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Treatment of trans-[MCl(CO}(PPh;),] (M = Rh, Ir) with the
lithium salts of the bidentate hybride ligands 2-
Ph,PCsH,N(R)H ['PN{R)H’; R = H, Me] produced the chelate
complexes [M(CO)(PPh)('PNR")] [M/NR = Rh/NH (1a), It/
NH (2Za), Rh/NMe (1b), Ir/NMe (2b)] containing the CO li-
gand and the NR substituent in mutual trans-arrangement.
2b was shown by single-crystal X-ray diffraction to possess
an amido-nitrogen atom in a trigonal-planar environment.
Ozxidative addition of H, to 2b reversibly formed cis-
[IrH;(CO){PPh,){('PNMe')] (3), in which H, has added per-
pendicular to the N-Ir—CO axis. While both 1a,b and 2ab
proved to be completely unreactive toward CO, at ambient
temperature and pressure, reactions of 1a and 2a/b with sul-
fur dioxide reversibly formed pentacoordinate SO, adducts,
[M(SO,)(CO}PPhs)('PNR’)] [M/NR = Rh/NH (4a), It/NH (5a),

Ir/NMe (5b)] with M—S-bonded pyramidal MSO, units as es-
tablished by an X-ray structure analysis of 5a. Complex 5b
reacted with dioxygen to form the sulfato compound [Ir-
(0,80,)(CO)(PPhy)('PNMe’})] (6). Combination of 2a with
HC1 in CHCl3 at —60°C resulted in protonation of both the
iridium and the nitrogen atom to give an ionic chelate com-
plex, [TrHC(CO)(PPhs)('PNH,)]Cl1 (7), containing one of its
NH groups hydrogen-bonded to Ir—Cl. Ring opening of the
chelate structure with formation of [IrHCL(CO)(PPh;)-
(PPh,CcH N{(Me)H-0)] (8) was observed in the analogous re-
action of 2b with hydrogen chloride. NMR spectroscopy
showed 8 to exist in CDCly solution as a mixture of three
Ir-PPh,CsH,N(Me)H-o rotamers, stabilized by intramolecu-
lar —NMe)H---ClIr hydrogen bonding.

Recently we have been investigating some aspects of the
chelation of bidentate P,O and P.S hybrid ligands 2-
Ph,PC,H,EH (EH = OH, SH). both in their neutral
('PEH’) and deprolonated ('PE~") forms, in particular with
regard to their reactivity towards Brensted and Lewis ac-
ids["2I. In this context, the ring-opened compound
[[rHC1,(CO)PPh3)(POH)], resulting from combination of
the phenolato chelate complex [Ir(CO)(PPh3)("PO")] with
HCI in chloroform at low temperature, has been shown by
NMR spectroscopy ('H, *'P) to exist as two I[r—'"POH’ rot-
amers. As cvidenced from an X-ray structure analysis, one
of these possesses an intramolecular hydrogen bond be-
tween the OH group and the chloro ligand #rans to Ir—H,
while the other onc appears to exhibit a “bifurcated” ™ hy-
drogen bonding interaction Cl--H(O)--H involving both
the chloro and the hydrido ligand of the fragment cis-
Cl—Ir—H with distances, in the solid state, of 2.3(2) A for
the IrCl---HO hydrogen bond and 2.1(2) A Tor the IrH-~-HO

interaction!!l. These observations and the growing
interest in  iridium complexes displaying intramole-
cular M—H--H-Y and M-X--H-Y hydrogen

bondsHENSITIEI prompted us to extend our studies studies
to rhodium and iridium complexes derived from the P N-

[°1 Parts 11— V: Refs. W13,
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ligands 2-(diphenylphosphanyl)aniline, 2-Ph,PCsH,NH, P11
('PNH53), and 2-(diphenylphosphanyl)-N-methylaniline, 2-
Ph,PC H,N(Me)H I ("PN(Me)H"), as it has been dem-
onstrated recently that N—H bonds have a distinct propen-
sity to behave as the Y®~—H%* donor component both to-
ward Ir—X and Ir—H bonds as the weak basc compo-
nentsHIEITIBL - A further aspect of the work reported in this
communication was o elucidate the Lewis base and/or
Lewis acid behavior of the Vaska-type amido(phosphane)
complexes [M(CO)(PPh;)('PNR')] (M = Rh, Ir; R = H,
Me) toward small molecules, which themselves can act both
as Lewis acids and Lewis bases, e.g. CO, or SO», or can be
activated at M®"—X?® ~ centers heterolytically, such as H.

Results and Discussion

The 16e chelate complexes [M(CO)(PPhy)('PNR")] [M/
NR = Rh/NH (1a), Ir/NH (2a), Rh/NMe (1b), [r/NMe
(2b)] were obtained in smooth substitution reactions by the
addition at room temperature of equimolar amounts of the
N-lithio derivatives 'PN(H)Li’ and 'PN(Me)Li’ to the
requisite  rthodium or iriddium  precursor  trans-
IMCH{CO)XPPh;),} in THF solution. In the infrared, the
new yellow to orange colored complexes are primarily
characterized by a single carbonyl stretch band in the
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1930—1950 cm™" region, each positioned at slightly lower
wavenumbers than those of the starting chloro compounds.
P N-chelation in 1 and 2 is evident from the pronounced
downfield ring shifts!'? of their 'PNR’ 3'P resonances (&
ca. 49 for M = Rh; § ca. 38 for M = Ir), as compared to
those of the free 'PN(R)YH’ ligands (8 ca. —22). Coupling
constants 2J(P,P) ol approximalcly 300 Hz indicate the two
phosphanc ligands to be coordinated in mutual trans posi-
tions!'?l. These structural assignments were conlirmed by a
single-crystal X-ray diffraction study of iridium complex 2b.
The molecule displays a four-coordinate planar coordi-
nation geometry about the central metal (Figure 1) as evi-
denced inter alia from the sum of the four interligand cis
angles, 360.3°. Remarkably, the total of the thrcc angles
Ir—=N—-C(2), Ir-N—C(3), and C(2)—N—-C(3) at the amido
function, 359.5°, also is as required for a planar surround-
ing of the nitrogen atom. The [ive-membered chelate ring
itself exhibils a slight bend along the N---P(1) linc of 3.7°,
1.e., it adopts a very flat “envelope” conformation with the
metal atom deviating by only 0.11 A from the least-squares
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mean plane through the atoms P(1), N(1), C(3), and C(8).
The phenylene ring anellated to the chelate system adopls
an orientation almost parallel to the coordination plane, the
angle between the normals to both planes being 6.1°. The
Ir— NH bond length, 2.100(6) A, is close to the metalamide
distances of 2.09(4) to 2.10(6) A observed for the tris-
(chelate) iridium(TIT) complex [Ir("PNH")3]14.

Figure 1. Molecular structure of [Ir(CO)}PPhs)('PNMe’)] (2b)!

[ Selecled bond lengths [/5\] and angles [°]: Ir—P(1), 2.277(3);
1Ir—P(2), 2339 (3); Tr—N, 2.100(6); Tr—C(1), 1.839(8); C(1)—0,

1.147(9): N-C(2), 1.438(10), N=C(3), 1.370(10). P(1)~Tr~P(2),
177.59(11); P()—Ir—N, 8242 P(1)~Ir—C(1). 91.03):
P2)-Ir-N(1), 97.5(2): PQ)—Ir—C(l), 89.4(3); N—Ir—C(1),

171.8(3); Ir=C(1)—0, 177.3(7); I=N—C(2), 124.3(5); Ir=-N—C(3).
119.2(6); C(2)—Ir—C(3). 116.0(6).

The trigonal-planar environment of the amido-nitrogen
in 2b points to an involvement of its lone-pair of electrons
in m-bonding to the central metal with consequent sp*—sp”
rehybridization and decreased basicity at the nitrogen atom.
11 was therefore not surprising to see that the reaction of
2b with dihydrogen (50 bar) in CDCl; only led to cis-
[IrH2(CO)(PPh;)('PNMe")] (3) without any evidence for the
formation of the tautomeric heterolytic activation product
[IrtH(CO)(PPhs)('PN(Me)H')], originally hoped for as a
possible P,P,N-coordinated analogue of the well-known
tris(phosphane) complex [IrtH(COXPPhs);]. Similar to the
H, adducts cis-[IrH,(CO)PPhs)('PE")] (E = O, S) reported
earlier!!], dihydride 3 is only stable under H, atmosphere, to
the effect that attempts a( its isolation in crystalline form
rapidly restored 2b as the Hj-loss product. In the formation
of 3, the H, molecule has added “perpendicular” to the
N-Ir—CO axis (P atoms cis) in a kinetically controlled fa-
shion’> in contrast to the (thermodynamically favored)
“parallel”" H, adducts (P atoms trans) derived from [Ir-
(CO)(PPh,)("PO")] and [Ir(CO)PPh;)('PS")], respectively!).
The stereochemistry of 3 is clearly defined by its 'H- and
3IP-NMR spectra. The hydrido ligands resonate with unit
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intensity as two pairs of doublets at 8 = —9.48 [trans-
2J(PH) = 156.7, cis->J(P,H) = 16.1 Hz] and § = —7.60
[trans-*J(PH) = 127.9, cis-2J(P,H) = 16.7 Hz]. Consistently,
the two P-donors give rise to an AX pattern characterized
by 2J(Ps.Px) = 18.7 Hz, typical of phosphanes occupying
cis positions in octahedral platinum metal complexes!'?). In
the model suggested for the stereoelectronic origin of the
directing effect on H, addition to square-planar d* com-
plexes by Crabtree!! ), the formation of the “perpendicular”
adduct 3 requires a (rigonal-bipyramidal intermediate with
thc o-donating and n-accepting H, ligand and the two
strongly o-donating phosphanes in equatorial positions, the
n-donating amido-nitrogen and the m-accepting carbonyl
group occupying axial sites. Conceivably, such a transient
n-H, appears to be favored over its isomer leading to the
“parallel” adduct (H,, N, and CO equatorial, phosphanes
axial) as the strongly n-donating and n-accepting NMe and
CO ligands should have a strong tendency for remaining
mutually trans.

Figure 2. Molecular structure {)% [Ir(SO)}CONPPhs}('PNH')]
(Sa)

[4] Sclected bond lengths [A] and angles [°]: Tr—S, 2.456(3); Ir—P(1),
2.349(2); Tr—P(2), 2.316(2); Ir—N. 2.027(8); Tr—C(1), 1.838(11):
SZ0(2), 1.35(2); $—0(2a). 1.32(2); $-0O(3). 1L.478(9); C(1)-O(1).
1.148(12); S—Ir=P(1), 96.38(11); S—Tr—P(2), 98.55(11); S—Ir—N,
91.7(2); S—Tr—C(1), 91.6(3); P(1)~Tr—P(2), 162.68(7); P(1)—Ir— N,

91.4(3); P()-Ir—C(l), 943(3); PQ)-I—N,  79.503);
P(Q)—Ir—C(1), 94.03); N-Ir-C(1). 173.0(4); Ir—S—0(2).
106.9(8);  Ir—S—0(2a), 107.9(6), Ir—S—0(3), 105.7(3):
O()-S—0(2a),  939(12);  O(2)-S—0(3). 122.7(12);

0(2a)—-5-0(3), 118.7(9); Ir—C(1)~O(1), 178.1(8).

None of the four d® complexes 1a,b and 2a,b underwent
any noticable transformation when stirred in THF under
CO; at ambient temperature and pressure for 18 h, indicat-
ing that neither the metal nor the nitrogen basicity suffices
for an interaction of the weakly Lewis-acidic CO, molecule
with either atomic site. In contrast, analogous treatment
with gaseous SO, of 1a, 2a, and 2b in toluene solution re-
sulted in the immediate formation the M—SO, adducts
[M(SO,)(CO)PPh3)('PNR’)] [M/R = Rh/H (4a), Ir/H (5a),
Ir/Me (5b)], which like many other five-coordinate sulfur
dioxide-containing complexes of rhodium(l) and iridium(T)
possess reversibly bound SO,. The SO stretching frequen-
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cies v, and v, of adducts 4a and 5a,b are observed in the
ranges 1040— (050 cm ! and 1180—1210 cm ™!, respectively.
Exposure of 5b in toluene solution to the air cleanly pro-
duced the sulfato derivative [Ir{(O,SO,)(CO)(PPh;)-
('PNMe")| (6). In line with geometry-dcpendent properties
of transition metal—SO, complexes previously discussed by
Kubas[®, the reversibility of SO, bonding, the location of
v(SO), and the propensity of 5b to undergo the sulfato reac-
tion can be taken as structural indicators for pyramidal
L,M—S0O; bonding with thc L,M fragment acting as a ¢
base. Correspondingly, an X-ray crystal structure analysis
of 5a showed the presence of a square-pyramidal molccule,
in which the SO, ligand occupies the apical position (Figure
2). The sulfur atom has the expected pyramidal geometry,
the S—0O(3) bond, 1.478(9) A, being approximately colli-
near with the Ir—CO linkage. Large thermal oscillation of
the second SO, oxygen atom rcsulted in its two-fold dis-
order about thc S—0(3) axis with concomitant librational
shortening of the distances S—0(2), 1.35(2) A, and
S—0(2a), 1.32(2) A. Similar artificially short S—O dis-
tances resulting from large thecrmal motions of this group
have been reported recently for the SO, ligand of
[Ir(SO){OS(0)OH }(CO)(PCy;),]"". The relatively long
Ir—S distance, 2.456(3) A, is typical of SO,-containing
complexes with pyramidal M—SO; building blocks (M —S,
2.35-2.50 A)liel,

Iridium complcx 2a reacted with gaseous HCI in CHCI;
or toluene solution at —60°C by oxidative addition to the
central metal and protonation at nitrogen to form the ionic
chelate complex [IrHCI(CO)PPh;)('PNH,)Cl (7). In
agreement with the assignment of the complex as a 1:1 elec-
trolyte, the conductivity of a 1072 M solution of 7 in aceto-
nitrile was measured as A = 52 cm? Q! mol L. The overall
geometry of the cation shown in Scheme 1 was confirmed
by spectral data. In particular, the *'P-NMR spectrum of 7
consists of two doublets at & = 5.4 and 27.6, each split by
315 Hz, and the proton NMR contains an IrH triplet at
d = —15.18 showing equal cis coupling (10.8 Hz) to the
two P nuclet. The amino group gives rise to two doublets
of unit intensity at 8 = 4.19 and 11.35 [gem-2J(H,H) = 11.7
Hz]. The significant low-field shift of the latter N—H pro-
ton resonance is characteristic of intramolecular hydrogen
bonding between the ligating amino NH group and either
the electronegative cis chloro ligand or the polarized cis
Ir"*—H%~ bond®l. A COSY study of 7 showed that the
NH proton is not coupled to the IrH hydrogen. An NOE
difference experiment also ruled out the possibility of a
short IrH --- HN contact in 7; irradiation at the hydride res-
onance resulted only in a less than 1% enhancement for the
NH peak, in contrast to the more than 10% NOE enhance-
ment reported for the NH resonances of iridium complexes
featuring unequivocal IrH - HN bonding™"l. Hence, the
"H NMR dalta are most easily accomodated if the NH pro-
ton resonating at low field is hydrogen-bonded to Ir—Cl
rather than Ir—H.

Treatment of the 'PNMc’ complex 2b with hydrogen
chloride under the conditions chosen for the HCI reaction
of the 'PNH’ analogue 2a also resulted in oxidative ad-
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dition to iridium and protonation at nitrogen. However, dif-
ferent from the conversion of 2a into stable cationic 77, the
protonation of the methylamido ligand in 2b was followed
by dissociation of the N(Me)H group from the metal, al-
lowing the chloride ion to coordinate with formation of co-
valent [ITHCI(CO)(PPh;)(PPh,CsHN(Me)H-0)] (8) (A ca.
3 cm? Q! mol™"). Three isomers with overlapping methyl
proton signals (& = 2.70) and partially overlapping NH res-
onances (8 = 5.43 and 5.70; both broad) are seen for CDCl,
solutions of 8: 8A [3(ITH) = —15,52 (t, cis-2J(PH) = 10.8
Hz); 83'P) = —0.37, —2.85 (AB pattern, trans-2J(P5,Pg) =
382.7 Hz)], 8B [&(IrH) = —15.49 (¢, cis->J(P,H) = 11.1 Hz);
8(*'P) = —2.71 (apparent A, singlet, i.e., Av < J)|, and 8C
[d(IrH) = —15.41 (L, cis-2/(P,H) = 11.2 Hz); §C'P) =
—2.85 (apparent A; singlet)]; isomer ratio at equilibrium,
8A/8B/8C ca. 5:9:2. The closely resembling triplet splittings
of ca. 11 Hz of the hydride resonances, in addition to the
very similar values of both 8(IrH) and 5(*'P) observed for
the three isomers, indicate a common coordination ge-
ometry with the Ir—H bond c¢is to two near-equivalent
trans-located phosphane ligands. Morcover, the v(CQO) and
v(IrH) wavenumbers, coinciding for the mixture of isomers
at 2038 and 2231 cm ™', respectively, are consistent with the
presence of frans-Cl—Ir—CO and frans-H—Ir—Cl units!*¥
in each isomeric form 8A, 8B, and 8C and preclude the
existence of geometric isomers with the hydride and the car-
bonyl ligand in mutual zrans coordination. The evidence
suggests complex 8 exists as three Ir—PPh,CsH4N(Me)H-o
rotamers differing by three energetically favored orien-
tations of the ortho-substituted ring with respect to the
trans-Cl—Ir—CO and rrans-H—1Ir--Cl bonds in the coordi-
nation plane perpendicular to the Ir—P linkage. Conceiv-
able contributions to the preference for these rotamers
could arise from the involvement of the dangling methyl-
amino group in hydrogen bonding to the ¢is-Ir—H bond
and the two stereochemically different ¢is chloro ligands. As
with 7, however, the existence of 8 as an isomer containing
the amino hydrogen and the metal-bound hydride in close
proximity had to be eliminated because no measureable en-
hancement was observed for the NH (or, vice versa, IrH)
resonance, when the hydride (or NH,) region was sclectively
irradiated in an NOE study of the isomeric mixture. Hence,
the rotamers are assigned structures in which the ring bear-
ing the N(Mc¢)H group is sterically locked in three preferred
orientations exclusively by IrCl---HN hydrogen bonding
(Scheme 1).

It has been argued that “non-classical” IrH---HN hydro-
gen bonding may be as strong as, or even stronger than, an
analogous conventional IrCl--HN bond in the same sys-
tem, provided (i) a favorable geometry allows the closc ap-
proach of the N~ —H®" group to the I1®*—H®" linkage
and (i1) a ligand exerting a high zrans influence on the pola-
rized Tr¥* —H%~ bond contributes to an increase in the 3~
charge on the hydride ligand®), That IrCl-- HN hydrogen
bonding appears to be favored over IrH--HN hydrogen
bonding in 8 may therefore be ascribed to (1) an unsuitable
geomelry resulting {rom shielding of the Ir—H bond by the
methylamino CH; group and/or the relatively low trans in-
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[luence of chloride in the frans-H~Ir—Cl unit as opposed
to, €. g., hydride in mer-[IrH3(NCsH,;NH,-2)(PPh;),] 8.
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and Dr. W Bauer for recording the NMR spectra as well as to Dr.
F. Knoch for measuring the X-ray data of compound 2b.

Experimental Section

General: All preparations were carried out under an atmosphere
of dry nitrogen using standard Schlenk techniques. Solvents were
distillcd from the appropriate drying agents prior to use. — IR:
Perkin Elmer 580 B or Mattson Polaris-trade mark sign (KBr pel-
Iets, unless stated otherwise). - NMR.: Jeol FT-JNM-EX 270 and
Jeol FT-INM-GX 270 (269.6 MHz for 'H, 67.7 MHz for 1*C, 109.4
MHz for ¥P) or Bruker DPX 300 (300.1 MHz for ! ¥- 75.5 MHz
for 1*C, 121.5 MHz for *'P); CDCl, solution with TMS as internal
or with H;PO, as external standard. —  trans-[RhCl-
(CO)(PPh,),](1%, trans-[TeC(CO)PPhs),] P, and 2-
PhP,C¢H NH,"% were prepared by literature methods; 2-
Ph,PC.HN(Mc)H was obtained by analogy to a procedure dc-
scribed for 2,6-(Ph,P),CsH N(Me)H U,

[Rh(CO)(PPh;)('PNH')] (la), [Rh{CO)(PPhs)('PNMe')]
ab), [Ir(COj(PPh;)('PNH')] (2a), and [Ir{CO)}({PPhyj-
('PNMe'}] (2b): To a solution of 277 mg (1.0 mmol) of 2-
Ph,PC,H4NH, or 291 mg (1.0 mmol) of 2-Ph,PCH,NHMe in 20
ml of THF cooled to —60°C, 0.625 ml of a 1.6 M solution of »-
butyllithium in hexane was added dropwise. The reaction mixture
was allowed to warm to room temperature within 20 min and then
added (0 a solution containing 691 mg (1.0 mmol) of rrans-
[RhCI{CO)PPh3),] or 780 mg (1.0 mmol) of trans-
[IrCH(CO)(PPhs),] in 30 ml of THF. After stirring for 3 h at ambient
conditions, solvent was removed in vacuo to leave an orange oil
which was taken up in 15 ml of hot DMF. Careful addition of 50
ml of methanol caused the precipitation of the product complexes
as golden (1a), orange-yellow (1b), yellow (2a), or orange (2b) crys-
tals. — 1a: Yicld 616 mg (92%). — IR: ¥ = 1950 (CO), 3360 (NH)
cm~ . — '"H NMR (269.6 MHz): = 3.52 (br, 1 H, NH), 6.03 (dd,
J=41,82Hz | H, CsH,), 6.24 (t, J/ = 7.2 Hz, 1 H, C¢Hy), 6.86
(i, J = 75Hz 1 H, CHy), 7.06 (t, J = 82 Hz, | H, C¢H,), 7.4
(m, 15 H, C¢Hs), 7.7 (m, 6 H, C4Hs), 7.8 (m, 4 H, CsHs). —~
BC{TH} NMR (75.5 MHz): & = 169.3 [d, 2J(P.C) = 31.4 Hz,
NC,], 194.8 [dt, 'J(Rh,C) = 60.6, cis-2/(P,C) = 13.3 Hz, COJ. -
3ip{IH} NMR (109.4 MHz): § = 37.0 [dd, 'J(Rh,P} = 130.7, trans-
2J(P,P) = 286.9 Hz, PPhy], 48.9 [dd, 'J(Rh,P) = 136.6 Hz, 'PNH’].
— C37;H3NOP,Rh (669.51); caled. C 66.38, H 4.52, N 2.09; found
C 66.38, H, 4.63, N 1.91. — 1b: Yield 608 mg (89%). — IR: v =
1954 (CO)cm™'. — '"H NMR (269.6 MHz): & = 2.77 (s, 3 H, CH3),
6.3 (m, 2 H, CsHy), 7.1 (m, 2 H, C¢Hy), 7.4 (m, 15 H, C¢Hs), 7.8
(m, 10 H, C¢lds). — BC{'H} NMR (75.5 MHz): § = 47.1 (s, CH;),
169.6 [dd, 2/(P,C) = 30.6, *J(P.C) = 2.4 Hz, NC,], 193.5 [dt,
IJ(Rh,C) = 60.4, cis-2J(P.C) = 16.2 Hz, CO]. — 3'P{'H} NMR
(121.5 MHz): § = 33.5[dd, 'J(Rh,P) = 136.2, trans->J(P,P) = 289.6
Hz, PPhi], 49.1 [dd, '"J(Rh,P) = 1340 Hz, 'PNMe’]. —
C33H:NOP,Rh (683.54): caled. C 66.77, H 4.72, N 2.05; found C
66.78, H 4.65, N 1.62. — 2a; Yicld 660 mg (87%). — IR: ¥ = 1931
(CO), 3368 (NH) cm !, — '"H NMR (269.6 MHz): § = 4.35 (br, 1
H, NH), 6.01 (dd, J = 5.1, 8.1 Hz, 1 H, CiHy), 6.24 (t, J = 7.3
Hz, | H, C4Hy), 6.83 (t, J = 7.6 Tz, 1 H, CHy), 7.08 (¢, J = 8.1
Hz, 1 H, C¢Hy). 7.4 (m, 15 H, C¢Hs), 7.7 (m, 6 H, C4Hs), 7.8 (m,
4 H, CHs). — PC{'H} NMR (67.7 MHz): & = 1704 [dd,
ZHP,C)y = 27.2, 3(P,C) = 59 Hz, NC,,], 185.7 [t, cis-2/P,C) =
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10.2 Hz, COJ. — *'P{'H} NMR (109.4 MHz): § = 28.3 [d, trans-
2J(PP) = 305.0 Hz, PPhs); 37.1 (d, 'PNH'). — CyHaolrNOP,
(758.82): caled. C 58.57, H 3.99, N 1.85; found C 58.32, H, 3.98,
N, 1.65. — 2b: Yicld 703 mg (91%). — IR: ¥ = 1939 (CO) ecm™ L.
— 'H NMR (269.6 MHz): § = 2.87 (s, 3 H, CH3), 6.39 (m, 2 H,
CeHy), 7.1 (m, 2 H, Cgly). 7.4 (m, 15 H, CeHs), 7.8 (m, 10 H,
CeHs). — CIH} NMR (75.5 MHz): § = 49.0 [d, *J(P.C) = 7.0
Hz, CH], 171.1 [d, 2J(P.C) = 27.1 Hz, NCy], 182.5 [t. ¢is-2J(P,C) =
10.8 Hz. COJ. — *'P{'H} NMR (109.4 MHz): & = 30.9 [d, trans-
2J(PP) = 308.0 Hz, PPhs], 37.7 (d, 'PNMe’). — CasHaolrNOP,
(772.85) caled. C 59.06, H 4.17, N 1.81; found C 58.79, H 4.13,
N L1.56.

[IrH>(CO)(PPhs)("PNMe')] (3): A solution of 40 mg (0.05
mmol) of 2b in 1.5 ml of CDCIl; was stirred under 50 bar of H, at
room temperature for 20 h and subsequently characterized by IR
and NMR spectroscopy. — IR (CDCly): ¥ = 2009 (CO), 2067 (IrH)
cm™'. — 'H NMR (300.1 MHz): § = —9.48 [dd, trans-*/(PH) =
136.7, cis-2J(P,H) = 16.1 Hz, 1 H, ItH], —7.60 [dd, trans-2J(P,H) =
127.9, cis-2J{(P,H) = 16.7 Hz, 1 H, IrH], 2.70 (s, 3 H, CH,), 6.04
(t, J =67, 1H),615(,J=77Hz 1 H), 7.0 (m, 16 H), 7.3 (m,
7 H), 7.6 (m, 1 H); 7.8 (m, 2 H) (all C¢H4 and C¢Hs). — *C{'H}
NMR (75.5 MHz): § = 504 [d, *J(P,C) = 5.4 Hz, CH;]. 169.1 [d,
2J(P,C) = 25.1 Hz, NC,/], 172.4 [t, cis-2J(P,C) = 5.2 Hz, CO]. —
3TP{THINMR (1094 MHz): &8 = —6.0 [d, ¢is-2J(P,P) = 18.7 Hz,
PPh;], 18.0 (d, 'PNMe").

[RA(SO,)(CO)(PPh;)("PNH')] (4a), [Ir(S05)(CO)(PPh;)-
("PNH')] (5a), and [Ir(S0O,){CO)(PPh;)('PNMe')] (5b): Solu-
tions of 120 mg (0.18 mmol) of 1a, 150 mg (0.20 mmol) of 2a, or
140 mg (0.18 mmol) of 2b in toluene (10 ml each) were saturated
with SO, gas and stirred under sulfur dioxide atmosphere for 30
min. Pentane (50 ml) was then added to induce the deposition of
the SO; adducts as raspberry-colored (4a), brick-red (5a), or grey-
blue (5b) solids. which were dried in a stream of dry nitrogen. 4a:
Yield 125 mg (95%). — IR: ¥ = 1046 (SO, v,), 1189 m (SO,, v,,),
2017 (CO), 3369 (NH) em~!. — TH-NMR (269.6 MHz): & = 3.57
(br, 1 H, NH), 6.10 (dd, J/ = 4.9, 8.3 Hz, 1 H, C¢H,), 6.33 (t, J =
7.3 Hz, 1 H, CHy), 6.92 (t, J = 7.6 Hz, 1 H, C4Hy), 7.11 (1, J =
8.8 Hz, 1 H, C¢H,), 7.5 (m, 15 H, C¢Hs), 7.6 (m, 6 H, C,Hs), 7.7
(m, 4 H, CHs). — PBC{TH} NMR (75.5 MHz): & = 168.0 [d,
2I(P,C) = 29.9 Hz, NC,]; 189.9 [dt, LJ(Rh,C) = 61.4, ¢cis-2J(P,C) =
12.0 Hz, CO]. — 3'P{'H} NMR ( 121.5 MHz): & = 32.6 [dd,
J(Rh,P) = 126.3, trans-2J(P.P) = 278.0 Hz, PPh]; 50.0 [dd,
LARWhP) = 1282 Hz, 'PNH’]. — C;;H;,NO+P,RhS (733.57):
caled. C 00.58, H 4.12, N 191, S, 4.37; found C 59.84, H 3.92, N
2.03, S 4.31. — 5a: Yield 151 mg (92%). — IR: ¥ = 1040 (SO, v),
1188 (SO, vuy), 1996 (CO), 3374 (NH) cm~L. — 'H NMR (269.6
MHz): § = 445 (br, 1 H, NH); 6.19 (dd, J = 4.8, 8.1 Hz, 1 H,
CeHy), 6.42 (dt, J = 7.3, 2.0 Hz, | H, CcH,), 6.98 (t, J = 7.6 Hz,
1 H, CeHy), 7.24 (1, J = 8.9 Hz, 1 H, C4H,), 7.4 (m, 15 H, C¢Hs),
7.7 (m, 10 H, C¢Hs). — BC{'H} NMR (67.7 MHz): § = 168.1 [dd,
2J(P,C) = 26.2, 3IP,C) = 6.1 Hz, NC,,], 175.3 ft, cis-2/(P,C) = 9.2
Hz, CO]. — *P{'H} NMR (121.5 MHz): 6 = 19.3 [d, rrans-
2J(P,P) = 284.5 Hz, PPhs], 35.7 (d, 'PNH’). — C;;H;,IrNO,P,S
(822.82): caled. C 54.01, H 3.67, N 1.70, S 3.90; found C 53.31, H
347, N 1.70, S 3.95. — 5h: Yield 141 mg (94%). — IR: v = 1044
(802, vy), 1208 (8O3, vy, 1996 (CO) cm™'. — 'H NMR (269.6
MHz): § = 3.23 (s, 3 H, CHy), 649 (dt, J = 7.2, 1.8 Hz, 1 H,
CeHy), 6.60 (dd, J = 5.5, 8.3 Hz, 1 H, CcH,), 7.3 (m, 2 H, C¢H,),
7.4 (m, 15 H, CgHs), 7.7 (m, 10 H, C¢Hs). — 3C{'H} NMR (75.5
MHz): 6 = 48.6 [d, */(P,C) = 7.9 Hz, CH,], 169.1 [d, 2/(PC) =
24.7 Hz, NC,], 173.4 1, ¢is-*J(P,C) = 7.9 Hz, CO]. — IP{'H}
NMR (109.4 MHz): § = 14.8 [d, trans-2J(P,P) = 282.7 Hz, PPh,],
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33.7 (d, 'PNMe’). ~ C33H3IrNOsP,S (836.89): caled. C 54.54, H
3.85, N 1.67, S 3.83; found C 54.62, H 4.08, N 1.71, § 3.75.

[Ir(0,80,)(CO)(PPhsy)('PNMe')] (6): A solution of 80 mg
(0.1 mmol) of 5b in 5 ml of toluene was stirred in air for 24 h to
furnish sulfato complex 6 as a light brown precipitate. — IR: ¥ =
646, 885, 1154, 1294 (all SO,2"), 2052 (CO) em™'. — CayHzlr-
NO,P,S (868.89): caled. C 52.53, H 3.71, N 1.61, S 3.69; found C
53.12, H 3.59, N 1.70. S, 3.96.

[IHCI(CO)(PPh;)('PNH, ) ]CI (T): A solution of 114 mg
(0.15 mmol) of 2a in 10 ml of CHCl; was cooled to —60°C and
saturated with dry HCI gas, previously developped from NaCl and
H,SO,. The clear colorless mixiure was allowed to warm to room
temperature within 1 h and evaporated to leave complex 7 as a
white solid; yield 125 mg (quantitative). — IR: ¥ = 2042 (CO), 2207
(IrH), 3368 (NH) cm~'. — '"H NMR (300.1 MHz): § = —15.18 [t,
cis->J(P,H) = 10.8 Hz, 1 H, TrH], 4.19 [d, gem-2J(H,H) = 11.7 Hz,
1 H, NH]; 7.1-7.9 (m, 29 H, CgH,4 and C4Hs), 11.35(d, 1 H, NH).

3P{THY NMR (121.5 MHz): 8 = 5.4 {d, trans-2J(P,P) = 305.0
Hz, PPh;); 27.6 (d, '"PNH,’). — C3;H3,ClLIrNOP, (831.73): caled.
C 5343, H 3.88, N, 1.68; found C 53.04, H 3.75, N, 1.49.

[FHCL(CO)(PPhy){ PPh,C;HN{ Me)H-0)] (8): The prep-
aration was carried out as described for 7 by treating 130 mg (0.17
mmol) of 2b with gaseous HCl in 10 ml of CHCl; at —60°C. Aftcr
warming to room temperature, 100 mg (70%) of 8 were collected
as an off-white precipitate. — IR: ¥ = 2038 (CO), 2231 (IrtH), 3329
m (NH) coa~!. - For relevant 'H and *'P NMR data of rotamers
8A, 8B, and 8 C, sce text. — CyH3,CLIrNOP; (845.75): caled. C
53.97,. H 4.05, N 1.66; found C 53.90, H 4.06, N 1.41.

X-ray Structure Determinations: Single-crystals of [Ir(CO)-
(PPh3)('PNMe’)] (2b) (sizc 0.2 % 0.3 X 0.4 mm) and [Ir(SO,)(C-
O)PPh3)("PNH")] (5a) (size 0.08 X 0.35 X 0.55 mm) were grown
from toluene/pentane, which furnished complex 2b as an addition
compound containing toluene of crystallization, 2b-C,;H;. The
measurements were performed at —73x2°C on Siemens P4
(2b-C;Hg) and at 20£2°C on Enraf-Nonius CAD4 (5a) dif-
fractometers using graphite-monochromated Mo-K,, radiation (A =
0.7107 A): orientation matrices and unit cell parameters from the
setting angles of >18 centered medium-angle reflections (2b- C;Hg:
24 <20 < 32° Sa: 12 < 28 < 24°); collection of the diffraction
intensities of 2b-C;Hg by @ scans (data uncorrected for absorp-
tion); intensity measurements of 5a by the @/28 scan technique
(data corrected for absorption by z-scans; Ty = 0.53, Tmax =
0.99). The structures were solved by direct and difference Fourier
methods employing the SHELXTL-Plus™!! and SIR-922 program
systems and subsequently refincd by full-matrix least-squares pro-
cedures on F? (SHELXL-93%) with allowance for anisotropic
thermal motion of all non-hydrogen atoms. The SO, ligand of 5a
displayed two-fold disorder of one of its SO groups about the other
S=0 bond, which was accounted for by assigning the particular
oxygen positions, O(2) and O(2a), split occupancies of 0.45 and
0.55, respectively. H atoms were included in the final structural
models assuming ideal geometry and using appropriate riding mod-
els. — 2b-C;Hy: CusHyIrNOP, (864.92); monoclinic, Ce, a =
10.686(2), b = 17.036(5), ¢ = 20.480(4) A, B = 93.041)°, V =
3723.1(15) A%, Z = 4, deaiea. = 1.543 g em ™3, p(Mo-K,) = 3.71
mm~!; 4.5 < 20 = 54.1°, 6428 unique refleclions (—13 = A = 6,
0=k =21 -26 =1]=< 26); R,2 = 0.072 for all data and 451
parameters (w = {c%(F2) + [0.025(F2 + 2 F$)/31*}~Y), R = 0.031
for 5344 structure factors £, > 4o(F,). — Sa: Ci7H3oIrNO;P,S
(822.82): monoclinic, P2i/n, a = 11.513(3), b = 22.442(5), ¢ =
13.005(3) A, f = 90.742)°, ¥ = 3360(1) A>, Z = 4, d_yoq. = 1.627
g em™3, p(Mo-K,;) = 4.17 mm'; 4.7 = 20 = 48.0°, 5248 unique
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reflections (=2 = h =13, -2 =k <25 —-14=/=<14);R2 =
0.126 for all data and 416 parameters (w = {c?(f2) + [0.072(F% +
2 F2)31% D, R = 0.046 for 3878 structure factors F, > 4o(F,).
— Further details of the crystal structure determinations may be
obtained from the Fachinformationszentrum Karslruhe, D-76344
Eggenstein-Leopoldshafen (Germany), on quoting the depository
numbers CSD-406918 (2b- C;Hg) and CSD-406919 (3a).
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