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Five coordinated water-soluble iridiom(f} complex, I'tH{CO}X TPPTS)1 (1) (TPPTS = P(m-CsH1SO:Na);-xH:0)
has been prepared from the reaction of IrCl:-3H20 with TPPTS and HCHO in H>O/EtOH solution. Complex 1
catalyzes the hydration of nitriles (RC = N, R = CH;, CICH:, CHx(CHb)s, Ph) in aqueous solution to give the
corresponding amides (RCONHz) at 100 °C. The hydration of unsaturated nitriles (R'C = N.R'= CH,CH=CH,
CH5;OCH=CH. trans-PhCH=CH, CH.=C(CH:)) takes place regioselectively on -C = N group to give unsatur-
ated amides (R'CONHz) leaving the olefinic group intact. The yields of the amides seem to be depending on
the electrophilicity of the carbon of nitrile: The more the electron withdrawing ability of the substituents on
nitriles, the more amides are obtained. The hydration of dinitriles {NC-R-CN, R = (CH3)4. (CHa)s) with com-
plex 1 initially gives mono-hydration products (NC-R-CONH:) which are slowly hydrated further to give di-
hydration products (Ho;NCO-R-CONHa). The hydration of 1.4-dicyanobutane has been found 1o be somewhat

faster than that of 1,6-dicyanohexane.

Introduction

Unsaturated amides are very useful compounds' since
their polymers are used in various chemical industries such
as paper and surfactant production,® waste water treatment
and oil recovery.® Amides are in general prepared by hydra-
tion of nitriles in the presence of strong acid or base cata-
lyst.* Under these conditions, amides are further hydrolyzed
to give carboxylic acids,® and hydrolysis of other functional
groups of unsaturated nitriles (e.g.. olefinic group) also takes
place. Transition metal complexes have been successfully
utilized as catalysts in order to obtain the catalytic hydration
of nitriles in the absence of strong acid or base as well as the
regioselective hydration of unsaturated nirtriles.® To the best
of our knowledge, no report has been made for catalytic
hydration of nitriles with a water-soluble metal complex
although there are some advantages for using water-soluble
metal complexes as catalysts for hydration in aqueous solu-
tions.

We recently found that water-soluble complexes, RhCl
(COXTPPTS); and IrCCO)TPPTS): (TPPTS =P{m-
CeH1SO:Na)2* xH>0) are efficient catalysts for the hydration
of terminal alkynes to produce corresponding ketones” and
polymerization of terminal alkynes to give stereoselective
polymers of alkynes? in aqueous solutions. We now wish to
report the catalytic hydration of nitriles to the corresponding
amides by a five coordinated water-soluble Ir(I) complex,
[rH{(CO)TPPTS): (1). This report also includes a more con-
venient synthetic method for complex 1 than the method
reported previously.”

Results and Discussion

Synthesis of Water-Soluble IrH(CO)(TPPTS): (1)
(TPPTS = P(m-CsHsSO3Na)sxH-0), This complex was

previously prepared by refluxing IrH(CO)PPh:): in the
presence of TPPTS in toluene/water biphasic selution for 5
days.? In the course of looking for the synthetic method of 1
with shorter reaction time and higher yield. we found that
complex 1 can be prepared directly from the reaction of
IrCl3-3H,0, TPPTS and HCHO/NaOH in refluxing H.Q/
EtOH for 20 hours (see eq | and Experimental). Complex 1
has been characterized by spectral data ('H NMR., *'P NMR
and IR) which are in good agreement with those previously
reported” (see Experimental).

IrCl;-3H,O + 3TPPTS + HCHO/NaOH

. (1
HO/BOR  H(CO)(TPPTS ),
reflux/20h 1

Catalytic Hydration of Nitriles. Nitriles readily undergo
hydration to give corresponding amides in the presence of 1
at 100 °C under N» in aqueocus solution (eq 2). The water-
insoluble iridium analog IrH(CO)(PPhz)s shows no catalytic
activity for the hydration of nitriles in CHCl3/H,O solution
under reflux condition. The hydration of nitriles does not
occur in the presence of TPPTS and/or conc. H:8O4 only (i
e.. in the absence of 1). In the presence of NaOH, it occurs
very slowly with no regioselectivity in cases of unsaturated
nitriles.

[tH{COXTPPTS),

RC=N 5 woe

RCONH, (2)

The hydration of chloroacetonitrile (CICH,CN) is found to
be faster than that of other nitriles such as CH;CN and
CH3(CH2)4CN (see Table 1). This may be understood in
terms of the enhancement of the electrophilicity of the nitrile
carbon by the substituent.5¢!" The electron withdrawing
effect of the substituents increases in the order of CH1(CH3)4
< CHz < CH:Cl, which predicts easier nucleophlic attack by
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Table 1. Hydration of Nitriles (3.0 mmol) in the Presence of
[rH(COXTPPTS). 1 (0.05 mmol} in Aqueous Solution at 100 °C
for 4 h under N»
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Table 2. Hydration of CH3CH=CHCN (3.0 mmol) in the Presence
of ItH(CO)XTPPTS). 1 (0.05 mmol) in Aqueous Solution at 100 °C
under N,

nitrile product yield
(%
CH:CN CH:CONH; 38
CH:{CH:)LCN CH3{CH:);CONH: 35
CeH:CN CoHsCONH: 54
CICH:CN CICH-CONH; 73

CH:CH=CHCN (65:35)  CH:CH=CHCONH, (31:69) 65
CH;OCH=CHCN (37:63% CH:OCH=CHCONH.(22:78)« 31

CH:CH;OCH=CHCN CH:CH-OCH=CHCONH: 29
(37:63) (25:75)
trans-CaH«CH=CHCN trans-CeHsCH=CHCONH- 96
CH;=Ci{CH.)CN CH.=Ci(CH:)CONH; 54
HCC(CH:):CN alkyne oligomers nd’
NC(CH;),CN NC(CH:2),CONH: 47
HsNCO(CH:),CONH; 53
NC({CH-»%CN NC{CH.):CONH: 48
H:NCO{CH»)}CONH- 25
NCCH=CHCN no reaction 0
NC-C¢Hs+-CN no reaction 0
NC(CH; }sCONH-* H;NCO(CH:)sCONH. 89¢
NC(CH:)CONH-" H:NCO(CH:)sCONH; 81

“The ratio of the 1somers; cis:trans. #1.5 mmol of the substrate was used
(nitrile/Ir = 30). “Identified by GC/mass. “Measured by 'H NMR {D:0O,
25 0C, 300 MHz). “Weight % atter isolation. /Not determined.

H,0 on the carbon of CICH,CN than that of other nitriles.
The same eftect has been also observed for the rate of hydra-
tion of unsaturated nitriles. Higher rate of hydration is
observed for CoHsCH=CHCN than for CH:CH=CHCN and
CH:=C(CH:)CN (see Table 1). That relatively lower hydra-
tion rates are measured for CH;OCH=CHCN and
C:HsOCH=CHCN may be explained by the resonance struc-
ture B (see eq 3) which decreases the electrophilicity of the
carbon of the nitriles.

RO-CH=CH-CN « RO=CH-CH-CN (3
A B

It is surprising to find that complex 1 shows no catalytic
activity for the hydration of unsaturated nitriles such as
CH,=CHCN, CH;=CHCH(CH3)CN, CH,=CCICN, BrCH=
C(CH:)CN and CH»=CHCH:CN for which no plausible
explanation has been found thus far.

The hydration of a mixture of cis- and trans-CH:CH=
CHCN has been investigated in order to obtain more infor-
mation on the effects of the olefinic group of the unsaturated
nitriles. At the early stage of the catalysis, the trans isomer
(trans-CH1:CH=CHCN) seems to undergoes the hydration
faster than does the cis-isomer (cis-CH:CH=CHCN) (see
Table 2). At the later stage, the isomerization of the hydra-
tion product (cis-CH:CH=CHCONH: to trans-CH:CH=

_ unreacted CHsCH=CHCONH:
reaction oy CH=CHCN (%) (G6) yield
time (h) - - (%)
cis trans cis trans

0 65 35 0 0 0

2 a8 9 23 30 53

4 27 8 20 45 65

6 7 2 45 46 91

8 7 2 42 49 9l

{0 7 2 33 58 9l

“Determined by 'H NMR (CDCls. 25 °C, 3(K) MHz). "Detemined by 'H
NMR (D;O, 25 °C, 300 MHz).

CHCONH,) is clearly observed (see Table 2), which sug-
gests significant interactions between the olefinic group of
unsaturated amides and the catalyst 1. These interactions
have been also observed in the reaction of CHa=CHCH,CN
with catalyst 1: The hydration product was not detected in
the reaction of CH,=CHCH:CN with 1 in aqueous solution
at 100 <C for 4 h while a significant amount of the isomer-
ization-hydration product, CH;CH=CHCONH: has been
observed after 24 h during which time neither CHy=
CHCH>CONH; nor CH:CH=CHCN has been detected. This
may be understood in terms of slow isomerization of
CH>=CHCH-CN (to CH;CH=CHCN) followed by fast hydra-
tion of the nitrile group to give CH:CH=CHCONH; or slow
hydration of CH>=CHCH:CN (to give CH;=CHCH.CONH>)
followed by fast isomerization to give CH;CH=CHCONH,.
[t may be mentioned here that the isomerization of
CH>=CHCH;OH is fast enough to observe a simple enol,
CH:CH=CHOH in the presence of another water-soluble iri-
dium(I) complex, [Ir(1,5~cyclooctadiene)(TPPTS):]Cl in aqueous
solution at 25 °C."

Reaction of an acetylenic nitrile HC=C(CH:)»:CN with
complex 1 in aqueous solution gives no hydration product
burt oligomers which are characterized by mass (m/e = 186,
279) and IR (vc=x, 2248 cm™!) spectra. [t has been found ina
separate experiment that complex 1 is also catalytically
active for the oligomerization of styrene in aqueous solution
at 100 °C.1*

Complex 1 also catalyzes the hydration of dinitriles such
as NC(CH2}CN and NC(CH,)CN to give mono- and di-
hydration products, respectively at 100 °C while no hydra-
tion products have been detected from the reactions of
NCCH=CHCN and p-NC-C¢H;-CN (1,4-dicyanobenzene)
(see Table 1). It seems possible to isolate significant amounts
of mono-hydration products, NC(CH1)sCONHj (ca. 37%) and
NC{(CH2)sCONH; {ca. 24%) from the reaction mixtures {see
Table 3). It is noticed that the first hydration is much faster
for NC(CH;)4CN than for NC(CH3);CN while the electro-
philicity of the nitrile carbon (-CN) of both dinitriles may
not be much different from each other. The difference in
hydration rates may come from the fact that NC(CH2),CN
could readily chelate on metal through M-N bonds while it
may cause a strain for NC(CH:)sCN to make chelate on metal.
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Table 3. Hydration of Dinitriles (3.0 mmol) in the Presence of
IrH(COXTPPTS);, 1 (0.05 mmol) in Aqueocus Solution at 100 °C
under N>

) reaction  unreacted mono-hydration di-hydration
SUBSUAS e (hy dinitrile (%) product (%)°  product ()
NC(CH:)CN 05 63 37 0
1 35 54 1
4 0 47 33
12 0 8 92
24 0 0 100
NC(CH:)<CN l 76 24 0
2 41 41 18
4 26 48 25
24 0 0 100

“Determined by GC. *Weight % after isolation.

Metal Complex(es) During Catalysis. In order to obtain
information on metal complexes during the catalytic cycle.
metal complexes have been isolated from the catalytically
active reaction mixtures. The isolated complex(es), C from
the reaction of 1 with CH:CH=CHCN after 4 h under the
catalytic conditions gives more spectral information than
any other solids isolated from reaction mixtures of 1 with
other nitriles.

Infrared and '*C NMR spectra of the complex C show that
it contains moieties of Ir-C=O and -CONH; by showing
strong absorptions ar 1993 (Ir-C=0) and 1633 (-CONH,)
cm! and signals at 187 (Ir-CG=0) and 172 (-CONH:) ppm.
respectively. *'P NMR data for C suggest the dissociation of
TPPTS and oxidation of TPPTS during the catalysis: *'P
NMR spectrum shows four signals at -5.13, -0.36 (d, J = 62
Hz), 1.75 (d, J = 62 Hz) and 35.3 ppm. The signals at -5.13
and 35.3 ppm are due to free TPPTS and TPPTS-oxide
(O=P(m-CxH1S0:Na):-xH:0), respectively. The two dou-
blets at -0.36 and 1.75 ppm seem due to the TPPTS remained
in the coordination sphere. Complex C is also obtained in
the reaction of complex 1 with excess CH;CH=CHCONH-
in aqueous solution at 100 °C. Reaction of C with excess
TPPTS under CO (100 psi) in aqueous solution at 70 °C
gives complex 1 and CH:CH=CHCONHa. Stirring aqueous
solution of C at room temperature produces CH:CH=
CHCONH: and unidentifed iridium complex(es). Complex
(es) € could be a mixture of more than one iridium complex
and is currently under investigation for further characterization.

Experimental Section

General Information. The NMR spectra were measured
on a Varian Gemini 300 MHz for 'H, 75.4 MHz for *C and
121.3 MHz for *'P. Electronic absorption and infrared spec-
tra were obtained by Shimadzu UV-240 and Shimadzu IR-
440 and/or Nicolet 205 spectrophotometers. Gas chromato-
graphs and mass spectra were obtained by Varian 3700 and
Hewlett Packard HP5890A at Organic Chemistry Research
Center, Sogang University.

All chemicals were purchased reagent grade from Aldrich
and used without further purification. TPPTS was prepared
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by the literature method.”

Synthesis of IrH(COXTPPTS): (1). A reaction mixture
of IrCl; - 3H,O (0.2 mmol, 70 mg) and TPPTS (0.6 mmol.
374 mg) in H2O (4 mL) and EtOH (10 mL) was refluxed for
I h before NaOH (114 mg) in HO (2 mL) and HCHO (4
mL. 37% H;0) were added to the vellow solution. The reac-
tion mixture was refluxed for further 19 h and cooled down
to room temperature. Addition of EtOH (80 mL) to the reac-
tion mixture resulted in precipitation of the yellow product
of 1, which was filtered and washed with EtOH (60 mL) and
Et;0 (20 mL). This crude product was recrystallized using
H>O (1 mL) and EtOH (30 mL). The yield was 0.38 2(0.18
mmol, 90 %). '"H NMR (D»0, 25 °C). § -10.6 (q, |H. Jyp=
21.3 Hz, Ir-H, 1it.? -10.6). P NMR (D;Q, 25°C): § 18.6 (s.
3P, Ir-P, lit* 19.2). IR (KBr, cmr') 2084 (v, lit.? 2128),
1935 (vco, lit.? 1927). Electronic absorption (H:O. 25 °C):
Amax (nm} 322.

Catalytic Hydration of Nitriles. All catalytic reactions
were carried out practically in the same manner as described
below. A reaction mixture of IrH(CO)TPPTS): (1) (0.1 g,
0.05 mmol) and a nitrile (3.00 mmol) in H2O (5 mL) was
stirred for 4 h at 100 °C under N, and cooled down to room
temperature before the solvent and unreacted nitrile were
removed by vacuum distillation to obtain yellowish residue.
Amide was extracted from the residue twice with acetone
(30, 20 mL) that was removed by vacuum distillation. The
white solid (amide) was characterized by 'H NMR (CDCls,
25 °C). infrared (KBr) and GC/mass spectra.

Only mass spectral (MS) data are given for those amides
(CHyCONH;. CH;(CH;):CONH,. CsHsCONH,. CICH,CONHs,
trans-CeHsCH=CHCONH,, and CH.=CH(CH;)CONH>)
whose "H NMR data are available in “The Aldrich Library of
I3C and "H NMR spectra”, st ed.. Aldrich Chem. Co., 1993
(edited by Pouchant).

CH:CONH2: MS: 5% ((M)*). CH:(CH2)sCONH: MS: 116
((M+1)*). C¢HsCONH,: MS: 121 ((M)*). CICH,CONH,:
MS: 93 (M)"). ¢is-CH;CH=CHCONH:: 'H NMR: § 2.1
(dCL 3H. JH.H = 7.2 Hz and JH-H =138 HZ, CH}), 5.7 (bl'_. 2H,
NH?). 5.8 (dd, 1H, Ju.u= 11.4 Hz and Ju.u= 1.8 Hz, CHCQ),
6.1-6.2 (m, 1H, CHiCH). IR: 1617 (s. px.r), 1678 (s, vic=o)
3201, 3394 (m, pvn). MS: 85 ((M)*). rrans-CH:CH=
CHCONH:: '"H NMR: § 1.9 (dd, 3H, Juu= 6.9 Hz and Jun
= 1.8 Hz, CH3), 5.5 (br, 2H, NH,), 5.9 (dd. I|H. Jyp= 156
Hz and Jun= 1.8 Hz, CHCO), 6.8-6.9 (m, 1H, CH:CH). IR:
1617 (s, W.n), 1678 (s, ve=0), 3201, 3394 (m, w.g). MS: 85
(M), cis-CH;OCH=CHCONH.: 'H NMR: & 3.9 (s. 3H,
CH30), 49 (d. 1H, Jyu = 10.9 Hz, CHCO), 5.4 (br, 2H,
NH;), 6.5 (d. 1H. Jun = 109 Hz, OCH). MS: 101 ((M)*).
trans-CHyOCH=CHCONH:: 'H NMR: § 3.7 (s. 3H,
CH30), 5.2 (d, 1H, Juu = 21.8 Hz, CHCO), 5.4 (br. 2H,
NH2), 7.6 (d, 1H, Ju.u= 21.8 Hz, OCH). MS: 101 (M)*).
¢is-CoHsOCH=CHCONH>: '"H NMR: § 1.4 (t, 3H. Juu=
6.9 Hz, CH:C), 4.0(q, 2H, Ju.n= 6.9 Hz, CH-0). 5.0 (d, IH,
Jun= 6.9 Hz, CHCQ), 5.4 (br, 2H, NH3), 6.5 (d, 1H. Jy.u=
69 Hz, OCH) MS: 115 (My). wrans-CoHsOCH=
CHCONH:: '"H NMR: § 1.3 (t, 3H. Jun = 6.9 Hz, CH;(O),
3.9(q, 2H. Juu= 6.9 Hz, CH>0), 52 (d. 1H, Jy.u= 12.0 Hz,
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OCH), 5.4 (br, 2H, NH»), 7.5 (d. 1H, Ju.s = 12.0 Hz,
CHCO). MS: 115 ((M)*). trans-CsH:<CH=CHCONH;: MS:
147 ((M)*). CHz= CH(CH3)CONH2: MS: 85 ((M)*).

Catalytic Hydration of Dinitriles. All catalytic reactions
with dinitriles were camried out in the same manner as
described below. A reaction mixture of IrH(CO)TPPTS):
(1) (0.1 g, 0.05 mmel) and a dinitrile (3.00 mmol) in H>O (5
mL) was refluxed for 4 h. and cooled down to room temper-
ature under N, before the solvent was removed by vacuum
distillation. Unreacted dinitrile and mono-hydration product
{NC-R-CONH>) were extracted from the residue twice with
acetone (30, 20 mL). which was reduced to 2 mL by vacuum
distillation. Addition of n-hexane (50 mL) resulted in precip-
itation of white mono-hydration product which was obtained
by filtration, washed with »-hexane (30 mL). and dried
under vacuum. The residue (mixture of unknown iridium
complex and di-hydration product, H:NCO-R-CONH:) was
washed three times with H,O (20 mL) to obtain the water-
insoluble white di-hydration product. The products, meno-
and di-hydration products were characterized by 'H NMR
(CDCls, 25 °C), infrared (KBr) and GC/mass spectra.
NC(CH);CONH;: '"HNMR: & 1.7-1.8 (m. 4H, (CH:)2), 2.3
(t. 2H, Ju.n = 6.3 Hz, CH-CN). 2.4 (t, 2H. Jun = 6.9 Hz,
CH:CO), 5.7 (br, 2H, NH.)). *C NMR (CDBCls, 25 °C):
8 23.1,30.9.31.2,41.1, 128.6 (CN), 186.2 (C=0). IR: 1622
(m. pxn), 1683 (s, veoo), 2248 (m, ven), 3216, 3420 (s,
pun). MS: 127 ((M+1)%). NH>CO(CH:);CONH.: IR: 1653
(s, vc=o). 3180, 3379 (s, ). MS: 144 ((M)*). NC(CH2)s-
CONH:: TH NMR: 6 1.3-1.5 (m, 4H, (CHz)»), 1.6-1.7 (m,
4H, (CH2)2), 2.2 (1, 2H, Juu = 7.2 Hz, CH-CN), 2.3 (t, 2H.
Jun= 6.9 Hz, CH.C0). 5.5 (br. 2H, NH>). *C NMR: § 14.6.
227,232,257, 259, 33.3, 120.5 (CN). 178.6 (C=0). IR:
1648 (s, Ve=p). 2243 (m, v¢ = N), 3196, 3389 (s, vnn). MS:
155 ((M+1)"). NH,CO(CH:2)CONHz: IR: 1648 (s, vc=o).
3185, 3379 (s, vn). MS 173 ((M+1)*).

Isolation of Metal Complexes. Catalysis was stopped by
quenching the catalytically active reaction mixture to room
temperature under N». Yellowish solid was obtained by
removing the unreacted nitrile and H2O by vacuum distilla-
tion. washed with acetone, and dried under vacuum.
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