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Syntheses of Acyliridium Porphyrins by Aldehydic
Carbon—Hydrogen Bond Activation with Iridium(lll) Porphyrin
Chloride and Methyl
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Acyliridium porphyrins were synthesized by the reactions of aryl aldehydes with iridium(lIl) porphyrin
chloride and methyl under solvent-free conditions with high yields. Selective aldehydic carbon hydrogen
bond activation (CHA) was observed without any aromatic CHA in all the cases. Mechanistic investigation
on the reactions with Ir(ttp)CI(CO) suggested that (ttp)Ir cation was a likely intermediate of aldehydic
CHA, whereas the CHA with Ir(ttp)Me underwent an oxidative additiow tond metathesis pathway.
These reactions provided a facile synthesis of (arylacyl)iridium porphyrins.

Introduction Previously, we have reported the selective, aldehydic CHA
of aromatic aldehydes with Rtttp)Cl (ttp = tetrakis(4-tolyl)-

The cleavage of carbon hydrogen bonds using transition meta'porphyrinato dianion) to give acylrhodium porphyrfhsn
complexes plays an important role in converting saturated exploring the CHA chemistry of metalloporphyrins, we have
hydrocarbons to functionalized organic compouh&i€arbon- discovered that aldehydes reacted with both Ir(ttp)CI(CO) and
hydrogen bond activation (CHA) with late transition metal |r(ttp)Me in solvent-free conditions selectively at the aldehydic
complexes has attracted much intetedtie to the wide  carbon-hydrogen bond to afford stable acyliridium porphyrins.
funCtIOI’]a| gl’OUp tolerance |n Substrates Of these Comp|exeS AClehese reactions provide Clean and Convenient Syntheses Of Ir-

transition _metal co.mplex.es are impor.tant compounds becquse(ttp)COR and illustrate a unique type of CHA by high-valent
they are intermediates in carbonylation and decarbonylation jrigium(lil) complexes.

reactions of aldehydes and ketori@dhe syntheses of acylmetal
complexes are often accessible via the aldehydic CHA reactions
of RCHO with low-valent transition metal complexes. Although
the examples of aldehydic CHA with iridium are abundant, most  |r(ttp)CI(CO) (1) reacted with PhCHO under solvent-free

of the activations were focused on iridiumglln sharp contrast, conditions to give Ir(ttp) COPRa) in the absence of light under

the aldehydic CHA with Ir(lll) complexes are much less nitrogen. Initially, Ir(ttp)CI(CO)(1) reacted with benzaldehyde
reported, with Cp*IrMg(DMSOY and Cp*IrMe(OTf) being at 100°C for 2 days to give only trace amount of Ir(ttp) COPh.
the two most studied complexes. Furthermore, the Ir(I) com- At 150 °C after 2 days, a higher yield of 16% of Ir(ttp)COPh
plexes always gave iridium acyl hydrides, while Ir(lll) afforded was obtained. When the temperature was increased t6@00
iridium alkyls after facile decarbonylatidi. 62% yield of Ir(ttp)COPh was obtained after 2 days. Since Ir-
(ttp)CI(CO) is reactive toward common solvents such as THF,
*To whom correspondence should be addressed. E-mail: ether, and toluene under high temperature, excess substrates

ks?g%ﬂ'&g‘é‘r’{hg- A Bergman, R, Gciencel995 270, 1970-1973 were used as solvent. This CHA reaction was very selective,

(b) Jones, W. DAcc. Chem. Re€003 36, 140. (c) Labinger, J. A.; Bercaw, ~ Without any aromati(_: CHA product or other iridium porphyrin
J. E.Nature2002 417, 507. (d) Bhalla, G.; Liu, X. Y.; Oxgaard, J.; Goddard, alkyl formed at various temperatures (Table 1, eq 1). The

W'(S\j’;\'géﬁryiagaiﬁ'ﬁﬁ]g% 525215 Sjogf)_ogolrggrglfé‘_lég?;r-nan . aldehydic CHA of Ir(ttp)CI(CO) appeared to be cleaner than
G.; Lian, T.J. Am. Chem. So@00Q 122, 12870-12871. (b) Tellers, D.  that of Rh(ttp)Cl as no Ir(ttp)Bn was observéd.

M.; Yung, C. M.; Arndtsen, B. A.; Adamson, D. R. Bergman, R.JGAM. When the optimized reaction conditions were applied to
Chg)nASOCﬁZOOZ 812;}: 1‘é00‘1410-R G Moblev. T A: Pet - various 4-substituted aryl aldehydes, highly selective aldehydic
rnatsen, B. A.; bergman, R. G.; Mobley, |. A.; Peterson, |. R. o

Acc. Chem. Red.995 28, 154-162. (b) Harper, T. G. P.; Desrosiers, P. CHA was founq to affo_r_d the aCyI co_mplexes Ir(ttp)C(XQa .
J.; Flood, T. C.Organometallics199Q 9, 2523-2528. g) as the sole liphophilic products in moderate to good yields
(4) Abu-Hasanayn, F.; Goldman, M. E.; Goldman, AJSAm. Chem. (Table 2, eq 2). According to thin layer chromatography analysis

So(cé)l?g)zéjt‘i‘érzesz%guae”ga{egafeﬁgenz éheAr?"F‘;aneque M. Poveda M. L- and NMR spectrum of the crude reaction mixture, no other

Results and Discussion

Salazar, V.: Carmona, E. Am. Chem. Socl999 121, 248-249. (b) iridium porphyrin aryl was observed. Bqth the reaction yields
Bernard, K. A.; Atwood, J. DOrganometallics1988 7, 235-236. (c) and rates were affected by the electronic effect of some of the
pernard, K. ?';FANFZZﬂgthqssDO%%'}Z?féﬂ'é‘iiﬁiﬁ 988'27f5g3895 {9 substituents. 4-Fluorobenzaldehyde gave the highest product
() Rauchfuss, T. BJ. Am. Chem. S0d979 101 1045-1047. (f) Thorn, ~ Yield of 2ein 92% in 15 h (entry 5), and the reaction with

D. L. J. Mol. Catal., A: Chem1982 17, 279-288. (g) Ko, J.; Joo, W.-C. 4-(o, 0, a-trifluoromethyl)benzaldehyde only tkos h to give

Bull. Korean Chem. S0d.987, 8, 372-376. 70% vyield of 2g (entry 7), whereas 4-methylbenzaldehyde

Chf%'\ﬁgggegg%;fg‘_a%%”' M. K. Glenn, J. S.; Peter, MIMDrganomet. - yaacted with Ir(ttp)CI(CO) at 200C in 4 days to give only
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Table 1. Optimization of CHA of PhCHO with

Ir(ttp)CI(CO)
O Ny, Dark o)
Ir(ttp)CI(CO) + = Q_.{ M
] H Temp, Time Ir(ttp)
2a
entry temp {C) time (d) isolated yield (%)
1 100 2 trace
2 150 2 16
3 200 2 62
N, Dark (0]
Ir(ttp)CI(CO) + FG—@—CHO T >—©—FG ) Table 4. Selected Bond Lengths and Bond Angles of
1 (ttp)Ir 20 Compounds 2a-f
entry G time isolated compd (yield, %) entry FG I-C(O) length (&)  1-C(O)—Caryi bond angle (deg)
1 H,2a 2.038(12) 118.8(7)
: s 22% g gg(gg) 2 OMe,2b 2.292(11) 117.6(8)
2 ote 2e 2 (42) 3 Me2c 1.978(14) 116.4(8)
3 e 1y 23( 47) 4 Bu2d 2.004(15) 119.9(10)
: Bu o 2d ((92)) 5 F2e 1.997(9) 117.9(6)
o cl 154 ot (57} 6 Cl2f 1.970(3) 117.45(16)
7 CP 6h 2g(70)

obtained by using 4-CGE£sH4CHO (Table 3, entry 7), while the
42% yield of2c (entry 3). 4-Methoxylbenzaldehyde reacted with longest reaction time was required byett-butylbenzaldehyde

Ir(ttp)CI(CO) to produceb in 62% yield (entry 2). In contrast, ~ (Table 3, entry 4). .
it reacted with Rh(ttp)Cl to give no arylrhodium complex but ~ NO obvious improvement was observed in the CHA of

only 11% vyield of Rh(ttp)Me. Unfortunately, 4-K,N-di- sterically unhi_ndered aliphatic_aldehydes Wi'Fh Ir(ttp)Me. Ir(ttp)-
methyamino)benzaldehyde and 4-cyanobenzaldehyde gave uniMe reacted with GHsCHO to give3 in 55% yield after 2 days
dentified products. (eq 5). The bulkyBuCHO remained unreactive.

Ir(ttp)CI(CO) also showed high selectivity in reactions with No. Dark
aliphatic aldehydes. Ir(ttp)CI(CO) reacted with the enolizable Ir(ttp)Me + CoHsCHO > (tp)IrCOC,Hs  (5)
aldehyde @HsCHO to give only the aldehydic CHA product 4 200°C, 2d 3 55%

Ir(ttp)COGHs (3) in 58% vyield, without any reaction at the

a-carbonyl G-H bond (eq 3). In contrast, Rh(ttp)Cl reacted ~ The carbonyl stretching frequencies of Ir(ttp) COAr appear
with aliphatic aldehydes at 20T in 2 days poorly to give ~ from 1660 to 1680 cm’. They are lower than those of Rh-
very low yields of acylrhodium porphyrirfsEurthermore, Rh-  (ttp)COAr ranging from 1690 to 1720 crth® Apparently, the
(0ep)CIQ (oep = octaethylporphyrinate), being more Lewis stronger iridium to carbonyl electron donation may cause the
acidic, reacted with enolizable carbonyls at thearbonyl C-H lowering in stretching frequencies.

bond? Iridium complexes, being more electron rich and less ~ X-ray Details. The collection and processing parameters of
Lewis acidic, likely underwent selective “oxidative addition” single-crystal data for complexeBa—f are given in the

at the aldehydic €H bond. Sterically hinderedBuCHO Supporting Information. Table 4 lists selected bond lengths and

however failed to give an acyliridium complex. angles. The bond lengths of4C are similar to the reported
Rh—C bond lengths in Rh(ttp)COR (1.99.98 A® and the I
N, Dark C(O)—Cawyi angles are not affected by thpara-substitutents
MHRICHCO) + CaReCHO rc 20 PCRg2 e & (Table 4). Moreover, from the calculated dihedral angles and

1 atom displacements (Supporting Information), all iridium atoms

do not lie in the defined 24-atom least-squares plane but deviate
dfrom the plane. In the solid stat@ac—f adopt monomeric
structures, whereg&b is a coordination polymer, in which the

Ir(ttp)CI(CO) is coordinatively saturated and might not be
very reactive. Therefore, the coordinatively unsaturated an

electron-rich Ir(ttp)Meg(4) was then examinedl® To our delight, e )
successful aldehydic CHA occurred. The yields and reaction oxygen atom of .the OMe moiety Is qoordlnated to another Ir-
(Il center forming a polymeric chain. However, due to the

rates were enhanced when compared with those of Ir(ttp)CI- . ;
(CO) (Table 3, eq 4). As shown in Table 3, the reaction rates rotation of the molecule, €0 in the carbonyl group and-€0

varied with some substituents. The shortest reaction time was'" the methoxyl group appeared identical, Wh'ch caus_ed the
disorder of the X-ray structure. As a representative, Figure 1

Table 3. CHA of Aryl Aldehydes with Ir(ttp)Me shows the molecular structure of Ir(ttp) COEta) (30% thermal
N,, Dark o ellipsoids).
Irttp)Me + FGOCHO “ooe }—@—FG ) Mechanism: Ir(itp)CI(CO). Scheme 1 shows the proposed
4 (ttp)lf sat mechanism of the aldehydic CHA with Ir(ttp)CI(CO). Initially,
S o olated d (vield % Ir(ttp)CI(CO) undergoes loss of chloride ion at 200 to give
entry time (h) isolated compd (yield, %) the coordinatively unsaturated Ir(ttp) catidnt! possibly with
1 H 5 2a(71)
2 OMe 4 2b (73) (9) Oayama, Y.; Tanaka, Y.; Yoshida, Y.; Toi, H.; Ogoshi, Bi.
3 Me 6.5 2¢(55) Organomet. Chenl987, 329, 251-266.
4 ‘Bu 31 2d (74) (10) Golden, J. T.; Andersen, R. A.; Bergman, RJGAm. Chem. Soc.
5 F 2 2e(88) 2001, 123 5837-5838.
6 Cl 18 2f (63) (11) Aoyama, Y.; Yoshida, T.; Sakurai, K. I.; Ogoshi, Birganometallics
7 CP 15 29(62) 1986 5, 168-173.
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Scheme 1. Mechanism of Aldehydic CHA with
Ir(ttp)CI(CO)

200°C . . PhCHO

Ir(ttp)CI(COy— Ir(ttp)"/Ir(ttp)(CO)"+CI"

A

0
Ir(ttp) - -»—Ph ——= PhCOIr(ttp) + HCI
H
B

partial dissociation of CO ligand. The carbonyl oxygen of aryl
aldehyde then coordinates to the Ir(ttp) cation to @vé&inally,
the aldehydic G H bond is activated via heterolysis to give
Ir(ttp) COAr and a proton.

The formation of the Ir(ttp) cation intermediate was supported
by the rate-accelerated reaction of “Ir(ttp)BFIr(ttp)BF 4" was
synthesized as an inseparable mixture of Ir(ttp)BRd Ir(ttp)-
BF4(CO) (Ir(ttp)BR:(CO)Ir(ttp)BR, = 3:1—-10:1) from the
reaction of AgBR with Ir(ttp) CI(CO) (eq 6). Then “Ir(ttp)BE’
reacted much faster with PhCHO at 200 in just 2 h togive
Ir(ttp)COPh(2a) in 30% vyield (eq 7) comparing with Ir(ttp)-
CI(CO) which took 2 days. The lower yield f& was likely
due to its thermal decomposition or other side reactions.

CHaCly
IF(ttp)CI(CO) + AgBF 4 ————2» Ir(ttp)BF 4/Ir(ttp)BF 4(CO) ®)
1 rt 5 80% (Ir(ttp)BF 4/ (CO)Ir(ttp)BF 4 = 3/1 - 10/1)

O Ny, Dark O
Ir(ttp)BF4 + _ 7)
5 H 200°C, 2h Ittp)
2a 30%

The heterolysis step was substantiated by the rate enhance-

ment with added 2,6-deert-butylpyridine in the reaction of Ir-
(ttp)CI(CO) with PhCHO (eq 8) (Table 2, entry 1). Likely, the
2,6-ditert-butylpyridine promoted the abstraction of proton in
the aryl aldehyde iridium porphyrin compleB. Such base-
enhanced CHA reactions have been recently repéftEdNo

Organometallics, Vol. 26, No. 4, 200967

Scheme 2. Two Possible Mechanisms of Aldehydic CHA

with Ir(ttp)Me
Irttp)Me + PhCHO<

only gave coordination product (tAEl NMR spectrum showed
upfield shifts of PPhisignals and the methyl group signal, split
into a doublet withJpy = 7.2 Hz), which completely shuts down
the CHA reaction and further suggests the requirement of a
vacant coordination site in the reaction with Ir(ttp)Me, by an
associative mechanism. Furthermore, addition of 2,&di-
butylpyridine did not change the rate and yield of reaction (eq
9). Therefore, heterolysis is excluded. Most likely, the “internal
base” of methyl group possibly reacts with PhCHO in a cis-
manner either by oxidative addition ar-bond metathesis
(Scheme 2) to give Ir(ttp) COPh.

o}
Ir(ttp)Me +FG©_4
H

4

Ir(ttp) ]
Ph(O)C/L\ Mel

I

Oxidative Addition

Me-- Irtp) | V

PhCOIrttp) + CH,

H----C(O)Ph

Sigma Bond Metathesis

N,, Dark
200°C

10equiv.>((Nj\ﬂ
O

Ir(ttp)

FG=H 5h 56% 2a
=Me 9h 51% 2¢

Conclusions

Facile syntheses of stable irdium acyl complexes were

obvious rate enhancement was observed in the reaction betweeachieved through clean and selective aldehydic CHA with high-

Ir(ttp)CI(CO) and 4-FGH,CHO (eq 8) (Table 2, entry 3). We

valent Ir(lll) complexes. Preliminary mechanistic experiments

do not understand the difference. The fluoro group may competesuggest Ir(ttp)CI(CO) likely activates aldehydes in an electro-
to coordinate to the Ir(ttp) cation and lowers the concentration philic manner with subsequent heterolysis while Ir(ttp)Me
of Ir—aldehyde complex. Therefore, the base-promoting effect undergoes either an oxidative addition ov-#ond metathesis

of this substrate is not prominent.

o
Irttp)CI(CO) + FG@—/{
H

1

N,
200°C_+
10equiv. >N

o)
FG4< >—<
Ir(ttp)

FG=H 15d74% 2a
=F 12h68% 2e

(8

Mechanism: Ir(ttp)Me. The mechanism of CHA by Ir(ttp)-

pathway.

Experimental Section

Unless otherwise noted, all reagents were purchased from
commercial suppliers and purified before use. Hexane for chro-
matography was distilled from anhydrous calcium chloride. Tet-
rahyrofuran (THF) was distilled from sodium benzophenone ketyl
prior to use. Ir(ttp) CI(CT¥ and Ir(ttp)Me> were prepared according
to the literature procedure. Thin layer chromatography was
performed on precoated silica gel 68 plated. Silica gel (Merck,
70—230) was used for column chromatography in air.

IH NMR spectra were recorded on a Bruker DPX 300 (300 MHz)
spectrometer. Spectra were referenced internally to the residual

Me appears to undergo an associative type mechanism of eitheproton resonance indDs (0 7.16 ppm) or CDGI (6 7.26 ppm) or

oxidative addition ow-bond metathesid rather than dissocia-
tive homolysis or heterolysis (Scheme 2). The Me bond is
stronger than RRMe bond, which is about 58 kcal/m#l.At
200 °C, the rate of homolysis or heterolysis of-IMe is too
slow to be a viable pathway. The addition ofsPto Ir(ttp)Me

with tetramethylsilane (TMS) 0.00 ppm) as the internal standard.
Chemical shifts ¢) were reported in part per million (ppm)3C
NMR spectra were recorded on a Bruker DPX 300 (75 MHz)
spectrometer or a Varian XL-400 (100 MHz) and referenced to
CDCl; (6 77.10 ppm) spectra. Coupling constad)tWere reported

(12) Harklins, S. B.; Peters, J. Organometallic2002 21, 1753-1755.
(13) Liang, L. C.; Lin, J. M.; Lee, W. P.Chem. Commur2005 2462
2464.

(14) Wayland, B. B.; Ba, S.; Sherry, A. B. Am. Chem. Socd99]
113 5305-5311.
(15) Yeung, S. K.; Chan, K. organometallic2005 24, 6426-6430.
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in hertz (Hz). High-resolution mass spectra (HRMS) were per- dark for 5 h. The orange red solid was isolated after column
formed on a Thermofinnign MAT 95 XL in FAB (using 3-ni-  chromatography (11 mg, 0.011 mmol, 56%).

trobenzyl alcohol (NBA) matrix and Ci&l, as solvent) and ESI Method C. “Ir(ttp)BF,” (14.9 mg, 0.016 mmol) was dissolved
(MeOH:CHCI, = 1:1 as solvent) modes. in benzaldehyde (1.0 mL). The red reaction mixture was heated at
The CHA reactions were carried out in, Nh dark with the 200 °C under N in the dark for 2 h. The orange red solid was

reaction flasks covered with aluminum foil. Unless otherwise stated, isolated after column chromatography (4.5 mg, 0.005 mmol, 30%).
the reactions were carried in duplicate _a_nd the yields were the (5,10,15,20-Tetratolyporphyrinato)(4-methoxylbenzoyl)irid-
average results. The products were purified by column chroma- jum(lll), 4-MeOC ¢H4COlr(itp) (2b). Method A. The suspension

tography and ascertained to be pure’syNMR spectroscopy. of Ir(ttp)CI(CO) (24.1 mg, 0.026 mmol) and anisaldehyde (1.0 mL)
Preparation of Starting Materials. (5,10,15,20-Tetratolypor- was heated at 208C under N in the dark for 2.5 days to give a
phyrinato)iridium(lll) Tetrafluoroborate, Ir(ttp)BF  4/(CO)Ir- dark red solution. Excess anisaldehyde was removed by vacuum
(ttp)BF 4 (5). Ir(ttp)CI(CO) (60 mg, 0.065 mmol) and AgBK97.5 distillation. The reaction mixture was then isolated by column
mg, 0.50 mmol) was added into anhydrous/CH (50 mL), and chromatography on silica gel eluting with a solvent mixture of

the mixture was stirred for 2 days at room temperature. The color hexane/CkCl; (2:1) to give 4-MeOGH.COIr(ttp) (2b) as an orange

of the mixture changed from red to reddish brown after 2 days. red solid (16.0 mg, 0.016 mmol, 62%), which was further
Since the product was not stable during column chromatography recrystallized from CHCl,/MeOH. R = 0.41 (1:2 hexane/CH

on silica gel, the mixed products were isolated by filtration and Cly). *H NMR (300 MHz, CDC}): ¢ 2.57 (d, 2 H,J = 8.7 Hz),
purified by recrystallization from Cy€l,/hexane. The product ratio  2.69 (s, 12 H), 3.45 (s, 3 H), 5.55 (d, 2 Bi= 9.0 Hz), 7.52 (d, 8
was calculated from integration of the porphyrin peaks on'the H,J=8.1Hz), 793 (d,4 H) = 7.8 Hz), 8.02 (d, 4 HJ = 5.7
NMR spectrum (49.1 mg, 0.052 mmol, 80%, ratio of Ir(ttpyBF  Hz), 8.64 (s, 8 H)3C NMR (75 MHz, CDC}): 6 22.2,55.5, 111.2,
(CO)Ir(ttp)BF4 was batch dependent, ranging from 3:1 to 10R}). 118.9,124.4,128.2, 132.0, 134.2, 134.6, 138.0, 139.4, 143.5, 157 .4.
= 0.41 (EA).'H NMR (300 MHz, CDC}): (A) peaks of (CO)Ir-  HRMS (ESIMS): calcd for [GHasN4Oalr + H]*, miz 997.3088;
(ttp)BF4, 0 2.73 (s, 12H), 7.59 (t, 8H] = 6.6 Hz), 8.07 (d, 4H) found, m'z 997.3072. IR (KBr, cm'): »(C=0) 1674 (s). Anal.

= 11.7 Hz), 8.16 (d, 4HJ = 7.5 Hz), 9.08 (s, 8H); (B) peaks of  Calcd for GeHaaN4Oalr: C, 67.52; H, 4.35; N, 5.62. Found C,
Ir(ttp)BF4, 6 2.72 (s, 12H), 7.59 (t, 8H] = 6.6 Hz), 8.07 (d, 4H, 67.83; H, 4.45; N, 5.41. A single crystal for X-ray diffraction
J=11.7 Hz), 8.16 (d, 4HJ = 7.5 Hz), 9.02 (s, 8H)**C NMR analysis was grown from Gigl,/toluene.

(100 MHz, CDC}): (A) peaks of (CO)Ir(ttp)Bh, 6 141.6, 138.2, Method B. Ir(ttp)Me (26.6 mg, 0.030 mmol) was dissolved in
1375, 133.9, 132.1, 131.3, 128.0, 127.6, 122.8, 21.7; (B) peaks ofanisaldehyde (1.0 mL). The red reaction mixture was heated at 200
Ir(ttp)BF4, 141.5, 138.4, 138.0, 134.7, 133.7, 128.3, 127.7, 123.0, °C under N in the dark for 4 h. The orange red solid was isolated
21.7. The existence of the CO group was demonstrated by both IRafter column chromatography (22.1 mg, 0.022 mmol, 73%).

(KBr, cm~*) »(C=0) 2063 (s) and the peak of the CO group found  (5,10,15,20-Tetratolyporphyrinato)(4-methylbenzoyl)iridium-

in the 1*C NMR spectrum ob (6 = 131.3). (1), 4-MeC ¢H4COlr(ttp) (2c) . Method A. The suspension of Ir-
Reaction of Aromatic Aldehydes with Ir(ttp)CI(CO) and Ir- (ttp)CI(CO) (22.5 mg, 0.024 mmol) and 4-methylbenzaldehyde (1.0
(ttp)Me. (5,10,15,20-Tetratolyporphyrinato)(benzoyl)iridium- mL) was heated at 200C under N in the dark for 4 days to give

(1), C ¢HsCOIr(ttp) (2a). Method Al. Ir(ttp)CI(CO) (20.4 mg, a dark red solution. Excess 4-methylbenzaldehyde was removed
0.022 mmol) was added into benzaldehyde (1.0 mL). The red by vacuum distillation. The reaction mixture was then purified by
suspension was then heated at 2@0under N in the dark for 2 column chromatography on silica gel eluting with a solvent mixture
days. After 2 days, the mixture turned into dark red in color. Excess of hexane/CHCl, (2:1) to give 4-MeGH4COlr(itp) (2c) as an
benzaldehyde was removed by vacuum distillation. The dark red orange red solid (10.0 mg, 0.010 mmol, 42%), which was further
crude product was then purified by column chromatography on recrystallized from ChCl,/MeOH. R = 0.54 (1:2 hexane/CH
silica gel eluting with a solvent mixture of hexane/§H, (2:1) to Cl3). *H NMR (300 MHz, CDC}): 6 1.88 (s, 3 H), 2.48 (d, 2 H,
give GHsCOlr(ttp) (28) as an orange red solid (13.2 mg, 0.014 J= 8.0 Hz), 2.69 (s, 12 H), 5.78 (d, 2 H,= 7.4 Hz), 7.53 (d, 8
mmol, 62%), which was further recrystallized from gH,/MeOH. H,J= 7.7 Hz), 7.90 (d, 4 H) = 6.6 Hz), 8.02 (d, 4 H) = 6.2
R = 0.67 (1:2 hexane/C}€l,). 'H NMR (300 MHz, CDC}): o Hz), 8.63 (s, 8 H)13C NMR (100 MHz, CDC}): ¢ 21.3, 22.2,
2.57(d,2HJ=8.1Hz), 2.70 (s, 12 H), 5.99 (t, 2 H,= 7.8 Hz), 116.8, 124.4,126.7,128.1, 132.0, 134.2, 134.6, 138.0, 139.5, 143.5,
6.42 (t, 1 H,J=7.8 Hz), 7.52 (t, 8 HJ = 6.0 Hz), 7.96 (d, 4 H 167.6. HRMS (ESIMS): calcd for [£H4N,Olr + H]*, m/z
J= 7.8 Hz), 8.01 (d, 4H]) = 7.8 Hz), 8.62 (s, 8 H)}3C NMR 981.3139; foundm/z 981.3134. IR (KBr, cmb): »(C=0) 1674
(100 MHz, CDC}k): 6 22.2, 116.9, 124.4, 126.1, 128.1, 132.0, (s). The sample for elemental analysis was grown from@
134.2, 134.6, 138.0, 139.4, 143.4 167.4. HRMS (ESIMS): calcd MeOH and vacuum-dried at 10T for 2 days. Anal. Calcd for
for (CssHaiN4Olr+Na)*, nvz 989.2802; foundmz 989.2807. IR CseHaaNLOIr: C, 68.62; H, 4.42; N, 5.71. Found: C, 68.35; H,
(KBr, cm™): »(C=0) 1665 (s). The sample for elemental analysis 4.49; N, 5.59. A single crystal for X-ray diffraction analysis was
and single crystal was grown from GEl,/toluene, and X-ray grown from CHCl,/toluene.
analysis showed that there was one toluene molecule/iridium  pMethod B1. Ir(ttp)Me (13.6 mg, 0.016 mmol) was dissolved in
porphyrin complex. Anal. Calcd forgHaiN,Olr-toluene: C, 70.36;  4-methylbenzaldehyde (1.0 mL). The red reaction mixture was
H, 4.67; N, 5.29. Found: C, 70.68; H, 4.89; N, 4.94. heated at 200C under N in the dark for 6.5 h. The orange red
Method A2. Ir(itp)CI(CO) (14.8 mg, 0.016 mmol) and 10 equiv  solid was isolated after column chromatography (7.9 mg, 0.0080
of 2,6-ditert-butylpyridine were dissolved in benzaldehyde (1.0 mmol, 52%).

mL). The red reaction mixture was hea_ted at _ZQDunder N in Method B2. Ir(ttp)Me (17.4 mg, 0.020 mmol) and 10 equiv of
the dark for 1.5 days. The orange red solid was isolated after column2 6-ditert-butylpyridine were dissolved in 4-methylbenzaldehyde
chromatography (11.4 mg, 0.012 mmol, 74%). (1.0 mL). The red reaction mixture was heated at 20Qinder N

Method B1. Ir(ttp)Me (14.8 mg, 0.017 mmol) was dissolved in  in the dark for 9 h. The orange red solid was isolated after column
benzaldehyde (1.0 mL). The red reaction mixture was heated atchromatography (10.0 mg, 0.010 mmol, 51%).
200 °C under N in the dark for 5 h. The orange red solid was (5,10,15,20-Tetratolyporphyrinato)(4tert-butylbenzoyl)irid-
isolated after column chromatography (11 mg, 0.011 mmol, 71%). jum(lll), 4- tert-BuCgH,COIr(ttp) (2d). Method A. The suspen-
Method B2. Ir(ttp)Me (17.8 mg, 0.020 mmol) and 10 equiv of  sion of Ir(ttp)CI(CO) (37.2 mg, 0.040 mmol) andtdr-butylben-
2,6-ditert-butylpyridine were dissolved in benzaldehyde (1.0 mL). zaldehyde (1.0 mL) was heated at Z@under N in the dark for
The red reaction mixture was heated at 2Z@under N in the 1.5 days to give a dark red solution. Exceste#d-butylbenzalde-



Acyliridium Porphyrins Organometallics, Vol. 26, No. 4, 200969

hyde was removed by vacuum distillation. The reaction mixture for elemental analysis was grown from gt,/MeOH and vacuum-
was then isolated by column chromatography on silica gel eluting dried at 100°C for 2 days. Anal. Calcd for &H4oN4OCIIr: C,
with a solvent mixture of hexane/GHI, (2:1) to give 4 BuCsH4- 66.02; H, 4.03; N, 5.60. Found: C, 65.62; H, 4.03; N, 5.27. A
COlr(itp) (2d) as an orange red solid (19.5 mg, 0.019 mmol, 47%), single crystal for X-ray diffraction analysis was grown from £H
which was further recrystallized from G8I,/MeOH. Ri = 0.64 Cl,/toluene.

(1:2 hexane/CkLl). *H NMR (300 MHz, CDCY): 6 0.957 (s, 9 Method B. Ir(ttp)Me (20.8 mg, 0.024 mmol) was dissolved in
H), 2.56 (d, 2 HJ=8.1Hz), 2.77 (s, 12 H), 5.99 (d, 2H,= 8.1 4-chlorobenzaldehyde (1.0 mL). The red reaction mixture was
Hz), 7.52 (d, 8 H) = 8.1 Hz), 7.95 (d, 4 HJ = 6.9 Hz), 8.02 (d, heated at 200C under N in the dark for 18 h. The orange red

4 H,J = 7.2 Hz), 8.62 (s, 8 H). HRMS (ESIMS): calcd for . :
[CogHagNLOIr + H]*, miz 1023.3608: foundmz 1023.3603. IR rsT:)rI]:(llwgzo/los)olated after column chromatography (15.0 mg, 0.015

(KBr, cm™1): »(C=0) 1660 (s). The sample for elemental analysis . )
was grown from CHCI/MeOH and dried at 100C in vacuum (5,10,15,20-Tetratolyporphyrinato)(4-¢t,o.,a-trifluoromethyl)-

for 2 days. Anal. Calcd for GHeN,Olr: C, 69.32; H, 4.83; N,  PenzoyDiridium(lll), 4-CF sCeH4COIr(ttp) (29). Method A. The
5.48. Found: C, 69.20; H, 4.88; N, 5.25. A single crystal for X-ray Suspension of Ir(ttp)CI(CO) (30.6 mg, 0.033 mmol) andx(o-
diffraction analysis was grown from GBl,/toluene/THF. trifluoromethyl)benzaldehyde (1.0 mL) was heated at 2D@inder
Method B. Ir(ttp)Me (25.3 mg, 0.029 mmol) was dissolved in lein the dark f@ 6 h togive a dark red solution. Excess d?ﬁL,fx- .
4-tert-butylbenzaldehyde (1.0 mL). The red reaction mixture was trﬁluoromgthyl)_benzaldehyde was removed by vacuum distillation.
heated at 200C under N in the dark for 31 h. The orange red The reaction mixture were then isolated by column chromatography

solid was isolated after column chromatography (22.0 mg, 0.022 On silica gel eluting with a solvent mixture of hexane/Ci (2:
mmol, 74%). 1) to give 4-CRCeH4COlIr(itp) (2g) as an orange red solid (24.0

(5,10,15,20-Tetratolyporphyrinato)(4-fluorobenzoyliridium- mg, 0.023 mmol, 70%), which was further recrystallized from
(1), 4-FC ¢H4COlr(ttp) (2e) . Method Al. The suspension of Ir- CH,Cl/MeOH. R = 0.56 (1:2 hexane/CCl). *H NMR (300
(ttp)CI(CO) (17.8 mg, 0.019 mmol) and 4-fluorobenzaldehyde (1.0 MHZ: CeDe): 0 2.43 (s, 12 H), 2.74 (d, 2 H) = 8.2 Hz), 6.03
mL) was heated at 200C under N in the dark for 15 h to give a (d,2H,J=8.0Hz), 7.34 (t, 8 H) = 6.6 Hz), 7.95 (d, 4 H) =
dark red solution. Excess 4-fluorobenzaldehyde was removed bys'4 Hz), 8.14 (d, 4 HJ = 7.8 Hz), 8.85 (s, 8 H). HRMS
vacuum distillation. The reaction mixture were then purified by (FABMS): calcd for [GeHaNJORslr] ¥, m/z 1034.2778; foundivz
column chromatography on silica gel eluting with a solvent mixture 1-34.2787. IR (KBr, cm?): »(C=0) 1672 (s). Anal. Calcd for
of hexane/ChCl, (2:1) to give 4-FGH4COIr(ttp) (2e)as an orange  CseHadN4ORIr: C, 65.04; H, 3.90; N, 5.41. Found: C, 65.52; H,
red solid (17.4 mg, 0.018 mmol, 92%), which was further 4.04; N, 5.36.
recrystallized from ChCI,/MeOH. Rr = 0.56 (1:2 hexane/ Method B. Ir(ttp)Me (21.3 mg, 0.024 mmol) was dissolved in
CH.Cly). *H NMR (300 MHz, CDC}): 6 2.52 (dd, 2 HJ = 3.3, 4-(o, 0, 0-trifluoromethyl)benzaldehyde (1.0 mL). The red reaction
5.4 Hz), 2.70 (s, 12 H), 5.69 (t, 2 H,= 8.7 Hz), 7.54 (t, 8 H mixture was heated at 20@ under N in the dark for 1.5 h. The

,J=16.6 Hz), 7.96 (d, 4 H) = 8.4 Hz), 8.01 (d, 4 H) = 7.8 Hz), orange red solid was isolated after column chromatography (15.7
8.66 (s, 8 H).13C NMR (75 MHz, CDC}): ¢ 22.1, 112.7 (d, mg, 0.015 mmol, 62%).
J =110 Hz), 119.0 (dJ = 4.0 Hz), 124.4, 128.1 (d] = 3.2 Reaction of Aliphatic Aldehydes with Ir(ttp)CI(CO). (5,10,-

Hz), 132.0, 134_'3 (dJ = 9.8 Hz), 138.0, 13?'2* 143.3, 158_'7' 15,20-Tetratolyporphyrinato)(ethylformyl)iridium(lll), CH 3CH»-
HRMS (ESIMS): caled for [GHaoNOFIr + H]*, m/z 982.2888:  cOlr(tp) (3). Method A. Ir(ttp)CI(CO) (19.6 mg, 0.021 mmol)
ound, m/z 985'2882.' IR (KBr, cm’): _V(C_O) 1682 (s). A single was dissolved in propanal (1.0 mL), and the mixture was heated at
crystal for X-ray diffraction analysis was grown from GE,/ 200 °C under N in the dark for 2 days. Excess propanal was
toluene. ) removed by vacuum distillation. The reaction mixture was then
Method A2. Ir(ttp)CI(CO) (15.3 mg, 0.016 mmol) and 10 quiv  jsplated by column chromatography on silica gel eluting with a
of 2,6-d|{ert-butylpyr|d|n_e were dissolved in 4-fluorobenzaldehyde o \vent mixture of hexane/GEl, (2:1). (The silica gel was first
(13] mdL). I;I'fhe rlzdhre_lz_aﬁtlon mlxturedwa?dheateq alt ?ngf?er NI deactivated by the addition of water (5 mL of water/100 g of silica
L”hro;a?g rgrh 1 oen?rar(‘)gglrf msn‘i('jl "(‘a’gﬁ/o')soae after column gei).) A red solid, CHCH,COIr(ttp) (3) (11.4 mg, 0.012 mmol,
graphy ' 9. 9. ' ) 58%), was collected and was further recrystallized from,Clk

Method B. Ir(ttp)Me (22.0 mg, 0.025 mmol) was dissolved in  peOH. R = 0.66 (1:2 hexane/Cil). 'TH NMR (300 MHz,
4-fluorobenzaldehyde (1.0 mL). The red reaction mixture was cpcl,): ¢ —3.20 (q, 2 HJ = 7.2, 7.5 Hz)~1.71 (t, 3H,J = 7.2

heated at 200C under N in the dark for 1.5 h. The orange red 1,y 2 g9 (s, 12 H), 7.52 (d, 8 H, = 8.1 Hz), 8.02 (d, 8 H,) =

solid was isolated after column chromatography (21.7 mg, 0.022 ; g Hz), 8.67 (s, 8 H). HRMS (FABMS): calcd for fgHaiN,OIr

mmol, 88%). + HJ*, miz 919.2982; found,m/z 919.2973. Anal. Calcd for
(5,10,15,20-Tetratolyporphyrinato)(4-chlorobenzoyl)iridium- CsiHuN,OIr: C, 66.72; H, 4.50; N, 6.10. Found: C, 66.89; H,

(), 4-CIC ¢H4COIr(ttp) (2f). Method A. The suspension Ir(ttp)-  4.50: N, 6.24. IR (KBr, cml): »(C=0) 1682 (s).

CI(CO) (22.5 mg, 0.024 mmol) and 4-chlorobenzaldehyde (1.0 mL) Method B. Ir(ttp)Me (20 mg, 0.023 mmol) was added into

was heated at_ 200C under N in the dark for 1.5 days to give a propanal (1.0 mL). The red reaction mixture was heated at’@00
dark red solution. Excess 4-chlorobenzaldehyde was removed by .
under N in the dark for 2 days. Excess propanal was removed by

vacuum distillation. The reaction mixture were then isolated by vacuum distillation. The oranae red product was then isolated b
column chromatography on silica gel eluting with a solvent mixture ) 9 P y

. : column chromatography on silica gel eluting with a solvent mixture
?;(T e:(z)il?g /(azf lé (fn;) t%%\ii4rTC]:rL]G(!-I|j1C507I();§;t’p)V$/2r1fi)CﬁS 3\:;: ra;S?tre]er of hexapg/ClgCIZ (2:1). (The silica gel was first Q¢activated by
recrystallized from ChCl,/MeOH. R = 0.72 (1:2 hexane/CH the_ addition of water (5 mL of water/100 g of silica gel)). Red
C|2) 1H NMR (300 MHz, CDC!}) S 2.47 (d, 2HJ=28.1 HZ), solid 3 was collected (115 mg, 0.012 mmol, 55%)
2.70 (s, 12 H), 5.97 (d, 2 HL= 8.1 Hz), 7.55 (t, 8 HJ) = 7.4 Hz), X-ray Structure Determination. All single crystals were
7.92 (d,4HJ=7.8Hz), 8.02 (d, 4 H) = 7.5 Hz), 8.66 (s, 8 H). immersed in Paraton-N oil and sealed undegif\thin-walled glass
13C NMR (75 MHz, CDCh): 6 21.9, 117.9, 124.1, 125.9, 127.8, capillaries. Data were collected at 293 K on a Bruker SMART 1000
128.0, 131.8, 133.8, 134.2, 137.8, 138.9, 143.0, 165.9. HRMS CCD diffractometer using Mo ¥ radiation. An empirical absorp-
(ESIMS): calcd for [GsHaoN4OCIIr + H]*, m'z1001.2593; found, tion correction was applied using the SADABS progrénAll
m/z 1001.2600. IR (KBr, cm?): »(C=0) 1663 (s). The sample  structures were solved by direct methods and subsequent Fourier
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Table 5. Crystal Data and Summary of Data Collection and Refinement for 2af

Song and Chan

param 2a 2b 2c 2d 2e 2f
formula Gs1H4gN4Olr CseH43N4O0Ir CseHa7N4Oslr Cg3Hs7N4O.Ir CgoHagN4OFIr CﬁzH43N4OC”|’
cryst size (mm) 0.46¢ 0.30x 0.20  0.40x 0.30x 0.20  0.30x 0.20x 0.20  0.40x 0.30x 0.20  0.50x 0.40x 0.30  0.30x 0.20x 0.10
fw 1058.25 996.14 1016.18 1094.33 1076.24 1092.69
cryst syst monoclinic monoclinic monoclinic monoclinic monoclinic monoclinic
space group P2,/c C2lc P2:/c P2/n P2,/c P2:/c
a(A) 11.4151(12) 8.8390(14) 13.8753(15) 20.648(3) 11.338(2) 11.239(2)
b (A) 17.8705(18) 28.222(4) 22.280(2) 13.5262(18) 18.307(4) 18.548(3)
c(R) 24.260(2) 22.931(4) 15.5951(16) 20.692(3) 23.902(5) 24.007(5)
o (deg) 90 90 90 90 90 90
p (deg) 98.424(2) 98.215(3) 96.397(2) 99.762(3) 99.05(3) 98.714(4)
y (deg) 90 90 90 90 90 90
v, A3 4895.5(9) 5661.6(15) 4791.1(9) 5695.3(13) 4899.7(17) 4946.8(16)
Zz 4 4 4 4
Deaica Mg/md 1.436 1.169 1.409 1.276 1.459 1.467
radiation ¢), A 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073
6 range, deg 1.4225.00 1.44-25.00 1.74-25.00 1.5%+25.00 2.05-25.00 1.72-25.00
F(000) 2136 2000 2048 2224 2168 2200
reflens colled 26 038 15163 25751 30 255 9106 26 270
indpndt reflcns 8607 4996 8424 10 036 8639 8715
data/restraints/params ~ 8607/20/613 4996/0/289 8424/0/577 10036/24/631 8639/13/622 8715/7/622
goodness of fit 1.079 1.136 1.044 1.057 0.984 1.050
R;2 (all data) 0.0835 0.0911 0.1228 0.1345 0.1191 0.0735
WR? (all data) 0.1211 0.2055 0.1782 0.2716 0.1425 0.0983
Wi/W€ 0.0243/24.8934 0.1033/64.7479 0.0632/31.2667 0.1308/34.8201 0.0596/0.0000 0.0368/2.8972

3Ry = 2(||Fol — IFcl[)/ZIFo|. ® WR2 = {Z[W(Fo® — Fe?)2/Z[wW(F¢?)?} 2 ¢ Weighting schemev * = 6*(Fe?) + (wiP)? + w,P, whereP = (Fo? + 2Fc?)/3.

difference techniques and refined anisotropically for all non-
hydrogen atoms by full-matrix least-squares calculationsarsing

the SHELXTL program packagé. All hydrogen atoms were
geometrically fixed using the riding model. X-ray data are listed
in Table 5. CIF files have been deposited in Cambridge Crystal-
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