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B A= & carboxylatezA 2} 1,3,4,5-tetramethylimidazol-2-ylidenghs] AFeke] w-g-0 2 RE tlaksl & 2R 35E
EA 1-5)% Adch € AA= HACNMR, FT-IR, UV, 42842 53 542 dofeigltt. 53] 44 2= X-ray 24
ArEINE B EATEE & 7 ddth dolzl AA) 2= @A FRE BYAL, carboxylatest 2 HAE FAHoR
1,3,4,5-tetramethylimidazol-2-ylidend 9149} 5 o] )5k, carboxylateg A= & Ao vt oz Eaehs
& F7F YRk 2l ZA 29] 1,3,4,5-tetramethylimidazol-2-ylidef§e carbenenicat A& A1) gleto]F2 free-1,3,4,5-
tetramethylimidazol-2-ylidenél t} 34.5-39.7 ppnii = ZA[AZOZ o[ 5H S & 47} Stk

Abstact - The complexes of (carboxylato) Ag(l) (1,3,4,5-tetramethiglazol-2-ylidenes) (complexeks5 - ) were prepared by
the reaction of silver carboxylates with 1,3,4,5-tetramethylimidazol-2-ylidenes as ligands. The products were characterized by
IH/A3C-NMR, FT-IR, UV and elemental analysis. Especially com@lex 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 asymmetriecvith resp
to silver atom. In théC-NMR spectrum, the carbenenic carbon atom in the complexes is shifted upfield by ca. 34.5-39.7 ppm.
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HiIAE A7, o Wi 9E S wiIAb7L carboxylates® 2
71819 FE 8- W ghe =M oA & 2A (dimeric silver complex)
BE oA e f718mle 2 B Al =Tk 23 carboxylates
o] X277 3 9 Ak g 2 A9d= 2 Akse] 8% uE] HiHE
o] Audel BEEg Fof A2 S3)=E Z7IAZIT) Carboxylated]
G Az Aot g 2 AR AR AR FA AR o EE ofvl
[5], ==& (phthalazine)[6],22] 32 XZ2-¥ (phosphinegF-£©] gt 7]
[7] == 2B7F w18 2R [8], b Au =7} uislE ZA (9]0 ths)
Mg HaETh

ol Bramme#} Burgard-5[10]2 carboxylates®2}=] ¢ ditopic
W $1AK(ell: 1,4-diazabicyclooctane, tetramethylpyrazine, pyrazing)
1€ BRES] A% Fig. 20 VRl vie) o] oA & FA|7F A7t
Z¥(self-assembly] 28] 2D-network +%2 zt= 31522 HalE
£ BT

£ »adA AH8-#E N-heterocyclic carbeng(= imidazol-2-ylidene)
getE-2 FZol Arduengos(1l]el & @Ad olF frlgeat W
F71F&stskAEd 93] imidazol-2-ylidene] thE A& 3} o] 27 A

& A77F AR gk 53] imidazol-2-ylidenestgtE 71414
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Fig. 1. Eight membered ring structures of silver carboxylats, and Ag-—-O
bonding interactions between rings.
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Fig. 2. 2D-network structure of the central L,Ag,(RCO,), unit where L
is a ditopic ligand.
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Ejoll ] &) AATZIT singlep] 22, NY B Z-f-A42% AAS carbenicgt
4 AR5 A nAER F7] vl P AR EAse At
AZ o]F 2 g}, o]#] 3l 213 carbened}gHE-S TS Aol FLo) vy
Aol Fujdde ARHATHI2) 23 FAA) 29 EAFRE 2
ol A @ro® B ETH13].

B =EqME 1,34,-tetramethylimidazol-2-ylidege A4} FA) A&
o7 ARgsle] theksl carboxylatesS A|d) vhgxA A HE AAE
9] 57 A gt A5E RSk} gk
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2-1. Aok & 7[7]

£ A AS-H tetrahydrofuran(THF), hexane, pentane,,Cli5-=
AldrichAF2 58 798le] CaHtt Nashe] da E9)718}lA A ske]
ARSI, 28| 71 0]£]9) AJ2F2 AldrichAk2RE] TSk, A §1
o] AL231 T NMRE- S:54+4-%] 8 4= Cambridge Isotoge=5-E] 1
oz TUste AL Imidazol-2-ylidenest 3F=[10]3 &
carboxylateg4 & Brd £ wheha) sHdsidrH2, 4], tHEC)NMR
2 Bruker}¢] Advance 30&- AM8-3197, FT-FIRS Bomemi}2] MB-104
model, UVNVIS spectroscofe Beckman DU-7,500 modgl A&-&e] -
At AL gl ol 9F5l] AaE 4k

2-2. g4
(acetonato) Silver(l) (1,3,4,5-tetramethylimidazol-2-ylidene) &t (1)
1,3,4,5-tetramethylimidazol-2-ylidene(400 mg, 3.22 mrolg 4~ &

3l A
@3} SAl] AL AL AAET whE § FAP] e
@l 449 HA T RAA JARE HE B VA A& 0=
9] celite pad(2 cmx4 cng EFA|A WHs- Fo AAdE wAl dark 24|
HES AAsT) Aol 7] dark-yellow 89352 vacuunstol)
A s A ASTE deojzl ko] =gk A E CH,Cl(SF 5 mipl
THA] 591 F o7]el] A BufE oF 80ml A% Z1313] Hojmaj,
pale-yellow/whit¢] ZAFE-S GA Hr} 28] oF 17F A= )
A T, 2AREL 7Rk, e pale-yellow -2
FATNE ARete] Al AG), 28 Al LAN-ES T ZARAA FHA 1L
(844 mg, Mw=291.115-8=90%)2 =T},
1H-NMR(CD,Cl,), ppm; 3.67[s, 6H, N(1,3)4€3], 2.14[s, 6H, C(4,5)-
CHgJ, 1.95[s, 3H, GCCHy]
3C-NMR(CD,Cl,), ppm; 178.36[s, @(O)-Ph], 177.3[S, Gyperds
126.1[s, C€(CHy)-N], 36.2[s, NCHy], 23.2[s, QCCH], 9.5[s,
C=C(CHy)-N]
FTIR(KBN), cms; 1,645, 1,572(vs), 1,432, 1,404, 1,387
UVIVIS(CH,CL,): 246 nm.
QABA: CHONAg; A8 (0] E4]), C: 37.30(37.13), H: 6.50(6.19)

(phenylacetonato) Silver(l) (1,3,4,5-tetramethylimidazol-2-ylideneghd (2)

A4 19] A WED SL8A 1,3,4,5-tetramethylimidazol-2-ylidene
(404 mg, 3.25 mmo§ AH&-513.2L, o1719 1.13%2] phenylacetonato
silver(819 mg, 3.5 mmot}e] uk3-g 53l 2A 2(975 mg, & 85%)
= st

H-NMR(CD,CL,): 3.70[s, 6H, N(1,3)-83], 2.10[s, 6H, C(4,5)-6l,
7.38, 8.00[m, 5H, Ph]

B3C.NMR(CD,Cl,) ppm; 176.9[s, GE(0)-Ph], 173.0[S, Grend: 126.2
[s, C=C(CH,)-N], 136.7, 130.8, 130.3, 128.2(Ph), 36.9[SCNa,
9.5[s, C=CCH)-N]

FT-IR(KBT), cmt; 1,630, 1,595, 1,553, 1,397

UVIVIS(CH,CL), nm; 247

QAR C H, ONAg; 238X (] 24]), C: 47.80(47.61), H: 4.90(4.85)

(iso-butylacetonato) Silver(l) (1,3,4,5-tetramethylimidazol-2-ylidenegH(3)
A4 19] A WED SL8A 1,3,4,5-tetramethylimidazol-2-ylidene
(871 mg, 7.03 mmof A3, o719 1192 iso-butylacetonato
silver(1.5g, 7.7 mmoB2] ¥-3-5 &3] FA 3(1.79 g,7&: 80%)=
ANt
'H-NMR(CD,Cl,): 3.76[s, 6H, N(1,3)-8], 2.15[s, 6H, C(4,5)-8,
1.12, .09[s, 6H, CH(By),], 2.44[Hep, 6.9Hz, 1H, B(CH,),]
B3C-NMR(CD,Cl,): 184.1(0S(Pr)-0), 177.1[C.ypend 125.9[, CE(CHN],
36.6[s, NCHy], 36.2[sCH(CH),], 209[s, CHCH,),), 9.3[s, C=CCH,N]
FT-IR(KBr), cmi’; 1,643, 1,553, 1,475-1,368(m)
UV/IVIS(CH,CI,), nm; 246(broad)
AAFA4: C L H, ON,AG; A3 (0] £X)), C: 42.0(41.53), H: 5.50(5.70)

(Hexanoato) Silver(l) (1,3,4,5-tetramethylimidazol-2-ylidene £+ (4)

A4 19] A a3 SL8A 1,3,4,5-tetramethylimidazol-2-ylidene
(440 mg, 3.543 mmo® A3, <3719 1.1%3%%] hexanoato silver
(819 mg, 3.5 mmode] WH3-& F&) 2| 4(1.03 g 7E: 85%)F AT

'H-NMR(CD,Cl,): 3.66[s, 6H, N(1,3)-8], 2.11[s, 6H, C(4,5)-8,

2.19(t, 2H, 7.5 Hz, O-C(8,CH,CH,CH,CH,)-O, 1.56(m, 2H, Hz,
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O-C(CHCH,CH,CH,CH,)-O, 1.30(m, 4H, O-C(CKCH,CH,CH,CH,)-O,
0.88 (m, 3H, O-C(CHCH,CH,CH,CH,CH.)-0O

1C-NMR(CD,CLy): 180.9(0C(alkyl)-0), 177.3[Carbend: 126.0[s, CE
(CHy)-N], 36.6[s, NCHj], 9.47[s, C=OCH4)-N], 32.5[0-CCH,CH,-
CH,CH,CH,)-0] 27.1[0-C(CHCH,CH,CH,CH;,)-0] 32.5[0-C
(CH,CH,CH,-CH,CH,)-0], 23.2[0-C(CHCH,CH,CH,CH,)-0], 14.2
[O-C(CH,CH,CH,-CH,CH,)-0], 9.47[s, C=OCH,)-N]

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

UVIVIS(CH,CL,), nm; 241

a2 CH,0NLAg; AEX (012A]), C: 44.70(44.97), H: 6.90(6.68)

(6-oxo-heptanoato) Silver() (1,3,4,5-tetramethylimidazol-2-ylidene)gt(5)
A4 19] A W3 LA 1,3,4,5-tetramethylimidazol-2-ylidene
(583 mg, 4.694 mmof AFEEF L, <1719 1.1 332 6-oxo-heptanoato
silver(1.296 g, 5.164 mmai)2] ¥H-8-2 F3j) 24| 5(1.50 9,58 85%)
& 43t
H-NMR(CD,Cl,): 3.65[s, 6H, N(1,3)-84], 2.11[s, 6H, C(4,5)-84),
2.414[t, 2H, 7.2 Hz, O-C(8,CH,CH,CH,C(O)CH,)-O], 1.562[m,
4H, Hz, O-C(CHCH,CH,CH,C(O)CH)-0], 2.21[m, 2H, O-C(Ch
CH,CH,CH,C(0)-CHy)-O], 2.08 [s, 3H, O-C(CKCH,CH,CH,C(O)-
CH,-0]
1C-NMR(CD,CL): 180.3 [0C(alky)-O}, 177.3(Cppenk 126.0[5, CE(CHy)-
NJ, 36.8[s, NCHy], 9.47[s, C=00H,)-N], 209.4[0-C(CHCH,CH,CH,C(O)-
CH,-0], 30.1[0-C(CHCH,CH,CH,C(O)CH,)-0], 44.1, 36.7, 26.9,
24,5[0-CCH,CH,CH,CH,C(O)CHy)-0]
FT-IR(KB), cnit: 1,702 (CHC(O)HCHY), 1,640, 1,560, 1,430, 1,404, 1,388
UVIVIS(CH,CL,): 242-257 nm
D4R C L HONAG, 23R (O EA)), C: 45.1(44.82), H: 6.70(6.78)

3.84 U EE

2 carboxylate&} ¢} imidazol-2-yliden&}<] ¥H-&-© 25.E] (carboxylato)
silver(1,3,4,5-tetramethylimidazol-2-yliden&j = 7} doix]= w342

Table 1. Data for carboxylates silver-L complexés
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Scheme 1.

Scheme 4] VFERR ST}

WEe] AR dolxl AR E] F-82 80% oo 2 vl
A =& AFE Arh 9 Fof A2 e] B8] ofdlE wEAL
] §h&71e] Mo 2eEe PR APEHJ L, o]52 &l
H3HA] 2371 NMR 248 & 71 gidich A9 EES
AA] 8 AZE 2A EFES CHLCl, el thA] = celitezS
=3} A|719 pale yellow?] 8918 A7) Fr} Ropzl follo] Ry of
S5ml AR FEHAF|Z A, o] 5 e qtolut AMeRg)d] A3
dojrmgy, dite sgEe] A 48 Ut Ik A 12
hexane/toluene/C}El, 8- 0 2 H-E| A|of|x] TAEA-2 A& 7
6]

Aol H-AC-NMR 2 FHR 232 Table ) A&kt =, 1,345
tetramethylimidazol-2-ylidersé - 2} ol 1] 9)5]o] Hoizl A=A E2] o
7] 3}eto] 52 free 1,3,4,5-tetramethylimidazol-2-ylidefied| 3} #]2}
717480 2 o]% HrH15]. ©1% N-CH, ¥ =¥ 0.30-0.46 ppm(cf. 3.35
ppm, 1.3,4,5-tetramethylimidazol-2-ylidefiél ] N-CH; 3] =2) o552,
=C(CHy)N2] == ¢} 051-0.56 ppm(cf. 1.59 ppm, 1,3,4,5-tetramethylimi-
dazol-2-ylideng]42] =C(CHy)N ¥ 2) Hxrt AA7go= o|5ge
& 5=7F 9k E3 5C-NMR 432 B, carbenenigka971¢] 8
glo] 52 free-1,3,4,5-tetramethylimidazo-2-ylidene(ca. 212.70 pipra)s)
35.4-39.7 ppm & A A71FE 0 2 o] FEtqATh sk 9 Agell wiS1E
carboxylateg] 5ol #A¢lo] 1,3,4,5-tetramethylimidazol-2-ylidee
carbeneni&ri U212} carboxylate®] &} €40 818}o]5-2 carboxylates

NMR(in ppm) FT-IR(KBr, cmi®)
2HA) SoH oC (coy (coy A Notes
\Y \Y
N-CH, CH,C=CCH, Cearbene 0,C-R asy asy
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
62R=Me 1,570 1,380 190 ref. 16
7Y R=Me 1,530 1,390 140
82 R=Ph 1,568 1,360 165
99 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-ox0-pentane 1,563 1,417 146

1) L=(1,3,4,5-tetramethylimidazol-2-ylidene): Complede$ -
L=None, R=Substitutes: Complext8 14-

2) L=(PPh),, R=Substitutes: Complex€s8,

3) L=(PPh),, R=Substitutes: Complex&s 9,

stst=8t M40H M45 20024 8H
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o] LA &7 BARle] AL LTS & Ut At} o] d A=
1,3,4,5-tetramethylimidazol-2-ylideng-31- &%) carbenenié2-9 A7 &
F&0f 2 electro- 0] carbenes}sHE o] AAPL =TT ZolR]7] W&
o= A7ts]o] 2o} ek 549 ARFA AdE<) carbenes} G|
27 S9HE wiSAeE 22 & 714 carbenel]$lAbIto] g Ao &
2l 9=l e AY-S HNMR A28 & 471 29U

Acetate’]¢] IR 2HEH A2 RE acetatd] 7} < At ojd &
HE wiglEe] d=AE ¢ 571 ATH16]. =, monodenda@=] o H
bidendatg! x| & & 7} 9t} Oldhan® Sanfords[16(b)} carboxylates
& 2 PPhel AFE 79, v,g(CO,) band= 1,480-1,570 critel L,
Vyn{CO,) band= 1,295-1,405 cnit ALo]ofA] #2258 WA, V0, (CO,)
band} vg,{CO,) band}2] xte]7} 120-155 cni'dl 744 carboxylates
9] A4l & YAkl S0t A% 2| (bidendate carboxylates) 7
$-013, bandlrt 165 cmi?t o) Aol &= AbaArt & Akl ) u)
2= 2k (unidendate carboxylated) &4 3ir} 7 B 7519t}

Table ¥ Vebd n}e} 7+o] carboxylates 2| ol 1,3,4,5-tetrame-
thylimidazol-2-ylideneill #12}+2] 737 1-B)E v,6,COy) banét v (CO,)
band?}¢] %17} 230 cm? ©]4-¢. 2 monodendatel]$] xS HoFa
gt} 3R 1,3,4,5-tetramethylimidazol-2-yliden#$] 2} W4l PPh7}
HiE o] gl 7249, L3 2 carboxylated Aol PPhe] 222 2%
H AS-@EA 7, 9% unidendate carboxylate§ ) -=2]132, PPh7l 3
A1 w9 73-9-(2=) 6, 8) bidendate carboxylate$] 7+Z2 Y-S &
7t AATHLE]. B3E PPh SEA7E S &R0l viflE o] e Afole

do H

3721e) PPN Wil )= o] 1= A=) =Fa71%] 2] monodendate carboxylates

TZE FR5H Flo= Fof §ItH14]. 5UF 2 carboxylatesth= <l
PPh vl 1A 2 7)) wi9) E=ukell mheba] carboxylateg] coordination
mode’t VIl = 202 #akE= 218 o 7 A2, o]F AFHE A
A5l Al Hsiie ke YAE] tig YA G dx
=9 ok ArF Hasih

WA AGEA] g & carboxylatestHH] SollA] A&7 Hd
7191 ZA9-(FA 119 unidenadate carboxylateb+%2 HolFE A
#ke] 210 enite VERNaL, 2 £)9) ZA9) A9-(FA) 10, 12, 13, 14
bidendate carboxylated$) 7%= RoFE= Agto] 120-146 cmiel-S
& 471 Ark FA 158 CHCL £uli3tellal 2] UVVIS AFA] A& 5
=2 oA v 7 gl e A AAE] FrlE 240-257 nm
HeH oA ZdetAl GERAQAEE. ol HAl v oA A
e d(Ag)->Tt(0,CR) F&ollA w914k 2] 7 5le]E (MLCT, metal-
to-ligand charge transfeslo]ol] 712131 Zlo]t},

2H) 29] AL CHCly/toluene/hexaned-r 2] —30°Coll A At}
doizl A o] EATEAE Fig. 21 UERRATH12]. & Sl Wl
A oAHe|EL] Tl AkaE e wlEo] 1AL, R sk
g Eo] A B HAF2AE & 771 Ak F, Ag-01¢] A=

Fig. 3. ORTEPdrawing of 2 showing the atom-labeling scheme and 30%
probability thermal ellipsoids. The hydrogen atoms are omitted
for clarity.

Table 2. Selected Bond lengths [A] and angles [deg] for compl&x

Ag(1)-C(9) 2.064(6)  Ag(1)-O(1) 2.115(5)
Ag(1)-Ag(L)#1 3.2177(13) O(1)-C(7) 1.273(9)
0(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)-0(1) 165.2(2)  C(9)-Ag(1)-Ag(L)#1  69.99(15)
O(1)-Ag(1)-Ag(L)#1  115.41(15) C(7)-O(1)-Ag(1) 111.4(5)
0(2)-C(7)-0(1) 124.9(66)  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 étbret2,-y,-z+1

¥ 2115(5)AR [Ag(H-OR)], o1& Ag-09] A=l 2.20-2.54A
Buhe g, B A% Ag-0,9] Al 2.911(5)AR Ag-02 A%
o vlg) °F 0.8 A= At e, B AFFEY] Mg 5919
L& GAgE ofuf gt AP o] FA] %Y, 1,3,4,5-tetramethylimidazol-2-
ylidene®j 9)2}= Ag ¢S 4102 carboxylates 9 A4tet 5 HH
Al E2AEE & 7 IAT

247 29 A AY A9 ZH=E Table 21 VFERAATE. G capens
Ng2] AR E 1.339(7)A, Cy carpensN6] ATE 1.347(7)A 02 °F 0.008A
2 92 Pl EA3k, free imidazol-2-ylidend C_po,sN2 2
3 AzlE 1.3642A Hrl= #o HrH11(0)]. =8 NgCo] 23AzlE
1.382(7)A} C-N 2] AFol= 1.384(9A=R A9 2L AZYS
& $71 sk o]of vld] free 1,3,4,5-tetramethylimidazol-2-ylideheC-Ne|
A¥olE 1.392(2)A0t}, Z# 2 C=Cy, 2% 7ol 1.340(9R 2.
= free 1,3,45-tetramethylimidazol-2-ylidene(1.3518 2%} B3], oF
0.011A A% Zo1E9c) &3 A 19 1,3,4,5-tetramethylimidazol-
2-ylidene -2}« NygCo carpensNa < CoNgCia © Ng-Cy7Cyy, 4 CizCiyrNyg,
2Cy-N;Cy 59 7= 747} 104.9(50, 110.9(5), 106.9(5), 106.2(5),
111.0(5Ye]t}. o]+ free 1,3,4,5-tetramethylimidazol-2-ylidehe 5~ Z+
T 2 N-CoppensNs < CeapengN-C, < N-C-C2] WHZI7} 717} 101.3(2),
113.6(10), 105.8(11910}. FA 29] Agrdolst =25 2o Hij)
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