphenyl nitrido complex3 rapidly adds B(@Fs)s,

forming a green complex even as the methylene chloride solvent

bent, apparently to accommodate this interaction. While;Bfjg
and TpOs(N)Ph(3) could both be considered fairly bulky, the
presence of the intervening nitrogen leads to ar-Bslistance
of 3.26 A and little steric interaction.

Ab Initio Studies of TpOs(N)CI; (1) and TpOs(N)Me; (18).

is thawing. The product is the Lewis acid adduct TpOsS[NB- Ab initio calculations have been performed dnand the

(CeFs)3]Phy (17; eq 10), in which the nitrido ligand simply binds
to the boron without insertion into a-BC bond. Exposure of

I\l ITf(Cer)s
%ﬁsiph + B(CeFsly — ’P — |< (10
Hh% N’& NB\N\)

3

17 to the atmosphere results in rapid conversion back to
contrast, BPhireacts with TpOs(N)RHh(3) in benzene only over

hypothetical dimethyl analogue TpOs(N)M@8). The calcula-
tions were done prior to our obtaining an X-ray structure. of
so the coordinates of the related TpTc(Qf€ivere used as a

(36) Massey, A. G.; Park, A. J. Organomet. Chenl966 5, 218-
225.

(37) Ritter, S.; Abram, Ulnorg. Chim. Actal995 231, 245-248. (b)
Ritter, S.; Abram, UZ. Anorg. Allg. Chem1996 622, 965. (c) Datona,
R.; Schweda, E.; Sthde, J.Z. Naturforsch B 1984 39, 733-736. (d)
Yoshida, T.; Adachi, T.; Yabunouchi, N.; Ueda, T.; Okamoto) SChem.
Soc., Chem. Commuri994 151-152. (e) Bishop, M. W.; Chatt, J.;
Dilworth, J. R.; Dahlstrom, P.; Hyde, J.; Zubieta JJOrganomet. Chem.
1981 213 109-124.

(38) Thomas, R. W.; Estes, G. W.; Elder, R. C.; DeutscH, Bm. Chem.
So0c.1979 101, 4581.
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Figure 7. Partial molecular orbital diagram for TpOs(N)QL) and
TpOs(N)Me (18), from Xo/LANL2DZ/RHF/LANL2MB calculations.
Energies are given relative to the HOMO &hf

starting point. The molecular geometry was optimized at the
RHF/LANL2MB level of theory, with imposeds symmetry.
For 18, the computed structure tfwas used to start, with @

azeet al.

(a)

(b)
Figure 8. Plots of the LUMO (a) and LUMGCH 1 (b) of TpOs(N)C4
(1), from Xo/LANL2DZ/RHF/LANL2MB calculations.

This is illustrated by the 0.7 eV lower HOMO 4 orbital
energy inl. The predominantly nitrogen lone pair orbital in
(the HOMO-8) is 1 eV lower in energy and has less frontier
orbital character than the equivalent orbital (the HOMO-3) in
18. The difference is even larger for the LUMO/LUM® 1,

bonds of 2.15 A. There is reasonably good agreement betweenVith those inl being 1.3 eV lower. This means that the HOMO/
the computed structure and the X-ray results (Table 2), although-UMO gap is smaller inl than in18 (1.6 vs 2.2 eV). Even

the computations underestimate the trans effect of the nitrido
ligand and give an overly long O<I distance. Calculations
on the simpler [Os(N)X~ complexes (X= CI,2° Me*®) show

larger differences in orbital energies are observed when compar-
ing [Os(N)CL]~ vs [Os(N)Me]~ because four ligands are
different instead of two, as il vs 18 (see Supporting

similar discrepancies at this level of theory but better agreement!/nformation). These energetic differences are not apparent in

upon optimization at the ®/LANL2DZ level (see Supporting
Information). The differences between the computational and
crystallographic structures dfand18 should have little effect

on the orbital energies and compositions. These orbital properties

were determined by single-point calculations at the optimized
geometries at the &®/LANL2DZ level.

The HOMO in bothl and18is a mixture of the Os,g orbital
and Cl or C p orbitals. It is o symmetry with respect to the
nitrido ligand and roughly nonbonding, as drawn in Figure 7.
The orbital energies in this figure are given relative to the
HOMO of 1; similar energy spacings (though not absolute

the composition of the LUMOs: even fd8 the 7 orbitals

have substantial nitrogen character.

Discussion

The additions of Grignard reagents and aryl boranes to the
Os(VI) nitrido complex TpOs(N)GI(1) are novel. The nitrido
ligand is formally a closed-shell anion and would normally be
expected to add electrophiles, not nucleophiles. There is much
interest in exploiting such a reversal of nitrogen reactivity.

I. The Mechanism of Grignard Addition to the Nitrido
Ligand. The reaction ofl with 1 equiv of PhMgBr initially

energies) were observed in RHF calculations. The orbitals below generates a dark orange material, indicated to be the osmium-

the HOMO are primarily ligand centered; notable are the
nitrogen lone pair orbital and the &4l r orbitals (the HOMO-8
and HOMO-15,16 inl). The LUMO and nearly degenerate
LUMO + 1 in both1 and18 are the Os N x* orbitals, one in
the xz plane and one in thez plane. Each is primarily an out-
of-phase combination of an osmiuwmsymmetry d orbital, g

or dy and the corresponding nitrogen p orbital, @ p,
(illustrated for 1 in Figure 8). These results fit the widely
accepted Ballhausen and Gray d-orbital splitting pattern for
pseudo-octahedral complexes with one multiply bonded ligid.

(IV) complex [TpOs(NPhMgCI)CJ (Scheme 1). It is a more
reactive version of the borylamido complexils-13. Both can

be viewed as having a very basic TpO8V=NR~ fragment

that is strongly stabilized by a Lewis acidic MgCbr BX;+
fragment. They are better described as metalla-analido rather
than imido complexes. Osmium(IV) imido complexes without
an associated cation would be rare examples*afatahedral
imido complexedg?in which two electrons formally occupy OsN

a* orbitals (the LUMOs in1).! The antibonding interaction
should be minimized on decreasing the-D&-Ph angle and

The remarkable feature is the large amount of nitrogen characterdinding a cation to this electron pair.

in the LUMO and LUMO+ 1, roughly comparable to the
amount of osmium d character. Thus, it is not surprising that
an entering nucleophile will attack at nitrogen. The orbital
pattern, with accessible* LUMOs and low-energy lone pair
and orbitals, resembles that of CO.

The frontier orbital energies df are lower than those dfg,
a result of the lesser donating character of chloride vs methyl.

(39) Phillips, F. L.; Skapski, A. CJ. Cryst. Mol. Struct1975 5, 83—
92

(40) Chosen as a computational model for [Os(N)§SiVies)s] ~: (a)
Belmonte, P. A;; Own, Z.-YJ. Am. Chem. Sod.984 106, 7493-7496.
(b) Shapley, P. A.; Own, Z.-Y.; Huffman, J. @Qrganometallics1986 5,
1269-1271.

(41) Balhausen, C. J.; Gray, H. Biorg. Chem.1962 1, 111.

The key issue is how the-€N bond is formed. Three possible
mechanisms have been considered (Scheme 2). Path | involves
an initial electron transfer to generate a phenyl radical and
[TpOs(N)CL], followed by trapping of the phenyl radical to
give the observed intermediate. Grignard reagents often react
by initial electron transfer, and rapid radical trapping is well

(42) Wigley, D. E.Prog. Inorg. Chem1994 42, 239-482. (b) Coia, G.
M.; Devenney, M.; White, P. S.; Meyer, T. J.; Wink, D. korg. Chem.
1997, 36, 23412351 and references therein. (c) Arndtsen, B. A.; Sleiman,
H. F.; Chang, A. K.; McElwee-White, LJ. Am. Chem. Sod991 113
4871-4876. (d) Au, S.-M.; Huang, J.-S.; Yu, W.-Y.; Fung, W.-H.; Che,
C.-M. J. Am. Chem. S0d.999 121, 9120-9132. (e) Reference 31. (ff-d
Rhenium imide-alkyne complexes have nonoctahedral structures with a
different electronic structure: Williams, D. S.; Schrock, R.@tganome-
tallics 1993 12, 1146-1160.
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Scheme 2
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precedented for metabxo complexed4® Complex1 can be
reduced, albeit at low potentialg;{g= —0.98 vs SSCE}bc.23
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However, this pathway can be easily ruled out for the present
reactions because the reaction proceeds in high yield in THF

solvent, a good trap for Pk = 4.8 x 10° M~ s71).44 An
osmium species of concentratieri0~4 M would have to react
with Pt with an impossible rate constant afl0? M~1 s71,
faster than the diffusion limit, to compete with trapping by 12.3
M THF solvent.

Path Il involves initial phenyl addition to the osmium center
to form 2, followed by [1,2] phenyl migration to nitrido ligand.

J. Am. Chem. Soc., Vol. 123, No. 6, 20047

Schrock et al. have suggested that an unobserved intermediate
[N3N]JM—P(Li)Ph complex eliminates LiPh to give the terminal
phosphido complexes, fNJM=P ([N3sN] = (MesSiNCH,-
CHy)3N; M = Mo, W).*8 Hydride addition to an electrophilic
imido ligand occurs via initial attack at a carbonyl ligatid.

Il. The Mechanism of Arylboron Addition to the Nitrido
Ligand. The insertion of the nitrido ligand dfinto B—C bonds
(reactions 7 and 9) is, to our knowledge, without precedent for
any metat-ligand multiple bond. A number of organo- and
haloboranes form Lewis acid adducts with nitrido complexes,
such as Re(NBR)(Et.dtc,(PMePh) (Et.dtc = diethyldithio-
carbamate) and TpOs[NB{Es)s]Phe (17).137 But these reactions
do not transfer a boron substituent to nitrogen. Close analogies
to reactions 7 and 9 are the insertion of nitrogen inteBbonds
by chloramines and related reagents (eq®213nd C— N
migration of R groups in the Hoffman rearrangem@&rReaction

T R

B —  RB-NHR* + X'
N

HH

BRg + NH2X - (11)

RS
%
11 occurs by [1,2] migration of Rfrom boron to nitrogen, with
displacement of the NX bonding electrons to give X(Cl,

OSQGH, etc.). The relative rates of arylborane additionlto
support a similar mechanism of Rnigration, with two electrons

displaced from an OsN s bond to the Os center. The reaction
of BPh(Tol) shows that, in a direct intramolecular competition,

related rhenium(VIl) oxo comple¥(2 However, this pathway

phenyl (after statistical correction). Preferential transfer of the

involves trapping a coordinatively unsaturated intermediate with more electron-rich group is characteristic of carbanion migra-
CI~, and no bromide incorporation is observed when PhMgBr tions to an electron-deficient centérAlmost all organic and

is used. To more rigorously test for the intermediacy of metal
aryl complexes, TpOs(N)(Ph)C2Yand TpOs(N)(Ph)(3) were

organometallic [1,2] migrations are of this typfd! [1,2]
Migrations of R™ are symmetry allowed, while Rmoving to

synthesized. Both species are stable, even at elevated temper@n €lectron pair is formally forbidden.

atures, with no evidence for aryl migration. Reaction® afr
3 with excess PhMgBds give partially deuterated in low
yield, but the reactions are much slower than the reactiah of

In contrast to the preference for tolyl over phenyl migration
with BPh(Toly, the intermolecular competition of BRhwith
B(Tol); shows a small preference for phenyl over tolyl migra-

under the same conditions. In addition, the protio phenyl group tion. This shows that the products are not simply determined
remains on the osmium, indicating that aryl migration does not PY migratory aptitudes and indicates a multistep mechanism.

occur in the formation of7. Complexes2 and 3 are not

kinetically or mechanistically competent to be intermediates,

The same conclusion is derived from the large variation in rates
of phenylborane additions: BRHwithin seconds)> Php-

ruling out path Il. Intermediacy of a seven-coordinate species BOBPHh (stirring overnight)> Ph[O(BOCHCH,CH,O] (un-

[TpOs(N)Ph-«Cly] (x = 0—2) seems unlikely® and it would
have to have nonexchanging phenyl groups.

The data indicate a mechanism of direct addition of the
carbanion to the nitrido ligand (path Ill). We know of no clear

reactive over 3 days at AT). This is too big an effect to solely
reflect changes in the nucleophilicity of the PB bonds. It
indicates that the Lewis acidity of the boron plays a key role.
This accounts for the rapid reaction bivith B(CgFs)3, almost

precedent for such a carbanion addition to a nitrido, oxo, imido, as fast as that with BRh the very high Lewis acidity of

or sulfido ligand. This reaction is, however, well known for
carbene and carbonyl ligantsA recently reported reaction

proceeds by direct attack of LiMe at a selenido ligand bound

to tantalun?*’ In the microscopic reverse of this mechanism,

(43) Cook, G. K.; Mayer, J. MJ. Am. Chem. Sod.994 116, 1855-
1868 and references therein.

(44) Scaiano, J. C.; Stewart, L. €¢.Am. Chem. S0d.983 105, 3609~
3614.

B(CsFs)s compensates for ¢Es being a much poorer migrator
than GHs.

The data indicate a stepwise mechanism (Scheme 3) involving
reversible formation of an initial borane adduégtfollowed by
[1,2] migration of R to an electrophilic nitrogen, similar to eq
11. The reaction with BPh(Talyeflects the relative rates only

(48) Misch-Zanetti, N. C.; Schrock, R. R.; Davis, W. M.; Wanninger,

(45) While there are precedents for seven-coordinate transition metal Tp K.; Seidel, S. W.; O’'Donoghue, M. BJ. Am. Chem. Socl997 119
complexes, examples seem to be restricted to larger metal centers, such as1 037-11 048.

O< and O4 (Trofimenko, SChem. Re. 1993 93, 943-980. Burns, I. D;
Hill, A. F.; White, A. J. P.; Williams, D. J.; Wilton-Ely, J. D. E. T.
Organometallics1998 17, 1552-1557), and these are often fluxional. For
related R¥—oxo complexes with the B(pz) ligand, there is a preference
for dissociating a pyrzole rather going seven-coordinate (Paulo, A
Domingos, A.; Santos, Inorg. Chem.1996 35, 1798-1807).

(46) Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, RR@ciples
and Applications of Organotransition Metal Chemistdniversity Science
Books: Mill Valley, CA, 1987; pp 40%3406.

(47) shin, J. H.; Parkin, GOrganometallics1995 14, 1104.

(49) Luan, L.; Brookhart, M.; Templeton, J. Qrganometallics1992
11, 1433-1435.

(50) Brown, H. C.Organic Syntheseia Boranes Wiley: New York,
1975. (b) Matteson, D. SStereodirected Synthesis with Organoboranes
Springer: New York, 1995; pp 4857. (c) Onak, T.Organoborane
Chemistry Academic Press: New York, 1975; pp 10001, 106. (d)
Kabalka, G. W.; Wang, ZOrganometallics1989 8, 1093-1095.

(51) March, JAdvanced Organic Chemistryith ed.; Wiley: New York,
1992; discussions of [1,2] migrations, p 1051ff (see also ref 21a); Hoffman
rearrangment, pp 1090.091.
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Scheme 3
R R
( F\ )Bﬂz
[—‘ N\m Cl N’N\”) cl

/N (T<CI Ra

H%\@

aRate= Keckmig[TpOs(N)Cb][BRg].

of the migration step. In the@ntermolecular competition,
however, the faster tolyl migration step is more than balanced
by the stronger pre-equilibrium binding of the more Lewis acidic
BPhs. An alternative mechanism of concerted, direct attack of
the B—C bond at nitrogen does not account for the role of the
boron Lewis acidity. Initial interaction of the electrophilic
nitrogen with the aromatic ring is conceivable for the arylboranes
but is inconsistent with the facile reaction with ethylboranes.
(Initial phenyl transfer from boron to osmium is unlikely, given

azeet al.

V vs CpFet©in MeCN].23 The pattern of higher electrophilicity
for halide vs organometallic derivatives has been observed
previously, such as in electrophilic [Os(N)T1 vs nucleophilic
[Os(N)(CH,SiMe3)4] ~ (which is harder to reduce by a remark-
able 1.45 V) Calculations on these compounds are in general
agreement with the results given héte.

It is interesting in this context to consider the analogy between
1 and CO, advanced whehwas observed to act asmaacid
ligand for late transition metak$.Both 1 and CO have low-
lying LUMOs of = symmetry and low nucleophilicity. CO
inserts into B-C bonds of organoboranes much likeand a
similar mechanism is proposed, with alkyl group migration from
B to C occurring in an initial C&borane adduc® It seems
likely that the reactions of with BRs, ArMgX, and ArLi all
proceed through an initial NM adduct. Binding of the Lewis
acid to the nitrido ligand increases its electrophilicity, facilitating
the migration. The strategy of enhancing the electrophilic
reactivity of nitrido ligands by binding Lewis acids has been
employed by a number of group®-258 and is also well

the experiments described above with Grignard reagents andestablished for carbon monoxide.

the low reactivity of3.)

The characterization of the borane adduct TpOs[NB£G]-
Phy (17) provides further support for Scheme 3, as it is an
excellent model for the initial borane addutt Such adducts
are not observed fot, both because they react further and
becausd is an unusually weak nucleophile (it is inert to BF
EtO, MeOTf, and [PKC][BF 4] at ambient temperatures). TpOs-
(N)Ph (3) is a much better nucleophile, favoring the initial
equilibrium formation ofl7. And the lower electrophilicity of
3 inhibits the aryl migration step, allowing observationlaf.

IV. Implications: Reactions at Ligands. The reactions of
1 occur predominantly at the nitrido ligand and not at osmium.
In a direct comparison, external addition of Pfo 1 is facile,
while [1,2] phenyl migration from Os to N i@ and3 does not
occur. Both pathways involve adding Pto the multiply bonded
ligand—why is external attack favored? One reason is that the
phenyl group in PhMgX or PhLi is a better nucleophile than an
osmium-bound phenyl group. Perhaps more importantly, the
presence of a phenyl ligand on osmium strongly decreases the
electrophilicity of the nitrido ligand (see above). And in the

In a related reaction, an adduct has been observed betweerases described here, binding of a Lewis acid enhances the

B(CsFs)3 and a bis(amino)silylene prior to migration ofks
from B to Si>?

Ill. Electrophilic and Nucleophilic Character of the
Nitrido Ligand. Nitrido ligands can show nucleophilic and/or
electrophilic character®354The dominant reactivity ot is as
an electrophile, adding PHrom PhMgX and BPk(and adding
PPh?%. Meyer and co-workers have elegantly shown the
electrophilicity of 1 and related Os(VI) nitrido complexes, for
instance by their addition of amines and phosphftem
contrast, the diphenyl derivative TpOs(NP{B) is a poor
electrophile, reacting only slowly with PhMgCI and RPh

The DFT calculations provide insight into the reactivity of
the nitrido ligand and how it is tuned by the ancillary ligands.
In 1, the nearly degenerate LUMO and LUM®1 (Os—N z*
orbitals) are low in energy and have substantial nitrogen
character. These orbitals are higher in energy in the dimethyl
complex18, used as a computational model for the diphenyl
complex3. This is the reason for the higher electrophilicity of
1 versus2 and3 (and18). Conversely, the nitrogen lone pair is
higher and closer to the HOMO b8 (Figure 7), consistent
with 3 forming a stable adduct with B¢Es)s, while 1 has very
low nucleophilicity. These trends are mirrored in the redox
potentials: adding hydrocarbyl ligands makes reduction sub-
stantially more difficult F1.35 @), —1.89 @), —2.04 @) V]
and oxidation much more facile-R.05 (), 1.60 @), 1.36 @)

(52) Metzler, N.; Denk, MChem. Commurl996 2657-2658.

(53) Cf., Mo(N)(tetraphenylporphyrin): Kim, J. C.; Lee, B. M.; Shin, J.
|. Polyhedron1995 14, 2145-2149.

(54) Electrophilic reactivity of oxo ligands: (a) Holm, R. Bhem. Re.
1987, 87, 1401-1449. (b) Mayer, J. MAdv. Trans. Met. Coord. Chem.
1996 1, 105-157. (c) Seymore, S. B.; Brown, S. Norg. Chem.200Q
39, 325-332.

(55) Huynh, M. H. V.; EI-Samanody, E.-S.; Demadis, K. D.; White, P.
S.; Meyer, T. JInorg. Chem200Q 39, 2825-2830 and references therein.
(b) Reference 16.

electrophilicity of the multiple bond.

These ideas suggest that direct addition of carbanions and
other good nucleophiles to metdlgand multiple bonds (eq
12) is likely to be more facile than initial addition to the metal
followed by migration. Preference for direct attack is frequently

LM=E + R~ — [L,M—E—RJ 12)
seen in the more developed literature on metal carbonyl
complexes. For instance, CpRe(CO)(NO)CI reacts with hard,
nucleophilic sources of Pidirectly at the electrophilic carbonyl
to produce an anionic acyl complex. The related phenyl complex
CpRe(CO)(NO)Ph, prepared by chloride metathesis using the
softer phenylcuprate, does not undergo phenyl migration to
CO>5% This system is closely analogous to the reactivitylof
with Ph~ sources. If the preference for direct attack over
metathesis/migration is general, re-examination of the reactions
of V(O)Clz with arylmercury compound® and Cr(Nbutyl),-
(OSiMe;), with ZnPh?! may be warranted. In both cases [1,2]
migration was suggested, but direct attack at the multiple bond
is a good alternative. Direct attack may be occurring in many
other systems, such as the alkylation of @#@h (MesSiCH,),-

(56) Crevier, T. J.; Lovell, S.; Mayer, J. Ml. Chem. Soc., Chem.
Commun.1998 2371-2372.

(57) Onak, T.Organoborane ChemistryAcademic Press: New York,
1975. (b) Hillman, M. E. DJ. Am. Chem. Sod.962 84, 4715.

(58) Shapley, P. A.; Shusta, J. M.; Hunt, J.@Qrganometallics1996
15, 1622-1629.

(59) Sweet, J. R.; Graham, W. A. G. Organomet. Chenmi983 241,
45-51.

(60) Reichle, W. T.; Carrick, W. LJ. Organomet. Cheni97Q 24, 419-
426. (b) Thiele, V. K. H.; Schumann, W.; Wagner, S.; 8st, W.Z. Anorg.
Allg. Chem.1972 390, 280-288.

(61) Nugent, W. A,; Harlow, R. LJ. Am. Chem. Sod98Q 102 1759-
1760.
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Mg to give Os(O)(CHSiMes)4.62 Finally, it should be noted

J. Am. Chem. Soc., Vol. 123, No. 6, 20049

peaks: 0 (multiplicity, coupling constant, number of protons, assign-

that the preference for direct attack observed here is consisteniment). All pyrazoleJuy couplings are 2 Hz*C NMR spectra were

with the recent conclusion that the cis-hydroxylation of olefins
by OsQ proceeds via olefin attack at oxygen, rather than
involving a 1,2 alkyl migratior?.

The insertion of a nitrido ligand into BC bonds (eqs 7 and
9) is an interesting example of a reaction that occurs at a ligand.
This reaction resembles oxidative addition andond metath-
esis processes in that an-X bond is cleaved and the X and
Y fragments are added to the metal complex. In oxidative
addition, both X and Y bind to the metal center with concomitant
oxidation of M. Ino-bond metathesis, X is added to the metal
and Y is added to a ligand, without redox change at the metal.
In reactions 7 and 9, both the R and Bpieces are added to
the nitrido ligand, and the osmium is formally reduced by two
electrons. Current work is exploring the scope of such reactions
that occur at ligands, without change in the atoms bound to the
metal center.

Conclusions

The osmium(VI) nitrido complex TpOs(N)&(1) is electro-
philic at nitrogen but is a poor nucleophile. PhMgCl and related
reagents deliver carbanions directly to the nitrido ligand to form
reactive metalla-analido complexes which are readily protonated
to analido complexes such as TpOs(NHPh)(4). These
reactions proceed by direct addition of B the nitrido ligand,
and not via osmiumcarbon bonded intermediates such as
TpOs(N)PhCI 2). Independently prepareziand TpOs(N)Ph
(3) add external €DsMgCl at nitrogen, without migration of
osmium-bound phenyl groups. A mechanism of electron transfer
from PhMgCI to 1, forming Ph, is ruled out by the lack of
trapping of the radical by THF solvent. Reactionslofvith
alkyl- and arylboranes similarly result in transfer of one organic
group to nitrogen, leading to isolable borylamido complexes
such as TpOs[N(Ph)(BBACI, (11). This is an unprecedented
insertion of a nitrido ligand into a borefcarbon bond. The
mechanism proposed involves pre-equilibrium formation of a
nitrido-borane adduct, followed by a 1,2 shift of an organic
group from boron to nitrogen (Scheme 3). A related adduct,
TpOs[NB(GFs)s]Phy (17), has been structurally characterized.
The mechanism is supported by the strong influence of both
the electrophilicity of the borane and the nucleophilicity of the
migrating group. Similar mechanisms have been proposed in

recorded on Bruker AC-200 and AF-300 spectrometers at ambient
temperatures and referenced to the solv&#t.chemical shifts were
recorded at 188 MHz and are reported in ppm with@BOH used as

an external reference. IR spectra were obtained as thin films or Nujol
mulls on NaCl plates using a Perkin-Elmer 1600A spectrometer and
are reported in wavenumbers. Each complex contains a number of
stretches associated with the Tp ligand that typically vary by less than
3 wavenumbers: 3112 (m), 1503 (m), 1404 (s), 1312 (s), 1216 (s),
1118 (s), 1075 (m), 1046 (vs), 982 (w), 768 (s), 715 (s), 657 (M), 615
(m). EI/MS spectra were obtained on a Kratos Analytical mass
spectrometer at 70 eV using electron impact ionization; samples were
introduced as solids using a direct inlet probe techniques and were
typically heated to 150C. FAB mass spectra were taken on a Joel
VG 70 SEQ tandem hybrid instrument of EBqQ geometry. Samples
were quickly introduced into the matrix (4-nitro-benzyl alcohol) as
methylene chloride solutions.

KOs(N)O; was prepared from OsOby literature method8 or
purchased from Colonial and used without further purification. KTp
was synthesized by literature meth&ésTriphenylphosphine was
purchased from Strem and used as received. The reported syntheses of
["BusN]J[Os(N)Ph] and ['BusN][Os(N)PhCl;]?° were modified to use
an aerobic, aqueous workup. Bfs); was generously supplied by
Professor K. I. Goldberg. All other reagents were purchased from
Aldrich and used without further purification. Solvents were degassed
and dried according to standard procedifeshromatography was on
silica gel unless otherwise noted.

TpOs(N)Cl, (1). A 250 mL round-bottom flask was charged with
7.00 g (27.8 mmol) of KTp, 120 mL of dry ethanol, and 32.0 mL of
concentrated aqueous HCI. KOsk@.00 g, 6.87 mmol) was added,
resulting in a deep purple-colored solution. The solution was refluxed
for 30 min, turning a reddish orange color, and then it was cooled and
placed in a freezer overnight. The chilled solution was filtered, and a
mixture of white and orange-red solids was collected. The solids were
rinsed with~100 mL of O and~20 mL of ethanol and air-dried for
several hours, yielding 1.50 g 4f(3.07 mmol, 45% vyield) as a red-
orange power. To remove the TpOs@hpurity, 250 mg ofl (0.51
mmol) containing 5 mol % TpOsg(as determined bjH NMR) was
dissolved in CHCI,, and ferrocene (4.83 mg, 0.026 mmol, 1.05 equiv
based on TpOsE) was added. After the solution was stirred for 1 h,
the solvent was removed, and the resulting solid was purified by
chromatography and two recrystallizations, affording red plates suitable
for X-ray crystallography!H NMR (CDCl): 6.03 (t), 7.42 (d), 7.52
(d) (each 1H, pz); 6.55 (t), 7.88 (d), 8.38 (d) (each 2H).pg2C{*H}

NMR (CDCl): 106.3, 134.5, 143.9 (pz trans to N), 108.6, 138.1, 146.5
(pz trans to Cl). EI/MS: 489 (M), 455 (Mt — CI). IR: 2516 (B—H),
1066 (Os=N). Anal. Calcd (found) for @H:0BCI,N;Os: C, 22.14

related reactions of organoboranes with chloramines, azides, anq22.35); H, 2.06 (2.09); N, 20.09 (19.89).

CO. The unusual reactivity of, and the much diminished
reactivity of 3, are consistent with the orbital picture derived
from ab initio calculations. The electrophilicity @fderives from

its accessible LUMO and LUMG@- 1, which are OsN =*
orbitals with significant density on the nitrogen. The lone pair
on the nitrido ligand inl is the low-lying HOMO-8. This
bonding scheme and reactivity have similarities to those of CO.

TpOs(**N)Cl, was prepared on the same scale from K&®§Os
(from OsQ + NH4OH). IR: 1036 {os="5\).

TpOs(N)(Ph)CI (2). A glass bomb was loaded wig(35 mg, 0.060
mmol), 5 mL of CHCI,, and then 1 M HCI in BEO (0.435 mL, 0.435
mmol; 7.25 equiv) and then heated at 80 for 2 days. Column
chromatography using toluene as an eluant yielded 15 mg (0.028 mmol,
47%) of orange powdetH NMR (CDCL): 5.94, 6.43, 6.53 (each 1H,

t, pz), 7.00, 7.47, 7.79, 7.88, 7.92, 8.50 (each 1H, d, pz), 7.15 (1H, t,

The reactions described here are interesting examples of metal; ;. hara), 7.25 (2H, t, 7 Hz; meta), 7.35 (2H, d, 7 Hz; orth&g-

mediated chemistry that occurs with bond making and bond
breaking at ligands, without change in the atoms bound to the
metal center.

Experimental Section

General Considerations.All manipulations were conducted in the

{H} NMR: 106.7, 108.5, 109.1, 135.1, 137.9, 138.7, 145.0, 146.4,
148.4 (all pz), 127.3, 128.1, 142.8 (alPh,p, m, 0, ipso not observed).
EI/MS: 531 (M'), 495 (Mt — CI).

TpOs(N)Ph, (3). Concentrated aqueous HI (1 mL) in air was added
to a stirred solution ofriBusN][Os(N)Phy] (400 mg, 0.530 mmol) in
100 mL of acetone, resulting in a rapid color change from yellow to
bright orange. After 5 min, KTp (200 mg, 0.794 mmol) was added,

absence of air and water using dried reagents and glovebox and high-gng the solution gradually darkened. This mixture was heated briefly

vacuum techniques, except where notetINMR spectra were recorded
on Bruker AC-200, AF-300, AM-499, and WM-500 spectrometers at
ambient temperatures and referenced to,3ileor residual solvent

(62) Alves, A. S.; Moore, D. S.; Andersen, R. A.; Wilkinson, G.
Polyhedron1982 1, 83—87.

to 60 °C and then allowed to stir fo4 h at room temperature.
Chromatography using toluene as an eluant gay&00 mg, 0.175

(63) Trofimenko, S.J. Am. Chem. Sod.966 88, 1842-1844.
(64) Perrin, D. D.; Armarego, W. L. FPurification of Laboratory
Chemicals3rd ed.; Pergamon Press: New York, 1988.
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mmol, 33%) as an orange powdér NMR (CDCl): 5.99 (t, 1H, t,

pz), 6.38 (2H, t, p2, 6.86, 7.55 (each 1H, d, pz), 7.80, 7.89 (each 2H,
d, p2), 7.02 (2H, t, 7 Hz; para), 7.15 (4H, t, 7 Hz; meta), 7.36 (4H, d,
7 Hz; ortho).:3C{*H} NMR: 105.4, 134.5, 144.8 (pz trans to N), 107.1,

azeet al.

dark orangé (35.9 mg, 0.071 mmol, 35% yield) as dark orange plates.
IR (KBr): 3566, 3244, 2954, 2497 (BH), 1713, 1592, 1499, 1408,
1306, 1210, 1118, 1074, 1049, 763, 708, 655, 618. DIP/MS: 506,(M
475 (M — HoNEY). Anal. Caled (found) for @H:sBCIN;Os: C, 23.78

136.8, 146.2 (pz trans to Ph), 125.1 (para), 127.4 (meta), 141.4 (ortho),(24.11); H, 2.99 (3.22); N, 19.41 (19.07).

155.1 (ipso). EI/MS: 572 (M), 495 (M" — Ph). Anal. Calcd (found)
for C;H20BN7Os: C, 44.14 (44.74); H, 3.53 (3.69); N, 17.16 (17.24).
TpOs(NHPh)CI; (4). PhMgBr in THF (200 mg in~10 mL) was

added dropwise over 5 min to-a78 °C solution of1 (100 mg, 0.204
mmol) in 20 mL of THF, resulting in a darkening of the orange solution.
The solution was stirred at78 °C for 1 h, and then at room temperature

TpOs(NHEt)CI; (10). A solution of16 (generated in situ, see below)
was exposed to air for approximately 10 min, angl2of H,O was
added. The solution slowly turned a pale yelld. NMR (CD,Cl):
6.27 (t, 1H, pz), 6.98, 6.55 (d, 1H, pz), 6.50 (t, 2H!)pB.27, 7.17 (d,
2H, pZ), 19.24 (g, 6.7 Hz, 2H, NB,CHs), 1.24 (t, 6.7 Hz, 3H,
NCH,CHs), 3.4 (br, NH + H,0). FAB/MS: 519 (st, M), 483 (v st,

for 1 h, and then was exposed to the atmosphere, resulting in a rapidM*™ — CI). Attempts to work upl0 by column chromatography
color change from dark orange to deep red. Chromatography using 50:following the procedures fot—7 yielded only'H NMR-silent yellow

50 CHCly/hexanes allowed the isolation éf(94 mg, 0.165 mmol,
81%).H NMR (CDCl): —3.50 (d, 7.0 Hz, 2HNPh,), 8.69 (t, 7.0
Hz, 2H,NPh,), 0.01 (t, 7.0 Hz, 1HNPh,), 5.50 (br s, 1H, NH), 6.06
(t, 1H, pz), 5.38, 6.19 (each d, 1H, pz), 6.62 (t, 2H') @82, 4.59
(each d, 2H, p2. IR: 3519 (NH), 2508 (BH). EI/MS: 567 (M. Anal.
Calcd (found) for GsH16BCI:N;Os: C, 31.81 (31.87); H, 2.85 (2.98);
N, 17.33 (16.87). UV/vis (CECl,) [nm (e, M~* cm™)]: 256 (12 300),
339 (8200), 420 (7700), 504 (12 800).

TpOs(NHTol)Cl; (5). A bomb was charged with toluidine (15.5
mg, 145umol), 1 (63.6 mg, 130umol), and 5 mL of CHCI,. The
bomb was heated at 7€ for 1 day and then opened in the atmosphere,
and another 15.0 mg (144mol) of toluidine was added. The bomb
was heated for another 6 days at“T@ Column chromatography with
CHClI, as the eluant yielded 32 mg of red/violet pow&e55 umol,
42%) in addition to~20 mg of1. *H NMR (CDCl): 6.14 (t, 1H, pz),
6.56, 5.78 (each d, 1H, pz), 6.58 (t, 2H,p5.68, 5.05 (each d, 2H,
pz), 8.02,—2.39 (each d, 2H, 7 Hz, tolyl), 10.26 (s, 3H, §H7.59
(br s, 1H, NH). E/MS: 581 (M), 545 (M" — Cl).

TpOs(NHPh)(Ph)CI (6). A procedure analogous to that férwas
used, with 2 equiv of PhMgBEH NMR (CDCly): —2.49 (d, 7.5 Hz,
2H, NPhy), 8.57 (t, 7.5 Hz, 2HNPh,), 1.00 (t, 7.5 Hz, IHNPh,),
2.27 (d, 7.5 Hz, 2HQsPh), 8.54 (t, 7.5 Hz, 2HOsPh,), 3.93 (t, 7.5
Hz, 1H,OsPhy), 11.5 (br, 1H, NH), 6.92, 6.70, 5.88 (t, 1H, pz), 7.62,
6.36, 6.21, 5.63, 4.99, 4.73 (d, 1H, pz). EI/MS: 609")M

TpOs(NHPh)Ph, (7). A procedure analogous to that fémwas used,
with 3 equiv of PhMgBr.*H NMR (CD.Cl,): —3.66 (d, 7.5 Hz, 2H,
NPh), 8.69 (t, 7.5 Hz, 2HNPh,), —0.69 (t, 7.5 Hz, 1HNPh,), 1.55
(d, 7.5 Hz, 4H,0sPh), 9.17 (t, 7.5 Hz, 4HOsPh,), 3.50 (t, 7.5 Hz,
2H, OsPhy), 12.1 (br, 1H, NH), 5.84 (t, 1H, pz), 5.62, 4.08 (d, 1H,
pz), 6.91 (t, 2H, p3, 7.61, 5.46 (d, 2H, P IR: 3526 (NH), 2514
(B—H). EI/MS: 650 (M").

TpOs(NPh)PhMgCI. A screwtop NMR tube was charged with 50
uL of 2 M PhMgCl in THF (0.100 mmol). The solvent was removed
in vacuo, and 0.50 mL of §Ds was condensed in. The tube was shaken,

materials.

TpOs[N(Ph)(BPh)]Cl, (11). A flask charged with 180 mg ot
(0.368 mmol), 108 mg of BRH0.446 mmol, 1.21 equiv), and 10 mL
of CsHs was stirred for 5 min. Filtering, layering the filtrate with 60
mL of hexanes, and it allowing to stand overnight yielded dark orange
11 (138 mg, 52%)*H NMR (CDCly): 6.29 (t, 1H, pz), 6.94, 7.47 (d,
1H, pz), 6.12 (t, 2H, p2, 6.05, 7.00 (d, 2H, px 4.50 (d, 7 Hz, 2H,
NPh), 7.26 (t, 7 Hz, 2HNPhy), 6.90 (t, 7 Hz, 1HNPh,), 7.63 (d, 7
Hz, 4H, BPhuonno), 7.32 (t, 7 Hz, 4HBPhmen), 7.43 (t, 7 Hz, 2H,
BPhyparg). Anal. Caled (found) for OsgH2sN7B2Clo: C, 44.40 (44.03);

H, 3.45 (3.42); N, 13.43 (13.42).

TpOs[N(Ph)(BPhOBPH,)]ClI; (12). Compoundl2 was prepared as
for 11 except with stirring overnight. Isolated yield: 34%1 NMR
(CDCly): 5.96 (1H, t, pz), 5.73, 4.72 (each 1H, d, pz), 6.69 (2H, t,
pZ), 6.96, 4.12 (each 2H, d, PzPh, 9.20 (2H, t), 7.70 (4H, t), 7.47
(1H, t), 4.10 (2H, t), 1.91 (1H, t), 1.27 overlapping (3H, d), 0.89 (2H,
t), —4.10 (4H, t). Repeated submittals of the same sample gave
substantially different elemental analyses, indicating analytical dif-
ficulties.

B(Tol); was prepared by addition of LiTol in pentane (from PhCH
2.18 g, 10 mmoH- "BulLi, 6.25 mL/1.6 M in hexanes, 10 mmol) to a
pentane solution of BB(0.32 mL, 3.4 mmol). Filtration and removal
of the volatiles gave 0.75 g (2.6 mmol, 76%) of white B(EofH
NMR (CDCl): 7.71, 7.25 (d, 7 Hz, 2H each), 2.43 (s, 3H). EI/MS:
284 (M%), 193 (M — Tol*).

BPh(Tol), was prepared similarly from PhGH3.26 g, 15 mmol),
"BuLi (9.4 mL/1.6 M in hexanes, 15 mmol), and PhB@0.97 mL,

7.5 mmol). The white product (0.50 g, 1.85 mmol, 25%) was sublimed
and recrystallized from pentantd NMR (CDCl): 7.54, 7.27 (d, 2
Hz, 4H, Tol), 7.60 (d, 2H), 7.52 (t, 1H), 7.43 (t, 2H, each 8 Hz,d&?h

p, m).

TpOs(N(CsFs)[B(CeFs)2])Cl2 (13). A solution of 1 (78 mg, 160
umol), B(GsFs)s (78 mg, 152«mol), and 40 mL of benzene was stirred
for 10 min. The solvent was removed, and the solids were extracted

and then the solvent was stripped off in vacuo. The tube was brought with 100 mL of pentane. Removal of the pentane yield8d80 mg,

into the box, where it was charged with 14.0 mg (0.028 mmol, 0.28
equiv) of 1. The contents were dissolved in 1 mL of0i, resulting in
a dark orange solution of TpOs(NPh®tyCl as determined byH
NMR: 2.86 (d, 7.5 Hz, 2HNPh,), 8.21 (t, 7.5 Hz, 2HNPhy), 4.25 (t,
7.5 Hz, 1H,NPhy), 5.75 (d, 7.5 Hz, 4HOsPh), 7.88 (t, 7.5 Hz, 4H,
OsPhy), 6.02 (t, 7.5 Hz, 2HOsPh,), 5.88 (t, 1H, pz), 6.14, 6.78 (d,
1H, pz), 6.12 (t, 2H, p3, 6.81, 6.85 (d, 2H, pr

TpOs(H:NE)CI, (8). EtzZn (0.200 mmol in 20 mL of THF) was
added dropwise over 5 min to-a78 °C solution ofl (0.100 mg, 0.204
mmol) in 35 mL of THF. The solution immediately turned dark purple.
After being stirred fo 3 h at—78 °C and 5 h atoom temperature, the
solution was exposed to air, affording a dark brown solution. Purifica-
tion by silica gel chromatography and recrystallization in air from
acetone/heptane gave NMR-siléh{27.5 mg, 0.053 mmol, 26%) as
red plates. IR (KBr): 3241, 2967, 2505 {B), 1704, 1500, 1408,
1308, 1213, 1115, 1047, 838, 782, 711, 620. DIP/MS: 520)(M75
(M* — H,NEt). Anal. Calcd (found) for gH:;BCI:N;Os: C, 25.45
(25.63); H, 3.30 (3.47); N, 18.88 (19.01).

TpOs(HNMe)Cl, (9). Following the procedure foB, MeMgCl
(0.200 mmol in 20 mL of THF) was added 190.100 mg, 0.204 mmol
in 35 mL of THF) and stirred at-78 °C for 1 h, and then at 20C for
2 h. Exposure to air afforded a blue solution. Purification by silica gel
chromatography and recrystallization in air from £Hy/heptane gave

80 umol, 53% yield) as a reddish orange powdét. NMR (CDCl):
0.80 (t, 1H, pz)—3.28 (d, 1H, pz)—18.62 (br, 1H, pz), 5.32 (t, 2H,
pZz), 8.66 (d, 2H, p2, —23.31 (br, 2H, p2. **F NMR: 3.9 (br s, 2F),
—19.5 (br s, 2F);=39.4 (br s, 2F);~76.8 (br s, 1F);~84.0 (br s, 4F),
—85.9 (br s, 4F).

TpOs[NH(CeFs)]Cl2 (14). A methylene chloride solution df3was
exposed to air, resulting in an immediate color change from dark orange
to vivid purple. Purification of the solution by short column chroma-
tography yielded.4in 90% yield.*H NMR (CDCk): 4.99 (t, 1H, pz),
1.46, 1.34 (d, 1H, pz), 6.61 (t, 2H, Pz7.76,—1.19 (d, 2H, p2. °F
NMR (CDCl): 0.2 (d, 6 Hz, 2Fortho), —120.4 (t, 6 Hz, 2FmetJ,
36.9 (t, 6 Hz, 1Fpara). FAB/MS: 658 (strong, M), 623 (strong, M
— Cl), 475 (very strong, M — NH(CgFs)).

TpOs[N(Et)BEt]Cl; (15). A screwtop NMR tube was loaded with
1 (4.3 mg, 8.8«mol) and 0.5 mL of methylene chloride. Addition of
BEt; (10 xL, 1 M in THF, 10 umol) resulted in an immediate color
change to vibrant yellow. The solvent was removed in vacuo, and 0.5
mL of CDCl was condensed itH NMR (CDCl): 6.33 (t, 1H, pz),
7.50, 7.26 (d, 1H, pz), 6.34 (t, 2H, pz7.14, 7.05 (d, 2H, gz, 0.91 (t,
7.4 Hz, 3H, NCHCHj3), 7.100 (obscured g, 2H, NGCHs), 1.29 (br
s, 10H, BGH,CH3). FAB/MS: 587 (w, Mf), 572 (vw, M" — Me), 558
(w, Mt — Et), 552 (w, M" — Cl), 537 (M" — MeCl), 519 (st, M —
BEt), 483 (v st, M — BE®LCI).



Carbanion Addition to an Osmium Nitrido

TpOs{N(Et)[BEt(OMe)] }Cl, (16). A screwtop NMR tube was
loaded withl (8.0 mg, 16.4tmol) and 0.5 mL of CCl,. ELB(OMe)
(2.5uL, 19 umol) was added, and the color of the solution changed
from orange to dark yellow over 40 mi#d NMR (CD,Cl,): 6.19 (t,
1H, pz), 6.21, 6.68 (d, 1H, pz), 6.56 (t, 2H,'pz5.99, 7.32 (d, 2H,
pz), 4.38 (s, 3H, ™e), 1.52 (t, 7.3 Hz, 3H, BChCH;3), 1.44 (d, 8.3
Hz, 2H, NCH,CHj), 0.67 (t, 8.3 Hz, 3H, NCkCHj3), 15.9 (br s, 2H,
BCH,CHs). *C{!H} NMR (CD:Cl,): 149.7, 136.9, 102.8 (pz, 1C),
150.0, 135.0, 102.8 (pz2C).

TpOs[NB(CsFs)3]Ph2 (17). An NMR tube was charged with(12.4
mg, 22 umol), B(GsFs)s (12.3 mg, 24umol), and then CBECl, (0.5
mL). Upon thawing, a green solution was observed, wHes&IMR
did not change on heatingrf® h at 80°C. Removal of the CECI,
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SHELXL-97 85 All heavy atoms were located in the Patterson map and

refined anisotropically; hydrogen atoms were placed in calculated
positions and refined using a riding model. Crystald 8fvere grown

by slow evaporation of a benzene solution; the structure is described
in the Supporting Information.

Crystal Structure of TpOs[NB(C¢Fs)s]Ph2 (17). A green, prismatic
crystal of 17 was immersed in oil and mounted on a glass capillary
with epoxy under a stream of nitrogen. Data were collected on a Nonius
KappaCCD with two sets of 10 s exposures using affset of 100
between the two sets. An empirical correction for absorption anisotropy
was applied before structure soluti$hSolution by Patterson methods
produced a complete phasing model consistent with the proposed
structure®” Two benzene molecules of crystallization were located by

and recrystallization from benzene gave air-sensitive green crystals difference Fourier synthesi§.All hydrogen atoms were placed with

suitable for X-ray analysiSH NMR (CD,Cl,): 5.89 (t, 1H, pz), 6.33,
~7.00 (d, 1H, pz), 6.39 (t, 2H, pz 7.71, 8.00 (d, 2H, p¥, 6.98 (d, 7
Hz, 4H,0sPh), 7.18 (t, 7 Hz, 4HOsPh,), 7.05 (t, 7 Hz, 2HOsPh,).
19F NMR (CDCl,): —54.4 (d, 18 Hz, 6Fortho), —81.6 (t, 19 Hz, 3F,
para), —88.3 (t, 18 Hz, 6Fmetg.

Crystal Structures of 3, 4, and 8.Crystals were grown by slow
evaporation of hexan&), hexane/ethyl acetatd)( or acetone/heptane
solutions B). Crystals were mounted on a glass fiber with epdky4}
or in a glass capillary in 0il§). Data were collected on a Nonius
KappaCCD diffractometer, by rotation about thexis in I’ increments
over 360. The exposure times per frame and the crystitector
distances were 60 s and 27 mm ®r30 s and 30 mm fo#4, and 30
s and 27 mm foB. The mergingR factors of 0.0523), 0.037 @), and
0.056 @) indicated the data were all of good quality. Solutions by direct
methods produced a complete phasing mode3famd8, and an almost
complete phasing model fot, with the rest located by difference
Fourier synthesis. I3 and4 there are two independent molecules in
the asymmetric unii8 crystallizes with one molecule of acetone; both
the Os complex and the solvent reside on a mirror plane. All heavy
atoms were refined anisotropically by full matrix least-squares.3For
hydrogen atoms H1A, 2A, 3,6, 7, 8, 9, 11, 12, 13, 15, 19, 20, 22, 23,

idealized geometry and were refined isotropically with a riding model
with Uiso values fixed at 1.Weq Of their parent atom. All non-hydrogen
atoms were refined anisotropically.

Computational Details. All computations were performed using the
GAUSSIAN-94 packagé€® The geometries of all molecules were
optimized using idealized molecular symmetries at the RHF/LANL2MB
level of theory. Complexed and5 were also optimized at the o
LANL2DZ level of theory. Single-point calculations were then
performed on all molecules usinggX_ANL2DZ.
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