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1
Table 1 Yield, m. p. and Elemental Analysis Data of Compounds

elemental analysis (caled) /%

compd. formula yield/ % m. p. /C
C H
1 Ca3His05Ge 78 118 ~ 119 66. 24(66. 56) 4.39(4.37)
2 CasH2005Ge 81 96 ~ 98 68.41(68.08) 4.68(4.57)
3 Ca7H2605Ge 70 125 ~ 127 68.52(68.84) 5.44(5.56)
4 C2His06Ge 88 104 ~ 106 58.83(58.85) 3.57(3.59)
5 CaH2006Ge 86 128 ~ 130 62.37(62.32) 4.04(4.02)
6 C30H3:06Ge 76 122 ~ 124 64.44(64.21) 5.90(5.75)
7 Ci7H15Cl05Ge 88 116 ~ 118 54.47(54.69) 3.64(3.51)
8 CioHi15Cl0sGe 76 120 ~ 122 57.40(57.14) 3.82(3.79)
9 C2i1H»,ClOsGe 75 136 ~ 138 58.52(58.73) 5.60(5.56)
2

Table 2 IR and '"H NMR Data of Compounds

IR/cm™!
compd. '"H NMR/ &
vio, Vo, VGe-Ph VGe-o

1 1613s  1347s  1095s  922m 6.50(q, 1H, 4-furan-H), 7. 22(m, 1H, 3-furan-H), 7. 42 ~ 7. 64(m, 15H, Ph-H),
7.72(m, 1H, 5-furan-H)

2 1608s 1328s 1096s 928m 6. 46 ~6.78(m, 2H, 4-furan-H, C = CHCO>), 7. 25(t, 1H, 3-furan-H),
7.36 ~7.65(m, 17H, Ph-H, 5-furan-H, ArCH = C)

3 1610s  1336s 1091s 925m 1.35(t, 9H, CH3), 6. 11(m, 1H, 4-furan-H), 7. 02(m, 1H, 3-furan-H),
7.31 ~7.60(m, 15H, Ph-H)

4 1615s 1332s  1093s  922m 6.52(q, 2H, 4-furan-H), 7. 24(t, 2H, 3-furan-H), 7. 40 ~ 7. 64(m, 10H, Ph-H),
7.73(m, 2H, 5-furan-H)

5 1609s 1318s 1093s 928m 6.48 ~6.79(m, 4H, 4-furan-H, C = CHCO»), 7. 27(t, 2H, 3-furan-H),
7.38 ~7.65(m, 14H Ph-H, 5-furan-H, ArCH = C)

6 1611s 1338s 1095s 924m 1.31(t, 18H, CH3), 6. 24(m, 2H, 4-furan-H), 6. 98 (m, 2H, 3-furan-H),
7.35~7.64(m, 10H, Ph-H)

7 1688s 1427s 1090s  933m 6.56(q, 1H, 4-furan-H), 7. 32(t, 1H, 3-furan-H), 7. 43 ~ 7. 65(m, 10H, Ph-H),
7.72(m, 1H, 5-furan-H)

8 1666s 1415s 1099s 930m 6.48 ~6.70(m, 3H, 4-furan-H, CH = CH), 7. 36(m, 1H, 3-furan-H),
7.41 ~7.67(m, 10H, Ph-H), 7. 72(m, 1H, 5-furan-H)

9 1672s  1425s 1092s  920m 1.28(t, 18H, CH3), 6. 20(m, 2H, 4-furan-H), 6. 87 (m, 1H, 3-furan-H),
7

.38 ~7.65(m, 10H, Ph-H)

Fig. 1  Molecular structure of triphenylgermanium Fig. 2 Arrangement of triphenylgermanium

2-furan-carboxylate 2-furan-carboxylate in unlt cell



A : - 565

3 -2-
Table 3 Atomic Coordinates( x 10°‘nm) and Equivalent Isotropic Displacement Parameters (nm? x 10°)

for Triphenylgermanium 2-Furan-Carboxylate

atom x y z Ueq atom x ¥ z Ueq
Ge 17413(1) 9878(1) 713(1)  37(1) 01 8710(1) 10035(1) 1345(1) 46(1)
02 8130(1) 8438(1) 2210(1)  56(1) 03 10088(1) 8700(1) 3129(1)  59(1)
C1 7776(1) 11025(2) -207(1) 40(1) Cc2 8789(2) 11699(2) -256(1) 52(1)
Cc3 9003(2) 12523(2) -923(1) 62(1) C4 8211(2) 12681(2) -1540(1) 65(1)
C5 7206(2) 12021(2) -1507(1) 61(1) Co6 6991(2) 11186(2) -845(1) 51(1)
Cc7 7231(1) 8016(2) 368(1) 38(1) C8 7959(2) 7470(2) -188(1) 53(1)
C9 7857(2) 6130(2) -440(1)  62(1) C10 7021(2) 5350(2) -139(1) 58(1)
Cl1 6279(2) 5873(2) 403(1)  52(1) C12 6381(2) 7207(2) 660(1) 44(1)
C13 6172(1) 10592(2) 1328(1) 40(1) Cl14 5783(2)  9978(2) 2034(1) 50(1)
C15 4847(2) 10452(2) 2413(1) 58(1) Cl6 4278(2) 11544(2) 2107(1)  54(1)
C17 4656(2) 12183(2) 1421(1)  54(1) C18 5596(2) 11712(2) 1031(1) 48(1)
C19 8824(1)  9256(2) 2009(1)  42(1) C20 9863(1)  9515(2) 2469(1)  41(1)
C21 10670(2) 10456(2) 2418(1)  50(1) C22  11434(2) 10227(2) 3079(1)  60(1)
€23 11065(2) 9166(2) 3478(1)  66(1)
4 -2-

Table 4 Selected Bond Lengths (nm) and Bond Angles(°) for Triphenylgermanium 2-Furan-Carboxylate
Ge(1)-0(1) 0. 18425(13) Ge(1)-0(2) 0.29341(12) Ge(1)-C(1) 0. 19406(16)
Ge(1)-C(7) 0.19437(17) Ge(1)-C(13) 0.19446(17) 0(1)-C(19) 0.1334(2)
0(2)-C(19) 0.1212(2) 0(3)-C(20) 0.1367(2) 0(3)-C(23) 0.1364(2)
C(1)-C(2) 0.1388(2) C(1)-C(6) 0. 1390(2) C(2)-C(3) 0. 1390(3)
C(3)-C(4) 0.1370(3) C(4)-C(5) 0. 1370(3) C(5)-C(6) 0.1390(3)
C(19)-C(20) 0.1455(2) C(20)-C(21) 0.1347(3) C(21)-C(22) 0. 1410(3)

0(1)-Ge(1)-C(1) 100. 33(7) 0(1)-Ge(1)-C(7) 109. 09(6) C(1)-Ge(1)-C(7) 111.16(7)

0(1)-Ge(1)-C(13) 108. 83(7) C(1)-Ge(1)-C(13) 111.91(7) C(7)-Ge(1)-C(13) 114.53(7)

C(19)-0(1)-Ge(1) 117.99(11 C(23)-0(3)-C(20) 105.87(15 C(2)-C(1)-Ge(1) 122.79(14)

C(6)-C(1)-Ge(1) 118.96(11 C (13 C(12)-C(7)-Ge(1)  121.93(13)
(

0(2)-C(19)-C(20)  124.09(16 0(1)-C(19)-C(20)  112.37(15 C(21)-C(20)-0(3)  109.51(15)

(1

(1

(

(8)-C(7)-Ge(1) 119.70

(

(1

0(3)-C(20)-C(19)  116.49(15 €(22)-C(23)-0(3)  111.10(19

) 15)
) 13)
C(18)-C(13)-Ge(1) 119.39(13)  C(14)-C(13)-Ge(1) 122.82(13)  0(2)-C(19)-0(1)  123.53(16)
) 15)
) 19)

2.3
(145609) 1
) 1 PhsGe*
Ph,Ge * 0,CC4H50 (24. 6% ); Ph,Ge . ,
45 ,M*-0CAr , 69 M*-Cl PhGeCl”
M+ ,
2.4
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Synthesis and Properties of Phenylgermanium Derivatives of Furfuryl Carboxylic
Acid and Crystal Structure of Triphenylgermanium 2-Furan-Carboxylate

YIN Han-Dong® MA Chun-Lin  WANG Yong ZHANG Ru-Fen DOU Jian-Min
( Department of Chemistry, Liaocheng Teachers University, Liaocheng 252059)

The nine phenylgermanium derivatives of furfuryl carboxylic acid were synthesized by reaction of
triphenylgermanium chloride and diphenylgermanium dichloride with sodium furfuryl carboxylate.
Their structure were characterized by elemental analysis, IR, '"H NMR and MS. The crystal structure
of triphenylgermanium 2-furoate was determined by X-ray single crystal diffraction. The crystal be-
longs to monoclinic with space group P2:1/ ¢, a =1.1945(4)nm, b =0.9934(3)nm, ¢ = 1. 6284(5)
nm, $=91.59(5)°, V=1.9317(11)nm’, D.a=1.427Mg- m~>, F(000) =848,7Z =4. The germa-

nium atom in this structure is in a distorted tetrahedron.

Keywords: phenylgermanium furfurylcarboxylic acid synthesis crystal structure



