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Abstract The X-my stucture ofaM, L, anionencapsulated cage comp kx [ Cu, (bimb),CI]** [bimb= 1, 3-bs( m i+
azobl-ylmehyl)-2 4, 6-trmethybenzene] and prevbus wotk showed that the Cu---Cu sepamations of e cages changed
fran 7.52 A © 5. 53 A when the anbns were altered fran [CD,]” toCI, whih ndicated hat he hostguest nterac-
tions beween the recepor and encapsulated an bns m i ic the nduced-fit process well
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[ ] M,L, [ Cu, (bimb),C1]**
cD; CI , Cu--Cu 7. 52A 5.53A

The biological enzymes can change the shape and size of their recogn ition sitlesw hen reactingw ih unsuitab le
substratemolecules generating the most suitable one to fit their substrates this phenanenon is naned as n-

duced-fit process by Kosh land in 196317

mechanian of molecular recognitobn  but also to devebp a new receptor design wherein artifical receptors are

. Modelng such a systam is very mportantnotonly to understand the

flexble and capable to recogn ize guests of different size and shape Severalprevious reports which dealtw ith the

¥, shoved that different receptors would been obtained when the different
4]

nduced-fit control of receplor l'nka,ge[}
substrates were used For exanplg accordng to Lehn’ sworks | the reactbn of the tris-2 2'-b pyrdine lig-
and w ith Fe( 1) which gave a pen tanuclear circular helicate” with the CI as counter anions while in the case
of [ 504]2_, a hexanuc lear circu lar he licate was fooned Furthemore, 1 he case of Br, both of pentanuclear
and hexanuclear circu lar helicates w ere generatﬁ(f 4. Dunbat*” reported that the ring-size of the metallacyclo-
phane can be wned by changing the size of anbng molecu lar squares [M 4 ( bptz)z;]8+ (M: Nj Zn;, bpz 3 6
bis( 2-pyridyl) , 2 4 5-tetrazne) were bmed in hgh yiedswith [ B, ] and [CIO4] aniong while in
case of [ SbFs ], amolecular pentagon [N & ( bptz)s ] " Was obtaned Present results showed that the recep-
tors of the sane canpositbnwould be obtaned when the substrates of d ifferent size and shape are used but the

size and shape of the receptor are rem artkably controlled by the substrates

Received date 2008-04-15.
Foundation itan: Supported by the N ationa INatural Science Foundaton of China ( 20871069), Natural Science Foundation of Jiangsu Prov nce

(BK2008428), and Fund of State K ey Lab oratory of Coord nation Chem try.
Corresponding author L iuuHongke professor majored n coordination cham istry and bionorganic chemistty E-mail luhongk& njpu edu cn



LuHongke etal Controlling he Sze of AnM, L, Cage-L ke Receptor by Internal Anbns

‘ — Cu

Anion —— ClO~ Cu—Cu——=17.52 A
Anion——Cl- Cu—Cu—— 5534

1 Results

SelFassembly of the M,y cage-lke canplexes [ CuzbimbhCI] Ck* 12H,0 (1) and [ Cuz ( bimb)4 ]
(BFs)s* 2 CH;0H* 4H,0 (2): Blie bbck crystals were formed when the d podal ligand bimb'” reacted
wih CuChe* 2H,0 (Cu timb ratio of 1 2) n ehanol and water and analyzed elamentally as [ Cu; bimb Cl]
CEk* 12H,0 (1). The FAB mass spectrum showed clearly the fomation of a peak atm /4 758 which corre-
sponds to the [ Cw ( bimb),ChH | " species and a peak atm /z 723 whih comesponds to the [ Cw
(bimb),CH, ] species respectively Single crystal X—ray ciystallograph  analysis showed that it is an Cw Ls
cage-lke canplex w ith a chlorine anion encapsulated in the cage and the structure is shown n Figure 1. Add+
tbnalCu...Clattached to ntemalC latam beates at a distance of 2. 76 Awhich augnents the coordinatibn poly-
hedral for the o Cu” cations Cu atam is coord nated by four N atansw ith Cu— N bond length fran 1. 994 A
t02.003 A and oneweak Cu...C1 attached (CI1 fran intemal anion) w ith a distance of 2. 76 A (Fgure 1), a
dopts a disordered square-pyranidal| CuN4Cl] geametry N eglecting theweak Cu— Cl interactions the coowd+
nation gean etry for Cu is square [ CuNs|. The encapsulated Clanion is alnost in the center of the Cw (bimb) 4
cage I, brthe distances fran Cl atam to the wo pairs of co-facial phenyl rings are slightly different that is
5.87 A and 5.67 A respectvel; the d hedral angle between the wo pairs co-facialphenyl rings is 72. 4% and
he distances of C11...Cul and C11...Cu2 are equal (2.76 A). The heightof he cage n I, nanely the distance
betveen the o Cu catbns is 5.53 A The four phenyl rngs fom a parallebgran, with lateral lenghs of
8.91 A and 7.32 A There are wo O - H -..Clhydrogen bonds between the ntemal chlorne anion and wo nter
nal watermolecuks w ith the san eO... Cldistance of 3. 22 A

S ilar procedure is used to study the reacton of Cu(BF,),* 6H,0 or Cu(CH3CN),4( BF4) with bimbh.
W hen the timb reacted with Cu(BF,),* 6H,O mn ethanol aqueous solution purple crystals [ Cw (bimb)4]
(BFs)s* 2CH;0H* 4H,0 (2) are fomed mmed tely which is further confimed by the elan ental analysis
Howvever the single crystals are not suitable for X— ray crystallograph ic analysis

2 Discussion and Conclusion

Previous works | showed that reaction of Pd(CH;CN)4C} or Cu(ClOs), * 6H,O wih dpodal ligand
bimb atM : L. ratio of 1: 2 led to M,Ls cage-lke canplexes [ Pdhbimbs] Cl* 2H,0 and [ Cuy ( bimb)4
(CI04) 1(CI0s)3* H2O0 (3); the only difference of the above wo canplexes is that there are no an bn guest in
he Pd cage buta|[CDs] anion encapsulated within the cage canplex 3 The resulis presented here showed
that the reactions of Cu(BFs),* 6H,O0, Cu(CH3;CN)4(BF4) and CuCL* 2H,0 with bimb atmolar rato of 1:
2 also fom wo d+nuclear canpkxes [ Cw (bimb)4Cl]CEk* 12H,0 (1) and [Cwbimhb ( BF4) ] ( BF4)»
(OH)* 2CH;OH* 3 H,0 (2), and themolecu hr formulawere confimed by FAB-mass spectra and elmental
analyses X-ray stucture analysis showed that canplex 1 is also aM ;L4 cage Each bimb ligand is n a cis cis-
confomatbn and attaches to wo copper( l) atamsw ith its wo imidazmlylams and each copper( 1l) atam is of
square-p hnar geanetry coordinated by four bimb ligands thus a Cu;Ls cage was fomed by wo copper( 1I) at
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ans and four bimb lgands (Figure 1). Looked down the Cu—Cu axis this M, L4 cage is lke a paddlewheel
(Fgure 1a).

Fig.1 Crystal structure of 1. (a) Molecular structure of the Cu,L, cage and its encapsulated CI- anion (down the Cu — Cu axis). The
hydrogen atoms, three other CI- anions and water molecules are omitted for clarity. Selected bond distances (A) and angles (°): Cu-N
1.994(5) ~ 2.003(5), N-Cu-N 88.1(2) ~ 90.4(2) / 162.4(2) ~ 172.7(2), N~Cu—Cl 93.32(18) ~ 99.16(17), Cu~Cl-Cu 180.00(11); Cul -- - Cu2

5.53, Cu—Cl 2.76. (b) Space-filling diagram of the cage with the encapsulated anion (side view)

It is interesting that an anion is encapsulated n each cage While n canplex 1, a spherical CI anbn is
encapsu lated extemal to the cage are three other CI anions (not shown) and 12watermolecules (not shown)
(Fgure 1). The Cu..-Cu separation is 5. 53 Awhich is slihtly bnger than hat n Pd;bimb, v n-cage ] (51
A) and the dinension of the cage is 5.53 x 10. 90 x 10. 85 A The Cu...Cu separation is 7.49 Awhich is
slightly shorter than that n Cu, bimhy cage 3 nwhich a[CDs]  is encapsulated " and the dinension of the
cage is 7. 49 x 10.45 x 10. 42 A’

A s shown n schene 1, reactbns of the flexble ditoptic ligand 1, 3-bis( in dazmtl-ylnethyl)-2 4 6-trime-
thylbenzene ( bitnb)[g] with Cu( 1) gwe the same Cu,Ls cage when the counter anion altered fram [CI04]  to
CI and n each cage an anbn is encapsulated The Cu-..Cu separatbns of this receptor are shortened more than
26% when the anions are changed fim tetrahedral [ CI0s] 1o spherical C1, fran 7. 52 to 5. 53 A Considerng
te size and the shape parameters of three anions C1 wih radiis of 1. 80 A 2.08 Aand 2.24 Afor [C0.]°
and [BF4] , respectively the hostguest nieractions beween this flexible cage receptor and encapsulated an+
onsm m ic the induced-fit process well The results descrbed heren represent one of mportant goals n he field
ofmolecular recognition

The results descrbed here not only m mic the nduced-fit processwell but also showed that ths an br-en-
capsulated Cw Ly cage receptor can selectively “ recognize” substrates of different size and shape alhough this

phenan enon w as observed only n the solid state

3 Expermental Section

Cauton perchlorate salts ofmetal canplexesw ih organic ligands are potentally exp bsive and should be
hand led carefully

PhysicalM easurements Solvents such as acetonitrile and m ethanol were dried and purified by distillaton
before use O ther reagentswere canm ercially availab le and used as received w ithout further purificaton The lig-
and bimb (bimb= 1, 3-bis( m dazotl-yh ehyl)-2 4 6-trinethylbenzene) was prepared according to the liter
aturem ehods”. Elemental analyses were carried out on a PerkinrE Imer 240C elamental analyzer Infrared
( R) spectrawere recorded on aNicolet FT — IR 170SX spectrophotaneter using KBr d sks Fast atan banb
— 76 —
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(FAB) mass spectralwere measured on a VG ZAB-HS mnstrun ent

4 Assembly of Cage Canp lexes

Synthesis of [ Cw (bimb)4 [CL* 12H,0 (1): A solitbn of bimb (28 mg 0. 1mmol) n ethanol sol+
ton (5ml) was added to an aqueous solution (SmL) ofCuCL* 2H,0 (9mg 0.05mmol) at roan temperature
wih stirng Standing the deep blue filirate at roan temperature Hr about wo weeks resulis in the cubic b e
crystaly yield 27mg ( 73 ). Found C 50.8L H, 6.47%7 N, 13.88%. Caled for Ce Hipa Nis CLOp Cwe
([Cu( bimb),CI]Cks 12H,0, Mcua= 1606.58): C, 50.83 H, 6.52 N, 13.94%. FAB-MS Found
m /z 758 Caled for [ Cuy(bimb),CEH ] : 759 m / 723 Caled for [ Cuy (bimb),CH,]": 725.

Synthesis of | Cwo (bimb) 4] (BF4)s* 2 CH30H* 4H,0 (2): A solution of bimb (28 mg 0. Immol) in
ethanol solitbn (5mL) was added to an acetonitrile solution ( 10mL) of Cu( BFs4)>* 6H,O (17mg 0.05
mmol) at roan temperature with stirrng Stand ng the purple filtrate at roan tem perature for about aw eek resut
ted n the fomaton of purple crystals yield 8%. Found C 48.53 H, 5.63 N, 12.90%. Caled for C7Hos
NiBs FigO06Cu ([ Cup (bimb) 4] (BFs)s* 2CH;0H* 4H,0 Mcoa=1731.94]: C 48.54 H, 5.59 N,
12.9%%. V=1084 an” ' (B-F).

Cuystallography. Ciystals of canplkx 1 was mounted on a Bruker CCD d iffractan eter w ith graph iten ono-
chranatedMo-Ka (A= 0.71073 A radiation and the intensity data were collected at wan temperature A ll
absorption correctons w ere perfom ed usng the SADABS pogran. The structure was solved by the d irectm eth-
ods (SHELXS) and refned by he fi Bmatrk least-squaresm ethod a,ga'nstFoz( SHELXL- 97). All non-hydroe-
gen alans were refined anisotrop ically whereas the hydrogen atan swere generated gean etrically

Details of the crystalparameters data collection and refnement for 1 is listed n Table 1, and sekcted bond
length and angles n Table 2

Table 1 Summary of crystal data and refinem ent results for complex 1

1

fomuh CesH 104N 15 CL0 1, Cu,
M r 1606. 58
crystal siz [mm | 0.35x0.28x 0. 4
crystal system monoclinic
space group P-1
al Al 13.053(3)
b[A 14.353(3)
c[ A 14.399(3)
al?] 93.59(3)
B[°] 115 84(3)
Y [°] 106 98(3)
VA 2264. 9(8)
A 1
Paaica[ g ™ 7] 1. 359
20, 49. 42°
L [mm~!] 1. 108
T [K] 293(2)
reflections collected 8962
unique reflections 7068
observed reflections 4138
param eters 454
GOF onF? 1. 093
R1 0099 5
Rw 02886
R1[ B 2s()] Q01399
wR2 [ B> 2s(1)] 03188
APnin/max [ e A3 1.449 /- 0. 492
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Table 2 Selected bond lkength [A] and ang les [A] of complex 1

Cuy(bimb),Cl* 12H,0 (1)

Cul -N11 1. 994( 5) Cul -N7 2 000( 5)
Cul- N4 2. 000( 6) Cul -N6 2 003( 5)
Cul-Cll 2.765( 12) N1l- Cul- N4 162. 4( 2)

N11- Cul- N7 89.3(2) N1l- Cul- N6 89.9( 2)

N7- Cul- N4 90. 4( 2) N4- Cul- N6 88. 1(2)

N7- Cul- N6 172.7( 2) NII-Cul-Cll 9. 16( 17)

N7- Cul-C1I 93.32( 18) N4- Cul-C1I 9. 42( 17)

N6- Cul-C1i 93. 95( 18) Cul - Cu2 553
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