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Insertion of a Metal Nitride into Carbon —Carbon apparently by initialtrans — cis isomerization of the nitride
Double Bonds complex followed by reaction of theis nitride.
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Metal nitride complexes are receiving increasing attention in 1 2
reactions which form bonds to nitrogen. Reactions of electrophilic Ar=R; =Ph,R; =H, 66% (2a)
nitrido groups with reagents such as phosphinesnineN- Ar =R, = 4-MeOC¢Hy, R; = H, 85% (2b)
oxides? amines’ azide} main group organometalliés,and Ar = Ph, R, = CH=CHPh, R, = H, 79% (2¢)

Ar = Ph, Ry = CH=CHCH=CHPh, R, = H, 61% (2d)
Ar=Ph, R, = CHs, R, = H, 81% (2e)
Ar = 4-MCOC6H4, R] = R2 = CH3, T1% (Zf)

isobenzofurarfshave all been reported recently. Nitride com-
pounds have also been used as starting materials for reactions
with less nucleophilic reagents such as alkehidewever, these
reactions invariably take place only after activation of the nitride . ) .
with a strong electrophile such as trifluoroacetic anhydride to form A variety of other aryl-substituted alkenes also react With

a reactive imido complex. Here | describe the direct reaction of 9ive analogous products (eq P:-Methoxy substitution of the

the cationic nitrido complexis-[(terpy) OsNCHPF: with a variety phenyl groups increases Fhe rate of the reaction, with dimeth-
of aryl-substituted alkenes to forpi-azaallenium complexes. In oxystilbene reacting~20 times faster than stilbenéransf-
these reactions, the alkene carbmarbon double bond is Methylstyrene is the most reactive alkene, with its reaction going
completely ruptured, forming two new carbenitrogen bonds to completion overnight at room temperature. Trisubstituted
and a new metaicarbon bond. The asymmetrically bonded @kenes such as 1-(4-methoxyphenyl)-2-methylpropene form
azaallenium adducts are formed with a high degree of regiose-analogous products at rates only modestly slower than their
lectivity and can be further functionalized under either oxidative disubstituted counterparts. Styrene and other alkenes such as

or reductive conditions. norbornene otrans-5-decene that lack aryl substituents all react
The cationic osmium(VI) nitrido complesis-[(terpy)OsNC]- with 1 but hgvg so far failed to yle!d tratl:t.able products.
PR (1; terpy = 2,2:6',2"-terpyridine) reacts witltis-stilbene in The bonding in these complexes is clarified by the X-ray crystal
acetonitrile overnight at 66C to give the blood-red air-stable ~ Structure old, derived from 1,6-diphenyl-1,3,5-hexatriene (Figure
azaallenium complesis-[(terpy)OsCH(1,247%-PhCH=N=CHPh)]- 1)1%In compoundg, the osmium-nitrogen triple bond has in-
PR (2a eq 1)? trans-Stilbene gives the same produs, albeit serted into one carbqrcarbon double bond of_ the organic sub-
more slowly. Theransisomer of [(terpy)OsNGIPFs also reacts ~ Strate. One carbon in the ruptured alkene2ahis bonded to
with eithercis- or trans-stilbene to give the sanmes product2a, osmium @los-c = 2.182 (5) A), while the other carbon forms a
double bond to the coordinated nitrogeta{y = 1.293 (7) A).
(1) (@) Griffith, W. P.; Pawson, DJ. Chem. Soc., Dalton Tran2975 The original alkene has been completely cleaved; there is no sign

417-423. (b) Demadis, K. D.; Bakir, M.; Klesczewski, B. G.; Williams, D.

S. White, P. S.. Meyer, T. Jiorg. Chim. Acta1998 270, 511.-526. of residual b_ondlng between thezcarbon ator_dts..e = 2.484
(2) Wiliiams, D. S.; Meyer, T. J.; White, P. S. Am. Chem. Sod.995 AR). The osmium is bonded in an?-(C,N) fashion to the new
117, 823-824. organic fragment in what may be regarded as an osmium(ll) aza-
(3) Huynh, M. H. V.; EI-Samanody, E.-S.; Demadis, K. D.; Meyer, T. J.; : :
White, P. S.J. Am. Chem. 904999 121, 1403-1404. aIIen_lum complex or an osr_mum(IV) azametallacyclopropane. The
36£46)_I?D’g:rlréadis, K. D.; Meyer, T. J.; White, P. $1org. Chem.1998 37, mftrggl d?g;’fs)t)hl? Ogg?nlc frat?]memtv(vemltz 1-37f4 ér,%sgl_
. -C2= .5) lie between these two extreme for ne
(5) (a) Crevier, T. J.; Mayer, J. Ml. Am. Chem. S0d.998 120, 5595~ ; ; _ ;
5596. (b) Crevier, T. J.: Mayer, J. Mingew. Chem., Int. EA998 37, 1891— ggr?]rpliiags:\io(oé d?xnit[?;tlgilg—(g"?é?;:tﬁggefegﬁggi?tlgén
1893. ) -ToLC=N= 2), .
E% ?r)ovan, S. lentTJrg-TCkhehm-wa?ruzcriptciubmigeg;%rgpfggcgg;)g; Though details are not available, the preliminary data for this
a) Groves, J. T.; Takahashi, J. Am. em. So imdi ; ; B
2074. (b) Du Bois, J.; Tomooka, C. S.; Hong, J.; Carreira, EAbt. Chem. Zcz)gqngéigl|Qcc)j;((::lit;rotggrgelt(s:a?]torﬁ:i:tglrfeo:s Shlﬁefllrg%\rectol\\llvag the
Res.1997, 30, 364-372. m(C= 1. y G-N—
8(@ \évzilliams, D. S.; Coia, G. M.; Meyer, T. dnorg. Chem.1995 34, = 128.3),%3 consistent with weaker back-bonding by Os(ll) than
586—592.
(9) Partial spectroscopic data for selected compounds (for full experimental by Mo(0). . .
details, see the Supporting Informatiorfa: *H NMR (CDsCN) 6 5.48 (d, Th_e NMR  spectra of the diamagnetic C_Omp|e>@8afe_
?HHzél&gﬁ?og;§$h¥ g.ﬁg (t,lg.sthHoz{,éHgg’g)hi(:|7ri:(>£),éﬁ.é;ZS(?JI 2 'fﬁ consistent with retention of the crystallographically determined
; Os , 6. , 7.5 Hz, 1Hor S , 7.02 (t, 7.5 Hz, 1H; i i ini igi
m-OSCHPH). 7.19 (tt. 7.5, 1 Hy, 1Hpara OSCHPR). 7.32 (¢ 75 Hz. 2H- structure |n§_oﬁlut|on. 'I;]he t\_Nolterm_lnl of the orlglnal(jdo%t:l:)e (t;ond
mN=CHPH), 7.43 (m, 3H:0,-N=CHPH), 8.21 (d, 2 Hz, 1H; N-CHPh), are In very different emlcalenwronments, as judgedtby;
a'&%(?gb%?\i)léji ;gr%&e);),lsé.;slz(déHs%lﬁ:él\t/leépgsng(ia%{ ?} 6.62 vs 8.21 ppm foRa) and'3C (6 44.75 vs 163.12 ppm for
¥ ' 7163, N, o . : :
H NMR (CD.CN) 0 5.58 (br d, 8 Hz, 1HD-OSCHPH), 623 (d, 2 H7, 1H; 4o 'ax Sheclioscopy. These d|fft|arl;anc§sdar§ﬁon5|stenth%th
OsCHPh), 6.62 (br t, 7.5 Hz, 1HM-OsCHPh), 6.68 (br d, 8 Hz, 1Hp'- (CN) coordination, with the metal-bonde group showing

OsCHPh), 6.79 (dd, 16, 10 Hz, 1H; #CH—CH=CHPh), 6.99 (br t, 8 Hz, upfield shifts and the iminium-like methine group shifting
1H; m-OsCHPh), 7.23 (it, 7.5, 1 Hz, 1Hp-OsCHPh), 7.27 (d, 16 Hz, 1H;

N=CH-CH=CHPh), 7.33 (m, 3Hm,p-N=CH—CH=CHPh), 7.39 (m, 2H; (10) Crystallographic data f@d-(CD3),C=0: CzeH»7DsCl.FsN4OOsP, dark
0-N=CH—-CH=CHPh), 7.86 (dd, 9, 2 Hz, 1H; RCH—CH=CHPh), 9.12 red blocks grown from acetorely/Et,O, triclinic, space group Rla =
(dd, 5, 1 Hz, 1H; terpy H-6), 9.18 (dt, 5.5, 1 Hz, 1H; terpy H)}613C{H} 11.7391 (12) Ap = 13.2219 (10) Ac = 14.1111 (12) Ao = 94.154 (6,
NMR (CDsCN) 6 44.73 (O€HPh), 122.98 (N-\CH—CH=CHPh), 149.13 B =113.610 (7, y = 111.576 (79, V= 1803.2 (3) R, Z= 2, R1= 0.0490,
(N=CH—CH=CHPh), 162.99 (N-CH—CH=CHPh). FABMS 715 (M). wWR2 = 0.0774, GOF= 1.045.

2e 'H NMR (CDsCN) 6 2.38 (dd, 5.4, 1.5 Hz, 3H; ®#CHCH3), 5.56 (br d, (11) Cf. d(C=N) for 1,3-ditolyl-2-azaallenium ion= 1.258 A. Bitger,
7 Hz, 1H;ortho), 6.29 (sl br, 1H; Os@Ph), 6.67 (br m, 2Hmeta ortho), G.; Geisler, A.; Frbch, R.; Wirthwein, E.-U.J. Org. Chem1997, 62, 6407

6.96 (br t, 7 Hz, 1Hmetd), 7.24 (tt, 7, 1 Hz, 1Hpara), 7.40 (qd, 5.4, 2.5 6411.

Hz, 1H; N=CHCHj3), 9.10 (ddd, 5.5, 1.5, 0.5 Hz, 1H; terpy H-6), 9.13 (ddd, (12) Keable, H. R.; Kilner, MJ. Chem. Soc., Dalton Tran$972 1535~
5.5, 2, 1 Hz; terpy H-8). 13C{*H} NMR (CDs;CN) 6 23.75 CHs), 42.35 1540.

(OSCHPh), 168.57 (N=CHCHjz). FABMS: 627 (M"). (13) Kilner, M. Adv. Organomet. Cheml972 10, 115-198.
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Figure 1. Thermal ellipsoid plot of the cation afis-[(terpy)OsC(1,2-
72-PhCH=N=CHCH=CHCH=CHPh)]PF*(CD3),C=0 (2d-(CD3)-
C=0). Selected bond lengths (A) and angles (deg)—%, 2.006 (4);
Os—C1, 2.182 (5); C+N1, 1.374 (7); C2N1, 1.293 (7); N+ Os—C1,
38.0 (2); CEN1-C2, 137.3 (5).

downfield. The presence of two sharp sets of signals indicates

that the two ends of the azaallenium group do not exchange on

the NMR time scale. As in free allen&slong-range proton
proton couplings are observed through the unsaturated framewor
(*Jpn = 2 Hz and®Jyy = 1-2 Hz in 2a—f). All compounds2
show eleven separate resonances in*thé&lMR and fifteen in

the 13C{*H} NMR due to the terpyridine ligands, indicating that
they haveC; symmetry in solution, consistent with static binding
to one face of the €N double bond.

The phenyl group on C-1 is held close to the terpyridine ligand,
on average 3.49 A from its least-squares plandnAs a result,
exactly one aryl group in each compoudannot rotate freely
about the Gso—Cos bond and shows inequivaleoitho andmeta
hydrogens in théH NMR (e.g.,0 5.48 and 6.7rtho, 6.49 and
7.02metafor 2d). Slight broadening of thertho and meta(but
not para) resonances indicates that rotation is not quite frozen
out on the NMR time scale at room temperature, with the rotation
rates inversely related to the size of the substituent on the imine
carbon ko < 3 st for 2a—b, ~ 18 s'! for 2c—d, ~ 23 s* for
2e). The upfield shifts suggest that this phenyl group is being
held in the shielding cone of the terpyridine, consistent with reten-
tion of the crystallographically observed orientation in solution.

Remarkably, one upfield-shifted, nonrotating aryl group is
observed in every compoung, indicating that the insertion
reaction is completely regioselective, with an aryl group always
bonded to C-1. No sign of alternate isomers with alkenyl or alkyl

groups in this position can be detected when the reaction mixtures

are monitored by NMR, nor is there any sign of reaction with

the internal alkene of 1,6-diphenyl-1,3,5-hexatriene rather than
the terminal one. The regioselectivity is clearly counter-steric,

since the aryl substituent is larger than methyl or vinyl and is

placed in the most crowded position in the molecule. When two
different aryl groups are available, mixtures result. For example,
4-methoxystilbene gives a 4:1 mixture of the 1,2- and 2,3-isomers
of cis[(terpy)OsCH{PhCH=N=CHCH,OMe)]|PF. Neither2a

nor 2b is formed in the reaction of the monomethoxystilbene,

(14) Runge, W. InThe Chemistry of the Allenesandor, S. R., Ed.;
Academic Press: New York, 1982; Vol. 3, pp 77834.
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confirming that formation of the azaallenium fragment is in-
tramolecular.

The azaallenium fragments bonded to osmium retain consider-
able electrophilicity and can be synthetically modified by a variety
of nucleophilic reagents (Scheme 1). For example, the diphenyl
compound2a reacts with trimethylaminé&-oxide to split off 1
equiv of benzaldehyde (detected ¥y NMR) and form the dark
purple, insoluble benzonitrile complepis-(terpy)OsC}(NCPh)

(3, ven = 2181 cmy; cf. veny = 2204 cmt in thetransisomef).*®
Presumably the nitrile i3 arises by deprotonation of a cationic
azavinylidene complég formed after loss of benzaldehyde and
trimethylamine. Curiously, the complete regioselectivity in azaal-
lenium formation does not translate into complete regioselectivity
in this reaction: the diphenylbutadiene-derived produoist
[(terpy)OsCh(1,24?>-PhCH=N=CHCH=CHPh)]PF (2¢) gives

a 2:1 mixture of cinnamaldehyde and benzaldehyde on treatment
with MesNO at room temperature. The azaallenium complexes
can also be reduced. Compl@a reacts instantly with sodium
borohydride in acetonitrile to give primarily dark blais-(terpy)-

KOSCh(n*-PhCH=NCH,Ph) @) and traces of the doubly reduced

violet dibenzylamine complesis-(terpy) OsC}(NH[CH,PhL) (5).
The H NMR spectrum o# indicates that it has a mirror plane,
implying that the imine is bonded only through nitrogen.
Reactions that cleave carbeparbon double bonds are rare,
due to the strength and nonpolar nature of the alkene linkage.
Other reactions involving €C bond cleavage, such as ozonoly-
sist” and olefin metathesi$,have proven exceptionally useful in
organic synthesis. Studies are in progress to further develop the
reactivity of the azaallenium fragment, as well as to probe the
mechanism of this remarkable transformation.
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