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Abstrac t: The X- ray structure o f aM 2 L4 anion-encapsulated cage comp lex [ Cu2 ( bitmb) 4 C l] 3+ [ b itm b= 1, 3-b is( im id-

azo l-1-y lm ethy l)-2, 4, 6- tr im ethy lbenzene] and prev ious wo rk showed that the Cu, Cu sepa rations o f the cages changed

from 7152 ! to 51 53 ! when the an ions we re a ltered from [ C lO4 ] - to C l- , wh ich indicated that the host-guest interac-

tions be tw een the recepto r and encapsulated an ions m im ic the induced- fit process we l.l
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应用阴离子调控 M 2L4型超分子笼体积大小的研究
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[摘要 ]  M 2 L2型超分子笼状配合物 [ Cu2 ( bitmb) 4 C l] 3+的单晶结构及以前的工作发现当笼状分子中所包入的

阳离子从 C lO -
4 换成 C l-时, 其 Cu, Cu距离从 71 52! 缩短到 5153! , 表明笼状分子与包入的阴离子之间的主客

体相互作用很好地模拟了诱导契合机制.
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  The b iolog ical enzym es can change the shape and size of their recogn ition sitesw hen reactingw ith unsu itab le

substratem o lecu les, generating the m ost su itab le one to f it their substrates, th is phenom enon is nam ed as in-

duced- fit process by Kosh land in 1963
[ 1, 2]

. M odeling such a system is very im po rtant no t only to understand the

m echanism of mo lecular recognition, but also to deve lop a new receptor design wherein art ific ia l receptors are

flex ib le and capable to recogn ize guests of d ifferent size and shape. Severa lprevious reports, wh ich dea ltw ith the

induced- fit contro l of receptor linkage
[ 3-8]

, show ed that different receptors would been obtained when the different

substrates w ere used. For exam ple, according to Lehn. sw orks
[ 3, 4]

, the reaction of the tris-2, 2. -b ipyr idine lig-

and w ith Fe( II) w hich gave a pen tanuclear c ircular helicate
[ 3]

w ith the C l
-

as counter anions; wh ile in the case

of [ SO 4 ]
2-

, a hexanuc lear circu lar he licate w as form ed. Furtherm ore, in the case of Br
-
, both of pentanuclear

and hexanuclear circu lar helicates w ere generated
[ 4]

. Dunbar
[ 5, 6]

reported that the ring-size of the m etallacyclo-

phane can be tuned by chang ing the size of an ions, m o lecu lar squares [M 4 ( bptz) 4 ]
8 +

(M: N ,i Zn; bptz: 3, 6-

bis( 2-pyridyl) 1, 2, 4, 5- tetrazine) w ere fo rm ed in h igh yie lds w ith [ BF4 ]
-

and [ C lO4 ]
-

anions, wh ile in

case of [ SbF6 ]
-
, am o lecular pentagon [N i5 ( bptz) 5 ]

10+
w as obta ined. Present results show ed that the recep-

to rs o f the sam e com posit ion w ou ld be obta ined when the substrates o f d ifferent size and shape are used, but the

size and shape o f the receptor are rem arkably controlled by the substrates.
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1 Results

Se l-f assem bly o f theM2L4 cage- like comp lexes [ Cu2b itm b4C l] C l3 # 12 H 2O ( 1 ) and [ Cu2 ( bitm b) 4 ]

( BF4 ) 4 # 2 CH 3OH # 4 H 2O ( 2) : B lue b lock crystals w ere form ed w hen the d ipoda l ligand b itmb
[ 9 ]

reacted

w ith CuC l2 # 2H 2O ( Cu: titm b ratio of 1: 2) in e thano l and w ater, and ana lyzed elem entally as [ Cu2 bitm b4 C l]

C l3 # 12 H 2O ( 1) . The FAB m ass spectrum show ed clearly the form ation of a peak atm /z 758, w hich co rre-

sponds to the [ Cu2 ( bitm b ) 2C l2H ]
+

species; and a peak at m /z 723, w h ich corresponds to the [ Cu2

( bitm b) 2C Hl 2 ]
+

species, respectively. S ing le crystalX-ray crystallog raph ic ana lysis show ed that it is an Cu2 L4

cage- like comp lex w ith a chlorine an ion encapsu lated in the cage, and the structure is shown in Figure 1. Add-i

t iona lCu, C l attached to internalC l atom locates at a distance of 2176 ! w hich augm ents the coordinat ion po ly-

hedra l for the tw o Cu
2+

cations. Cu atom is coord inated by four N atom s w ith Cu- N bond leng th from 11994 !

to 21003 ! , and onew eak Cu,C l attached ( C l1 from interna l anion) w ith a d istance o f 2176 ! ( F igure 1), a-

dopts a d isordered square-pyram ida l [ CuN4C l] geom e try. N eg lecting thew eak Cu- C l interactions, the coo rd-i

nation geom etry for Cu is square [ CuN4 ] . The encapsulated C l an ion is a lm ost in the cen ter of the Cu2 ( b itm b) 4

cage 1, fo r the distances from C l atom to the tw o pairs o f co- facia l pheny l r ings are slight ly d ifferen,t that is

5187 ! and 5167 ! , respective ly; the d ihedral ang le betw een the tw o pa irs co- facia lphenyl rings is 7214b, and

the distances of C l1,Cu1 and C l1,Cu2 are equal ( 2176 ! ). The he ight of the cage in 1, nam ely the d istance

betw een the tw o Cu cat ions, is 5153 ! . The four pheny l rings form a para lle logram, w ith lateral leng ths of

8191 ! and 7132 ! . There are two O - H ,C l hydrogen bonds betw een the internal ch lorine anion and tw o inter-

nal w ater m olecu les w ith the sam eO, C l d istance o f 3122 ! .

S im ilar procedure is used to study the reaction o f Cu( BF4 ) 2 # 6H2O or Cu( CH 3CN ) 4 ( BF4 ) w ith b itmb.

W hen the t itmb reacted w ith Cu ( BF4 ) 2 # 6H2O in ethano l aqueous so lution, purple crysta ls [ Cu2 ( b itm b) 4 ]

( BF4 ) 4 # 2 CH3OH # 4H 2O ( 2) are form ed imm ed iately, wh ich is further conf irm ed by the e lem enta l analysis.

H ow ever, the sing le crysta ls are not su itable for X- ray crysta llograph ic analysis.

2 D iscuss ion and Conclusion

Prev ious works
[ 10, 11]

show ed that reaction o f Pd ( CH3 CN ) 4C l2 or Cu( C lO4 ) 2 # 6H2O w ith d ipoda l ligand

bitm b atM BL ratio of 1B2 led to M 2L4 cage- like com plexes [ Pd2 bitm b4 ] C l4 # 2 H 2O and [ Cu2 ( bitm b) 4

( C lO4 ) ] ( C lO4 ) 3 # H2O ( 3) ; the on ly d ifference o f the above tw o com plexes is that there are no an ion guest in

the Pd cage, but a [ C lO4 ]
-

anion encapsu lated w ith in the cage com plex 3. The resu lts presented here show ed

that the reactions of Cu( BF4 ) 2 # 6H2O, Cu( CH 3CN) 4 ( BF4 ) and CuC l2 # 2H2O w ith bitm b atm o lar rat io o f 1B

2, also fo rm two d-i nuclear com p lexes [ Cu2 ( b itm b) 4C l] C l3 # 12 H 2O ( 1) and [ Cu2 bitm b4 ( BF4 ) ] ( BF4 ) 2

( OH ) # 2 CH 3OH # 3 H2O ( 2), and them olecu lar formu law ere confirm ed by FAB-m ass spectra and e lem ental

analyses. X-ray structure ana lysis show ed that com plex 1 is also aM 2L4 cage. Each b itmb ligand is in a cis, cis-

conform at ion and attaches to tw o copper( II) atom s w ith its tw o im idazo ly l arm s, and each copper( II) atom is of

square-p lanar geom etry coordinated by four bitm b ligands, thus a Cu2L4 cage w as form ed by tw o copper( II) a-t
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om s and four b itm b ligands ( F igure 1) . Looked dow n the Cu) Cu ax is, this M2 L4 cage is like a paddlew heel

( F igure 1a) .

It is interesting that an an ion is encapsu lated in each cage. W h ile in com plex 1, a spherica l C l
-

an ion is

encapsu lated, external to the cage are three other C l
-

anions ( not shown) and 12 w ater m o lecu les ( not shown)

( F igure 1) . The Cu,Cu separation is 5153 ! w hich is slightly longer than that in Pd3 bitm b4 tw in-cage
[ 9 ]

( 511

! ) and the d im ension o f the cage is 5153 @ 10190 @ 10185 !
3
. The Cu, Cu separation is 7149 ! w hich is

slightly shorter than tha t in Cu2 bitm b4 cage 3, in w hich a [ C lO4 ]
-

is encapsu lated,
[ 11]

and the d im ension of the

cage is 7149 @ 10145 @ 10142 !
3
.

A s show n in schem e 1, react ions o f the flex ib le ditoptic ligand 1, 3-bis( im idazo-l 1-ylm ethy l)-2, 4, 6- trim e-

thylbenzene ( bitm b)
[ 9]

w ith Cu( II) g ive the sam e Cu2L4 cage when the counter anion a ltered from [ C lO4 ]
-

to

C l
-

and in each cage an an ion is encapsulated. The Cu,Cu separat ions of th is receptor are shortened m ore than

26% when the anions are changed from tetrahedra l [ C lO4 ]
-

to sphericalC l
-

, from 7152 to 5153 ! . Considering

the size and the shape param eters o f three an ions, C l
-

w ith rad ius of 1180 ! , 2108 ! and 2124 ! for [ C lO4 ]
-

and [ BF4 ]
-

, respective ly, the hos-t guest interactions betw een this flex ible cage receptor and encapsulated an-i

onsm im ic the induced- fit process w el.l The results described here in represent one of im portant goals in the field

ofm o lecular recognition.

The resu lts described here not on ly m im ic the induced- fit process w el,l bu t also show ed that th is an ion-en-

capsulated Cu2 L4 cage receptor can selectively / recognize0 substrates of d ifferent size and shape, although th is

phenom enon w as observed on ly in the solid state.

3 Experim ental Section

Caut ion: perchlorate salts o fm e tal com plexes w ith organ ic ligands are po tent ia lly exp losive and should be

hand led carefully.

PhysicalM easurem ents: So lvents such as acetonitrile and m ethanol w ere dr ied and pur ified by distillat ion

before use. O ther reagentsw ere comm ercia lly ava ilab le and used as received w ithout further pur ification. The lig-

and bitm b ( bitm b= 1, 3-bis( im idazo-l 1-ylm ethy l)-2, 4, 6-trim ethy-l benzene) w as prepared according to the liter-

aturem ethods
[ 9]

. E lem ental analyses w ere carried out on a Perkin-E lm er 240C elem ental analyzer. Infrared

( IR ) spectra w ere recorded on a N ico let FT - IR 170SX spectrophotom eter using KB r d isks. Fast atom bom b

)76)

南京师大学报 (自然科学版 )                              第 32卷第 1期 ( 2009年 )



( FAB) m ass spectralw ere m easured on a VG ZAB- H S instrum en.t

4 A ssem bly of Cage Comp lexes

Synthesis o f [ Cu2 ( b itm b) 4 ] C l4 # 12 H 2O ( 1) : A so lu tion of bitm b ( 28 m g, 011 mm ol) in ethanol so lu-

t ion ( 5 m l) w as added to an aqueous solution ( 5m L) o fCuC l2# 2H2O ( 9m g, 0105mm o l) at room temperature

w ith stirr ing. Standing the deep blue filtrate at room tem perature fo r about tw o weeks resu lts in the cub ic b lue

crysta ls, y ield 27 m g ( 73% ). Found: C, 50181; H, 6147; N, 13188% . C alcd for C68 H104 N16 C l4O 12 Cu2

( [ Cu2 ( bitm b) 4C l] C l3# 12 H 2O, M Calcd = 1 606158): C, 50183; H, 6152; N, 13194%. FAB- M S: Found:

m /z 758. C alcd for [ Cu2 ( bitm b) 2C l2H ]
+

: 759; m /z 723. C alcd for [ Cu2 ( bitm b) 2C Hl 2 ]
+
: 725.

Synthesis of [ Cu2 ( b itmb) 4 ] ( BF4 ) 4 # 2 CH 3OH # 4 H2O ( 2) : A solution of bitm b ( 28 mg, 011mm o l) in

ethano l so lut ion ( 5 mL) w as added to an acetonitrile solution ( 10 m L) of Cu( BF4 ) 2 # 6H2O ( 17 m g, 0105

mmo l) at room tem perature w ith stirring. Stand ing the purple filtrate at room tem perature for about aw eek resu-l

ted in the form at ion of purp le crystals. y ield 82%. Found: C, 48153; H, 5163; N, 12190%. Ca lcd for C70H96

N 16B4 F16O6Cu2 ( [ Cu2 ( b itm b) 4 ] ( BF4 ) 4 # 2 CH3OH # 4 H 2O, M Ca lcd = 1 731194] : C, 48154; H, 5159; N,

12195%. M= 1 084 cm
- 1

( B - F) .

C rystallog raphy. C rystals of com p lex 1 w as m ounted on a B ruker CCD d iffractom eter w ith graph ite-m ono-

chrom atedM o- KA (K= 01710 73 ! ) radiation and the intensity data w ere co llected at room tem perature. A ll

absorption correct ions w ere perform ed using the SADABS program. The structure w as solved by the d irectm eth-

ods ( SHELXS) and re fined by the fu l-lm atrix leas-t squaresm ethod aga instF0
2
( SHELXL- 97). A ll non-hydro-

gen atom s w ere refined anisotrop ically, w hereas the hydrogen atom sw ere generated geom etrically.

Deta ils of the crysta lparam eters, data co llection and refinem ent for 1 is listed in Table 1, and se lected bond

leng th and ang les in Tab le 2.

Table 1 Summary o f cry stal data and refinem ent results fo r complex 1

1

formu la C68H 104N 16 C l4O 12Cu2

M r 1 606158

crystal size [mm ] 0135 @ 0128 @ 0124

crystal system m on oclin ic

space group P- 1

a [ ! ] 131053 ( 3)

b [ ! ] 141353 ( 3)

c [ ! ] 141399 ( 3)

A [ b ] 93159 ( 3)

B [ b ] 115184 ( 3)

C [ b ] 106198 ( 3)

V [ ! 3 ] 2 26419 ( 8)

Z 1

Qca lcd [ g cm - 3 ] 11359

2Hm ax 49142b

L [ mm - 1 ] 11108

T [K ] 293 ( 2)

reflect ions collected 8 962

un ique reflections 7 068

observed reflections 4 138

param eters 454

GOF onF 2 11093

R 1 01099 5

Rw 01288 6

R 1 [ I> 2 s( I) ] 01139 9

wR 2 [ I> 2s( I) ] 01318 8

$Qm in /m ax [ e ! - 3 ] 11449 /- 01492
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Table 2 Selected bond length [ ! ] and ang les [! ] o f complex 1

Cu2 ( b itm b) 4 C l4 # 12 H 2O ( 1 )

Cu1 - N11 11994( 5) Cu1 - N7 21000( 5)

Cu1- N4 21000( 6) Cu1 - N6 21003( 5)

Cu1 - C l1 21765( 12 ) N11- Cu1- N4 16214( 2)

N11- C u1- N7 8913( 2) N11- Cu1- N6 8919( 2)

N7- Cu1- N4 9014( 2) N4- Cu1- N6 8811( 2)

N7- Cu1- N6 17217( 2) N11 - Cu1- C l1 99116( 17)

N7- Cu1- C l1 93132( 18 ) N4 - Cu1- C l1 98142( 17)

N6- Cu1- C l1 93195( 18 ) C u1 - Cu2 5153

5 A cknow ledgem ent

W e thank the Fund o f Talent Sc ientists (H L) and Undergraduate Research Tra in ing Program s o f Nan jing

N orm a lU niversity for their support for th is wo rk.

[References]

[ 1]  Koshland D E Jr. The lock- and-key pr incip le and the induced- fit theory [ J]. Angew Chem Int Ed Eng,l 1994, 33( 23 /24):

3 275-3 278.

[ 2]  Kosh land D E Jr. Corre lation o f structure an func tion in enzym e ac tion [ J]. Science, 1963, 142( 3 599) : 1 533-1 535.

[ 3]  H asenknopf B, Lehn JM, et a.l Se l-f assemb ly o f a c ircular double helica te [ J]. Angew Chem Int Ed Eng ,l 1996, 35( 16):

1 838-1 840.

[ 4]  H asenknopf B, Lehn JM, et a .l Sel-f assemb ly o f te tra- and hexanuc lea r c ircu lar helica tes[ J]. J Am Chem Soc, 1997, 119

( 52): 10 956-10 961.

[ 5]  Cam pos-Fernandez C S, et a.l A one-pot, h igh-y ie ld synthesis of a param agnetic n icke l square from diverg ent precursors by

an ion temp la te assemb le [ J] . Angew Chem In t Ed Eng ,l 1999, 38( 23): 3 477-3 479.

[ 6]  Cam pos-Fernandez C S, et a,l F ine- tuning the ring-s ize o f m eta llacyclophanes: a rationa l approach to m o lecular pentagons

[ J]. J Am Chem Soc, 2001, 123( 4): 773-778.

[ 7]  Kasai K, Aoyag iM, et a.l F lex ib le coordination netw orks w ith fluo rinated backbones. Rem arkab le ability fo r induced- fit en-

clathration of o rganicm o lecules[ J]. J Am Chem Soc, 2000, 122( 10): 2 140-2 46.

[ 8]  H iraoka S, FujitaM. Guest- se lec ted fo rm ation of Pd( II)- linked cages from a prototyp ica l dynam ic libra ry[ J]. J Am Chem

Soc, 1999, 121( 51): 10 239-10 240.

[ 9]  L iu H K, et a.l A ssemb ly o f a tw in-cage comp lex contain ing a linear a rray of Pd3[ J]. J C S Dalton T rans, 2001, 8: 1 167-

1 168.

[ 10]  L iu J, TanH, et a.l Synthesis and structure of a cage- like dinuclear Cu( II) comp lex conta in ing im idazo ly l ligand[ J]. Ch in

J Chem, 2001, 59( 12): 2 209-2 210.

[ 11]  L iu H K, et a .l Synthesis and cry sta l structures of silver( I), pallad ium ( II) , z inc( II) and cobalt ( II) com plexes of the d-i

toptic ligand 1, 3-bis( im ida zo-l 1-y lm e thy l) -2, 4, 6-trim ethybenzene[ J]. J C S Da lton T rans, 2001, 23: 3 534-3 540.

[责任编辑:顾晓天 ]

)78)

南京师大学报 (自然科学版 )                              第 32卷第 1期 ( 2009年 )


