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Figure 1. Deuterium NMR spectrum at 55.28 MHz of the chloroiron-
(I1I) etioporphyrin complex deuterated by the o-dichlorobenzene reflux
procedure: CDCI; solvent, 25 °C, referenced to (CD;),Si. The methy-
lene deuterons are diastereotopically inequivalent due to the out-of-plane

iron atom.

positions. The primary and secondary ring-adjacent positions were
equally deuterated. Eight days of reflux produced the same level
of deuteration at the methine position, but the ring methyl and
methylene groups were 60% deuterated. The recovery of porphyrin
was 84%. Integrity of the porphyrin is demonstrated by the
deuterium NMR spectrum in Figure 1 in which case the chlo-
roiron(III) etioporphyrin complex was prepared from deuterated
porphyrin via a literature method.!! Proton NMR assignments
for this species have been made previously.!>!3 1In addition to
being prepared from the sodium salt, the deuterated p-toluene-
sulfonic acid can be prepared by addition of deuterium oxide to
the acid followed by rotoevaporation to dryness. Acid prepared
in this manner did not yield any detectable deuterium exchange
at the methine or the ring-adjacent positions by the o-dichloro-
benzene reflux method. Addition of 1 equiv of finely powdered
sodium chloride gave results identical with those obtained when
starting with the sodium salt of the acid. Surprisingly, it is
apparent that sodium chloride serves an essential role in the
exchange reaction.

An alternate more convenient procedure may be employed for
methine deuteration. For the melt procedure 2 g of p-toluene-
sulfonic acid monohydrate was dissolved in 10 mL of deuterium
oxide, the solution was rotary evaporated to dryness, and the
residue was vacuum dried at 60 °C for 3 h. To the deuterated
acid was added 25 mg of etioporphyrin and the mixture was fused
under nitrogen at 120 °C. The porphyrin was precipitated by
pouring the hot melt into 80 mL of 0.01 M aqueous sodium
hydroxide. After removing the porphyrin by filtration, it was
redissolved in chloroform and precipitated by addition of heptane.
The product was found to be 83% methine deuterated after a 9-h
melt, and no ring-adjacent deuteration was detected.!*

The deuteroacetic acid procedure* mentioned above was in-
vestigated to determine the generality of this previously unnoticed
phenomenon of ring-adjacent exchange. Refuluxing etioporphyrin
in deuterioacetic acid for 24 h produced ~ 3% deuteration at the
ring-adjacent methyls and ~0.5% at the ring-adjacent methylenes.
Sealed-tube reactions produced 90% deuteration of the ring-
adjacent methyls and 45% deuteration of the ring-adjacent me-
thylenes after 8 days at 180 °C, but 40% of the porphyrin was
degraded under these conditions.

No exotic role need be postulated for the sodium chloride
essential to the ring-adjacent exchange procedure with p-
toluenesulfonic acid. Toluenesulfonic acid was found to degrade

(11) Buchler, J. W. In “Porphyrins and Metalloporphyrins”; Smith, K. M.,
Ed.; Elsevier: New York, 1975; pp 157-232.

(12) Goff, H. M. In “Iron Porphyrins—Part I”; Lever, A. B. P,, Gary, H.
B., Eds.; Addison-Wesley: Reading, MA, 1982; pp 237-281.

(13) La Mar, G. N.; Walker, F. A. In “The Porphyrins-Volume IV”;
Dolphin, D., Ed.; Academic Press: New York, 1979; pp 61-158.

(14) Recovered acid showed exchange of phenyl positions ortho to the
methyl. Use of acid deuterated at this position produced quantitative deu-
teration of the methine positions in 90 min at 150 °C (toluenesulfonic acid
deuterated at these positions may be obtained by recycling acid from previous
fusions or synthesized from deuteriotoluene).
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in fusion reactions conducted above 160 °C. Considering this and
the fact that even methine detueration was not observed in the
absence of sodium chloride, it would seem that the salt must
enhance the solubility of the extremely hydrophilic acid in refluxing
o-dichlorobenzene. In the absence of salt the acid evidently forms
a separate phase and is degraded at the reflux temperature of 180
o

It has previously been established that methine deuteration
proceeds via electrophilic aromatic substitution of the free base
porphyrin.* On the other hand, exchange of the ring-adjacent
positions with deuterioacetic acid proceeds via deprotonation of
the ring-adjacent position, with the porphyrin most likely in the
dication form. Studies of the base-promoted exchange of benzylic
hydrogens show that the exchange rate is 9 times greater for
toluene than it is for ethylbenzene.!’> This may be compared with
the 6-fold greater rate observed for the ring-adjacent primary vs.
the ring-adjacent secondary positions with deuteroacetic acid and
contrasted with the nearly equivalent rates of substitution for these
two positions with the p-toluenesulfonic acid system. For a free
radical mechanism the rate would be greater at the secondary than
at the primary ring-adjacent position. We thus suggest that both
a free radical and deportonation mechanism are at work, and the
result is approximately equal rates of deuteration of the two
positions.

In summary, we have shown that acid-catalyzed exchange
potentially produces deuterium substitution at ring-adjacent alkyl
moieties as well as at methine positions in octaalkylporphyrins.
Combination of these procedures and a corresponding back-ex-
change technique allows selective deuteration of these compounds
at the ring-adjacent and /or methine positions as well as prefer-
ential deuteration of the primary vs. secondary ring-adjacent
positions.
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The insertion of a transition-metal complex into an N-H bond
is a reaction of potential synthetic utility for the directed catalytic
functionalization of ammonia and amines.> Nevertheless, doc-
umented examples of the oxidative addition of a N-H bond are

(1) (a) Tulane University. (b) University of Delaware.

(2) (a) Yamamoto, Y.; Yatagai, H.; Maruyama, K. J. Chem. Soc., Chem.
Commun. 1980, 835-836. (b) Yoshimura, N.; Moritani, I.; Shimamura, T;
Murahashi, S.-1. Ibid. 1973, 307-308. (c) Yoshimura, N.; Moritani, I,
Shimamura, T.; Murahashi, S.-1. J. Am. Chem. Soc. 1973, 95, 3038-3039.
(d) Malpass, J. R. In “Comprehensive Organic Chemistry”; Barton, D., Ollis,
W. D., Eds.; Pergamon Press: Oxford, 1979; Vol. 2, pp 11-14.
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rare. The addition reactions of imides,® tetrazoles,* penta-
fluoroanilines,® and ammonium ion® to platinum(0), rhodium(I),
and iridium(I) have been classified as protonation reactions,” but
the only examples involving N~H addition of ammonia or simple
amines appear to be with Os;(CO);,.2 In order to promote this
reaction we have synthesized some new hybrid phosphine—
amine(amide) ligands which can undergo intramolecular che-
late-assisted N—H oxidative addition.® This communication
reports the first example of iridium(I) insertion into a N-H bond
and the synthesis and structural characterization of a novel ortho
C-metalated platinum(II) complex which is formed from a
platinum(II) precursor by a C-H oxidative addition and N-H
reductive elimination sequence.

Reaction of 1 equiv of benzoyl chloride with o-(diphenyl-
phosphino)aniline!” in the presence of pyridine in dry THF under
nitrogen!! gives o-(diphenylphosphino)-/N-benzoylaniline (PNH-
(CRO)) (R = Ph) (eq 1).!? Using similar techniques we have

NHz NHCO)CgHs
Py
@[ + CgHsCOCI —»@ + (pyHCI
PPh2

PPhs

PNH(CRO)
1

prepared o-(diphenylphosphino)-N-benzylaniline (PNHR), o-
(diphenylphosphino)-/N-phenylbenzylamine (PCNHR), and o-
(diphenylphosphino)-N-phenylbenzamide (P(CO)NHR).
Addition of 1 equiv of PNH(CRO) in oxygen-free dry toluene
to a toluene solution of IrCIL, (L, = 2PPh; (a), dppe (b))' under
nitrogen at 25 °C gives an isomeric mixture of the amido hydride
iridium(ITI) complexes I and II (eq 2). These oxygen-sensitive
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complexes are soluble in polar organic solvents. The isomers
(Ia:Ila = 2.4:1, Ib:dIb = 1.5:1 by 'H NMR) are not separable
by chromatography. Isomer I has hydride trans to chloride and
three magnetically inequivalent phosphines cis to hydride.}4
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100, 2269-2270.
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Figure 1. ORTEP diagram for VII. Terminal phenyl groups shown as
pivotal atom only. Pt~P(1), 2.298 (2); Pt-P(2), 2.259 (2); Pt-N(1),
2.063 (7); Pt—C(3), 2.065 (8) A. P(1)-Pt-P(2), 100.6 (1)°; P(1)-Pt-
N(1), 83.7 (2)°; P(1)-Pt-C(3), 164.8 (3)°; P(2)-Pt-N(1), 175.6 (2)°;
P(2)-Pt-C(3), 94.5 (3)°; N(1)-Pt-C(3), 81.2 (3)°.

Isomer IT has hydride trans to one phosphorus and cis to two
phosphorus atoms. Amido nitrogen coordination causes the ex-
pected low-energy shift in v from 1680 cm™ in the free ligand
to 1595 cm™! in Ia and ITa and 1590 cm™ in Ib and IIb. Fur-
thermore, amide II and III IR absorptions (coupled ény and ven
at 1510 and 1300 cm™ in free ligand) disappear, but new vcy
bands appear in the complexes at 1360 (Ia, I1a) ard 1335 cm™!
(Ib, IIb).!5 These compounds represent only the second report
of Ir(III) amido complexes.! The selectively deuterated com-
pound PND(CRO) (vnp = 2480 cm™!) has been prepared from
PNH(CRO) by using 1 equiv of #-BuLi followed by D,O.
Treating IrCI(PPh;), with PND(CRO) yields IrDCI[PN-
(CRO)](PPhy),. The band due to vyp is lost but bands for vy,
calculated to be at 1563 and 1429 cm™ are obscured by strong
ligand bands. By contrast, reaction of IrCI(PPh;), with 1 equiv
of a 1:1 mixture PPh,/benzanilide, or PPh;/benzamide, or with
1 equiv of benzanilide, or benzamide, does not give iridium(III)
hydrides.

The ligand PNH(CRO) gives new platinum(II) and palladi-
um(IT) complexes by sequential N~H and C-H oxidative additions
and reductive eliminations. Treating K,PtCl, with PNH(CRO)
gives trans-PtCl,[PNH(CRO)], (II1).!7 Refluxing III with
triethylamine in acetonitrile under nitrogen gives the amido
complex cis-Pt[PN(CRO)], (V) via the 3P{'H} NMR detected
intermediate IV. A trans to cis stereochemical change occurs on
conversion of III to IV, and we propose that this is induced by
coordination of a deprotonated amide nitrogen.'® Addition of
HCl to V gives the cis isomer VI (Scheme I). Prolonged reflux
(ca. 2 h) of V in acetonitrile, benzene, or chloroform yields the
diamagnetic, ortho-metalated complex VII (eq 3). The structure

CeHs(O)C C(O)C6H5 0
g <10
Or410~ Oy
P’ \p P \P(CGH5)NH(CO)C6H5'0
Phy Phz Pha Phy
VI Vil

3
of VII has been determined by X-ray crystallography (see Figure
1 ) 19
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o-Ph,PCH,NHC(O)C;D; has been prepared from o-
Ph,PCcH,NH, and C;DsCOCI. Isolation of VII using this ligand
yields a product deuterated at nitrogen (ynp 2260 cm™). This
result suggests conversion of V to VII via C-H addition followed
by N-H reductive elimination from the platinum(IV) hydride
intermediate VIIL.72%0
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The palladium analogue IX is formed in high yield from
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PdCL,[PNH(CRO)], and Et;N in acetonitrile. Alternatively, IX
can be prepared by refluxing a benzene suspension of the complex
Pd[PNH(CRO)], (X).
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(19) For VII: space group P1,a = 12.038 (3} A, b =12.576 (5) A, c =
16.220 (6) A, o = 105.80 (3)°, 8 = 104.84 (3)°, v = 95.75 (3)°, V' = 2245.6
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and after correction for absorption was refined by blocked-cascade procedures
(SHELXTL 4.1) with anisotropic temperature factors and rigid-body constraints
on the terminal phenyl rings (5115 reflections, 3¢(F) cutoff). Ry = 3.75%,
R.r = 4.02%. A severely disordered, substoichiometric (site occupation
~20%) molecule of CHCI; was found and refined.
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Compounds of the general formula HM(CO),? have been
postulated to be key intermediates in the reactions of carbonyl-
metalate trianions, M(CO),*, with Bronsted acids, but very little
evidence for their existence has been presented previously.?? In
this communication, the isolation and characterization of mono-
protonated derivatives of the carbonyl trianions of vanadium,
niobium, and tantalum are described. These are the first examples
of hydrides containing transition metals in formally negative
oxidation states. Their synthesis also provides important additional
evidence for the existence of unprotonated carbonyl trianions since
the latter have been previously characterized mainly on the basis
of their derivative chemistry.>* It is well established that carbonyl
hydrides and their conjugate bases often cannot be distinguished
reliably on this basis.’

Treatment of the rea to deep red ammoniacal solutions of
Na;[M(CO);] (M = V,2Nb,* and Ta*) dropwise with 1 equiv
of ethanol in THF at =70 °C over a period of 5 min provided
orange to red-orange solutions. Addition of 3 equiv of
[EtyN][BH,] at =70 °C resulted in the rapid precipitation of
60-80% yields of microcrystalline bright yellow (1, V), orange
(2, Nb), or orange-red (3, Ta) products. These air-sensitive solids
provided satisfactory elemental analyses for unsolvated
[EtsN],[HM(CO);] without further purification.® Infrared
spectra for compounds 1-37 were qualitatively very similar to those
of the corresponding triphenylstannyl substituted dianions,
[EtsN]1,[Ph;SnM(CO);]).2* However, it was necessary to obtain
NMR spectra of these substances to exclude alternative formu-
lations such as [Et;N]4,[M,(CO),c]. These spectra had to be
obtained for the thermally unstable disodium salts, Na,[HM-
(CO)s], in liqguid ammonia at —50 °C because of facile decom-
position of compounds 1-3 in polar solvents at room temperature
and their poor solubility at low temperatures. The 'H NMR
spectrum for Na,[HTa(CO);] exhibited a fairly sharp singlet
(Aw,; = 30 Hz) at ~-2.23 ppm which is compatible with previous
values reported for the isoelectronic species HW(CO)s~ (4.2
ppm)? and HRe(CO); (=5.7 ppm).® Initial attempts to detect
the hydride resonance of Na,[HNb(CO);] were unsuccessful.!®
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