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Rearrangement of two 8-membered 1,5-diaza-3,7-diphosphacyclooctane
rings into 16-membered P,N, ligand on the gold(l) template
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The reaction of gold(I) chloride with two molecules of
1,5-diaza-3,7-diphosphacyclooctane derivative causes their
reorganization into 16-membered macrocyclic tetra-
phosphine ligand. The structure of the trinuclear gold(I)
complex obtained was confirmed by X-ray analysis. The
dynamic equilibrium between dinuclear gold(I) complexes
with eight-membered cyclic ligands and the trinuclear
gold(I) complex with 16-membered ones has been revealed.
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Cyclic aminomethylphosphines such as 1,5-diaza-3,7-diphospha-
cyclooctanes find an application as ligands for the design of
catalysts in the electrochemical oxidation/reduction of hydrogen/
proton!~7 or other catalytic processes,*®? and for the design of
luminescent complexes of d'” metals.!%-!2 P-Pyridyl-substituted
aminomethylphosphines represent a group of P,N-hybrid ligands
capable of stabilizing the d'°-subgroup metals by the coordination
with both phosphine and N-pyridyl donor centers.!>!% Recent
works describing pyridyl-containing 1,5-diaza-3,7-diphospha-
cyclooctanes demonstrate wide perspectives for their use in the
construction of dinuclear gold(1)!%!516 and copper(I) complexes
including unique hexanuclear copper(l) clusters.!”29 All such
complexes exhibit moderate luminescence in the solid state and
promising luminescent sensory properties (vapochromism,
solvatochromism, thermochromism and the sensory properties
towards biothiols).

One of the intriguing properties of cyclic aminomethyl-
phosphines is the lability of the P-CH,-N moiety, which in
particular leads to the transformation of medium cycles to
macrocycles and vice versa in solution,?! interconversion of
P-stereoisomers as well as intercycle exchange of amino groups.??
The reorganization of 14- or 16-membered P,N,-macrocycles in
solutions proceeds spontaneously with the formation of P,N-
stereoisomer mixtures of 1-aza-3,6-diphosphacycloheptanes
or 1-aza-3,7-diphosphacyclooctanes,?? with the more dynamically
preferable product prevailing in the equilibrium mixture. The rate
of the equilibrium attainment increases in the presence of H*. It
was shown that the lability of the P-CH,—N moiety is also possible
for stable 1,5-diaza-3,7-diphosphacyclotanes, containing phenyl
substituents at phosphorus atoms, on the Cr'' template.?32*
The reaction of 1,5-diaza-3,7-diphosphacyclooctane with
CrCl(THF) in THF solution led to the complex with
16-membered PJ'NYPmacrocyclic ligand, whose structure was
confirmed by the X-ray crystallography.

Herein, we report on the synthesis and characterization of the
product of spontaneous association of two eight-mebered cyclic
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ligands into 16-membered macrocyclic one in the course of the
reaction with gold(I) chloride.

It has been recently shown that the reaction of pyridyl-
containing 1,5-diaza-3,7-diphosphacyclooctanes and (tetra-
hydrothiophene)gold(I) chloride with the ligand/metal molar
ratios of 1: 1 and 1:2 leads to binuclear cationic'® or neutral'%!1>
luminescent complexes. In all cases, the eight-membered cyclic
ligands retained their structure. Unexpectedly, the reaction
of 3,7-di(pyridin-2-yl)-1,5-di(p-tolyl)-1,5-diaza-3,7-diphospha-
cyclooctane L (Scheme 1) with 1.5 equivalents of gold(I)
chloride in dichloromethane resulted in a mixture of complexes
1-3. Broad peaks in the range from 5 to 27 ppm in the 3'P NMR
spectrum of the reaction mixture were observed. MALDI mass
spectrum of the mixture indicated the presence of major peaks
with the masses of 1629.0 and 2403.6 Da, which corresponded
to compounds with L,Aus;Cl, and L, Au,Cl, compositions,
respectively.

The evaporation of the solvent from the reaction mixture
in vacuo afforded a yellowish powder. Crystallization of the
obtained powder from DMSO gave dinuclear complex 1, while
the crystallization of the same powder from ethanol solution
gave complex 2 (see Scheme 1).

The broad signals in the NMR spectra and the crystallization
of two different compounds from the reaction mixture indicate a
possible dynamic equilibrium, which occurs in solution (see
Scheme 1).

The above assumption of the equilibrium is also supported by
Lin,» who has observed an analogous behavior of the gold(I)
chloride complexes with bis(diphenylphosphino)methane
(dppm) ligands in solution. The driving force of such type of
dynamic process was the coordination ability of chlorine ion. As
for complexes 1-3, chlorine ion would form Au—Cl coordination
bond in a trinuclear complexes 2 and 2’ with the following
dissociation of the Au—P bond and formation of complexes 1 and
1'. Complex 1’ undergoes reversible dimerization leading to
compex 3. The analogous transformations were also found for

— 40 —



Mendeleev Commun.,

2019, 29, 4042

Cl\ /Cl ?l
-Tol
p- Tol 3AuCl A p o A p- T01 Au
2 N P\/ \/ \/P P\/ \/P
\ N/
/ p- Tol p- Tol p- Tol N
- q+
p-Tol S
J | N H
P/\ /\P
?1 | 1? cr N p-Tol e | 2T
Au p-Tol Au -Tol / \ N
| p- N %
NN/ N\
\/ \/P _ P/\N/\P
@ /LuP-Tlol /Lu 2
p- TO] i ‘ p-/Tol ‘
P\/N\/P
( "= \NJ -
\ / N
L / p-Tol X i
— / -+ 3
Na |
p-Tol p -Tol
N\ /\ /\
( Au Au 7 N=
ClI
/N\/P\/N
p-Tol A N p-Tol
~ |
2
Scheme 1

the gold(I) alkynyl complexes containing the strong electron-
withdrawing groups at gold(I) cations.?® Those works?>2° as well
as our experiments demonstrate that the electron properties and
the coordination lability of the counter ion can play a crucial role
in the formation of the complex core. According to quantum
chemical computations, complex 2 is more stable than compound
2" by 29 kcal mol~'. This energy difference is more pronounced
than the energy gain produced by macrocyclization of free
ligands, i.e. macrocyclic ligand P,N, is by 24 kcal mol~' more
stable compared with two P,N, ligands. This leads us to
suggestion that the formation of macroheterocycle is promoted
by metal.

Crystals of complex 2 suitable for the X-ray analysis were
grown from ethanol solution and its molecular structure is
shown in Figure 1.7 According to XRD analysis, compound 2 is
a trinuclear gold(I) complex with cis—cis—cis-configuration of

¥ Crystallographic data for [CsgHgyAusCl,NgP,*]CI- 2, C,HsOH
(molecular formula CsgHggAu3;OCI3NgP,), M = 1712.33, mono-
clinic, C2/c (no. 15), a=23.94(2), b=13.913(14) and c=21.35(2) A,
B =113.454(12)°, V = 6524(11) A3, z=4,72=112 (complex in the
special position on axis 2), d_y. = 1.743 g cm=3, u(Mo) = 6.994 mm!,
F(000) = 3304, T ax/min = 0.5518/0.7457; 37459 reflections were
collected (2.4° < 6 < 26.0°), 6360 of which were unique,
R;, = 0.404, completeness to 6 of 26.0° was 99.3%. The refinement
of 352 parameters with no restraints converged to R, = 0.0849,
WR, = 0.1295 for 2380 reflections with / > 20(/) and R| = 0.2565,
wR, =0.1857 for all data with S = 0.98 and residual electron density,
peak/hole 1.14/—1.85 ¢ A3,

|

the 16-membered macrocycle as a coupling product of two
molecules of initial 1,5-diaza-3,7-diphosphacyclooctane.
The 16-membered cyclic ligand in complex 2 has a C,-sym-
metrical ‘crown-type’ conformation with an axis passing
through the central gold(I) ion. All substituents at heteroatoms
occupy positions in the plane formed by the N- and P-atoms or
deviate from it towards the trinuclear gold(I) core. The strongest
deviation from the plane is observed for the substituents at two
phosphorus atoms of the P—Au-P moiety. Two peripheric
gold(I) atoms in the Aus core have a trigonal environment
formed by the coordination of phosphorus atom, chloride ion
and Au---Au interaction. The central gold(I) atom has a
tetragonal environment, which is formed by the bonding of two
phosphorus atoms and by two aurophilic interactions with the

The measurements were performed on a Bruker Smart Apex II CCD
diffractometer using graphite monochromated MoKa (A = 0.71073 A)
radiation and ®-scan rotation at room temperature. Data collection
images were indexed, integrated and scaled using the APEX2 data
reduction package?® and corrected for absorption using SADABS.? The
structure was solved by direct methods and refined using SHELX3?
program. The solvated complex molecule was solved and three strong
peaks in difference Fourier map, which was interpreted as a molecule of
ethanol disordered by axis 2. All non-hydrogen atoms were refined
anisotropically, H atoms were calculated on idealized positions and
refined as riding ones.

CCDC 1939086 contains the supplementary crystallographic data for
this paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via http://www.ccdc.cam.ac.uk.
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Figure 1 Molecular structure of complex 2 in two different projections.

neighboring gold(I) atoms. Thus, all metals of the Aus core are
involved in aurophilic interactions. The Au—Au distances are
about 3.18 A, that is less than the sum of van der Waals radii
(3.32 A according to Bondi?’).

In the summary, the reorganization of 1,5-diaza-3,7-di-
phosphacyclooctanes in the course of their reaction with gold(I)
chloride, leading to the formation of 16-membered macrocyclic
ligands, has been observed. The obtained trinuclear gold(I)
complex of the 16-membered cyclic aminomethylphosphine
ligand has been characterized by X-ray crystallography. Our
finding additionally confirms the high lability of the P-CH,—N
moiety in aminomethylphosphines, which can result in the
formation of new compounds.

The work was supported by the Russian Science Foundation
(grant no. 19-43-04119).
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Supplementary data associated with this article can be found
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References

1 E.S. Wiedner, M. B. Chambers, C. L. Pitman, R. M. Bullock, A. J. M. Miller
and A. M. Appel, Chem. Rev., 2016, 116, 8655.

2 Q. Liao, T. Liu, S. I. Johnson, C. M. Klug, E. S. Wiedner, R. M. Bullock
and D. L. DuBois, Dalton Trans., 2019, 48, 4867.

3 T. Liu, S. Chen, M. J. O’Hagan, M. Rakowski DuBois, R. M. Bullock
and D. L. DuBois, J. Am. Chem. Soc., 2012, 134, 6257.

4 N. Kumar, J. M. Darmon, C. J. Weiss, M. L. Helm, S. Raugei
and R. M. Bullock, Organometallics, 2019, 38, 1391.

5 M. L. Helm, M. P. Stewart, R. M. Bullock, M. Rakowski DuBois
and D. L. DuBois, Science, 2011, 333, 863.

6 J. Y. Yang, R. M. Bullock, W. J. Shaw, B. Twamley, K. Fraze,
M. Rakowski DuBois and D. L. DuBois, J. Am. Chem. Soc., 2009, 131,
5935.

7 J.Y. Yang, R. M. Bullock, W. G. Dougherty, W. S. Kassel, B. Twamley,
D. L. DuBois and M. Rakowski DuBois, Dalton Trans., 2010, 39, 3001.

8 P. Bhattacharya, Z. M. Heiden, G. M. Chambers, S. 1. Johnson,
R. M. Bullock and M. T. Mock, Angew. Chem., Int. Ed., 2019, 58, 11618.

9 A. Fihri, D. Luart, C. Len, A. Solhy, C. Chevrin and V. Polshettiwar,
Dalton Trans., 2011, 40, 3116.

10 1. D. Strelnik, V. V. Gurzhiy, V. V. Sizov, E. 1. Musina, A. A. Karasik,
S. P. Tunik and E. V. Grachova, CrystEngComm, 2016, 18, 7629.

11 A.A.Karasik, E.I. Musina, . D. Strelnik, I. R. Dayanova, J. G. Elistratova,
A. R. Mustafina and O. G. Sinyashin, Pure Appl. Chem., 2019, 91, 839.

12 E. V. Grachova, Russ. J. Gen. Chem., 2019, 89, 1102 (Zh. Obshch.
Khim., 2019, 89, 879).

13 1.D. Strelnik, I. R. Dayanova, D. B. Krivolapov, I. A. Litvinov, E. I. Musina,
A. A. Karasik and O. G. Sinyashin, Polyhedron, 2018, 139, 1.

14 1. D. Strelnik, I. R. Dayanova, I. E. Kolesnikov, R. R. Fayzullin,
I. A. Litvinov, A. I. Samigullina, T. P. Gerasimova, S. A. Katsyuba,
E. I. Musina and A. A. Karasik, /norg. Chem., 2019, 58, 1048.

15 N. A. Shamsutdinova, I. D. Strelnik, E. I. Musina, T. P. Gerasimova,
S. A. Katsyuba, V. M. Babaev, D. B. Krivolapov, I. A. Litvinov,
A. R. Mustafina, A. A. Karasik and O. G. Sinyashin, New J. Chem.,
2016, 40, 9853.

16 . Elistratova, I. Strelnik, K. Brylev, M. A. Shestopalov, T. Gerasimova,
V. Babaev, K. Kholin, A. Dobrynin, E. Musina, S. Katsyuba,
A. Mustafina, A. Karasik and O. Sinyashin, J. Lumin., 2018, 196, 485.

17 E. Cariati, E. Lucenti, C. Botta, U. Giovanella, D. Marinotto and
S. Righetto, Coord. Chem. Rev., 2016, 306, 566.

18 V. W.-W. Yam, V. K.-M. Au and S. Y.-L. Leung, Chem. Rev., 2015, 115,
7589.

19 H. Yersin, A. F. Rausch, R. Czerwieniec, T. Hofbeck and T. Fischer,
Coord. Chem. Rev., 2011, 255, 2622.

20 M. K. Rong, F. Holtrop, J. C. Slootweg and K. Lammertsma, Coord.
Chem. Rev., 2019, 382, 57.

21 A. A. Karasik, E. I. Musina, A. S. Balueva, 1. D. Strelnik and
O. G. Sinyashin, Pure Appl. Chem., 2017, 89, 293.

22 E.I Musina, R. N. Naumov, K. B. Kanunnikov, A. B. Dobrynin, S. Gémez-
Ruiz, P. Lonnecke, E. Hey-Hawkins, A. A. Karasik and O. G. Sinyashin,
Dalton Trans., 2018, 47, 16977.

23 M. T. Mock, S. Chen, M. O’Hagan, R. Rousseau, W. G. Dougherty,
W. S. Kassel and R. M. Bullock, J. Am. Chem. Soc., 2013, 135, 11493.

24 A. J. Kendall, S. I. Johnson, R. M. Bullock and M. T. Mock, J. Am.
Chem. Soc., 2018, 140, 2528.

25 1.J.B. Lin, J. M. Hwang, D.-F. Feng, M. C. Cheng and Y. Wang, Inorg.
Chem., 1994, 33, 3467.

26 T. M. Dau, Y.-A. Chen, A. J. Karttunen, E. V. Grachova, S. P. Tunik,
K.-T. Lin, W.-Y. Hung, P.-T. Chou, T. A. Pakkanen and I. O. Koshevoy,
Inorg. Chem., 2014, 53, 12720.

27 A.Bondi, J. Phys. Chem., 1964, 68, 441.

28 APEX2, v.2.1, SAINTPlus, v.7.31A, Bruker AXS, Madison, WI, USA,
2006.

29 L. Krause, R. Herbst-Irmer, G. M. Sheldrick and D. Stalke, J. Appl.
Crystallogr., 2015, 48, 3.

30 G. M. Sheldrick, Acta Crystallogr., Sect. A: Found. Adv., 2008, 64, 112.

Received: 15th July 2019; Com. 19/5986

42 -



