Babes-Bolyai University
Faculty of Chemistry and Chemical Engineering

Supramolecular Organic and Organometallic Chemistry Centre

Synthesis and characterization of
organomercury(ll) and -lead(1VV) compounds

with aryl substituents bearing functional groups

KISS Levente

Ph.D. Thesis

Scientific advisor
Acad. Cristian SILVESTRU

Cluj-Napoca
2022






Review committee

Chair:

Scientific advisor:

Reviewers:

Prof. Dr. habil. ing. Tiberiu FRENTIU
Universitatea Babes-Bolyai, Cluj-Napoca, Romania

Acad. Cristian SILVESTRU
Universitatea Babes-Bolyai, Cluj-Napoca, Romania

Assoc. Prof. Dr. Augustin MADALAN
Universitatea din Bucuresti, Bucuresti, Romania

CS I Dr. Otilia COSTISOR
Institutul de Chimie “Coriolan Dragulescu” al
Academiei Romane, Timisoara, Romania

Assoc. Prof. Dr. Ciprian RAT
Universitatea Babes-Bolyai, Cluj-Napoca, Romania



Keywords:

diorganomercury(ii) compounds, organometallic linkers, tetraorganolead(iv) species, linear

linkers, tetrahedral linkers, structural investigation



Table of contents

I.  Organometallic linkers — State Of the art............ccoiiiiiiiii 13
I1. Organomercury(I1) CEMISIIY ........cooiiiiiiiieie e 17
TLL. LITErature data.........cooiiiiieieieeee et 17
I1.1.1.  Synthesis of organomercury(ll) compounds - general methods ...................... 18
[1.1.1.1. Direct methods - aromatic Mercuration ...........ccocoevervriesreereerenesese s 19

[1.1.1.2. INAIireCt MEtNOGS ......covveiiiieiecie s 20

11.1.1.3. Transmetallation reaCtions............ccovviieiirieieie it 21

[1.1.2.  Structural CharaCterization............cccooceiiiiiinieieie e 22
11.1.2.1. NMR SPECIIOSCOPY ...vveevveeiiiieiiiiesirtesiitesieeesieeesbeesssbeesssbeesssseesssneesssneeens 22

11.1.2.2. MASS SPECIFOMEBIIY ....eeiiiiii ettt sttt srbe e nrneeens 22

11.1.3.  Organomercurials as starting materials, reagents or intermediates.................. 24

I1.2.  Original contribution to organomercury(Il) Chemistry.........ccooevviiiiiiieniienee, 27

11.2.1.  (4-py)2Hg (2) - a versatile organometallic linear building block for

supramolecular CNEMISTIY ........coiiiiiiiie e 27
11.2.1.1. Synthesis of [{Ni(dipdtp)2}{(4-pY)2HG}n (3) -ervereriiiiiiieee 27
11.2.1.2. Characterization of compound 3 by IR and powder X-ray diffraction........ 28
11.2.1.3. Single crystal X-ray structure of [{Ni(dipdtp)2}{(4-py)2Hg}]» (3)............. 29

I1.2.2.  Starting materials (4-6) and di(4-imino)arylmercury(ll) derivatives (7-10)....31

11.2.2.1. Aldehyde protection and deprotection............ccccevveeeeveiiieiieese e 31
11.2.2.2. Synthesis of COMPOUNAS 4-6..........ccoveiiiiiieiie e 32
11.2.2.3. Structural characterization of compounds 4-6 by NMR spectroscopy........ 33
11.2.2.4. Characterization of compounds 5 and 6 by mass spectrometry .................. 38
11.2.2.5. Single crystal X-ray structure of [4-(O=CH)CsHa]2Hg (6) ......oovvvvrvrirnnns 39
11.2.2.6. Synthesis of compounds 7-10.........cceiuririeiiieieie e 42
11.2.2.7. Structural characterization of compounds 7-10 by NMR spectroscopy......42
11.2.2.8. Characterization of compounds 7-10 by mass spectrometry.............cc.co..... 48

11.2.2.9. Single crystal X-ray structure of [(E)-4-(4"-pyN=CH)CsH4]2Hg-3H20
(8-3H20) and [(E)-4-(2'-pyCH2N=CH)CeHa]2Hg (9) ....coververrrirrirrrcine 50



11.2.3.  [4-(N=C)CeH4]2Hg (11) - a potential organometallic, linear neutral linker for

coordination POlYMer NEIWOIKS..........uoiieriiiie i 55
11.2.3.1. Synthesis of [4-(N=C)CsHa]o2Hg (11) ..cvoveviiiiiieiieccecee e, 55
11.2.3.2. Structural characterization of compound 11 by NMR spectroscopy........... 56
11.2.3.3. Single crystal X-ray structure of [4-(N=C)CeHas]2Hg (11) ...ovovevervririeinine, 58

11.2.4.  [4-{HO(O)C}CeHa]2Hg (13) - a precursor of potential organometallic, linear

anionic linker for coordination polymer networks..........c.ccccovveveiiece e, 61

11.2.4.1. Synthesis of [4-{HO(O)C}CesHas]2Hg (13) and its potassium salt (14) ....... 61
11.2.4.2. Structural characterization of compounds 13 and 14 by .......c.cccevveveennenen. 64
NMR SPECIIOSCOPY ...ttt nnees 64
11.2.5. Coordination vs transmetallation vs C—C homocoupling reactions.................. 67

11.2.5.1. Synthesis of [4-{(CH20).CH}CsHa]2 (15) and [4-(O=CH)CesHa]- (16) as
homMOCOUPIING PrOTUCTS ...t 67

11.2.5.2. Spectroscopic characterization of compounds 15 and 16 by NMR
SPECLIOSCOPY ..vvvvertiieiuieeeeiteeessteeessbeeessbeessnbe e e ssb e e e ssae e e snbe e e ssbeeennneeesbeesseeennnes 69

11.2.5.3. Characterization of compounds 15 and 16 by mass spectrometry .............. 72

11.2.5.4. Single crystal X-ray structure of [4-{(CH20)2CH}C¢H4]2 (15) and [4-
(O (01 ) (O o 7y P (1<) S 73

11.2.6. Potential organometallic nodes — RHgX [R = 2,6-(Me2NCH>),C¢H3; X = OAC
(17), Cl=(L8)] ettt 75

11.2.6.1. Synthesis of [2,6-(Me2NCH2).CsH3s]HgOAC (17) and [2,6-

(Me2NCH2)2CsH3JHGCT (18) ..o 75
11.2.6.2. Structural characterization of compounds 17 and 18 by .........ccceevevieinns 76
NMR SPECIIOSCOPY ..vveevvieettieeitie ettt e ettt e sttt et e e st e e st e e s e e s e e e ssb e e e ssbeeessseeenseeeeneees 76

11.2.6.3. Single crystal X-ray structure of [2,6-(Me2NCH.)>CsH3]HgOACc (17) and

[2,6-(Me2NCH2)2C6H3]HGCT (18) .vveooveeeeeeeeee oo 80
130 CONCIUSTONS ...ttt bbb 84
1.4, EXPErimental Pt ........ccooiiiiiiieie st 85
1141, MALEITAIS ... s 85

[1.4.2.  SYNthetiC PrOCEAUIES .......cviiieiiieieeee et 86



11.4.2.1. Preparation of an anhydrous, saturated THF solution of LiCl .................... 86

11.4.2.2. Synthesis of i-PrMgCI-LiCl (Turbo Grignard) ........ccccceeeerivnvenieenieeresenen 86
11.4.2.3. Synthesis Of 4-1-CsHaN (1) ...ccooiiiiiiieiecieiiee e s 86
11.4.2.4. Synthesis Of (4-PY)2HG (2)...eciveieiiiiieeiie e 87
11.4.2.5. Synthesis of [{Ni(dipdtp)2}{(4-pY)2Hg}n (3) .- oereririiiiiiciee 87
11.4.2.6. Synthesis of Br-4-CeHaCH(OCH2)2 (4)...cveiveiiiieiiee e 88
11.4.2.7. Synthesis of [(4-(H2CO)2CH)CsHa]2HG (5) .vvevvvvvveiieiiiiieiieeceeseee e 88
11.4.2.8. Synthesis of [4-(O=CH)CgHa]2Hg (6) .....eoververreriiiiiiiiieiee e 89
11.4.2.9. Synthesis of [(E)-4-(2"-pyN=CH)CeHa]oHg (7) ..cveovririiriiieirece, 90
11.4.2.10. Synthesis of [(E)-4-(4"-pyN=CH)CsHa]2Hg (8) ......ceccvrrvrrrrrrieriiiiiiinnns 91
11.4.2.11. Synthesis of [(E)-4-(2'-pyCH2N=CH)CeHa]2Hg (9) ....ccvevvrrrrrrririiiiinns 92
11.4.2.12. Synthesis of [(E)-4-(4"-pyCH2N=CH)CesHas]2Hg (10) ...oevvvrrirriiiiiiiinns 93
11.4.2.13. Synthesis of [4-(N=C)-CeHa]2HG (11) c.ooveiviiiiiiiiieeeeee e 94
11.4.2.14. Synthesis of (P-TO2HG (12) ..cveviiiiiieieieeiceeese e 95

11.4.2.15. Synthesis of [4-{HO(O)C}Ce¢Has]2Hg (13) from [4-(N=C)-CsHa]2Hg (11)
VA NYATOIYSIS. ..o 95

11.4.2.16. Synthesis of [4-{HO(O)C}CsHa].Hg (13) from 6 via oxidation with

11.4.2.17. Synthesis of [4-(KOOC)CeHal2Hg (14) .cvovvivereiiiiiiieeeeeec e 96

11.4.2.18. Synthesis of [4-{(CH20).CH}CsHa4]2 (15) from R2Hg (5) via
NOMOCOUPIING ...t 97

11.4.2.19. Synthesis of [4-(O=CH)CsHa]. (16) from R2Hg (6) via homocoupling ....98

11.4.2.9. Synthesis of [2,6-(Me2NCH2)2CsH3]JHGOAC (17) ...voovveerreeereereesneeenreane. 98
11.4.2.20. Synthesis of compound [2,6-(Me2NCH2)2CsHz]HgCI (18) ......cvvvvevennvnee. 99

1. Organolead(IV) ChEMISTIY.........ooiiiiieieiee s 101
ITEL. LITErature data.........coovieiieieieiee ettt 101
[1.1.1.  Chemical PrOPertiES.........cooveiiieriiieiie st 101
HLL1.1 M—C DONAS ..ttt 102

I IO 2] Y (1 oYY e KO 102



TTE1.1.3  MmX DONAS ettt 103
I11.1.2. History, state of art organolead(IV) compounds..........cccccevvrieiieernniesennnnns 103
111.1.3. Application of organolead(IVV) compounds in supramolecular chemistry .....103

[11.1.4. The electrochemistry of organolead(l1l) and organolead(IVV) compounds ....104

[11.1.5. Synthesis methods for organolead compouNnds ...........c.ccooeeveiveicnencneneninn. 105
I11.1.6. Structural characterization of organolead compounds...........ccccccoeviiinennnee. 105
[11.1.6.1 NMR SPECLIOSCOPY ....cuvveurieiriniieiieeisieesie st sne e 105
111.1.6.2. M@SS SPECIFOMELIY .....ciiiiii ittt 105

I11.2.  Original contributions to organolead(1V) chemistry ...........cccooeeiviieiieie i, 107

I11.3.1. Synthesis of compounds [4-{(CH20).CH}CsHa]4Pb (19), [4-
{(CH20)2CH}CsHa]sPb2 (20), [4-(N=C)CsHa]aPb (21), [4-(O=CH)CsHa]4Pb

(22) and [4-{HO(O)C}CeHa]aPh (23) ....ovveeeeeiesceee e 107

111.3.1.1. Spectroscopic characterization of compounds 19-23 by ..........cccccevvenene 108

NMR SPECLIIOSCOPY ... uveiiirieiee ittt 108
111.3.1.2. Spectrometric characterization of 19, 21 and 22 by APCI+ MS............... 110
111.3.1.3. Single crystal X-ray structure of compounds 19 and 20 .............ccccceueneee. 111
111.3.1.4. Single crystal X-ray structure of compounds 21 and 22 .............ccccccueenee 115

1.4, CONCIUSIONS ...ttt bbb 120
HLS. EXPErimental Part .........cccoovveiiiiiiicse ettt s re e 121
TS 1 MAEETTAIS ... 121
H1.5.2. SYNthetiC ProCRAUIES ........eiiii ettt 121
111.5.2.1. Synthesis of compound [4-(1,3-(CH20).CH)CsHa]4Pb (19) ......ccvennee 121
111.5.2.2. Synthesis of compound [4-(1,3-(CH20)2CH)CeHa]sPb2 (20) ................... 122
111.5.2.3. Synthesis of [4-(N=C)CsHaJaPh (21) .....covvveeieiiieeeeeeeeeee e 123
111.5.2.4. Synthesis of [4-(O=CH)CgsH1]4Pb (22) .....cveeieeiieiieeeeeeee e, 124
[11.5.2.5. Synthesis of [4-(HO(O)C)CsHa]aPb (23) .....cocvvvvviiiiiiiiiiiicccncn, 125

V. ACKNOWIEAGEMENTS ...ttt bbb 127
V. LiSt Of @DDIEVIALIONS ..o 128

AV R 2] (] (] A (oL RO 130



VII. Appendix

VIII.



I.  Organometallic linkers — State of the art

One of the common methods used in the crystalline frameworks design is the
directional bonding approach.! In order to construct a framework with a certain architecture,
metal containing units with predefined bite angles are combined with ligands with two or
more donor atoms that have angles between the directions of the lone pairs between 0 and
180° (Figure 1). An additional factor that influences the framework architecture is the

stoichiometric ratio of the precursors.

Bite angle of the acceptor

Ditopic ligand ~ 0° ™= 60° ° 109° 120°
with a 0° between

donoratoms D v 90D O <:>

Figure 1. 2D convex polygons obtained via self-assembly from a ditopic donor (blue) and
various acceptors (red). Figure adapted from Cook and Stang.*

When a linear linker is used with a 0° node a 2+2 rectangle is obtained. Using the
same linker, acceptors bite angle is larger and adequate stoichiometry, more and more
sophisticated structures are obtained, e.g. 3+3 triangle with 60° acceptors, 4+4 square with a
90° acceptors, 5+5 pentagon with 109° acceptors, 6+6 hexagon with 120° acceptors.*

Using linkers or nodes with more than 2 donor or acceptor sites with non-planar
arrangements, interesting topologies can be obtained. For example, a ditopic subunit with
angles of 80-90° mixed with a 90° tritopic subunit gives trigonal bipyramid.

Relevant for the aim of the thesis are tetratopic tetrahedral linkers. These parts in
combination with tetrahedric or linear spacers give 3D adamantoid networks (Figure 2 and
Figure 3).2*

The use of organic linear or tetrahedral linkers/nodes was well established in the last
30 years. Using these linkers preparation and characterization of a significant number of
MOFs (Metal-Organic Frameworks) was reported.>” By contrast, the development of
organometallic linkers was nascent due to particularities in their synthesis and their properties
as well as the higher costs.®® Most of the results in the field were published in the last 20
years.®9 Since the 90s, every year novel species as well as improvements of the existing
preparation methods were reported. For example the yield of (4-NCsH.)2Hg [abbreviated (4-
py)2Hg along this thesis] from 12%%° in 2009 to 42% in 2016.*
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Il. Organomercury(ll) chemistry

11.2. Original contribution to organomercury(ll) chemistry

This Chapter presents the original contributions brought within the performed research
aiming in the development of new synthesis methods for existing and new linear and

tetrahedral organometallic linkers.

1.2.1. (4-py)2Hg (2) - a versatile organometallic linear building block for
supramolecular chemistry
Via the literature method'® first the boronic acid 1a needs to be obtained and later a
reaction with mercury(ll) acetate is required to give 2 (Scheme 18, path 1). On the other hand,
2 could be obtained in a one-pot synthesis via the Turbo Grignard reagent (i-PrMgCI-LiCl),
with one step less (Scheme 18, path 2).

Path 1
1). n-BuLi
NH, 1). NaNO, ' 2). B(O-i-Pr)s B(OH),
| | | Hg \ N
~ ~ ~ /) 2
N N N

(1) (1a) (2)

1). i-PrMgCI-LiCl
= 2). HgCl, —
“ | > Hg \ y N
N 2
(1) (2)

Scheme 18. Synthesis of (4-py)2Hg (2) via boronic acid (path 1)*° and
Turbo Grignard reaction (path 2).1

11.2.1.1. Synthesis of [{Ni(dipdtp)2}{(4-py)2Hg}]n (3)

The compound (4-py)2Hg (2) was used as supramolecular linker to obtain a handful of
coordination polymers.}1% On top of the similar interactions that 4,4'-bipy linker can have
with nodes the extra metal in the middle of the linker gives rise to a new net of possible
interactions like Hg---N, Hg---O, n---Hg or n-m.2%

When solutions of (4-py).Hg (2) in methanol and [Ni(dipdtp)2] (3a) in
dichloromethane were mixed instant precipitation follows suggesting a very fast reaction that
produced the new heterobimetallic coordination polymer [{Ni(dipdtp)2}{(4-py)Hg}]» (3) as

an insoluble polymer (Scheme 20).

11



i—PrO\P;\QF’r—i N i—PrO\P OPr-j -
< Ng \S
\ ¥ — =
’Nl\s + ND-HQ@N 1/n —/N1\S Q-Hg@ —
S\\P/ S\\ /
| N ]
-PrO" “OPr-i ~ jPrO OPr- -
(3a) 3)

Scheme 20. Synthesis of the coordination polymer [{Ni(dipdtp)2}{(4-py)2Hg}]» (3).

11.2.1.3.  Single crystal X-ray structure of [{Ni(dipdtp)2}{(4-py)2Hg}]n (3)
The structure of [{Ni(dipdtp)2}{(4-py)2Hg}]n (3) was established by single-crystal X-
ray diffraction.’® It was found to be linear 1-D coordination polymer. The repeating

coordination entity in the crystal of 3 is shown in Figure 6.

cs  c6
C3 C2 [ et
% C1 N2
(j/ ‘ E f]/ \
N1' 5 Hg1 R
C3 CZ' G
C5 c6

Figure 6. Repeating coordination entity in the crystal of 3 (only methine hydrogen atoms of
the isopropyl groups are shown) Thermal ellipsoids are drawn at 40% probability [symmetry
equivalent atoms (1-X, y, 1.5-z) are given by “prime”].

11.2.2.  Starting materials (4-6) and di(4-imino)arylmercury(ll) derivatives (7-10)

11.2.2.2. Synthesis of compounds 4-6
In the first step, the 4-bromobenzaldehyde was protected with ethylene glycol in

refluxing toluene in a Dean-Stark apparatus in the presence of p-toluenesulfonic acid (Scheme
21).106.197 After refluxing for 3-5 h and the collection the required amount of eliminated water,
the solvent was removed and the remaining oily product was purified by distillation at

reduced pressure resulting in a colorless oil, with a yield of about 90%. This colorless oil (4)

12



was treated with n-BuLi at —78 °C and then with solid HgCl> in 1:2.5 molar ratio to give 5 in
excellent yield (97%) without the formation of the RHgCI. Compound 6 was obtained by
catalytic hydrolysis of the protecting group with p-toluenesulfonic acid in a THF:H20 = 2:1
mixture.

. n-BuLi H*/H,0

0
& <:> ( j 2) 2).HgCl, @ ]) in THF+H,0 (2:1) Hg@)
2

(4) (6)

Scheme 21. Synthesis of 5 and 6.

11.2.2.3.  Structural characterization of compounds 4-6 by NMR spectroscopy
These compounds were characterized in solution by NMR spectroscopy to determine
their structure and purity. For compounds 4, 5, and 6 the *H, 3C, and '*°*Hg (for 5 and 6) were

measured in CDCl3, at ambient temperature.

X=Br(4
Hg()

Scheme 22. The numbering scheme for compounds 4-6.

The *H NMR spectrum of compound 4 (Figure 9) comprises of two doublets in the
aromatic region at ¢ 7.51 and 7.35 ppm corresponding to H-3 and H-2, a singlet at 6 5.77 ppm
for the methine proton [CH(OCH2)2] and a multiplet at 6 4.03 ppm for the methylene
[CH(OCHz).] protons.

Compound 5 exhibits a similar spectrum (Figure 10), with somewhat more deshielded
chemical shifts at 6 7.56 ppm and 7.45 ppm for the H-3 and H-2 protons, ¢ 5.82 ppm for the
CH(OCHy>). proton, and the multiplet in the range o 4.21-4.00 ppm for the methylene
[CH(OCHy>):] protons. Interestingly, only for the doublet resonance at 6 7.45 ppm, we could
observe Hg-H satellites with a visible Jugn coupling constant of 45.4 Hz, partially overlapped

by the resonance of meta protons.

13
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Figure 9. The *H NMR spectrum of compound 4 in CDCls.

/7.58
1757
+7.56
\7.56
7.46
17.46
7.45
\7.44

—7.26 CDCI3
5.82

7.65 7.60 7.55 7.50 7.45 7.40 7.35
1 (ppm)

425 4.20 4.15 4.10 4.05 4.00 3.95 3.90
U . fl(ppm) .

0.0 95 90 85 80 75 7.0 65 6.0 55 50 45 40 35 30 25 20 15 1.0 0.5 0.0
f1 (ppm)

Figure 10. The *H NMR spectrum of compound 5 in CDCls.

The 'H NMR spectrum of 6 (Figure 11) becomes simpler after removing the
protecting group, with only 3 resonances corresponding to the formyl group at 6 10.02 ppm,
the H-3 at § 7.96 ppm, and H-2 protons at 6 7.64 ppm in CDCls. The Hg-H ((Jugn) satellites

are visible as broad resonances with a coupling constant of 47.5 Hz.

14



7.97
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~7.65
~-7.63

10.02
—7.26 CDCI3

---------------
\ I 80 79 78 77 76 75 74 I
L

11.0 105 10.0 95 9.0 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0
1 (ppm)

Figure 11. The *H NMR spectrum of compound 6 in CDCls.

The organomercury(ll) 5 and 6 exhibit distinctive resonances in the **Hg{*H} NMR
spectra (Figure 17), i.e. a sharp signal at 6 —751.9 ppm for compound 5 in CDCl3, and a broad
signal at o —813.6 ppm for compound 6 in the same solvent, in good agreement with literature
data reported for other diarylmercury(ll) compounds with electron-withdrawing groups in
position 4 on the aromatic ring.%” Interestingly when the **Hg{*H} NMR spectrum of 6 was
measured in DMSO-ds a sharp resonance at 6 —908.8 ppm was observed, with a chemical
shift difference of about 100 ppm compared to the value obtained in CDClz solution. This is
in close agreement with the literature data,® where one can find a slight deshielding of 80-150
ppm when changing the solvent from CDCls to DMSO-dg.5":108:109

-751.86
—-813.67
-908.79

. J

T T T T T T T T T T T T v
740 -750 -760 -810 -815 -900 -910 -920 -
f1 (ppm) f1 (ppm) f1 (ppm)
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Figure 17. The °Hg{*H} NMR spectra of 5 in CDClI; (left), 6 in CDCls (middle), and 6 in
DMSO-ds (right).

11.2.2.4. Characterization of compounds 5 and 6 by mass spectrometry

In organomercury(ll) chemistry there is a specific fragmentation pattern as described
earlier®°! resulting in two main peaks besides the molecular peak, i.e. the [RHg]" and the [R2
+ H]*, the later obtained from the recombination of the aryl fragments.

In the APCI+ mass spectrum for compound 5 (Figure 18) two intense peaks were
observed at m/z 299.12747 (calculated: 299.12779) corresponding to [M — Hg + H]" (or [R2 +
H]*) and being the base peak (relative intensity 100%), and m/z 501.09848 (calculated:
501.09841) (relative intensity 27%) for [M + H]*. Some low-intensity peaks were also
observed and were assigned to other fragments, i.e. m/z (relative intensity, %): 211.07 (4) [M
— Hg — C4H702]*, 255.10 (24) [M — Hg — C2H30]*, 457.07 (2) [M — C2H30]".

1005 299.12747

90~
80=
70-
60—

@
8
g
]
8
g
5 2
& 50
5 3
£ 40—
g 302 501.09848
E| 255.10125 CiaH19 04 Hg
20—
107 338.13849 535.21167 688.27446
ol 2107498 | 392.05702 457.07230 L C17Has O Hg Cio Hap 06 Hg
29912779
CisH1g 04
1005
90—
80~
704
60=
50
0= 50109841
E| C1aH1a Q4 Hg
30+
20
10 h
0+ e T T
200 300 400 500 600 700

miz

Figure 18. The APCI+ mass spectrum of 5 (top — observed; bottom — simulated).

11.2.2.5. Single crystal X-ray structure of [4-(O=CH)CsH4]2Hg (6)
The molecular structure of 6 was established by single-crystal X-ray diffraction and a
representation, with the atom numbering scheme, is shown in Figure 20. Selected interatomic

distances and bond angles in the molecular structure of 6 are listed in Table 6.1%

C1 Hg1

16



Figure 20. Thermal ellipsoid representation (40% probability) of the molecular structure of [4-
(O=CH)CsHa]2Hg (6).

11.2.2.6. Synthesis of compounds 7-10

Compounds 7-10 were obtained from 6 via condensation reactions with the
corresponding amine (Scheme 23).1%7 The resulting water from the reaction was absorbed by
the 4 A molecular sieves present in the reaction vessel. All reactions were complete; however,
the products are slightly water-sensitive thus some of the products decomposed back to the

starting materials. To remove any starting material the obtained colorless solids were washed
with anhydrous CH>Cl, and MeCN.

HQEC \)25eqHNR HQEC )
ey z@ /_O/_@

(7) (10)
Scheme 23. Synthesis of compounds 7-10.

11.2.2.7. Structural characterization of compounds 7-10 by NMR spectroscopy

For compounds 7-10 the expected number of resonance signals with expected patterns
were obtained in the NMR spectra in CDCls. The assignment of the proton and carbon
resonances was carried out with the help of COSY, HSQC, and HMBC 2D NMR techniques

according to the numbering scheme shown in Scheme 24.

G 0

N

@@@ <

(19)

Scheme 24. The numbering scheme for compounds 7-10.

For compound 7 the obtained pattern helps in the assignment of the resonances
(Scheme 24). For H-2 we can even observe some *H-1**Hg coupling; however, due to overlap
with resonances assigned to H-6 and H-7 protons, the coupling constant could not be exactly
determined and thus was given with a standard deviation ((Jugn 4634 Hz). As expected, all the

resonances are observed in their optimal chemical shift range with the expected multiplicity

17



making an easy assignment for the pyridine ring protons and the phenyl ring protons(Figure

23). The remaining imine proton (—CH=N-) could be easily assigned to the most deshielded

resonance at ¢ 9.16 ppm, as expected.

7.26 CDCI3

9.16

N
NN~
NNN
S |

85 84 83 82 81 80 79 78 77 76 75 74 73 72 71

)0 95 90 85 80 75 7.0 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

Figure 23. The *H NMR spectrum of compound 7 in CDCls.

In the *Hg{*H} NMR spectra for compounds 7-10 a resonance is visible in the
interval of ¢ (—800)-(—750) ppm, in CDCIs (Figure 31), in accordance with the literature
results reported for Hg(CeHsX-4), (where X = CHs, OCHs, F, Br, Cl, CFs) compounds.®’
Interestingly the lowest value was observed at 6 —786.58 ppm for 8 and the highest at ¢
—765.22 ppm for 9. An explanation for this difference could be the Hg-imine interaction
which is observed for 9 in the solid state as established by single-crystal X-ray diffraction and

discussed in more detail in chapter 11.4.2.9.

I
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-775 -780 -780 -790  -800 -764  -766  -768 765 -770 -775 -780
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—=-777.53
—-765.37
-770.79

—-786.58
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Figure 31. The **°*Hg{*H} NMR spectra of 7 (left), 8 (middle left), 9 (middle right),
and 10 (right) in CDCls.

11.2.2.9. Single crystal X-ray structure of [(E)-4-(4"-pyN=CH)CsH4]2Hg-3H20 (8-3H20)
and [(E)-4-(2"-pyCH2N=CH)CsHa]2Hg (9)

Single crystals of compounds 8 and 9 were obtained from solutions in CH2Cl> and
CHCls, respectively, by slow evaporation of the solvent in open atmosphere.

The molecular structure of [(E)-4-(4'-pyN=CH)CsHs].Hg-3H20 (8-3H20), with the
atom numbering scheme, is depicted in Figure 36. (the disordered water molecules are not
shown), and selected interatomic distances and bond angles are listed in Table 8. As for
compound 6, the Hg—C bond lengths are in agreement with the literature data range (2.06-

2.15 A)10 for diarylmercury(I1) compounds.

Figure 36. The molecular structure of [(E)-4-(4’-pyN=CH)CsHa]2Hg-3H20 (8-3H.0), with
thermal ellipsoids drawn at 40% probability.1%’

The molecular structure of [(E)-4-(2'-pyCH2N=CH)Ce¢H4]2Hg (9), with the atom
numbering scheme, is depicted in Figure 40 and selected interatomic distances and bond
angles are listed in Table 8. Again, the geometry of the AroHg skeleton was found to be planar
as in the molecule of the related compound 8, but however the pyridine rings are switched
almost orthogonal with respect to the plane of the AroHg backbone (for dihedral angles, see

Figure 12), thus giving a hook-like structure.

c12
c#{- Nalc13
c10 J“\ }NZ
N1 \CS c2'
cs g Zca
4 s

107 T\ Ho' D - h X ‘C4' b\._—‘é\/ga'
Cv?\ 3 c5' ® N1' \1{9'
{ X cio

C13‘@u\ \ék.‘]‘]
c12\

Figure 40. The molecular structure of [(E)-4-(2'-pyCH2N=CH)Ce¢H4]2Hg (9), with thermal
ellipsoids drawn at 40% probability.1”
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In contrast to the related compound 8, no Hg:--m or other interactions between heavy

atoms are present in the crystal of 9.

11.2.3.  [4-(N=C)CsHa]2Hg (11) - a potential organometallic, linear neutral linker for

coordination polymer networks

11.2.3.1. Synthesis of [4-(N=C)CsH4]2Hg (11)
Compound 11 was already reported in the literature*® as a useful reagent for
transmetallation of the organic substituent from mercury(ll) to platinum(ll) (Scheme 25).

1. NaNQOy/HX
2. HgCl,
_ 3. excess Cu in NH,.OH _ _ —
N74<: :FNH N= H —< >—_N
2 - 0.5 eq. Hg® @ g
(11)

Scheme 25. The Nesmeyanov’s method for the synthesis of 11.

The metalation of 4-bromobenzonitrile was a problematic endeavor due to the side
reaction that can occur at the nitrile group. This is well discussed in the literature.!'® The
tetrahedral tecton [4-(N=C)CeH4]aSi was first synthesized in moderate yield,'t” by a
temperature-controlled reaction in anhydrous THF, at =100 °C. This method was adapted for

the synthesis of compound 11(Scheme 26).

1eq. n-Buli

0.4 eq. HgCl, ( @
N}@Br N= Hg
\ 7/,

(1)
Scheme 26. Synthesis of [4-(N=C)CsHa4]2Hg (11).

11.2.3.2. Structural characterization of compound 11 by NMR spectroscopy

Compound 11 has a lower-than-normal solubility in common organic solvents. To
check the purity of the isolated compound, a *H NMR spectrum was taken in CDCls (Figure
44). However, for its full characterization by *H, 3C and **Hg NMR spectroscopy, a solution
in DMSO-de was utilized. The numbering scheme used for NMR assignments in this case is

shown in Scheme 27.

Scheme 27. Numbering scheme for compound 11.
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Figure 44. The *H NMR spectrum of compound 11 in CDCls.

In the *H NMR spectrum in CDCl3 two, well-defined, doublets are visible, with no
impurities (Figure 45). Some Hg coupling is visible; however, it is not well defined.

In the 1®°Hg{*H} NMR spectrum in DMSO-ds the 1*Hg resonance was observed at §
—-934.5 ppm (Figure 46), with a value in the range of ®®*Hg chemical shifts for other

diarylmercury(l1) compounds reported in the literature.>’

—-934.47

S S

T T T T T T T T T T T T T T T T T T
-850 -870 -890 -910 -930 -950 -970 -990 -1010
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Figure 46. The **°*Hg{*H} NMR spectrum of compound 11 in DMSO-ds.

11.2.3.3. Single crystal X-ray structure of [4-(N=C)CsHa]2Hg (11)
Single crystals of 11 were obtained from both acetone and acetonitrile via slow

evaporation. The C—Hg bond lengths and the C—Hg—C bond angle (Table 10) observed in the
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molecular structure of 11 (Figure 48) are unspectacular and are in the range of those reported

for other diarylmercury(11) compounds.

\es /Lo L
Nocro N\ Jor cr\  /  cr

Figure 48. ORTEP structure of compound 11 [symmetry equivalent atoms (—x, -y, —z) are
given by “prime”].

11.24. [4-{HO(O)C}CsHa]2Hg (13) - a precursor of potential organometallic, linear

anionic linker for coordination polymer networks

11.2.4.1. Synthesis of [4-{HO(O)C}CsHa4]2Hg (13) and its potassium salt (14)

This subchapter focuses on the results obtained in the synthesis and characterization of
[4-{HO(O)C}CeHa]2Hg (13). The first synthetic approach attempted was the methyl oxidation
in the (4-MeCsHa)2Hg (12), the second is based on the hydrolysis of the nitrile groups in [4-
(N=C)CsHs]2Hg (11) and, lastly, the oxidation of the formyl group of [4-(O=CH)Ce¢H4]2Hg
(6).

Compound 6 was subjected to the general, moderate oxidation method in an acetone-

water 1:1 mixture with KMnO4 as oxidant (Scheme 31). Compound 13 was obtained in a very

good yield.
1. KMnO,
o 2. KOH o
Ho <<:> //> 3. HCI Hg@ )
2 OH/2
(6) (13)

Scheme 31. Synthesis of 13 via oxidation of 6.

In parallel, another method was investigated for the synthesis of 13. This method was
based on literature data?® via the hydrolysis of nitrile groups of [4-(N=C)CeHs]2Hg (11)

(Scheme 32).
1.KOH

(a2l
Hg CN Hg C,
2 OH/2
(1) (13)

Scheme 32. Synthesis of 13 via hydrolysis of 11.
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Indeed, the work-up of the reaction mixture for 13, due to presence of basic
conditions, afforded the isolation of [4-(KOOC)CeHs]2Hg (14). Compound 14 can be also
obtained by the reaction of a suspension of the free acid derivative 13 in water with aqueous
solutions of KOH (Scheme 33).

! <<:> ffo ) KOH o <<:> 2:0 )
g
OH/, M0 OK/2

(13) (14)

Scheme 33. Synthesis of 14 via deprotonation of 13 with KOH.

11.2.4.2. Structural characterization of compounds 13 and 14 by
NMR spectroscopy
In the *H NMR spectrum of 13, a broad signal is visible at 6 12.76 ppm for the acidic
proton and two doublet resonances at ¢ 7.91 and ¢ 7.71 ppm for the H-3 and H-2 protons
(Figure 54). In the ®Hg NMR spectrum, a singlet resonance is observed § —863.8 ppm in
accordance with the literature result of a resonance at 6 —800 ppm for PhoHg®’ with a less than
100 ppm deshielding for (4-CF3CeHas)2Hg (Figure 56).

4 4
3 3 3 3
2 2 2 2
1 1
Hg Hg
(13) (14)

Scheme 34. *H and *C NMR numbering scheme for compounds 13 and 14.
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Figure 54. The *H NMR spectrum of compound 13 in DMSO-ds.

—-863.78

820 -840  -360  -880  -900
f1 (ppm)
Figure 56. The ***Hg{*H} NMR spectrum of compound 13 in DMSO-ds.

Compound 14 is soluble only in water; thus, its *H and *C NMR spectra were
measured in D20. In the 'H NMR spectrum of the potassium salt 14 the two doublets are
visible (Figure 57), while five singlet resonances with intensities as expected, are observed in
its 3C NMR spectrum (Figure 58).

24



7.88
T \7.86
4.79D20

J J
A(d) B (d)
7.87 7.55

2.07
- 2.00-]

81 80 79 78 77 76 75 74

—— T T T T T T T T T T T T T T T T T
00 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0
f1 (ppm)

Figure 57. The *H NMR spectrum of compound 14 in D-O.

The °Hg{*H} NMR spectrum of compound 14 in D0 exhibits a singlet resonance at
—855.2 ppm, with less than 10 ppm deshielding compared with the chemical shift (6 —863.8
ppm) of the resonance in the corresponding 13 derivative, as shown in Figure 59.

—=-855.18

T T T T T
-845 -850 -855 -860 -865
fl (ppm)

Figure 59. The °*Hg{*H} NMR spectrum of compound 14 in D-O.

11.2.5.  Coordination vs transmetallation vs C—C homocoupling reactions
When organometallic linkers are used to connect metal cations or metal centers from
particular inorganic or organometallic nodes the possibility of transmetallation must be taken

into consideration. Organomercurials were used as transmetallating reagents due to their
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tendency to transfer one or even two organic groups to other transition metals or
metalloids.!2*2* They are mostly used to transfer aryl groups to Pt,4%12> Ay,123125.126 gngd Te 64
etc.126-133 Some examples exist in the literature where organomercurials are used as starting
material to obtain organic compounds!**® in the presence of catalytic rhodium,**
palladium, 14 platinum®*! or copper reagents.!*>!*3 In these cases is generated either a

homocoupled product (R—R) or heterocoupled derivative (R-R").138

11.2.5.1. Synthesis of [4-{(CH20).CH}CsHa]2 (15) and [4-(O=CH)CsHa4]2 (16) as
homocoupling products
Both [[4-{(CH20).CH}CeHs]2Hg (5) and [4-(O=CH)CsHs]2Hg (6) were mixed in
dichloromethane, at room temperature, with a catalytic amount of palladium(ll) acetate
(Scheme 35). These reaction mixtures were worked up after stirring overnight, protected from

light, and the main products were isolated in good yields.

cat. Pd(OAc),
2 DCM, r.t.

O
] as

5“‘“\\0 (16)

X

Scheme 35. Homocoupling reactions affording [4-{(CH20)2CH}CsHa]2 (15) and
[4-(O=CH)CsHa]2 (16).

11.2.5.2. Spectroscopic characterization of compounds 15 and 16 by NMR spectroscopy

In these reactions, the two main products were the homocoupling products Ar—Ar. The

atom numbering schemes used for NMR resonance assignments are shown in Scheme 36.

2 3 2 3
O~ OO
j
O 2 3 o o 2 3
(15) (16)

Scheme 36. The numbering scheme for compound 15 and 16.

In the case of both compounds, the corresponding number of resonances were
observed with the expected multiplicities. Compound 16 was already reported in the literature
thus the obtained results could be compared with the literature data.'*>!4® These obtained
results (for *H NMR see Figure 61 and Figure 62) were compared with the ones published in
the meantime by Garago et al. in 2020.*°
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Figure 61. The *H NMR spectrum of 15, in CDCls.

Interestingly for 15, all resonances are more deshielded then for the diarylmercury(1l)
precursor 5 or even the aryl bromide 4. The resonance for H-3 protons appeared at 6 7.61 ppm
in the case of 15, whereas equivalent resonances were observed at 6 7.56 ppm for 5 and at o
7.51 ppm in the case of the aryl bromide 4. The same order of magnitude can be observed for
the resonances of aliphatic -CH(OCHy>). protons, i.e. values of 6 5.87 ppm, 5.82 ppm, and
5.77 ppm for 15, whereas equivalent resonances were observed at ¢ 7.56 ppm for 15, 5 and

aryl bromide 4, respectively.
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8.01
~7.99
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7.80
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Figure 62. The *H NMR spectrum of 16, in CDCls.

Compound 16 has the expected number of resonances following the pattern observed
before whereas the pure organic product exhibits more deshielded resonances then the

diarylmercury(11) compound 6.

11.2.5.4. Single crystal X-ray structure of [4-{(CH20)2CH}CsHs]2 (15) and [4-
(O=CH)CsHa]2 (16)

Four independent molecules can be observed in the crystal structures of 15 (numbered
as 15a, 15b, 15c and 15d) connected by intermolecular C-H---O interactions ranging from
2.31 to 2.51 A, well under the 2.7 A value for the sum of the Van der Waals radii of of the
corresponding atoms (Zrvaw(O,H) 2.70 A).1% The ORTEP representation of molecule 15a is
depicted in Figure 67.

Figure 67. Thermal ellipsoid representation (40% probability) of the molecular structure of [4-
{(CH20),CH}CsHa]> (15a).

The molecular structure of 16 is depicted in Figure 69. The lack of the mercury atom in 16
eliminated the possibility of intermolecular Hg:--O interactions, as observed in the crystal 6;

thus the main interactions are C—Hecarbonyi---O hydrogen bonds [C(14b)—H(14b)carbonyi---O(1)
2.44 A] resulting in a chain polymer (Figure 70).

Figure 69. Thermal ellipsoid representatlon (40% probability) of the molecular structure of [4-
(O=CH)CsHa]2 (16).
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11.2.6.  Potential organometallic nodes - RHgX [R = 2,6-(Me2NCH2)2CsH3; X = OAC
(17), Cl = (18)]

11.2.6.1. Synthesis of [2,6-(Me2NCH?2).CsH3]HgOAc (17) and [2,6-
(Me2NCH2)2CsH3]HgCI (18)

The direct mercuration of the hydrocarbon with mercury(ll) acetate resulted in [2,6-
(Me2NCH2)2CsHz]JHgOAC (17) in a one-step reaction with good yield (Scheme 38). The
chloride (18) was obtained by the literature method®®? employing the organolithium reaction
with HgCl2 and also by an exchange reaction with LiCl.

2\ H / _\ QhAc /_ _\ ¢ /_ 1eq.nBuli )\ /I

Licl 045eq. Hgcl,

Scheme 38. Synthesis of compounds [2,6-(Me2NCH>).CeH3]HgX [X = OAc (17), CI (18)].

11.2.6.2. Structural characterization of compounds 17 and 18 by
NMR spectroscopy
The atom numbering scheme for the NMR resonances assignment for 17 and 18 is
shown in Scheme 40. The H and **C NMR spectra of both compounds are almost identical

(see Figure 72 to Figure 75).

Me;:N  Hg NMes

3 3
4

X = OAc (17) and CI (18)

Scheme 40. H and *C NMR numbering scheme for compounds 17 and 18.
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Figure 72. The *H NMR spectrum of compound 17 in CDCls.

A huge difference could be observed in the ®®*Hg NMR chemical shifts observed for

the two compounds (Figure 76).
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Figure 76. The °*Hg{*H} NMR spectra of compounds 17 (left) and 18 (right) in CDCls.

11.2.6.3. Single crystal X-ray structure of [2,6-(Me2NCH?2)2CsH3]HgOAc (17) and [2,6-
(Me2NCH2)2CsHs]HgCI (18)
For both 17 and 18 single crystals were obtained via slow evaporation of pentane (17)

and diethyl ether or acetone (18) solutions, and their molecular and crystal structures were

established by single-crystal X-ray diffraction.
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For both compounds 17 and 18 the C—Hg—O and C—Hg—Cl bonds have an almost
perfect linear arrangement with a deviation less than 5° in all cases (C—Hg-O 178.3(2)° for
17, and C—Hg-CI 179.4(6) / 176.7(5)° for molecules 18A / 18B). Also both nitrogen atoms are
strongly coordinated to the Hg atom as expected for N,C,N-pincer type ligands(Figure 77).

CHAZE™ Oh,
o8 : 4.C12A
/'y N2A
N1\n;;«> - {‘_cg 02 Cm’”f-,a;/ \\
S WA - c14 T
A S \
LT Np— C5A CGA’/ \
Yo 7 /e PR \
g : C1A }f'ii‘/’(-;uA
¢+ Hgl 01 Can o , HoA
\ /;;;ach ,/
S c12 C3A C2A P

TerA X coa

Figure 77. ORTEP structure of compounds 17 (left) and 18 (right), with 50% probability.

I11.  Organolead(lV) chemistry

1.2 Original contributions to organolead(IV) chemistry

A series of new tetraorganolead(1V), RsPb, and a diplumbane, RsPb—PbRs3, bearing
aryl rings with functional groups in para position, were synthesized as potential tetrahedral or
prismatic organometallic tectons to be used as starting materials in the preparation of 3D

coordination polymers.

111.3.1.  Synthesis of compounds [4-{(CH20)CH}CesHa]4Pb (19), [4-
{(CH20)2CH}CsH4]sPb2 (20), [4-(N=C)CsHa4]4Pb (21), [4-(O=CH)CsHa]4Pb (22)
and [4-{HO(O)C}CsH4]4Pb (23)

The dioxolane proligand Br-4-C¢HsCH(OCH2)2 (4) was reacted with n-BuLi, at low
temperature, and the resulting organolithium derivative was treated with PbCl; to obtain [4-
{(CH20)2CH}CsH4]4Pb (19) (Scheme 41). The reaction was carried out and worked up
similarly to 5; however, the expected compound 19 was obtained only in a moderate yield of
43%. This resulted in an in-depth analysis of the side-products. Surprisingly, about 20% of the
total Pb was recovered as a diplumbane species, [4-{(CH.0).CH}CsH]sPb2 (20), and less
than 10% (cumulated) as [4-{(CH20).CH}Ce¢H4]2Pb(n-Bu): and [4-
{(CH20)2,CH}CsH4]sPb(n-Bu), respectively, in total (percentages calculated from the H

NMR spectrum, recorded in CDCls for a crude reaction mixture).
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fe] _ 0
R4Pb + RaPb-PbRs 2hat-78 °C R,Pb 0.5h F?tt) 78 °C RaPb-PbRs + RyPb
(19) (20) -P i (20) (19)
43% 20% R = 4-{{(CH,0),CH}CgH,4 71% <10%

Scheme 41. Synthesis of compounds 19 and 20.

Compound [4-(N=C)CeH4]4Pb (21) was obtained from the corresponding aryllithium
reagent and the lead(ll) chloride. The obtained crude product was fractionally crystallized
from various solvents to the desired product in acceptable yield (36%, calculated based on
Pb).

Compounds [4-(0=CH)CsHa]4Pb (22) and [4-{HO(O)C}CsHa]4Pb (23) were obtained
by the methods previously discussed for 3 and 14. Using the dioxolane 19, the protecting
groups were removed in a THF/H.O mixture with p-TolSOsH and purified by
recrystallization from a CH.Cl./hexane solution of the crude material. The obtained solid was
washed with acetone to remove unreacted starting materials to afford [4-(O=CH)CsH4]4Pb
(22). The acid [4-{HO(O)C}CesH4]4Pb (23) was obtained in good yield by the mild oxidation
of the aldehyde 22 (Scheme 42) in a water/acetone mixture using KMnOg as oxidizing agent.

0 H*/H,0 O\  KMmno O
Pb{©—< j) —2— pp ) A py
O 4 H/4 OH/ 4

(19) (22) (23)

Scheme 42. Synthesis of compounds 22 and 23.

111.3.1.1. Spectroscopic characterization of compounds 19-23 by
NMR spectroscopy
The assignments of the resonances for compounds 19-23 in the 'H, *C, and 2°’Pb

NMR spectra were made according to the numbering scheme depicted in Scheme 43.

N
EE 1[I E
(19 and 20) (21) 22)

Scheme 43. Numbering scheme for compounds 19-23.
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In the 'H NMR spectra of the compounds 19-23 (Figure 83), 2°’Pb satellites were
observed only the ortho (H-2) and the meta aromatic protons (H-3). It should be mentioned
here that the magnitude of the 2J(*H-2°"Pb) and J(*3C-2°"Pb) coupling constants are extremely
useful in the assignments of the resonances observed in the 'H NMR and BC{*H} NMR

VS W
I
i

spectra, respectively.

| | L
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hj “ _JUK_L

8.2 8.0 78 76 74 72
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100 a5 9.0 85 8.0 75 70 6.5 6.0 55 5.0 45 4.0 35 30 25 20 15 10 0.5 00
f1 (ppm)

Figure 83. 'H NMR spectra of compounds 19-22 in CDCls and 23 in MeOH-d4 (19 bottom,
23 top).

The 27Pb{*H} NMR spectra (Figure 85) were recorded for compounds 19, and 21-23. All
results are in accordance with literature values of 180 + 20 ppm for RsPb (where R is an aryl
group) compounds.'®202203 The highest value for the chemical shift of the 2°’Pb resonance
was obtained for 19 at 6 —171.6 ppm, followed by 6 —176.1 ppm for 21, 6 —181.7 ppm for 20,
and ¢ —186.7 ppm for 23.

-171.58

—176.10
1
—-186.70

et

-165 170 -175 -180 -185 - G m 1 W " 187 6
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Figure 85. 2’Pb{*H} NMR spectra of compounds 19 (left), 21, and 22 (middle left and right)
in CDCl3, and 23 in MeOH-ds (right).
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The molecular structures of compounds 19 and 20 are shown in Figure 87.

Figure 87. Thermal ellipsoid representation (40% probability) of the molecular structure of 19
(left) and 20 (right).

111.3.1.4. Single crystal X-ray structure of compounds 21 and 22

The single crystal structure of 21 (Figure 92) has a slightly distorted tetrahedra with C-Pb-
C angles in the interval of 105-112° as seen in Figure 92. The C-Pb bonds as seen in Table 13
are below the value of 2.22 A associated with the sum of covalent radii for Pb-C single
bond.?!® The C-N (see Table 13) bonds are also less than the value associated with the C=N
triple bond of 1.4 A.210 Selected interatomic distances and bond angles are presented in Table
13.
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Figure 92. Thermal ellipsoid representation of the molecular structure of compound 21 (40%

probability).

As already discussed for compounds 19-21, compound 22 has a distorted tetrahedral

geometry around the Pb atom with bond values and angles in the expected region.

The molecular structure of compound 23 is presented on Figure 95.

Figure 95. Thermal ellipsoid representation of the molecular structure of compound 22 (40%

VI.

o Ol WDN B

12
13

14

probability).
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