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The preparation of diamagnetic Co"(dmgH),NO (dmgH=dimethylglyoximato monoanion) is reported.
The complex shows the IR absorption band of NO at 1641 cm™), indicating a neutral NO ligand in the complex.
The IR and electronic spectra are consistent with the structure of the penta-coordinate, the square-pyramidal

configuration of the complex.

Co(II)—»Co(III)) and converted into Co™(dmgH),NO,-OH,.
as [Co"(dmgH),NO . OH,][Co™(dmgH),NO,] - 2H,0 is obtained.
The assignments of the IR spectra have been made using NO

is bound with the Co(III) through a NO bridge.
and *NO,.

Thus far, many transition metal nitrosyl complexes
have been prepared. The low-spin Co(II) complexes
with square-planar configurations are known to bind
NO, thus forming diamagnetic, penta-coordinate Co-
(ITI) complexes with square-pyramidal configurations,
such as CoAE(NO), CoSalen(NO), and Co(dtc),-
(NO).2® Recently, Schrauzer and Windgassen iso-
lated planar Co(dmgH),,>% with a magnetic moment
of 1.70 B.M.

In this paper, the preparation and properties of Co™-
(dmgH),NO will be described. Of the transition-
metal nitrosyl complexes with the same type of struc-
ture, the present complex is anomalous in that it is
oxidized easily to form the nitro-Co(III) complex,
Co"(dmgH),NO,-OH,.

Experimental

Preparation of the Complexes. Bis( dimethylglyoximato)-
nitrosylcobalt (1), Co™(dmgH),NO; Complex I: a) Co(CHj,-
CO0),-4H,0 (2.5g) was dissolved in 30 m/ of methanol,
and the solution was saturated with NO at 0°C. Into this
solution we stirred, drop by drop, dimethylglyoxime (2.3 g)
suspended in 60 ml/ of ethanol. Bubbling NO into the
solution for about 2 hours resulted in the precipitation of a
black compound. The NO dissolved in the solution was
driven off by nitrogen, then the precipitates were collected on
a filter and washed with a small amount of water under a
nitrogen stream. Three grams of a black, crystalline com-
plex, I, were thus obtained.

Found: Co, 18.30; C, 29.91; H, 4.77; N, 21.69%,. Calcd
for CoC4H,,N;O;: Co, 18.46; C, 30.10; H, 4.43; N, 21.95%,.
The same complex was obtained in a similar way in an
acetone solution.

1) For a comprehensive survey on transition metal nitrosyl
complexes, see B. F. G. Johnson and J. A. McCleverty, Progr.
Inorg. Chem., 7, 277 (1966).

2) The following abbreviations are used in the present paper.
dmgH: dimethylglyoximato monoanion, AE: bis(acetylacetone)-
ethylenediiminato dianion, BE: bis(benzoylacetone)ethylenedi-
iminato dianion, Salen: bis(salicylaldehyde)ethylenediiminato
dianion, and dtc: N,N-dimethyldithiocarbamato monoanion.

3) a) M. Tamaki, I. Masuda, and K. Shinra, This Bulletin,
42, 2858 (1969). b) A. Earnshaw, P. C. Hewlett, and L. F.
Larkwortly, J. Chem. Soc., 1965, 4718. c¢) F. A. Miller and C. H.
Wilkins, Anal. Chem., 24, 1253 (1952); R. L. Carlin, F. Canziani,
and W. K. Bratton, J. Inorg. Nucl. Chem., 26, 898 (1964).

4) G. N. Schrauzer and R. J. Windgassen, Chem. Ber., 99,

602 (1966).

In the presence of oxygen and water, the complex is oxidized rapidly (NO—NO,-,

During the reaction, a complex formulated
It is considered that, in the complex, the Co(1I)

b) One gram of Co(dmgH),» was dissolved in 80 m/ of
methanol, and then NO was bubbled into the solution for about
one hour with ice cooling, by which time the solution turned a
brownish-black. After the remaining NO had been expelled
with nitrogen, the solution was concentrated to 20 ml in
vacuo at 50°C, thus leaving a crystalline precipitate of a
brownish-black color. Yield: 0.5g. The complex was
proved to be identical with the complex I by a study of its
IR spectral data.

Complex II: One gram of the complex I was quickly
dissolved in 1/ of ether at room temperature, then the undis-
solved complex was filtered off. When the complex stood in
air for a few minutes, yellowish-brown needles (complex
II) were precipitated. Yield: 0.7 g.

Found: Co, 16.60; C, 27.08; H, 4.82; N, 19.51%,. Calcd
for Co,C,gHg4N,oO;,: Co, 16.64; C, 27.12; H, 4.85; N,
19.78%. The complex II is soluble in methanol, tetrahydro-
furan, and acetonitrile, but it is, unlike the complex I, sparingly
soluble in benzene and insoluble in chloroform and ether.

The complex II was also obtained from a dichloromethane
solution. One gram of the complex I was dissolved in
200 m! of dichloromethane, after which the solution was
allowed to stand in air for about 24 hours (the solution had
been concentrated to about 50 m!). Yellowish-brown needles,
0.7g were thus separated. Elementary analysis and IR
spectrum indicated the compound to be identical with the
complex II obtained from ether solution.

Found: Co, 16.70; C, 27.22; H, 4.81; N, 19.84%,. Calcd
for Co,C,¢HyyN;40,4: Co, 16.64: C, 27.12; H, 4.85; N,
19.789%,.

Bis( dimethylglyoximato ) nitroaquocobalt (I11) Co' (dmgH) ,-
NO,-OH,. One gram of the complex II was dissolved
in a mixture of 150 m/ of acetone and 10 m! of water. The
solution was refluxed at 70—80°C for 10 hours, and then
evaporated to 10 m! in vacuo to leave a brown precipitate
(complex III). Yield: 0.8g. This complex could be
recrystallized from acetone.

Found: Co, 16.65; C, 27.34; H, 4.54; N, 20.00%. Calcd
for CoCgH,4N;0;: Co, 16.68; C, 27.20; H. 4.58; N, 19.83%,.
The complex III is soluble in methanol and acetonitrile,
but insoluble in chloroform, ether, and benzene. The
molecular weight, determined in an acetonitrile solution
at 37°C by means of a Vapor Pressure Osmometer, was 341,
corresponding to the value of 353 calculated on the basis
of the above formula.

The complex III was also separated from an acetone solu-
tion of the complex II when it stood in air for two days.

The results of elementary analysis and the IR and UV
spectral data agreed with those obtained for the same com-
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pound prepared by Tschugaeft.?)

BNO-, and 5NO,-Substituted Complexes. The (*NO)-
complex I was synthesized similarly by using **NO, generated
from KNO,; (97%).9 The (¥NO)(¥NO,)-complex II
and the (**NO,)-complex III were obtained from the (**NO)-
complex I. (**NO)-complex I; Found: C, 29.01; H, 4.58;
N, 21.92%. Caled: G, 30.01; H, 4.42; N, 22.18%.

(*NO) (NO,)-complex II; Found: C, 26.84; H, 4.38;
N, 19.02%. Caled: C, 27.12; H, 4.85; N, 19.789,.

(NO,)-complex III; Found: C, 27.33; H, 4.57; N,
19.91%. Calcd: G, 27.13; H, 4.56; N, 20.059%.

Measurements. The IR spectra were measured in
Nujol or in hexachlorobutadiene, with a Hitachi 225 grating
spectrometer for the 4000—200 cm-! region and a JASCO
IR-G spectrometer for the 4000—400 cm-! region. The
thermogravimetric analysis was carried out by using a Rigaku-
denki thermobalance at a heating rate of 2°C/min under a
nitrogen stream. The magnetic susceptibilities were measured
at room temperature by the Gouy method. A nickel chloride
solution was used as the calibrant. The electronic absorp-
tion spectra were obtained with a Hitachi EPS-3 spectrophoto-
meter.

Results and Discussion

Complex 1. The elementary analysis shows that
the complex I has a composition corresponding to
Co(dmgH),NO. The physical and chemical data, to
be discussed below, agree with a structure where NO
is bound axially to the central metal ion of the planar

] I

1500 1000
Wave number, cm™!

Fig. 1. IR spectra of Cio"(dmgH),NO (——) and Co (dmgH),-
(BNO) (-++--+ ) in Nujol.

TaABLE 1.

[Vol. 45, No. 1

Co"(dmgH),. As is seen in the IR spectrum in Fig. 1,
Co(dmgH),NO shows an absorption band at 1641 cm-!
which can be assigned to the NO stretching frequency.”
The NO band observed in this region has been dis-
cussed as an indication of the neutral NO ligand in the
complexes.? Upon replacing the NO ligand with
15NO, this band shifts to 1615 cm~! (Fig. 1 and Table
1). Besides the above band, the bands at 575 cm!
and 540 cm~? are also observed to shift slightly to lower
wave numbers. The IR spectral feature of Co-
(dmgH),NO in the 1600—700 cm~! region resembles
that of the planar, metal complexes including dimethyl-
glyoximato, such as Ni"(dmgH),,® Cu"(dmgH),,»
and [Co™(dmgH),LL"](L,I.’=Cl and/or NH,).»

The electronic absorption spectrum of the complex
measured in a chloroform solution is presented in Fig.
2. The spectrum shows an absorption band at 20X
103 cm~! with loge=2.8. This band may be com-

I I ]
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Fig. 2. Electronic spectra.
Co''(dmgH),NO; curve 1 (---) in water, curve 2 (- - -)
in CHCl;, and curve 3 (- ) in deaerated water. Colll-
(dmgH),NO,- OH,; curve 4 ( ) in water.

CHARACTERISTIC FREQUENCIES IN THE IR sPECTRA® (cm™!)

v(NO) Vs(NOp)  v(NO,) J(ONO) 5, (NOy)

Complex I:
Co"'(dmgH),NO 1641
Co'(dmgH), (33NO) 1615
Complex IT:
[Co"(dmgH),NO- OH,][Co'™! (dingH),NO,]-2H,O 1628 1453 1322 820 618
[Co"(dmgH),(**NO) - OH,][Co' (dmgH),(**NO,)]-2H,O 1600 1415 1301 812 603
Complex III:
Co'"(dmgH),NO, - OH, 1453 1321 819 618

1416 1300 812 604

Co™(dmgH),(**NO,) - OH,

a) Obtained in Nujol and hexachlorobutadienes mulls at room temperature.

5) L. Tschugaeff, Chem. Ber., 41, 2226 (1908).

6) E. Miki, T. Ishimori, H. Yamatera, and H. Okuno, Nippon
Kagaku Zasshi, 87, 703 (1966).

7) J. Lewis, R. J. Irving, and G. Wilkinson, J. Inorg. Nucl.
Chem., 7, 32 (1958); W. P. Griffith, J. Lewis, and G. Wilkinson,

ibid., 7, 38 (1958).

8) R. Bling and D. Hadzi, J. Chem. Soc., 1958, 4536.

9) A. Bigotto, G. Costa, V. Galasso, and G. De. Alti, Spectro-
chim. Acta, 26A, 1939 (1970).
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parable to the band which has been taken as an indi-
cation of the square-pyramidal configuration of the
complex, as in the cases of CoAE(NO),* CoSalen-
(NO),* or RCoSalen (R=C,H; and CgH;),'? though
the assignment of these transitions has not yet been
clarified. The diamagnetic property of the present
complex is consistent with the above spectral data,
both IR and electronic. Thus, this evidence has led
us to propose a square-pyramidal configuration for the
Co(dmgH),NO complex.

As has been described in the Experimental part,
Co(dmgH),NO is easily converted into the complex
II1, which can be formulated as Co(dmgH),NO,-OH,.
The molecular weight, 341, determined in acetonitrile,
is consistent with this formula. The electronic spectra
in an aqueous solution and the IR spectrum are identi-
cal with those of Co™(dmgH),NO,-OH,,") which
has been synthesized by Tschugaeff® in a different way.
Four IR absorption bands, which are characteristic of
the nitro group in the complexes,'® »,,(NO,), »(NO,),
6(ONO), and p,(NO,) are assigned for the complex
IIT at 1453, 1321, 819, and 618 cm—! respectively
(Fig. 3 and Table 1). The above assignments have
been confirmed by the shifts of the bands to a lower
frequency upon replacing the NO,. It is worth no-
ticing that the band for p,(NO,) can clearly be as-
signed by (NO,)-substitution indicating that the NO,
group coordinates through nitrogen.1®

| \"51 Lo L ] [ B
1500 1000 500

Wave number, cm™?

IR spectra of Co'(dmgH),NO,-OH, (—) and
Col(dmgH), (**NO,)-OH, (++-+++ ) in Nujol.

Fig. 3.

Conversion of NO into NO,~. It has been exten-
sively studied how, in a series of six-coordinate Co(III)
complexes including the NO, ligand, such as [Co™-
(NH;);NO,]Cl,, NO, exists as ONO- in an alkaline
solution and as NO,~ in an acid solution.'® This
isomerization proceeds reversibly depending on the pH

10) G. Costa, G. Mestroni, and L. Stefani, J.
Chem., 7, 493 (1967).

11) A. Nakahara, This Bulletin, 27, 560 (1954); 28, 207 (1955).

12) 1. Nakagawa, T. Shimanouchi, and K. Yamazaki, Inorg.
Chem., 3, 772 (1964); I. Nakagawa and T. Shimanouchi, Spec-
trochim. Acta, 23A, 2099 (1967); K. Nakamoto, “Infrared Spectra
of Inorganic and Coordination Compounds,” John Wiley & Sons,
New York and London (1962), p. 155.

13) K. Nakamoto, J. Fuzita, and H. Murata, J. Amer. Chem.
Soc., 80, 4817 (1958).

14) F. Basolo and R. G. Pearson, “Mechanisms of Inorganic
Reactions,” 2nd Ed. John Wiley & Sons, New York (1967), p. 291.

Organometal.

Co"(dmgH),NO and its conversion to the nitro complex 173

of the solution. As for the NO+* ligand, it has been
found, in the case of [Fe"(CN);NO]2*, that the NO+
ligand is converted into ONO- in an alkaline solution.
15,16) Recently, Godwin and Meyer reported the NO+
ligand of [Ru"(bipy),(NO)X]2+ (X=Cl, Br) reacts
with the hydroxide ion in an aqueous solution to form
NO,~.1  As far as the neutral NO ligand is concerned,
no report has been presented dealing with the conversion
of NO into ONO- or NO,~, though many of the nitrosyl
complexes have been synthesized where NO has been
considered to be formally neutral.3:18)

As has been described in the Experimental section,
Co"(dmgH),NO (I) is very unstable in water and is
rapidly oxidized to Co™(dmgH),NO,-OH,(III). As
may be seen in Fig. 2, the electronic spectrum of the
complex I in an aqueous solution (curve 1) is quite
different from that in chloroform (curve 2), but it is very
close to the spectrum of the complex III in water
(curve 4). These spectral data are thought to show
that the conversion of the complex I into III takes
place almost quantitatively. An oxygen-free, aqueous
solution which was prepared by using a high vacuum
line showed no absorption band at around 20 x 103 cm1.
Upon exposing this solution to air, the solution came to
show an absorption curve which is similar to the curve 1.

It may be said, from the above results, that, in an
oxygen-free, aqueous solution, the complex I no longer
preserves its penta-coordinate configuration and that
both water and oxygen are consumed in the conversion
reaction of the complex I to III.

TaBLe 2. THE v(NO) OF THE NITROSYL COMPLEXES (cm 1)
b

a
(in Nujol mull) (in CH,C1,) ¢
Co(dmgH),NO 1641 1705 64
Co(dmgH),(1XNO) 1615 1680 65
CoSalen(NO) 1624 1666 42
CoAE(NO) 1654 1650  —4
CoBE(NO) 1635 1653 18

An aqueous solution of the complex I shows acid: pH
=4.35 for 2 X 103 M, implying that the conversion reac-
tion includes the addition of the OH- anion to the NO
ligand, as in the case of the reaction of [Fe"(CN),NO]2+
forming [Fe"(CN),ONO]*+ in an alkaline solution.l®
As may be seen from Table 2, the NO stretching fre-
quency of the complex I observed at 1641 cm=! in
Nujol shifts to 1705 cm~! in CH,CI, solution; this shift
is considerably larger than those observed for other
nitrosyl complexes with similar structures. These data
are considered to reflect a larger polarization, as (Co'")%"
—(N=0)®" in the present complex, which may facilitate
the OH- addition, as is shown in Scheme (I).

o -
(Co™)*~(NO)** + OH- —> | Co'N’
\OH

—— Co™-NO, + H* )

15) J. Masek and H. Wendt, Inorg. Chim. Acta, 3, 455 (1969).

16) K. A. Hofmann, Z. Anorg. Allg. Chem., 11, 279 (1896); F.
Holzl and K. Rokitansky, Monatsh. Chem., 56, 90 (1930).

17) J. B. Godwin and T. J. Meyer, Inorg. Chem., 10, 471 (1971).

18) C. A. Reed and W. R. Roper, J. Chem. Soc., 4, 1970, 3054.
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1500 1000 500
Wave number, cm™!

Fig. 4. IR spectra of [Co"(dmgH),NO-OH,] [Co'"™(dmgH),-
NO,]-2H,0 (——) and [Co!(dmgH),(*NO)- OH,][Col!-
(dmgH),(**NO,)] - 2H,0 (-+-+-+ ) in Nujol.

Complex I1. This compound was separated as a
crystalline precipitate during the conversion of the
complex I into the complex III in an ether solution.
The complex II is diamagnetic, and the results of
elementary analysis are in fair agreement with the
Co,(dmgH),NO-NO,-3H,0 composition. In the ther-
mogravimetric analysis curve for the complex II, the
weight loss of about 8.5, observed between 145—165°C.
is thought to correspond to the loss of three water
molecules in the complex. Unlike the complex I, the
complex II is insoluble in chloroform and ether. The
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complex exhibits the characteristic bands for both NO,
and NO, as may be seen in Fig. 4 and Table 1. Each of
the four bands for NO, is observed at almost the same
frequency as for the complex III; the NO band is
found to be slightly shifted to a lower frequency than
in the complex I. These facts can hardly be under-
stood without proposing that both the NO, and NO
groups are involved in the complex. Thus, the
structure of the complex II seems to include either
a Go—Co bond or an NO bridge. The possible
formation of a Co—Co bond by the interaction between
Co(II) complexes with a low-spin d? configuration has
been reported for [Co"(dmgH),B], where B is pyridine,
aquo or triphenylphosphine.* 1 However, in the case
of a diamagnetic complex such as Co(dmgH),NO, it
is difficult to expect a similar Co—Co bond. With
respect to the complexes with bridging NO, it has
been reported that the NO band is observed at about
1500 cm~1 for (C3H;)3Mn(NO)g and [C;H;Cr(NO),],.20
The fact that the present complex shows the NO band
at 1628 cm~1, only slightly shifted to a lower frequency
than that (1641 cm~!) of the complex I, does not
indicate clearly the existence of a bridging NO group.
A very weak interaction through the NO group may be
supposed to take place in the complex II.

19) F. A. Cotton, Accounts Chem. Res., 2, 240 (1969).
20) R. B. King and M. B. Bisnette, Inorg. Chem., 3, 791 (1964).






