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烟酰胺合铜固体化合物中的分子间氢键 

陈彩虹 蔡继文 冯小龙 陈一J、明 

(中山大学化学化工学院、测试中心，广州 510275) 

合成了三个烟酰胺配位的铜(Ⅱ)化合物 【Cu(I1ia) (H 0) ](bpds)1，【Cu(nia)：(H20) ](2，6-nds)’2H20 2和 【cu(niaj 

(H 0) 】Icu(nia)!(H 0)：(1，5-nds)：]·4 0 3(nia=烟 酰胺 ，bpds=4，4 ．联 苯二磺酸，nds=茶 二磺酸 )，并通过 X一射线单晶，打 

射确定了其晶体结构。化合物 1～3中的配合阳离子都是四个水和两个烟酰胺配位的铜(Ⅱ)离子，八面体 CuO N2具有不同程度的 

畸变。在化合物 3中，阴离子 是 由 Cu(I／)与两个 水 、两个烟酰胺 乖”两个磺酸形成 的配 离子。在 1和 2中，配合阳离子问由酰胺以 

头对头的氢键模式相互连结成一维带状结构 ，再分别通过吡 啶环上的 C—H与酰胺 N或配位水所 形成的氢键扩展成二维结构。 

在 3中，配合 阳离子 问通 过配位水和烟酰胺间 的氢键连结成一维锯齿状结构 。这三个化合物的配合 阳离子构成相 同，不同的阴 

离子导致 了阳离子间不同模式 氢键 的形 成。 
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Variation of Intermolecular Hydrogen Bonding M odes in 

Nicotinamide．Coordinated Copper(Ⅱ)Complex Cations 

CHEN Cai—Hong CAI ji—Wen FENG Xiao—Long CHEN Xiao—Ming 

(School of Chemistry ar．t Chemical Engineering，Zhongshan University，Guangzhou 5 1 0275) 

Three nicotinamide—coordinated copper(II)complexes have been synthesized and structul’ally characterized by 

X—ray single crystal diffraction． 【Cu(nia)2(H20)4】(bpds)1 and【Cu(nia)2(H20) 】(2，6一nds)·2H20 2(nia= 

nicotinamide，bpds=4，4'-biphenyldisulfoante，nds=naphthalenedisulfl0nate)have the same complex structures of 

four water molecules and two nicotinamides coordinated to a copper(II)ion．The complex cations are connected to 

each other through complementary amide—amide hydrogen bonds in a head—to—head fashion，creating one—dimensional 

cationic ribbons．In【Cu(nia)2(H2O)4】【Cu(nia)!(H2O)2(1，5一nds)2】·4H20 3，the complex anion is formed by 

two water molecules，two nicotlnamides and two 1，5一nds anions coordinated to Cu(II)．While the complex cation 

has the same component as that in 1 and 2，the inter—cationic hydrogen bonding interactions are different． The 

cations are linked by hydrogen bonds between coordinated water molecules and amide carbonyl oxygens into 

1一dimensional zigzag chain． 

Keywords： copper(Ⅱ) nicotinamide sulfoacid hydrogen bond 

0 IntrOductiOn 

Covalent bonds have been extensively exploited to 

create coordination polymers，as indicated by numerous 

compounds constl ucted with spacer ligands such as 4， 
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4'-bipyridine⋯ and dicarboxylates ． Meanwhile．the 

ability to design and control the assembly of coordina— 

tion networks through both coordination and H—bonding 

interactions has been of great interest in recent 

years ．As an extension of our previous effects of con 

strutting extended l—dimensional structure of silver(I) 

complexes using nicotinamide as both ligand and func— 

tional group for hydrogen bonds⋯，a series of copper(II) 

analogues were prepared and characterized， namely 

[Cu(nia)2(H2O) ](bpds)1，[Cu(nia)：(H2O) ](2， 

6一nds) ·2H20 2 and[Cu(nia)2(H2O) ][Cu(nia)2 

(H2O)2(1，5一nds)2]．4H2O 3．All cations in these co— 

mplexes are propagated by inter—cationic hydrogen 

bonds jnto l—dimensional sẗ】 tl1r s 

1 Experim ental 

1．1 M aterials and M ethods 

A1l materials were commercially available and 

used as received．Elemental analyses were carried out 

with an elementar Vario EL elemental analyzer． FTIR 

spectra were obtained on a Bruker EQUINOX 55 FTIR 

spectrometer with KBr pellet． 

1．2 Syntheses and Characterizati0n 

[Cu(nia)2(H2O) ](bpds)1．Nicotinamide(0．13 

g， 1 mmo1)was added with constant stirring to an 

aqueous solution of Cu(NO3)2‘3H20 (0．12g，0．5 

lnmo1)．The solution was then treated with disodium 4． 

4 -biphenyldisulf0nate(0．18g，0．5mmo1)．Azure plate— 

like crystals of 1 were collected after 3 days (80％ 

yield based on Cu)．Required for C24H280l 2N4S2Cu：C， 

41．65；H，4．08； N， 8．09； Found： C，41．69；H， 

4．15； N，8．45． IR data (cm～， KBr)：34l6s， 

3325s，3270，32l5s，3l93s，306lm，l662s，l623s， 

l579m， 1482w， 1443w， l392s， ll96s， ll30s， 

1038s，997s，822m，726s，694m，6l9s． 

Compounds 2 and 3 were prepared using the same 

procedure as that of 1． 

[Cu(nia)z(H2O) ](2，6 nds)·2HzO 2．(85％ 

yield based on Cu)．Required for C24H32Ol 4N4S2Cu：C． 

37．63； H，4．3l； N，7．98； Found：C， 37．66； H， 

4．26；N，7．87． IR data (cm。。，KBr)：3414s， 

3325s，3270s，32l6s，3l88s，l663s，l622s，l60l s， 

l574m． 

1l4lm． 

625s． 

1479w． 

1090s． 

1443m， l406m， l234s， l 1 83s 

l 035s，89 l in，780m， 692m． 665s 

[Cu(nia)z(HzO) ][Cu(nia)：(H O)!(1，5一ntis)!] 
· 4H20 3． (80％ yield based on Cu)．Requil·ed for 

C44Hs sO30NsS4Cue： C， 36．85； H， 4．08； N． 7．8 l： 

Found：C，37．26；H，4．43；N，7．54．IR data(Cnl一． 

KBr)：3577s，3417s，3325s，3270s，32l6s，l663s， 

l624s， l579m， l500w， 1444w， l407m l205s， 

ll6l s， l045s，941w，826w，789m，693m，6l6s． 

2 Crystall0graphy Studies 

Experimental details of the X—ray analyses al’e 

provided in Table 1．All diffi acti()I1 data were collected 

on a Bruker Sma,·t l000 CCD diffi·actonleter with 

graphite monochromated Mo Ka radiation(A=0．7 1 073 

A)at room temperature．A1)sm’ption corl’ections were 

applied by SADABS ．Space groups of these COIl1一 

pounds were determined from systematic absences anti 

further justified by the results of refinement．In all 

cases，the structures were solred by direct methods and 

refined using full—matrix least—squares／diffel elite 

Fourier techniques using SHELX FL ．All non—hv
．

dr— 

ogen atoms were refined with anisotropic displacemeut 

parameters．After that， all hydrogen atoms of the lig— 

ands were placed at idealized positions and refine(1 as 

riding atoms with the relative isoh’()pie parameters of the 

heavy atoms to which they are attached． Hydrogen 

atoms of some water molecules were located from the 

difference Fourier map at the finale state of refinement 

and refined as fixed atoms．Selected hy(h ogen bonds fo r‘ 

compounds 1～3 were provided in Table 2． 

3 Results and Discussion 

The IR spectra show the N—H stretching vibrations 

of amide groups at 3200～3580 cm一‘f0r aU of these 

compounds． And all compounds have absorptions at 

3000—3200， corresponding to the presence of water 

molecules．The well—resolved frequencies of aromatic 

tings spans over the region of 1240～1670cm一 and 

600～930cm 。。． Bands characteristic of the fun(1a— 

mental and split 3 S-O stretching modes are obsel’、 ed 
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Table 1 Crystal Data and Structure Refinement for compounds 1—3 

in the range of 1000～1240cm一 ． 

[Cu(nia)2(H：O)4](bpds)l：The compound com． 

prises discrete[Cu(nia)2(H2O)4] cations and bpds 一 

anions． Both the complex cation and bpds anion are 

located on inversion centers．Structure of [Cu(nia)2 

(H2O)4]“ is shown in Fig．1(a)．The Cu(1I)center is 

six．coordinated with four water molecules and two 

nicotinamide nitrogen atoms in trans fashion． The 

GUN204 chromophores are elongated to different extents 

along the axial positions，which are occupied by water 

molecules．The distances between Cu(1I)and water mo． 

1ecules are Cu(1)．0(1W)：1．988(2)A and Cu(1)．O 

(2W)=2．428(3)A．The distances between Cu(1I)and 

pyridine nitrogen atom are Cu—N=2．023(2)A，which 

is shorter than that in [Cu2(O2CCH3)4(nia)2][91，s1． 

ightly longer than that in[Cu(nia)2F2(H20)2 ⋯．The 

amide moieties arrange trans with respect to each oth— 

er． The complex cations are linked by four comple— 

mentary N——H ··’0 hydrogen bonds between amide 

moieties on neighboring complexes，generating infinite 

one—dimensional ribbons．Adjacent ribbons are con— 

nected by C—H⋯ N hydrogen bonds fC⋯ N=3．321 

A．／C—H⋯N：132．7。)f0rmed between me￡。C．H 

and amide nitrogen atom，leading to extended two—dim— 

ensional cationic sheets as illustrated in Fig．1(b)．The 

bpds anions are sandwiched between the cationic lay— 

ers，anchored by hydrogen bonds between the sulfonate 

oxygen atoms and water／amide hydrogen atoms， ie— 

suhing in three—dimensional structures as depicted in 

Fig．1(c)． 

[Cu(nia)2(HzO) ](2，6．nds)·2H2O 2：Both the 

complex cation and 2．6一nds anion al‘e located on in— 

version centers． Cu(1I)has a similar c0ordinati0n en- 

vironment as that observed in 1，with Cu．Ow=2．0 l】8 

(14)A and 2．3908(15)A，respective1y，while the 

Cu．N bond distance is 2．0034(16) A．The amide 

moieties align in trans with respect to each other，and 

the cations are propagated into infinite one—dimensional 

ribbons through amide—amide hy&’ogen bonds in a 

‘head—to—head’R22(8)mode．Neighbolting ribbons al·e 

linked via C —H ⋯ 0 hy&‘ogen bonds fC ⋯ O= 

3．372A， ／C—H⋯0=152．9。)between ortho C．H 

and coordinated water molecules， leading to two．di Il1． 

ensional cationic sheets， as illustrated in Fig．2(a)． 

These cationic sheets inte~‘act with anions thl·ough ex． 

tensive hydrogen bonds，resulting in thl‘ee．dimensional 
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Table 2 Selected Hydrogen Bond Interactions(A，。) 

Symmetry codes for 1：i： 一 +2， 一 Y+2， 一。+2；ii： 一 +1， 一Y+2， 一z+2；iii： —l
， Y， z：、rj： 一 + 1． 一 y． 一 ：+ 

Symmetry codes for 3：i： 一 +1／2． 一Y+3／2． 一0+1： 

iv： X， 一 Y +1． ：+ 1／2；v： 一 X+1 

vii： 一 + 1／2． Y +1／2， 一 #+ 1／2； 

structures，as shown in Fig．2(b)． 

[Cu(nia)2(H：O) ][Cu(nia)2(H20)2(1，5一nds)2] 
‘

4H20 3 is composed of discrete [Cu(nia)2 

(H20)4]̈ cation， [Cu(nia)：(H2O)2(1，5一nds)2] 一 

anion and water molecules． The complex anion iS 

formed by Cu(1I)coordinated by two 1．5．nds anionS 

(Cu—O=2．3859(18)A)，two nicotinamide nitrogens 

(Cu—N=2．003(2)A)and two water molecules (Cu． 

Ow=1．998(2)A)，all in trans fashion，as indicated in 

Fig．3(b)．The distance between Cu and coordinated 

11： 一 ， ) ， 一 0+ 1／2；111 5 一 + 1／2， Y一 1／2， 一 ：+ 1／2： 

／2， 一Y+1／2， 一：+1；vi： ， Y+1，。： 

viii： ， 一 )+2， 。十 1／2； ix： 一 1／2． 一 Y+3／2
，
：一 1／2． 

sulfonate oxygen is shorter than those we reported pre— 

viously⋯
． The anions are linked into one—dilnensirmal 

chain through hydrogen bonds formed between COO1·di． 

nated sulfonate groups and water molecules． 

The cation in 3 has the same coordination el3vi— 

ronment as that in 1 and 2．However．the COO1·dinatk)n 

geometry can be described as regular octahedl al，with 

Cu(II)ion coordinated to four water molecules an(t tw(J 

pyridine nitrogen atoms in similar distances
， Cu(2)一O 

(6w)=2．126(2)A，Cu(2)一O(7w)=2．095(5)A an l 
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Fig 1 (a)Cationic c⋯ plex in 1，、 ith 30％ probability 

displacement ellipsoids 

Cu(2)．N：2．044(3)A．Interestingly，unlike in 1 and 

2 in which the cations are located on inversion centers， 

in 3．the cation is located on a 2-fold axis。Therefore， 

the cati0n i n 3 is not centro—symmetric The two pyri— 

dine rings are not CO—planar to each other．They form a 

dihedra1 angle of l 5．4。．Furthermore，the amide group 

is almost c0一planar with the pyridine ring，as indicated 

Fig．2 (b)3-D ëtwork c0nst nlcted by ahernatiIlg。“ ⋯ 

sheets and allions i,l 2 

一 *瓣 一一 ～ 

Fig．3 (a)1．D chalns fonned by the c。mplex cati。lls i 3 

Fig 3 (b)1一D chaln formed by the c。mt)lex a㈨i Il1s in 3 

bv the torsi0 angle of C(17)C(18)C(22)O(10) 

178．9。． In the case of 1 and 2， the corresponding 

torsion angles al·e 155．1 and 一144．7。respeclivety． 

The hydrogen bonding mode in 3 is also、fel’y dii— 

ferent fr0m that in 1 and 2．In 3，each cation interact 

with two 0ther adjacent cations via 0一H⋯0 hydrogen 

bonds formed between coordinated water molecules and 

amide carbonyl oxygens，creating infinite Olle—dimens— 

ional zigzag chains，as shown in Fig．3(a)．Complex 
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cations and anions interact through extensive hydrogen 

bonds formed between sulfonate oxygens， water mole— 

cules and amide groups，as illustrated in Fig．3(c)． 

Fig，3 (c)Packing diagram of 3 

In summary， complex cations in 1～3 have the 

same component described as[Cu(nia)2(H2O)4]“． 

However，they demonstrate variant inter—molecular hv— 

drogen bonding behaviors which are tuned by the nature 

of cou nter anions 

4 Supplementary M aterial 

Crystallographic data for the structural analysis 

have been deposited with the Cambridge Crystallo 

graphic Data Centre，CCDC Nos． 1 76799～1 7680 1 for 

compounds 1～3， respectively． Copies of this infor— 

marion can be obtained free of charge from The Direc— 

tor，CCDC， 1 2 Union Road， Cambridge
，
CB2 I EZ． 

UK (fax：+44．1 223—336033；E—mail：deposit@ccdc． 

cam．ac．uk or w'ww：http／／www．ccdc． cam．ac．uk)． 
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