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Abstract
C8H5N2O4Rh, monoclinic, P21/c (no. 14), a = 14.1998(9) Å,
b = 3.6516(2) Å, c = 17.7458(11) Å, β = 92.801(2)°,
V = 919.06(10) Å3, Z = 4, Rgt(F ) = 0.0281,wRref(F

2) = 0.0702,
T = 100 K.

CCDC no.: 2215630

The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the list
of the atoms including atomic coordinates and displace-
ment parameters.

Source of materials

RhCl3 ⋅ H2O (0.1000 g, 0.3798 mmol) was dissolved in 6
cm3 DMF and refluxed for 30 min. The yellow–orange

solution was cooled to room temperature. [Rh(cupf)(CO)2]
(cupf = N-nitroso-N-oxido-phenylamine) was synthesized
by addition of N-nitroso-N-phenylhydroxylamine ammo-
nium salt (Cupferron) (0.0589 g, 0.3798 mmol) in 3 cm3

DMF. A yellow precipitate was formed after the addition
of ice water. The precipitate was filtered off and dried.
Yellow needle crystals suitable for single-crystal X-ray
diffraction were obtained from hexane.

Experimental details

The aromatic H atoms were placed in geometrically ideal-
ized positions and constrained to ride on their parent
atoms, with fixed C–Hdistances for aromatic C–Hof 0.93 Å
(C–H) [Uiso (H) = 1.2 Ueq]. The graphics were obtained
using the DIAMOND [4] program with 50% probability
ellipsoids. The highest peak is located 1.79 Å from C2 and
the deepest hole is situated 0.78 Å from Rh1 respectively.

Comment

Oxidative addition reactions to metal complexes repre-
sent key steps in many catalytic processes, such as the
carbonylation of methanol [5]. It has been shown that
the oxidative addition step is the rate-determining step

Table : Data collection and handling.

Crystal: Yellow needle
Size: . × . × . mm
Wavelength: Mo Kα radiation (. Å)
μ: . mm−

Diffractometer, scan mode: Bruker APEX-II, φ and ω
θmax, completeness: .°, >%
N(hkl)measured, N(hkl)unique,
Rint:

,, , .

Criterion for Iobs, N(hkl)gt: Iobs > σ(Iobs), 
N(param)refined: 

Programs: SHELX [], Bruker [],
Olex [], Diamond []
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in the catalytic cycles of some of these processes, and
thus any effect on this step can determine the course of
the complete catalytic cycle. Due to the vital role of this
reaction, a significant amount of research has therefore
been focused on oxidative addition reactions in order
to understand its kinetic behaviour [6, 7] and responses to
external and internal effects. The synthesis of Rh(I) and
Rh(III) complexes have been discussed intensively, and
a large number of studies comprise the synthesis of the
precursor complex [Rh(L,L′-BID)(CO)2], of which one of
the carbonyl ligands may be substituted by tertiary
phosphine ligands to form [Rh(L,L′-BID)(CO)(PX3)], where
L,L′-BID represents monocharged bidentate ligands with
different donor atoms (L,L′) such as O,O, O,N, O,S, and
N,S, with PX3 representing different neutral monodentate
tertiary phosphine ligands [5–23]. The cupferrate biden-
tate ligand of the title complex was selected because of its
small bite angle, forming a five-membered metallocycle
ring when coordinated.

In the title structure, a slightly distorted square planar
geometry is observed indicated by the small bite angle of
77.879(2)° for O3–Rh1–O4, the coordinated cupferrate
ligand (see the figure). The angles between the other atoms
of the coordination sphere are affected as a consequence of
the small bite angle and have values differing from the
ideal 90°; 87.189(2)° for C1–Rh1–C2, 96.358(2)° for C2–Rh1–
O3 and 98.577(2)° for C1–Rh1–O4. A crystallographic
database [24] search on carbonyl bond lengths showed an
average Rh–C bond length of 1.848 Å, confirming that the

Rh1–C1 and Rh1–C2 bond lengths of 1.8419(1) Å and
1.8519(1) Å respectively, are in good agreement with liter-
ature values. The distance for the coordination of the two
carbonyl ligands to the rhodium atom, however, differ
significantly with Rh1–C2 reflecting the larger trans-
influence of the nitroso oxygen (O4). The carbonyl
defined by C2–O2, bound weaker than the C1–O1 carbonyl
to the rhodiummetal centre, is therefore the carbonyl being
substituted by triphenylphosphine [9], but also forms the
most stable thermodynamic isomer. The C1–O1, C2–O2,
Rh1–O3 and Rh1–O4 bond lengths were determined as
1.1318(1) Å, 1.1344(1) Å, 2.0089(1) and 2.0302(1) respec-
tively. The coordination plane (through C1, C2, O3, O4)
makes (i) a dihedral angle of 16.94(4)°with the ac-plane,
and (ii) an angle of 77.5(9)° with the weak metallophylic
interaction between two successive closest Rh–Rh {dis-
tance of 3.6516(2) Å} metal centres [25]. The latter met-
allophylic interaction (rhodium dz2–dz2 orbital overlap) is
much longer (weaker) than that found in a range of
[RhI(β-diketone)(CO)2] complexes (11 ligands; all forming
six-membered metallocycles) which varied between 3.20
and 3.62 Å [26]. It further underlines the weak electron
donating properties of the cupferrate ligand as manifested
in the slow iodomethane oxidative addition observed [11].
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Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H . . . .*
C . () . () . () . ()
H −. . . .*
C . () . () . () . ()
H . . . .*
N . () . () . () . ()
N . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
O . () . () . () . ()
Rh . () . () . () . ()

62 M.A. Elmakki et al.: The crystal structure of C8H5N2O4Rh



5. Maitlis P. M., Haynes A., Sunley G. J., Howard M. J. Methanol
carbonylation revisited thirty years on. J. Chem. Soc. Dalton Trans.
1996, 2187–2196; https://doi.org/10.1039/dt9960002187.

6. Roodt A., Visser H. G., Brink A. Structure/reactivity relationships
and mechanism from X-ray data and spectroscopic kinetic
analysis. Crystallogr. Rev. 2011, 17, 241–280.

7. Muller A. J., Otto S., Roodt A. Rapid phosphorus (III) ligand
evaluation utilising potassium selenocyanate. Dalton Trans.
2008, 650–657; https://doi.org/10.1039/b712782k.

8. Warsink S., Kotze P. D. R., van Rensburg J. M. J., Venter J. A.,
Otto S., Botha E., Roodt A. Kinetic-mechanistic and solid-state
study of the oxidative addition and migratory insertion of
iodomethane to [rhodium(S, O-BdiPT or N, O-ox)(CO)(PR1R2R3)]
complexes. Eur. J. Inorg. Chem. 2018, 2018, 3615–3625.

9. Basson S. S., Leipoldt J. G., Roodt A., Venter J. A. Crystal structure of
carbonyl(N-hydroxy-N-nitrosobenzenaminato-O,O′)-
triphenylphosphinerhodium(I). Inorg.Chim.Acta 1986, 118, L45–L47.

10. Elmakki M. A., Koen R., Venter J. A., Drost R. Crystal structure of
dicarbonyl(pyridine-2-olate-1-oxido-κ2O,O′)rhodium(I),
C7H4NO4Rh. Z. Kristallogr. N. Cryst. Struct. 2016, 231, 703–705.

11. Basson S. S., Leipoldt J. G., Roodt A., Venter J. A. Mechanism
for the oxidative addition of iodomethane to carbonyl(N-hydroxy-
N-nitrosobenzenaminato-O,O′)triarylphosphinerhodium(I)
complexes and crystal structure of [Rh(cupf)(CO)(CH3)(I)(PPh3)].
Inorg. Chim. Acta 1987, 128, 31–37.

12. Uguagliati P., Deganello G., Belluco U. The system-
dichlorotetracarbonyldirhodium-tertiary phosphines. Inorg.
Chim. Acta 1974, 9, 203–207.

13. Brink A., Roodt A., Steyl G., Visser H. G. Steric vs. electronic
anomaly observed from iodomethane oxidative addition to
tertiary phosphine modified rhodium(I) acetylacetonato
complexes following progressive phenyl replacement by
cyclohexyl [PR3 = PPh3, PPh2Cy, PPhCy2, PCy3]. Dalton Trans.
2010, 39, 5572–5578.

14. ElmakkiM. A., KoenR., Drost R.M., AlexanderO. T., VenterG. J. S.,
Venter J. A. Crystal structure of carbonyl (2-oxopyridin-1(2H-olato-
κ2O,O′)(triphenylphosphine-κP)rhodium(I), C24H19NO3PRh.
Z. Kristallogr. N. Cryst. Struct. 2016, 231, 781–783.

15. Elmakki M. A., Alexander O. T., Venter G. J. S., Venter J. A. Crystal
structure of carbonyl(2-oxopyridin-1(2H-olato-κ2O,O′)
(diphenylcyclohexylphosphine-κP)rhodium(I), C24H25NO3PRh.
Z. Kristallogr. N. Cryst. Struct. 2017, 232, 831–833.

16. Elmakki M. A., Alexander O. T., Roodt A. The crystal structure of
trans-carbonyl-(diphenylcyclohexyl-phosphine-κP)
iodidomethyl-(2-oxopyridin-1(2H)-olato-κ2O,O′) rhodium(III),

C25H28INO3PRh. Z. Kristallogr. N. Cryst. Struct. 2020, 235,
279–281.

17. ElmakkiM.A., AlexanderO. T., Venter J. A., RoodtA. Crystal structure
of carbonyl(2-oxopyridin-1(2H)-olato-κ2O,O′)(triphenylarsine-κAs)
rhodium(I), C24H19AsNO3Rh. Z. Kristallogr. N. Cryst. Struct. 2021,
236, 223–225.

18. Elmakki M. A., Alexander O. T., Venter J. A., Roodt A. Crystal
structure of carbonyl(2-methylquinolin-8-olato-κ2N,O)
(triphenylarsine-κAs)rhodium(I), C29H23AsNO2Rh. Z. Kristallogr.
N. Cryst. Struct. 2021, 236, 215–217.

19. Elmakki M. A. E., Alexander O. T., Venter G. J. S., Venter J. A.,
Roodt A. Synthesis and structural determination of
[Rh(opo)(CO)(PR3)] complexes (opo− = 2-oxopyridin-1-olate) and
in situ isomeric behavior from preliminary kinetic study of
iodomethane oxidative addition. J. Coord. Chem. 2021, 74,
444–466.

20. Basson S. S., Leipoldt J. G., Venter J. A. Structure of
pentacoordinated b-carbonyl-cd-(N-hydroxy-N-
nitrosobenzenaminato-O,O′)-ae-bis(triphenylphosphine)
rhodium(I). Acta Crystallogr. 1990, C46, 1324–1326.

21. Venter J. A., Leipoldt J. G., van Eldik R. Solvent, temperature, and
pressure dependence of the oxidative addition of iodomethane to
complexes of the type RhI(β-diketonate)(CO)(PPh3). Inorg. Chem.
1991, 30, 2207–2209.

22. Venter J. A., PurcellW., Visser H. G., Muller T. J. Carbonyl(N-nitroso-
N-oxido-1-naphtylamine-κ2O,O′) (triphenyl-phosphine-κP)
rhodium(I) acetone solvate. Acta Crystallogr. 2009, 65,
m1578–m1587.

23. Elmakki M. A., Alexander O. T., Venter J. A., Roodt A. The crystal
structure of (carbonato κ2O, O′)(2-oxopyridin-1(2H)-olato-κN)
tris(trimethylphosphine)rhodium(III) water solvate,
C15H33NO5P3Rh. Z. Kristallogr. N. Cryst. Struct. accepted.

24. Bruno I. J., Cole J. C., Kessler M., Luo J., Motherwell W. D.,
Purkis L. H., Smith B. R., Taylor R., Cooper R. I., Harris S. E.,
Orpen A. G. Retrieval of crystallographically-derived molecular
geometry information. J. Chem. Inf. Comput. Sci. 2004, 44,
2133–2144.

25. Conradie M. M., Van Rooyen P. H., Pretorius C., Roodt A.,
Conradie J. Rhodium-rhodium interactions in
[Rh(β-diketonato)(CO)2] complexes. J. Mol. Struct. 2017, 1144,
280–289.

26. Pretorius C. Structural and Reactivity Study of Rhodium(I)
Carbonyl Complexes as Model Nano Assemblies. PhD
thesis, University of the Free State, Bloemfontein, South
Africa, 2015.

M.A. Elmakki et al.: The crystal structure of C8H5N2O4Rh 63

https://doi.org/10.1039/dt9960002187
https://doi.org/10.1039/b712782k

	The crystal structure of dicarbonyl-(N-nitroso-N-oxido-phenylamine-κ2O,O)-rhodium(I), C8H5N2O4Rh
	Source of materials
	Experimental details
	Comment
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


