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zation bands with spacings of 1650 (X), 580 (A), and 2250 and
560 cm™ (C). For the radical cation ground state (X), no ad-
ditional vibrational progression can be detected, which would
correspond to the large-amplitude motion v, observed in the first
PE band of the iso(valence)electronic radical cation O=C=
C=C=0"*"! A fifth PE band appears at about 16.5 eV (Figure
1), if the PE spectrum of OC;S is recorded while increasing the
count rate. As concerns its assignment, the MNDO calculations
predict a C; skeleton ionization within the He(I) measurement
region, although with a rather large Koopmans deviation. Al-
together, however, the MNDO calculations, which are geome-
try-optimized assuming a linear arrangement, seem to be reliable;
e.g., the known microwave structure of OC,S%®

0=C=C=C=S§
exptl 113.43 12696 12540 15825 (pm) (2)
MNDO 118 128 126 150 (pm)

is approximately reproduced.

Tricarbon oxide sulfide (O=C=C==C==S) is a thermally
rather stable molecule: On further heating in a short-pathway
molybdenum furnace!® up to 1000 °C no CO elimination to C,S
or any other thermal decomposition can be detected PE spec-
troscopically.
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In the field of amide synthesis, a problem of continuing interest
is the development of a general method for the conversion of
amines to amides under neutral conditions.! Toward this end
we have devised a new type of highly efficient method, which is
applicable for synthesis of various amides and polyamides.

Ruthenium-catalyzed condensation of nitriles with amines in
the presence of 2 equiv of water provides the corresponding amides
along with ammonia as depicted in eq 1. The reaction appears

Ru catalyst

RICONRZR® + NH;
(1)

to proceed generally, cleanly, and highly efficiently under neutral
conditions in a single step, although the reaction temperature is
high.

As the catalyst, RuH,(PPh;), (1) has proved to be the most
effective. The reaction does not proceed in the absence of the
catalyst. The efficiency of the catalyst has been demonstrated
by the following experiments. Acetonitrile (2.0 mmol) was treated
with butylamine (2.2 mmol) and H,0 (4.0 mmol) in the presence
of a catalyst (0.06 mmol) in 1,2-dimethoxyethane (DME, 0.5 mL)

R'CN + HNR?R? + H,0

(1) For review, see: (a) Beckwith, A. L. J. In The Chemistry of Amides;
Zabicky, J., Ed.; Interscience: New York, 1970; p 73. (b) Sandler, S. R;
Karo, W. Organic Functional Group Preparations; Academic Press: New
York, 1968, p 269.

Table I, Amide Synthesis

amides® yield,?< %

CHgCNHC (Hg 93
CHaC—N ) 97
CHaC(CH3IN(CH)CH,CqHg 95
CH30CH,CONHC (Hg 93

91
CN—(IJI—CHZ ,

0

2 80
3 74
4 99
6a 93
6b 86
6¢c 70

“The product amides in eq 1. A mixture of nitrile (1 equiv), amine
(1.1 equiv), H,O (2 equiv), and RuH,(PPh;), (3 mol %) in DME was
heated at 160 °C for 24 h in a sealed tube under argon. ?Isolated
yield. ¢The products showed satisfactory IR, NMR, and mass spectra.

at 160 °C for 24 h in a sealed tube under argon: RuH,(PPh,),
(conversion 100%, yield of BUINHCOMe 93%); RuCl,(PPh,),
(87%, 70%); RuH(OH)(PPh,),(H,0) (86%, 88%); [Ru(N-
H,),;Cl]ICl, (54%, 90%); Mo(CO)4 (66%, 77%).

Table I summarizes the representative examples. Acetylation
of amines with CH;CN is practical, because of simple isolation
of the acetamides without a washing process. The single-step
preparation of amides from nitriles is highly useful. Typically,
amide 2, which is an important precursor of isoquinoline alkaloids

CH30
BZOmH /\/ﬁ\
co N
820 CeHs & NN

H NH

CGHS/\\/LKQ/\/\/

6¢

2 (Bz = CHyCgHg)

such as reticuline or N-norreticuline,? has been prepared readily
upon treatment of 3-(benzyloxy)-4-methoxytoluene-a-carbonitrile?
with [3-methoxy-4-(benzyloxy)-8-phenethyl]lamine (80% yield).*

The intramolecular version of the present reaction provides an
efficient method for synthesis of lactams, 6-Hexanelactam (3)
has been obtained from 6-aminohexanenitrile. Boiling 5-(me-
thylamino)pentanenitrile and boiling 5-(hexylamino)pentanenitrile
were also converted into the corresponding N-methyl- (4) and
N-hexylpiperidones in quantitative yields, respectively.

To explore the scope of the reaction with respect to the che-
moselectivity of primary amines toward secondary amines, nitriles
were allowed to react with triamines 5 under the present reaction
conditions (eq 2). Acetonitrile underwent the condensation with

catalytic 1

RCN + H;N(CH,),,NH(CH;),NH;—
5 2
RCONH(CH,),,NH(CH,),NHCOR (2)
6

spermidine (5a, m = 3, n = 4) to give N!,N®-bisacetylspermidine
(6a) in 93% yield after chromatographic separation (SiO,,
CHCIl;/MeOH). Similarly, the reaction of CsH;CH,CN with
dipropylenetriamine (5b, m = 3, n = 3) gave N',N’-bis(phenyl-
acetyl)dipropylenetriamine (6b) in 86% yield along with only 3%
of the triacyl compound. Further, maytenine’ (6¢) has been

(2) Shamma, M.; Moniot, J. L. Isoquinoline Alkaloids Research 1972-
1977, Plenum Press: New York, 1978.

(3) Schwartz, M. A,; Zoda, M.; Vishnuvajjala, B.; Mami, L. J. Org. Chem.
1976, 41, 2502.

(4) Battersby, A. R.; Binks, R.; Francis, R. J.; McCaldin, D. J.; Ramuz,
H. J. Chem. Soc. 1964, 3600.

(5) (a) Englert, G; Klinga, K.; Raymond-Hamet; Schlittler, E.; Vetter,
W. Helv. Chim. Acta 1973, 56, 474. (b) McManis, J. S.; Ganem, B. J. Org.
Chem. 1980, 45, 2041.
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Table I, Polyamide Synthesis

mp, yield,
polyamides® °C M,? %
~[—NH(CHZ)5NH(|:|(CH2).(JI-); 255 8900 98
o) 0
—ENH(CH;);NH(I:I(CHZ).CI—}; >300 3700 97
o o
—*ENH(CHZ)WNHT:I(CHZ)‘OT:-}; >300 3800 99
o o

>300 14000 93
—{NH(CHZ)ENHCCHZO—CHZC-};
'4 4

/~\ 230 7200 73
—£N NC(CH)C}
N |
o o]

—[—NH(CH;)ZT:I-}; 175 1600 98
o

2The product polyamide 9 in eq 3. Polymerization was carried out
with 2 mmol of each monomer in the presence of 4 mmol of water and
3 mol % of RuH,(PPh,), in DME at 160 °C for 24 h in a sealed tube
under argon. The precipitated polymer was washed with CHCl; and
dried in vacuo. ?Molecular weight was determined by the titration of
the terminal amino group with p-toluenesulfonic acid using Thimol-
Blue. “The IR spectra and elemental analyses are consistent with the
general polyamide structure.

prepared by the reaction of trans-cinnamonitrile with 5a in 70%
yield. Evidently, the acylation of primary amines proceeds che-
moselectively in the presence of secondary amines. Direct selective
acylation of polyamines, particularly spermidines and spermines,
is of considerable importance, because their derivatives have potent
antibiotic and antineoplustic properties.® However, the methods
available are limited to a few, because of the higher nucleophilicity
of secondary amines with most electrophilic reagents.®

The efficiency of our new process is highlighted by the synthesis
of various, industrially important polyamides.” The ruthenium-
catalyzed reaction of dinitriles 7 with diamines 8 in the presence
of water gives polyamides 9 generally (eq 3).® As a model reaction

Ru catalyst
H,0
~(COCH;-X-CH,CONR-Y-NR),~ (3)
9

NCCHy-X-CH,CN + RNH-Y-NHR
7

the polycondensation of hexanedinitrile with 1,6-hexanediamine
was investigated in the presence of water (2 equiv) and catalyst
1 (3 mol %) in DME at 160 °C for 24 h. Thep_olyamide was
obtained in 98% yield. The molecular weight (M,) was deter-
mined to be 8900 by titration of the terminal amino group.” The
viscosity u in m-cresol was 0.7 (&g"‘. which corresponds to M,
7900 and is consistent with the M, value obtained above. Other
representative examples of the polyamide synthesis are shown in
Table Il. Since various dinitriles have been prepared as the
precursor of diamines,!? the present reaction provides a wide-scope

(6) (a) Chantrapromma, K.; Ganem, B. Tetrahedron Lett. 1981, 22, 23.
(b) Husson, A.; Besselievre, R.; Husson, H.-P. Ibid. 1983, 24, 1031. (¢)
Kunieda, T.; Higuchi, T.; Abe, Y.; Hirobe, M. Tetrahedron 1983, 39, 3253.
(d) Nagao, Y.; Seno, K.; Kawabata, K.; Miyasaka, T.; Takao, S.; Fujita, E.
Chem. Pharm. Bull. 1984, 32, 2687. (e) Acher, F.; Wakselman, M. J. Org.
Chem. 1984, 49, 4133. (f) Joshua, A. V.; Scott, J. R. Tetrahedron Lett. 1984,
25, 5725.

(7) (a) Schule, E. C. In Encyclopedia of Polymer Science and Technology;
Bikales, N. M., Ed.; Interscience: New York, 1969; Vol. 10, p 347. (b)
Sweeny, W.; Zimmerman, J. Idem. p 597.

(8) Reported polyamide synthesis from nitriles and amines, see: (a)
Greene, J. L.; Loza, R. US patent 4 380623; Chem. Abstr. 1983, 99, 2311 1v.

(9) Schaefgen, J. R.; Flory, P. J. J. Am. Chem. Soc. 1948, 70, 2709.

(10) (a) Kan, P. T. In Condensation Monomers; Still, J. K., Campbell, T.
W., Eds.; Wiley-Interscience; New York, 1972; p. 155. (b) Michael addition,
see: O'Sullivan, D. A. Chem. Eng. News 1986, March 3, p 21. (c¢) Hydro-
cyanation of olefins and dienes, see: Parshall, G. W. Homogeneous Catalysis,
Wiley: New York, 1980; p 219. Tolman, C. A.; McKinney, R. J.; Seidel,
W. C.; Druliner, J. D.; Stevens, W. R. Adv. Catal. 1985, 33, 1. (d) Elec-
trolytic coupling of acrylonitrile, see: Daly, D. E. CHEMTECH 1980, 302.

method for synthesis of polyamides without using diacids and
diesters. Finally, aminonitriles undergo similar polycondensation
efficiently. The ruthenium-catalyzed reaction of 3-amino-
proptonitrile gave nylon 3, -(NH(CH,),CO),- (mp 175 °C, M,
1600), in 98% yield.

Work is in progress to investigate the interesting mechanism
of the present reaction and to apply our method to other systems.

Registry No, 1, 19529-00-1; 2, 1699-40-7; 3, 105-60-2; 4, 931-20-4;
6a, 82414-35-5; 6b, 95245-15-1; 6¢, 41590-65-2; H,N(CH,)sCN, 2432-
74-8; H,CNH(CH,),CN, 6066-89-3; H,;C(CH,;);NH(CH,),CN,
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[3-methoxy-4-(benzyloxy)-3-phenethyljamine, 22231-61-4; N-hexyl-
piperidone, 89013-13-8; 1-(N-piperidino)ethanone, 618-42-8; 1,4-di-
pyrrolidinyl-1,4-dioxobutane, 63958-62-3; (H,N(CH,){NH,;)(NC-
(CH,),CN)(copolymer), 51937-09-8; (H,N(CH,)¢{NH,)(NC-
(CH,),CN)(copolymer, SRU), 3213-17-2; (H,N(CH,),NH,)(NC-
(CH,),CN)(copolymer), 70087-99-9; (H,N(CH,),NH,)(NC-
(CH,),CN)(copolymer, SRU), 26951-61-1; (H,N(CH,),,;NH,)(NC-
(CH,) ,(CN)(copolymer), 104807-51-4; (H,N(CH,),;NH,)(NC-
(CH,) ,,CN)(copolymer, SRU), 36348-71-7; (H;N(CH,)¢{NH,)-
(NCCH,C4H-p-CH,CN)(copolymer), 104807-52-5; (H,N-
(CH,)¢NH,)(NCCH,C¢H,-p-CH,CN)(copolymer, SRU), 52236-37-0;
(1,6-hexanedinitrile)(1,4-piperazine)(copolymer), 104807-53-6; (1,6-
hexanedinitrile)(1,4-piperazine)(copolymer, SRU), 26967-89-5; poly(3-
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The electrocatalytic reduction of dioxygen by macrocyclic
transition-metal complexes adsorbed on electrodes has been studied
extensively in conjunction with the search for an inexpensive
cathode material for oxygen fuel cells.! We and other laboratories
have shown that dicobalt cofacial porphyrin dimers can catalyze
dioxygen reduction to water without producing significant amounts
of hydrogen peroxide.> To our knowledge, however, no monomeric
macrocyclic metal complex has been reported to catalyze the direct
four-electron reduction of dioxygen in acidic solution.>* In a
survey of electrocatalytic oxygen reduction by various metallo-
porphyrins adsorbed on activated carbon, iridium complexes were
reported to be the most active catalysts.® Since the reduction

(1) (a) Schiffrin, D. J. Electrochemistry 1983, 8, 126. (b) Yeager, B.
Electrochim. Acta 1984, 29, 1527. (c) van Veen, J. A. R,; van Baar, J. F.
Rev. Inorg. Chem. 1982, 4, 293.

(2) (a) Collman, J. P.; Denisevich, P.; Konai, Y.; Marocco, M.; Koval, C.;
Anson, F. C. J. Am. Chem. Soc. 1980, [02, 6027, (b) Durand, R. R,,
Bencosme, C. S.; Collman, J. P.; Anson, F. C. J. Am. Chem. Soc. 1983, 105,
2710. (c) Liu, H. Y.; Weaver, M. J,; Wang, C.-B.; Chang, C. K. J. Elec-
troanal. Chem. 1983, 145, 439. (d) Chang, C. K.; Liu, H. Y.; Abdalmuhdi,
I. J. Am. Chem. Soc. 1984, 106, 2725.

(3) Planar dicobalt macrocycles catalyze O, reduction to H,O in alkaline
solution. Reference 1b and: van der Putten, A.; Elzing, A.; Visscher, W.;
Barendrecht, E. J. Chem. Soc., Chem. Commun. 1986, 477.

(4) (a) Iron phthalocyanines are reported to catalyze four-electron O,
reduction in basic solution: Kozawa, K.; Zilionis, V. E.; Brodd, R. J. J.
Electrochem. Soc. 1970, 117, 1470. (b) Iron porphyrins catalyze overall
four-electron reduction of O, which proceeds through a H,0, intermediate:
Shigehara, K.; Anson, F. C. J. Phys. Chem. 1982, 86, 2776. (c) Polymer-
bound iron tetrakis(o-aminophenyl)porphyrin (TAPP) and electropolymerized
CoTAPP catalyze overall four-electron reduction by dismutation of inter-
mediate H,O,: Bettelheim, A.; Chan, R. J. H.; Kuwana, T. J. Electroanal.
Chem. 1980, 110, 93. Bettelheim, A.; White, B. A.; Murray, R. W., un-
published results.

0002-7863/86/1508-7847%801.50/0 © 1986 American Chemical Society



