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Influence of an Axial Ligand in the Oxidation of the Nitrosyl
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to Give Oxo Complex of Ruthenium(IV)
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Oxidation of t:rans-[Ru(OH)(NO)(py),;]2+ gives trans-[Ru(ONO)(O)-
(py)4]+, while that of trans—[RuCl(NO)(py)4]2* yields trans-[RuCl(0)-
(py)g41*. The two complexes differ in the origin of the oxo ligand.
Their formation proceses were proved to be influenced by the ligand

trans to the nitrosyl.

We have reported the reaction in which trans—[RuCl(NO)(py)4]2+ was oxidized
by NaClO to give the oxo complex of RuIV, trans—[RuCl(O)(py)4]+.1) The reaction

is initiated by the formation of the nitro complex of Rull, trans-[RuC1(NO,)(py)4l,

via the known nitrosyl-nitro conversion reaction.z) The nitro complex of RuII

IIT Ghich gives

III_yo

is subsequently oxidized to the reactive nitro complex of Ru
a dimeric intermediate consisting of both reactive nitro (Ru 27) and its
isomerized nitrito (RulII-ono~) moieties.3) This results in the formation of

the hydroxo complex of RuIII, trans—[RuCl(OH)(py)4]+, along with the oxo complex
of RuIV, trans-[RuCl(O)(py)4]+, as final products.1) The same oxidation procedure
applied to trans—[Ru(OH)(NO)(py)4]2+ has been shown in the present study to lead
to the formation of trans-[Ru(ONO)(O)(py)4]+. Although the resulting nitrito
and chloro complexes have identical oxo ligands, the origin of the oxo ligand in
each complex is clearly different. We report here the synthesis of trans-[Ru-
(ONO)(O)(py)4]+, as the first example of the reaction where the source of

the product oxygen is influenced by the ligand trans to the nitrosyl.

Addition of an excess of NaClO solution (available chlorine 10%, 3 cm3) to
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an aqueous solution of trans—[Ru(OH)(NO)(py)4](ClO4)2 (100 mg in 10 cm3) gave
immediately a red solution, due to the formation of trans—[Ru(OH)(NOz)(PY)4].4)
The red solution changed to pale green solution when it was kept for 24 h in

a refrigerator. A pale green product can be obtained as a C104 salt. Yield,
60-70%. The product was identified as trans-[Ru(ONO)(O)(py)41Cl04 by

the following experiments. Satisfactory elemental analyses were obtained.s)
The effective magnetic moment of 2.92 B.M. is almost the same as that of trans-
[RuCl(O)(py)4]+.1) The IR absorption bands observed at 1484 and 990 cm'1,
which shifted respectively to 1464 and 965 em™? by 15y substitution, support

IV rather as a nitro or nitrato

the characterization as the nitrito complex of Ru
complexes.6) A nitro ligand isomerizes rapidly to a nitrito form

when the (Ru-NO,”) moiety undergoes an oxidation in its metal site.3) An IR
absorption band assignable to Ru=0 stretching vibration appeared around 795 cm'1
region. The existence of the oxo ligand was also evidenced by the oxygen
transfer reaction with PPh3.7)

Cyclic and normal pulse voltammetries with Pt disk electrode (¢ = 1.99 mm)
revealed, in conformity with the results observed for trans-[RuCl(O)(py)4]+, that
the complex in MeCN underwent a nearly one-electron reduction at -0.99 V
(vs. Ag|AgC104 0.1 mol dm~3 (MeCN)). The reduction species having the oxo ligand
appears to decompose with a fairly fast rate.8) X-Ray structure determination
of trans—[Ru(ONO)(O)(py)4]+ was unsuccessful, since the single crystals decom-
posed during the intensity data collection. The trans form of [Ru(ONO)(O)-
(py)41* was deduced from the result that trans-[Ru(OH)(NO)(py)4]2+, used as
a starting material of the present reaction, was regenerated when [Ru(ONO)(O)-
(py)4]+ was refluxed with a mixed solution of water and ethanol (1:1).

As has been reported,1) trans-[RuCl(NO)(py)4]2+ in aqueous solution can be

oxidized to give trans-[RuCl(O)(py)4]+ (Egs. 1-3, py ligands are omitted for sim-

plicity):

(OH™)
- - » (c1-RulT-NO*) — = (c1-Rull-NO,™) ——=(C1-RulI-NO,™) + e (1)
(c1-rutTl_No,”) ===(c1-rulll-oNn0O") (2)

+ (c1-rulV=0%2") + NoO,” (3)?)

I
|
1
|
' (c1-rRuTTT-N0,7) + (C1-RuTTT-ONO™)—>{C1-Ru-N(0)ON(0)0-Ru-C1}2*
|
|
!
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A rupturing of the Ru-N(nitrosyl) bond, via the process in which the reactive
nitro and its isomerized nitrito moieties combine (Eq. 3), is necessary for oxo

1,3) In contrast, trans—[Ru(OH)(NO)(py)4]2+ gave trans-[Ru-

complex formation.
(ONO)(O)(py)4]+ under the same conditions with retention of the nitrosyl
nitrogen, as was indicated by a 15y labelling experiment. The present reaction

can be represented by the following Egs. 4-6:

(OH™)
(#0-RulI-NO*) — (HO-RulI-NO,”) ——> (HO-RulTI-NO,™) + e (4)
(Ho-Ru'TI-NO,7) — = (HO-RuTII-0NO") (5)
(HO-RulTI_0NO") ——>(0?"=RulV-0NO") + e~ + H* (6)

A remarkable difference between the former scheme (Egs. 1-3) and the latter one
(Egs. 4-6) is that, in the latter, no reaction to give the intermediate
consisting of (RuIII—Noz‘) and (RuIII—ONO°) moieties can be seen. The source
of the oxo ligand in the present complex can reasonably be assumed to be due to
the oxidation of the hydroxo ligand (Eq. 6) which existed originally in trans-
[Ru(OH) (NO) (py) 412+.70)

In conclusion, a new oxidation process which depends on the ligand trans to
the nitrosyl has been observed; the presence of Cl ligand in trans-[RuX(NO)-
(py)4]2+ facilitates the oxygen transfer reaction (Eq. 3) via the process pro-

posed by Meyer et al.,3)

1)

resulting in the formation of the oxo ligand at the
nitrosyl position, while the presence of OH group, in place of Cl, acts so as to
interrupt it. The complex having nitrito ligand is therefore built up without
oxygen transfer reaction which should give trans-[Ru(OH)(O)(py)4]+ or

trans—[Ru(O)Z(py)4] if it occurred.
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7) When the complex in MeCN was mixed with PPh3, the mixed green solution immedi-
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ately faded away. The brown material which deposited by adding an ether to
the solution was filtrated. Ph3PO (v(P=0), 1180 cm'1) could be obtained from
the mother liquid by adding a small amount of water.”
Electrochemical study of trans-[RuCl(O)(py)4]+ in MeCN solution indicates

that the following reaction occurs (H. Nagao, to be published):
[RuC1(0)(py)4]* + 2e” + 2H" ——>[RuCl(H,0)(py)4l*
[RuC1(0)(py)4]* + [RuCl(H0)(py)s]* ——>2[RuCl(OH)(py) 1"

Although the result observed for trans-[Ru(ONO)(O)(py)4]+ in MeCN
was not well understood, a similar reaction is expected to occur.
The following reaction is also expected to occer:
,, (H20)
{C1-Ru-N(0)ON(0)0-Ru-C1}2* — = (c1-Rull-No*) + (cl-rull-oH,) + NO5~
trans—[RuCl(HZO)(py)4]+ is then oxidized to give tr.ans-[RuCl(O)(py)4]+

under the conditions.
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