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Nitrogen atom transfer has in general received much less attention (a)

than related oxygen atom transfer procedsgsis is changing as
metal-nitrido complexes have been implicated in the splitting of

N2 and other small molecules and have seen increased usage as

oxidants? For instance, we and others have been investigating
oxidizing osmium-nitrido complexe$%-9 This report describes an
attempt to extend this chemistry to iridium via photolysis of azide
complexes, a well-established route to high-valent nitrido com-
plexes? Although no high-valent iridiumrnitrido complexes are
known? Basolo et al. have described photolyses of aqueous
[Ir(NH 3)5(N3)]2* that apparently give a highly reactive intermediate,
[Ir(NH 3)s(NH)]3*, which could be formulated either as an irid-
ium(ll1) nitrene or as an iridium(V) imid@&.In contrast, photolysis

of the iridium bis(azido) complex Cp*Ir(PRN3), (Cp* = »°>-
CsMes) generates a reduced intermediate, CEPIR;).6 Here, we
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Figure 1. ORTEPs and selected bond lengths (A) for (a) Cp*If[NSC-
(NMe2)S] (2): Ir(1)—S(2) 2.272(2), Ir(1}N(1) 1.911(5), S(IyN(1)
1.628(5), S(1yC(11) 1.706(6), S(2YC(11) 1.712(6), N(2yC(11) 1.359(8).
(b) One of the crystallographically independent moleculeg ©p*Ir[u-

describe the photochemical and the subsequent thermal reactionSN_-C(NMez)S[}2 (4): Ir(1)—S(1) 2.328(3), Ir(1)-S(2) 2.339(3), Ir(1y

of iridium(lll) —azido complexes containin§y{,N-dialkyldithio-
carbamate ligands, Cp*Ir@dtc)(Ns) [R = Me (1) or Et (1],
involving novel nitrogen atom insertions.

The azido complexes Cp*Ir@@tc)(Ns) (1 or 1') are prepared
from Cp*Ir(R.dtc)Cl, AgOTf, and Naly in MeCN/MeOH! An-
aerobic photolyses of acetonitrile solutionslobr 1' with a Hg
lamp at temperatures below Q@ causes the original orange-yellow
solution to turn red*H NMR monitoring of photochemical reaction
mixtures showed formation of a main produ2tor 2, in more
than 70% yield after 5 h, together with a few byproduétsNMR
spectra for2 show singlets for the Cp* and N{3), groups at
2.04 and 3.38, respectively, both of which are significantly
downfield-shifted vs those df (0 1.77 and 3.11). Solutions &
or 2' are stable below-20 °C in the dark for at least a couple of
days, but ovel d atroom-temperature quantitative conversion to
a new product § or 3) is observed. CompleX also shows
downfield 'TH NMR chemical shifts,0 2.09 (Cp*) and 3.27
[N(CH3)2].

Red, columnar crystals ¢t were obtained from a photolysis
reaction mixture at-30°C. An X-ray crystal structure (Figure Ea)
shows a Cp*l¥ complex with a novel NSC(NM#S?~ ligand bound
via the terminal N and S atoms. One nitrogen atom of the azide
ligand has been inserted into ar-B bond, forming an N'S bond.
The five-membered chelate ring is nearly planar. The #({4{1)
bond, 1.911(5) A, is substantially shorter than theNazide)
bond in1 (2.120(6) A)? which is similar to IF'—N distances in
amine and nitrile complexé8.This indicates significant double-
bond character for the N linkage in2. The Ir(1)-S(2) bond,
2.272(2) A, is also shorter than the oneslirand in Ir(Etdtc)s
(2.365(2)-2.370(2) A)L Short IS bonds have also been observed
in the structurally related 1,2-benzenedithiolate complex, Cp*Ir-
(1,2-SCsH4).22 The N(2)-C(11) bond, 1.359 (8) A, is longer than
typical C—N bonds (1.36-1.32 A) in Medtc complexe&:!! This
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S(1) 2.370(3), S(1FN(1) 1.695(10), S(2yC(11) 1.78(1), N(1}C(11)
1.31(2), N(2)-C(11) 1.38(2).

elongation is consistent with the observation of a single unbroadened
N(CH3)2, NMR resonance even at40 °C, indicating that rotation
about the &N bond is fast on the NMR time scale. The bonding
in 2 thus has a delocalized character within the chelate ring, and
an exocyclic C-N single bond.

Complex2 and Cp*Ir(1,2-$CeH,) are formally five-coordinate,
in contrast to most Cp*It complexes which are six-coordinate,
18-electron species. As described for Cp*Ir(1&H,), the short
Ir—L distances indicate partiat-donation from the ligand so that
the molecules approach an 18-electron configurdioithis
electronic structure is the origin of the intense optical absorptions
of Cp*Ir(1,2-SCgH,4) and 2 (for the latter in acetonitrileimax =
340, 425, and 520 nna,~ 10* M~ cm™1). Six-coordinate Cp*Irk
complexes typically do not have strong visible absorptions. The
thermal produc8 has an optical spectrum similar to thatfimax
= 370, 460, and 550 nm), indicating a five-coordinate (two-legged
piano stool) structure. This structure also leads to the unusually
downfield Cp* chemical shifts ir2, 3, and Cp*Ir(1,2-SCsHa).

Slow evaporation of MeCN solutions of dark r&8dn an inert
atmosphere gives yellow crystals of a new compodndhe X-ray
crystal structure of (Figure 1b) shows a dinuclear Cp*licomplex
{Cp*Irfu-SNC(NMe&)S+3S:S,9} .8 with novel SNC(NMg)S?~
bridging ligandst® A nitrogen atom has now been inserted into a
C—S bond of the Mgdtc ligand, forming a new €N bond. The
N(1)—C(11) bond length of 1.31(2) A shows substantial double-
bond character; thus, the ligand is 2-(dimethylamino)-1-azaethene-
1,2-dithiolate, SN=C(NMe,)S*~. Each iridium center int has a
three-legged piano-stool configuration with two bridging and one
terminal S atom. The #S bond lengths of 2.328(32.370(3) A
are typical of IFM(R.dtc) complexe8:19211 The six-coordinate
structure of4 is consistent with its yellow coloit],a(shoulder)~
360 nm] and its normalH NMR chemical shifts § 1.68 (Cp*)
and 3.22 N((Hg)z in CD2C|2]
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Scheme 1. Photochemical and Subsequent Thermal Reactions of In sum, remarkably facile nitrogen atom transfer reactions are
Cprir(Redtc)(Ns) observed in this system. A nitrogen atom originally in an azide
h R ligand is photolytically inserted into an'l~S bond, forming2.
N~r r~|4 Labeling studies show that this nitrogen atom exchanges between
f“. hv ,<0°C . ﬁ>r “R molecules o at room temperature. Compl@also rearranges at
CF'*"\_S CHCN > ol -8 room temperature to insert the nitrogen atom into-aSChond of
N=pN=, the dithiocarbamate, forming a new—@l bond. Studies into the
R =Me (1), Et (1) R =Me (2), Et (2') mechanisms and generality of these and related transformations are
R ‘ in progress.
h A | CH;CN .
s _N~g R Apknowle_dgment. Thl§ work has been supported by the
CP*K \|( r~|4 National Science Foundation under Grant 0204697. T.S. acknowl-
~N in solution R edges a Fellowship from the Ministry of Education, Culture, Sports,
“""S\"C L Cp*lr\SI Science, and Technology of Japan.
)J\ Ve P crystallization
Rn 8 Supporting Information Available: Experimental procedures,
R R=Me() R =Me (3). Et(3) spectra, and X-ray crystallographic information fr2, and4 (CIF/

PDF format). This material is available free of charge via the Internet

Yellow solutions of4 convert back to dark re@ on standing at http://pubs.acs.org.

for 1 h atambient temperatures (by bothl NMR and UV/vis References
spectroscopies). This and the spectral data above indicate that the (1) (a) woo, L. K.Chem. Re. 1993 93, 1125-1136. (b) Holm, R. HChem.

thermal product8 (and3') are five-coordinate monomer complexes @ FE)v-L 19?7, 87,0115()131;1149. VL3 A Peters. 3. G- Odom. A, L- Ki

: . — P . a) Laplaza, C. E.; Johnson, . J. A Peters, J. C om, A. L.; KIm,
with a chelating _SN=_C(NR2)S’2 ligand. A similar dimer-to- E.; Cummins, C. C.; George, G. N.; Pickering, 1.JJ. Am. Chem. Soc
monomer conversion in solution has been observed for a related 1996 118 8623-8638. (b) Yandulov, D. V.; Schrock, R. R.; Rheingold,
RH! complex, Cp*Rh(1,2-8sH,).12 A. L.; Ceccarelli, C.; Davis, W. MInorg. Chem2003 42, 796-813. (c)

’ | ) . Du Bois, J.; Tomooka, C. S.; Hong, J.; Carreira, E.Aéc. Chem. Res.
The reactions described here are summarized in Scheme 1. The &987, 30, 3;34. M(d) HuTynJr]LAM. 'é'hV'; %alé%rbzRizth';zt gggw?s)og, D. L.
. . abouriau, A.; Meyer, T. 1. Am. Chem. So | . (e) Brown,
movement of nitrogen atoms Was_follo_wed, starting withand S. N.J. Am. Chem. S0@999 122, 9752. (f) Che, C.-MPure Appl. Chem,
1'-15N, where each end of the azide ligand was 50% lab¥led. 1995 67,h225. (g) Crevier, T. J.; Bennettl,l B.K.; Soperk, J. D.; Bowman,
: ; it 15N ; J. A.; Dehestani, A.; Hrovat, D. A,; Lovell, S.; Kaminsky, W.; Mayer, J.
Photolysis give® or 2' with N in the f:hglate ring, and thJéN. M. J. Am. Chem. So@001. 123 1059.
NMR spectrum also shows NPhotolysis likely cleaves the azide 3) (@ Grappe{]haus, C.A; Mienert(bls%.; BiII,hE.; Weyhéilfar 'rl]' \k/Vieghar?]tB
: : ey s ; *|p. K. Inorg. Chem200Q 39, 5306. Tsuchimoto, M.; Yoshioka, N.; Ohba,
ligand, generatln_g Nand_ the |r|d!um(_\/) nitrido species [Cp Ir S. Eur. J. Inorg. Chem2001 1045.
(N)(S,CNRy)]. This reactive transient is then rapidly stabilized by (4) Serpone, N.; Jamieson, M. A. Gomprehensie Coordination Chemistry;

; e ; Wilkinson, G., Ed.; Pergamon: New York; 1987; Vol. 4, pp 1692.79.
formgnon of an N-S bond between the nitrido gqc&d?c ligands, (5) (a) Gafney, H. D.. Reed, J. L. Basolo, F.Am. Chem. S04973 95,
forming 2. Attempts to trap the proposed nitrido complex by 7998-8005. (b) Weaver, T. R.; Basolo, Forg. Chem1974 13, 1535~

o 1538.
photolysis in neat Mg&S were not successful, presumably because (6) Freedman, D. A.: Mann, K. Rnorg. Chem.1991, 30, 836.

bimolecular trapping cannot compete with the unimolecular re-  (7) Full experimental details are in the Supporting Informatih.NMR

arrangement. (Phosphines cannot be used as traps because they ~ (GxCl Lc 0 1.22 (NCHCHS), 178 (CO), 350 (NFLCH, 20 0

displace the azide ligand frofi) It is also possible that photolysis 2.10 (Cp*), 3.76 (NEI,CHs).

; iati i i (8) Crystallographic data: Fd: CisHxlrN2S,, M = 461.64, monoclinic,
causes dlssoc_latlo_n of one sulfur of thedR ligand, which then P2, a = 9.7290(3) A.b — 11.2610(4) A.c — 14.1330(6) A ff =
attacks the azide ligand with displacement of'N 101.808(1, V= 1514.3(1) &, Z = 4, p. = 2.025 Mg mr3, u(Mo Ka)

i i =9.078 mnT?, T = 130(2) K, 5827 reflns collected, 3575 unique,(=
The thermal rearrangement 2to 3 involves a switch of the N 0.049). RI{1 > 20(1)} = 0.038 wRe(all data)— 0.078. Ford: Cogar

and S atoms within the chelate ring. The nitrogen atom is effectively Ir2N4Ss, M = 923.28, triclinic,P1, a = 10.4540(4) Ab = 11.1600(6) f&,
i i c c=14.133(1) Ao = 84.117(23, B = 87.457(2), y = 66.235(4}, V =
inserted into a €S bond. We know o_f no precedent for such a 1501 102) é 2y e = 2.043 Mg S, (Mo Ko) — 9 158 mirt, T
transformation. To probe the mechanism, a crossover experiment = 130(2) K, 7062 refins collected, 4658 uniquR.{= 0.061),R1{I >
w rform mixin x| _15 i 20(l)} = 0.051,wR2(all data)= 0.123.

af performed by N g Cp . FNSC(NMQ)S] (-N) with (9) The structure ofl is described in the Supporting Information.
Cp*IINSC(NE)S] (2) in acetonitrile solution. Remarkabl$:N (10) (a) Orpen, A. G.; Brammer, L; Allen, F. H.; Kennard, O.; Watson, D.
NMR spectra showed exchange of ti label betweer2-1°N and G.; Taylor, R.J. Chem. Soc., Dalton Tran4989 S1. (b) Suzuki, T.;

L K . Rude, M.; Simonsen, K. P.; Morooka, M.; Tanaka, H.; Ohba, S.; Galsbal,
2" within hours at room temperature (eq 1). This exchange is faster F.: Fujita, J.Bull. Chem. Soc. JprL994 67, 1013.
than the conversion df to 3. (11) Raston, C.; White, A. HJ. Chem. Soc., Dalton Tran$976 32.

(12) Xi, R.; Abe, M.; Suzuki, T.; Nishioka, T.; Isobe, K. Organomet. Chem.
1997 549 117.

Me Et (13) Related M-S=N—C(R)—S— complexes: (a) Kato, A.; Tono, M.;
| | Hisamatsu, N.; Nozawa, S.; Ninomiya, K.; Sugihama, T.; Kajitani, M.;
SeMN~1e S MN~gy 25 ¢ Akiyama, T.; Sugimori, A.J. Organomet. Chenl994 473 313-321.
CP*Ir’:“\}r + cpir’t \r _— 8} (b) Goodman, T. B.; Rauchfuss, T. Bngew. Chem., Int. Ed. Endl997,
BN =S CHON 36, 2083-2085.
(14) From singly labeled NaiN*N. 15N NMR (CDsCN, 25 °C, 6 vs
215y 2 CDsNOy): 1, —238.4 and—346.2;1', —236.7 and—344.7;2 (—20 °C),
I'}de Et —13.1;2' (—20°C), —13.5;3, —144.1;3, —153.3; N, —71.9 (Martin,
Ne N G. J.; Martin, M. L.; Gouesnard, J.-PN-NMR Spectroscopyspringer-
P Me ,s...\l/ Et Verlag: Berlin, 1981.)
Cp™Ir L_}S + CP*'R{‘__;S (15) Banthorpe, D. V. inThe Chemistry of the Azide Groupatai, S., Ed.;
N~ 1oy~ Wiley; New York; 1971; pp 397440.

2 2-N JA0365779

J. AM. CHEM. SOC. = VOL. 125, NO. 35, 2003 10515



