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� �

� ���� � carboxylate ��	 1,3,4,5-tetramethylimidazol-2-ylidenes 
��	
 ������ ��� � �����

(�� - )� ���. ��� ��� 1H/13C-NMR, FT-IR, UV, � !"� #$ %�� &'()�. %* �� � X-ray +

,�-$"� #$ !��-. / 01 2��. �34 �� � 5!� �-. 6)7, carboxylates1 � ��. 89��

1,3,4,5-tetramethylimidazol-2-ylidene 
��	 :; <=>� ?@(7, carboxylates 
��� � ��� ABC�� ?@D�

/ 01 2��. EF7 �� 
 1,3,4,5-tetramethylimidazol-2-ylidene8 carbenenic G ��
 �HI:� free-1,3,4,5-

tetramethylimidazol-2-ylidene 6� 34.5-39.7 ppm ,J 7�KLM�� I:N� / 01 2��.

Abstact − The complexes of (carboxylato) Ag(I) (1,3,4,5-tetramethylimidazol-2-ylidenes) (complexes - ) were prepared by

the reaction of silver carboxylates with 1,3,4,5-tetramethylimidazol-2-ylidenes as ligands. The products were characterized by
1H/13C-NMR, FT-IR, UV and elemental analysis. Especially complex  consisted  of the monomeric units arranged on the same

plane on the basis of the result for X-ray crystallographic analysis. The oxygen in carboxylates moiety is asymmetric with respect

to silver atom. In the 13C-NMR spectrum, the carbenenic carbon atom in the complexes is shifted upfield by ca. 34.5-39.7 ppm. 
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1. � �

������ ��	 
��
� ��
� �� ���� ��[1]. �

�� carboxylates � ���  !"# $% �&' ( )* +��.  

!",� $% �&' 10−3'- 10−5M ./0 �12�[2]. � carboxylates

��� �1/3 45, 6' 789: !;9%' <=" >?@ 	A

9� B� CDE �F�. 9*0 perfluorocarboxylates � ��G H�

I�J� KL2 M<NO<PQ $/� ��� ��R ST'- UV

"��[3]. � carboxylates ���  !"# ��WX� Fig. 1' �Y

Z [G H� \]� � �
 ��^ carboxylates3 3_ `I 9a 8

L 5b WX� c?95 d� ce��[4].

� carboxylates ��� �1/� f.g
 h'- �i9� 8L 5b

�j� <PQh � �
G carboxylates �O �
 ��� Ckl�'

�1 mn*o, � �
G �i9� �OG� fPpb(Ag-O��)� q

2.4-2.7r ./��[4]. �b5 carboxylates3 fP2 � ��' s?

��
^ ��tuv, �' ��2 s? ��
3 carboxylates � ��

wb� Ckl�@ x1y,�z �j� � ��(dimeric silver complex)

c?@ �F: 9a $%�&' ( �1�: 0{�. |R carboxylates

� KL%3 } ~� ��@ �� ��'/ } ��� 8L 5b <PQ

� ���' ��@ �� ��� �1/^ �3t��. Carboxylates�

~� ��� ��3 �� � ��' ��2 �
 �: ?	,�� �7

[5], ��n�(phthalazine)[6], �b5 ���(phosphines)<PQ� R ]

[7] |� 2]3 ��2 ��[8], �n� '��3 ��2 ��[9]' �1

-� �5���.

��' BrammerG Burgard �[10]� carboxylates ���' ditopic

��
(U: 1,4-diazabicyclooctane, tetramethylpyrazine, pyrazine)3 �

�2 <PQ� �� Fig. 2' �YZ [G H� �j� � ��3 
3

X�(self-assembly)' �1 2D-network WX^ �� <PQ� �<�

@ �59 �.

¡ �5'- ��2 N-heterocyclic carbene(|� imidazol-2-ylidene)

<PQ� ��' Arduengo �[11]' �1 ¢£2 �¤ $%<=
 ¥

$%
�<=
¦' �1 imidazol-2-ylidene' �R �§¨ �©" ª

�� «W3 �¬�� ��. >E imidazol-2-ylidene <PQ� %­C
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e'-� �
WX3 singlet�5, N� ®¯$�
° �
@ carbenic M

O �
�� ± π ²/� �% ³´' µ.R Ce� ¶�9� π�

·^ �¸5 d�. ��R ¹º carbene <PQ� �»R ��
�' �

��� ¼&P?'/ �����[12]. �b5 �� � 	
WX� ¡

´' ½- ¾¿,� �59 �[13].

¡ À´'-� 1,3,4,-tetramethylimidazol-2-ylidene@ �
 �: ?	

,� ��9a �»R carboxylates � ��' !;tÁ P?2 ��¦

� >? 	A' �R f¨^ �595
 R�.

2. � �

2-1. �� � ��

¡ �§' ��2 tetrahydrofuran(THF), hexane, pentane, CH2Cl2 ��

Aldrich���Â WÃ9a CaH2� Na9� ÄO 	�%9'- .Å9a

��9 �. �b5 � �V� tq� Aldrich���Â WÃ9a, .Å Æ

� ��9 �. NMR� sNOKL �&� Cambridge Isotope���Â 1

Ç�,� WÃ9a ��9 �. Imidazol-2-ylidene <PQ[10]¨ �

carboxylates ��� �52 ́ È' Én- P?9 �[2, 4]. 1H(13C)-NMR

�Bruker�� Advance 300@ ��9 5, FT-IR� Bomem�� MB-104

model, UV/VIS spectroscope� Beckman DU-7,500 model@ ��9a 	

A9 �. �O	A� RÊ<=«W�' �Ë9a f¨^ Ì��.

2-2. ��

(acetonato) Silver(I) (1,3,4,5-tetramethylimidazol-2-ylidene)��(1)

1,3,4,5-tetramethylimidazol-2-ylidene(400 mg, 3.22 mmol)@ ÄO 	

�% 9'- Í¸Î �& 50 ml̂  Ï5 _!@ t��. �b5 �- a

%' 1.1 Dj� acetonato silver(591 mg, 3.54 mmol, Mw=166.92)^ Ð

ÐE Ï5 CÑ'- q 3tÒ./ _! t��. �³ \ <PQ� !;

�  �Ó¨ Ôt' Õ�Ö� 5�3 ×?2�. !; ¤ ��% [Ø�

Ùb�	' 4A� a¨*� 8Ú5-  Û� ÜÂ95 �- «�",�

� celite pad(2 cm×4 cm)̂ Ý¨tÁ !; s' ×?2 Þß dark 5�

�	@ ÅpR�. Ì�� qÒ� dark-yellow �à�	@ vacuum9'

- �&^ ÅpR�. Ì�� qÒ� áâÖ 5�^ CH2Cl2(q 5 ml)'

�t )# ¤ a%' ã� �&^ q 80 ml ./ ÐÐE ä�åbv,

pale-yellow/white� 5�?	@ Ì: 2�. �b5 q 1tÒ ./ ��

� xK1 \v, 5��	� 3næ5, C��	� pale-yellow �	�

��%^ ��9a ÅpR�. �b5 5��	@ �¯ çXtÁ �� 

(844 mg, Mw=291.11, Nè=90%)@ Ì��.
1H-NMR(CD2Cl2), ppm; 3.67[s, 6H, N(1,3)-CH3], 2.14[s, 6H, C(4,5)-

CH3], 1.95[s, 3H, O2CCH3]
13C-NMR(CD2Cl2), ppm; 178.36[s, O-C(O)-Ph], 177.3[s, Ccarbene],

126.1[s, C=C(CH3)-N], 36.2[s, N-CH3], 23.2[s, O2CCH3], 9.5[s,

C=C(CH3)-N]

FT-IR(KBr), cm−1; 1,645, 1,572(vs), 1,432, 1,404, 1,387

UV/VIS(CH2Cl2): 246 nm.

�O	A: C9H15O2N2Ag; �§K(�©K), C: 37.30(37.13), H: 6.50(6.19)

(phenylacetonato) Silver(I)(1,3,4,5-tetramethylimidazol-2-ylidene)��(2)

�� 1� P? xS¨ Ô 9: 1,3,4,5-tetramethylimidazol-2-ylidene

(404 mg, 3.25 mmol)@ ��9 5, a%' 1.1 Dj� phenylacetonato

silver(819 mg, 3.5 mmol)G� !;@ Ý1 �� (975 mg, Nè: 85%)

^ P?9 �.
1H-NMR(CD2Cl2): 3.70[s, 6H, N(1,3)-CH3], 2.10[s, 6H, C(4,5)-CH3],

7.38, 8.00[m, 5H, Ph]
13C-NMR(CD2Cl2) ppm; 176.9[s, O-C(O)-Ph], 173.0[s, Ccarbene],  126.2

[s, C=C(CH3)-N], 136.7, 130.8, 130.3, 128.2(Ph), 36.9[s, N-CH3],

9.5[s, C=C(CH3)-N]

FT-IR(KBr), cm-1; 1,630, 1,595, 1,553, 1,397

UV/VIS(CH2Cl2), nm; 247 

�O	A: C14H17O2N2Ag; �§K(�©K), C: 47.80(47.61), H: 4.90(4.85)

(iso-butylacetonato) Silver(I) (1,3,4,5-tetramethylimidazol-2-ylidene)��(3)

�� 1� P? xS¨ Ô 9: 1,3,4,5-tetramethylimidazol-2-ylidene

(871 mg, 7.03 mmol)@ ��9 5, a%' 1.1 Dj� iso-butylacetonato

silver(1.5 g, 7.7 mmol)G� !;@ Ý1 �� (1.79 g, Nè: 80%)@

Ì��.
1H-NMR(CD2Cl2): 3.76[s, 6H, N(1,3)-CH3], 2.15[s, 6H, C(4,5)-CH3],

1.12, .09[s, 6H, CH(CH3)2], 2.44[Hep, 6.9Hz, 1H, CH(CH3)2]
13C-NMR(CD2Cl2):184.1(O-C(iPr)-O),177.1[Ccarbene],125.9[s,C=C(CH3)-N],

36.6[s, N-CH3], 36.2[s, CH(CH3)2], 20.9[s, CH(CH3)2], 9.3[s, C=C(CH3)-N]

FT-IR(KBr), cm-1; 1,643, 1,553, 1,475-1,368(m)

UV/VIS(CH2Cl2), nm; 246(broad)

�O	A: C11H18O2N2Ag; �§K(�©K), C: 42.0(41.53), H: 5.50(5.70)

(Hexanoato) Silver(I) (1,3,4,5-tetramethylimidazol-2-ylidene)��(4)

�� 1� P? xS¨ Ô 9: 1,3,4,5-tetramethylimidazol-2-ylidene

(440 mg, 3.543 mmol)@ ��9 5, a%' 1.1 Dj� hexanoato silver

(819 mg, 3.5 mmol)G� !;@ Ý1 �� (1.03 g, Nè: 85%)̂  Ì��.
1H-NMR(CD2Cl2): 3.66[s, 6H, N(1,3)-CH3], 2.11[s, 6H, C(4,5)-CH3],

2.19(t, 2H, 7.5 Hz, O-C(CH2CH2CH2CH2CH3)-O, 1.56(m, 2H, Hz,

2

1

2

3

4

Fig. 1. Eight membered ring structures of silver carboxylats, and Ag---O
bonding interactions between rings.

Fig. 2. 2D-network structure of the central L2Ag2(RCO2)2 unit where L
is a ditopic ligand.
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i-
O-C(CH2CH2CH2CH2CH3)-O,1.30(m, 4H,O-C(CH2CH2CH2CH2CH3)-O,

0.88 (m, 3H, O-C(CH2CH2CH2CH2CH2CH3)-O
13C-NMR(CD2Cl2): 180.9(O-C(alkyl)-O), 177.3[Ccarbene], 126.0[s, C=C

(CH3)-N], 36.6[s, N-CH3], 9.47[s, C=C(CH3)-N], 32.5[O-C(CH2CH2-

CH2CH2CH3)-O] 27.1[O-C(CH2CH2CH2CH2CH3)-O] 32.5[O-C

(CH2CH2CH2-CH2CH3)-O], 23.2[O-C(CH2CH2CH2CH2CH3)-O], 14.2

[O-C(CH2CH2CH2-CH2CH3)-O], 9.47[s, C=C(CH3)-N]

FT-IR(KBr), cm-1; 1,645, 1,560(vs), 1,406

UV/VIS(CH2Cl2), nm; 241

�O	A: C13H23O2N2Ag; �§K(�©K), C: 44.70(44.97), H: 6.90(6.68)

(6-oxo-heptanoato)Silver(I) (1,3,4,5-tetramethylimidazol-2-ylidene)��(5)

�� 1� P? xS¨ Ô 9: 1,3,4,5-tetramethylimidazol-2-ylidene

(583 mg, 4.694 mmol)@ ��9 5, a%' 1.1 Dj� 6-oxo-heptanoato

silver(1.296 g, 5.164 mmol)G� !;@ Ý1 �� (1.50 g, Nè: 85%)

^ Ì��.
1H-NMR(CD2Cl2): 3.65[s, 6H, N(1,3)-CH3], 2.11[s, 6H, C(4,5)-CH3],

2.414[t, 2H, 7.2 Hz, O-C(CH2CH2CH2CH2C(O)CH3)-O], 1.562[m,

4H, Hz, O-C(CH2CH2CH2CH2C(O)CH3)-O], 2.21[m, 2H, O-C(CH2-

CH2CH2CH2C(O)-CH3)-O], 2.08 [s, 3H, O-C(CH2CH2CH2CH2C(O)-

CH3)-O]
13C-NMR(CD2Cl2): 180.3 [O-C(alkyl)-O], 177.3[Ccarbene], 126.0[s, C=C(CH3)-

N],36.8[s,N-CH3],9.47[s,C=C(CH3)-N],209.4[O-C(CH2CH2CH2CH2C(O)-

CH3)-O], 30.1[O-C(CH2CH2CH2CH2C(O)CH3)-O], 44.1, 36.7, 26.9,

24.5[O-C(CH2CH2CH2CH2C(O)CH3)-O]

FT-IR(KBr), cm-1: 1,702 (CH2C(O)HCH3), 1,640, 1,560, 1,430, 1,404, 1,388

UV/VIS(CH2Cl2): 242-257 nm

�O	A: C14H23O3N2Ag; �§K(�©K), C: 45.1(44.82), H: 6.70(6.78) 

3. �� 	 
�

� carboxylates ��G imidazol-2-ylidenë� !;,��Â (carboxylato)

silver(1,3,4,5-tetramethylimidazol-2-ylidene) ��3 Ì�*� !;é@

Scheme 1' �Yh��.

P?!;� f¨��Â Ì�� ��¦� Nè� 80% �C,� ®_

" ê� f¨^ Ì��. !; s' Õ�Ö� 	A9% �ë� Þ�
3

$b !;%� ìv' mní� ce� ×?��,o, �¦� �&'

�1�* +î%' NMR 	A� I N3 Æ��. Õ�Ö� ïðQ@

Åp9% �1 çX2 5� ñPQ@ CH2Cl2 �&' �t )a celiteò@

Ý¨ tuv pale yellow� �à@ Ì: 2�. ó�� �à� �ô^ q

5 ml ./� õötu5 �-, �^ ¨j� ã��� ÷M�' ÐÐE

ä�åbv, �9� <PQ� ø��� Ì@ N3 d��. �� 1�

hexane/toluene/CH2Cl2 �à,��Â ­Ñ'- ¾f.@ Ì@ N3 d

��[6].

Ì�� 1H-/13C-NMR ¥ FT-IR f¨^ Table 1' .b9 �. ù,  1,3,4,5-

tetramethylimidazol-2-ylidene� � ��' ���� Ì�� ��¦� ú

û% <=�Ô� free 1,3,4,5-tetramethylimidazol-2-ylidene' ®1 ­


%üý,� �Ô ���[15]. �s N-CH3 ô�� 0.30-0.46 ppm(cf. 3.35

ppm, 1.3,4,5-tetramethylimidazol-2-ylidene'-� N-CH3 ô�) �Ô��5,

=C(CH3)N� ô�� q 0.51-0.56 ppm(cf. 1.59 ppm, 1,3,4,5-tetramethylim

dazol-2-ylidene'-� =C(CH3)N ô�) ./3 ­
%ü,� �Ô�@

~ N3 d��. |R 13C-NMR f¨^ �v, carbenenic MO�
� <

=�Ô� free-1,3,4,5-tetramethylimidazo-2-ylidene(ca. 212.70 ppm)' ®1

35.4-39.7 ppm ./ 5
%üý,� �Ô9 �. 9*0 Ag' ��2

carboxylates� þÿ' �·Æ� 1,3,4,5-tetramethylimidazol-2-ylidene�

carbenenic MO�
G carboxylates� ~� MO� <=�Ô� carboxylates

5

Table 1. Data for carboxylates silver-L complexes1)

��

NMR(in ppm) FT-IR(KBr, cm−1)

NotesδH δC
νasym(CO2) νasym(CO2) ∆

N-CH3 CH3C=CCH3 Ccarbene O2C-R

1 3.67 2.14 177.3 178.4 1,645 1,387 258 This work
2 3.70 2.10 173.0 176.9 1,630 1,397 233
3 3.76 2.15 177.1 184.1 1,643 1,389 253
4 3.66 2.11 177.3 180.9 1,645 1,406 239 
5 3.65 2.11 177.3 180.3 1,640 1,396 244

62)R=Me  1,570 1,380 190 ref. 16
73) R=Me 1,530 1,390 140 
82) R=Ph 1,568 1,360 165
93) R=Ph 1,530 1,400 130 

10 R=Me 1,524 1,397 126 This work
11 R=Ph 1,596 1,386 210 
12 R=iPr 1,552 1,418 133
13 R=pentane 1,563 1,418 145 
14 R=5-oxo-pentane 1,563 1,417 146 

1) L=(1,3,4,5-tetramethylimidazol-2-ylidene): Complexes -
L=None, R=Substitutes: Complexes -

2) L=(PPh3)3, R=Substitutes: Complexes , 
3) L=(PPh3)2, R=Substitutes: Complexes , 

1 5
10 14

6 8
7 9

Scheme 1.
���� �40� �4� 2002� 8�
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,

� ~�KL%' �·Æ� p� Ô y@ ~ N3 d�. ��R f¨�

1,3,4,5-tetramethylimidazol-2-ylidene <PQ� carbenenic MO�
3 �


�' 2 electron@ �� carbene <PQh� �
�/3 l�*% ³´

,� ×��� ��. |R s?� �
�: ?	# carbene <PQ� �

�� <PQ ��
G� mb R ]� carbene ��
0� R ]� � �


' ���� d� B�@ 1H-NMR f¨��Â ~ N3 d��.

Acetate%� IR ���� f¨��Â acetate%3 � �
' �	 c

e� ���� d�*^ ~ N3 d�[16]. ù, monodendate#* �
v

bidendate#*  ̂~ N3 d�. Oldham̈  Sanford �[16(b)]� carboxylates

� ��' PPh3� fP2 ��, νasym(CO2) band� 1,480-1,570 cm−1�5,

νsym(CO2) band� 1,295-1,405 cm−1 ��'- ô�^ � 5, νasym(CO2)

bandG νsym(CO2) bandG� Û�3 120-155 cm−1# ��� carboxylates

� �O3 � �
' \]3 fP2 ��(bidendate carboxylates)� �

��5, bandÛ3 165 cm−1 �C'-� �O�
3 � �
' 1]3 �

�2 ��(unidendate carboxylates)� ¶�R�5 �59 �.

Table 1' �YZ [G H� carboxylates � ��' 1,3,4,5-tetrame-

thylimidazol-2-ylidene ��
� ��(�� - )� νasym(CO2) bandG νsym(CO2)

bandG� Û3 230 cm−1 �C,� monodendate �� WX^ �a�5

d�. 9*0 1,3,4,5-tetramethylimidazol-2-ylidene ��
 �¿ PPh33

���� d� ��, Ô R � carboxylate ��' PPh3� 2	
 fP

2 ��(�� , )� unidendate carboxylates ��WX�5, PPh33 3

	
 ��2 ��(�� , ) bidendate carboxylates ��WX�@ ~

N3 d��[15]. |R PPh3 ¾	
3 ���' ���� d� ��'�

3	
� PPh3] ���� d� B¨ ��3*� monodendate carboxylates

WX^ $*9� B,� �� d�[14]. Ô R � carboxylates ��'

PPh3 ��
3 
 ] �� ���' Én- carboxylates� coordination

mode3 1] |� 2]� �<�� B@ ~ N3 d�5, �� f¨^ 


ßE ��9% �1-� ��� �
¦' �R Ã�" ��¨ �
 �

/' �R «W3 Ü�9�.

��
3 fP�* +� � carboxylates �� s'- KL%3 ��

%# ��(�� )' unidenadate carboxylates ��WX^ �a�� ∆
�� 210 cm−1@ �Yh5, � V� ��� ��(�� , , , )�

bidendate carboxylates �� WX^ �a�� ∆�� 120-146 cm−1�@

~ N3 d�. �� 1-5@ CH2Cl2 �&9'-� UV-VIS �§t ��� õ

/^ .�9: �� N3 Æ�,� �� ��¦� �N�� 240-257 nm

��h'- �9: �Yh��. ��: 4� '�* �`�'-� �N

�� dπ(Ag)-->π*(O2CR) 
�'- ��
�� �9�Ô (MLCT, metal-

to-ligand charge transfer) ��' %#R B��.

�� � ¾f.� CH2Cl2/toluene/hexane �&� −30oC'- Ì��.

Ì�� ��� 	
WXé@ Fig. 2' �Yh��[12]. � s 
�' �

�2 �ß���� \] �Os R]� ���� d5, �Ù* 9��

���� d* +� ®�!WX�@ ~ N3 d�. ù, Ag-O1� pb

� 2.115(5) r� [Ag(µ-O2R)]2 �j�� Ag-O� pb# 2.20-2.54 r

��� �5, ®fP Ag-O2� pb� 2.911(5) r� Ag-O� fP�	

' ®1 q 0.8 r./ ��. �b5, ®fP�	� �O�
� ���

� �
G/ �"R fP@ �¸* +î5, 1,3,4,5-tetramethylimidazol-2-

ylidene ��
� Ag �
^ s ,� carboxylates ��
G Ô  #v

C' ¶�y@ ~ N d��.

�� � �
Ò fP pbG �/^ Table 2' �Yh��. C9,carbene-

N8� pb� 1.339(7)r, C9,carbene-N6� pb� 1.347(7)r,� q 0.008r

� $Û ��h' ¶�95, free imidazol-2-ylidene� Ccarbene-N� f

P pb� 1.364(2)r ��� �� %�[11(c)]. |R N8-C12� fPpb�

1.382(7)rG C11-N10� fP��� 1.384(9)r� p� H� pb�@

~ N3 d�. �' ®1 free 1,3,4,5-tetramethylimidazol-2-ylidene� C-N�

fP��� 1.392(2)r��. �b5 C11=C12 fP ��� 1.340(9)r,

� free 1,3,4,5-tetramethylimidazol-2-ylidene(1.351(12)r)G ®_1, q

0.011r ./ &�¦��. |R �� � 1,3,4,5-tetramethylimidazol-

2-ylidene h�� 'N10-C9,carbene-N8, 'C9-N8-C12, 'N8-C12-C11, 'C12-C11-N10,

'C11-N10-C9 �� �/� �� 104.9(50, 110.9(5), 106.9(5), 106.2(5)

111.0(5)o��. �� free 1,3,4,5-tetramethylimidazol-2-ylidene� h� �

/� 'N-Ccarbene-N, 'Ccarbene-N-C, 'N-C-C� h��/3 �� 101.3(2),

113.6(10), 105.8(11)o��. �� 2� fP��G �/��Â �' ��

2 1,3,4,5-tetramethylimidazol-2-ylidene� WX3 free 1,3,4,5-tetrame-

thylimidazol-2-ylidene ��
G H� �!" WX�@ ~ N3 d�.

4. � �

¡ 5'- �5R �� <PQ¦� silver carboxylates ��G 1,3,4,5-

tetramethylimidazol-2-ylidenes ��
G� !;,��Â P?���. |

R P?2 ��¦� 1H/13C-NMR, FT-IR, UV, �O	A@ Ý1 >?@

�(9 �. N-heterocyclic carbene <PQ� ��2 carboxylato � �

�'-� PPh3 ��
3 ��2 ��G� mb R ]� � �
' R

]� carbene3 ����5, carboxylate �	� �O�
 `t R ]�

�O0� ���� d)@ IR f¨��Â ~ N3 d��. P?2 ��

h� imidazol-2-ylidene ��
� carbenenic MO�
� <=�Ô�

free-imidazol-2-ylidene �� 35.4-39.7 ppm ./ 5
%üý,� �Ô
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Fig. 3.ORTEP drawing of  showing the atom-labeling scheme and 30%
probability thermal ellipsoids. The hydrogen atoms are omitted
for clarity.

2

Table 2. Selected Bond lengths [Å] and angles [deg] for complex 

Ag(1)-C(9) 2.064(6) Ag(1)-O(1) 2.115(5)

Ag(1)-Ag(1)#1 3.2177(13) O(1)-C(7) 1.273(9)
O(2)-C(7) 1.228(8) N(8)-C(9) 1.339(7)
N(8)-C(12) 1.382(7) N(8)-C(14) 1.447(8)
C(9)-N(10) 1.347(7) N(10)-C(11) 1.384(7)
N(10)-C(13) 1.467(8) C(11)-C(12) 1.340(9)
C(11)-C(16) 1.487(9) C(12)-C(15) 1.491(9)

C(9)-Ag(1)-O(1) 165.2(2) C(9)-Ag(1)-Ag(1)#1 69.99(15)
O(1)-Ag(1)-Ag(1)#1 115.41(15) C(7)-O(1)-Ag(1) 111.4(5)
O(2)-C(7)-O(1) 124.9(6) O(2)-C(7)-C(1) 120.6(6)
O(1)-C(7)-C(1) 114.5(6) C(9)-N(8)-C(12) 110.9(5)
C(9)-N(8)-C(14) 124.9(6) C(12)-N(8)-C(14) 124.2(5)
N(8)-C(9)-N(10) 104.9(5) N(8)-C(9)-Ag(1) 124.9(4)
N(10)-C(9)-Ag(1) 130.2(4) C(9)-N(10)-C(11) 111.0(5)
C(9)-N(10)-C(13) 124.6(6) C(11)-N(10)-C(13) 124.3(5)
C(12)-C(11)-N(10) 106.2(5) C(12)-C(11)-C(16) 131.7(6)
N(10)-C(11)-C(16) 122.0(6) C(11)-C(12)-N(8) 106.9(5)
C(11)-C(12)-C(15) 130.7(7) N(8)-C(12)-C(15) 122.4(7)

Symmetry transformations used to generate equivalent atoms: #1 -x+2,-y,-z+1

2
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