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Syntheses and Crystal Structures of Two Novel Bromocuprate(I) 

Polymers{(PyH)3[Cu3Br,]) and{(y-MePyH)2[Cu2Br4]) 
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Reactions of CuBr with equimolar PyHBr or ．MePyHBr afforded two novel one．dimensional bromocuprate(I) 

polymers{(PyH)3[Cu3Br6]) (1)and{( ．MePyH)2[Cu2Br4]) (2)，respectively．Both 1 and 2 were charac· 

terized by IR，elemental analysis，and X·ray crystallography．Crystal data for 1：monoclinic，space group P21／n， 

0=0．93262(12)nm，b=1．3497(2)nm，c=1．9149(2)nm， =93．465(7)O V=2．4060(5)nm3，Z=4． 

Crystal data for 2：orthorhombic，space group Pbcm，a=0．8659(4)nm，b=1．5669(6)nm，c=1．2849(5)nm， 

V=1．7432(2)nm ，Z=4．The structure of 1 has a unique helical chain composed of [Cu3Br5】units and 

／z-bromide anions while that of 2 shows a linear chain consisted of[Cu2(／x-Br)2】units bridged by pairs of／x-Br 

atoms．CCDC：1．208412；2．208413． 

Keywords： one-dimensional polymer copper(1)complex c~stal structure 

0 Introduction 

In the last decades，low．dimensional copper(I) 

·organic hybrid complexes have attracted much atten· 

tion due to their own colorful chemistry【1 1 and their 

potential applications in fluorescent sensors【 。。．olefin 

separations ，and enan tioseparation【l2]．Intriguingly， 

the structures of some polycopper(I)anionic complexes 

could be influenced by the size， shape， an d charge 

distribution of the associated organic countercations 

such as quaternary ammonium and phosphonium 

cationst ·¨】
． The bromocuprate(I)complexes demon． 
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strate lots o examples in which their structures are 

dependent on the countercations used in the reactions． 

For example，reactions of CuBr with different quater- 

nary ammonium and phosphonium bromide produced 

a series of bromocuprate(I)complexes with dif．fe卜 

ent copper nuclearities：R[CuBr2](R=PEh) ，R2 

[CU2Br,】(R=NEh) ，R[Cu3Br4](R=C5H7N2O)⋯ ， 

R2[CmBr6】(R=NPr4)⋯】，R2[CU5Br7](R=PyH)[19】 

and R3[Cu6Br9] (R=Et3NMe) 】，R[CU7Brs] (R= 

C6H12NH3) 】，and R6[Cu8Br15] (R=Ph3PMe) 】． 

However， very few examples have been reported 

to explore the effect of the organic cations in the as- 

sembly of bromocuprate(I)polymeric complexes．In 

this context， we report the synthesis and structural 

characterization of two one-dimensional polymers 

{(PyH)s[CusBr6]} (1)and{( -MePyH)[CuBrz]} 

(2)． 

1 Experimental 

1．1 General Procedure 

All manipulations were carried out under dinitro- 

gen using standard Schlenk-line techniques． CuBr， 

pyridine，hydrobromide acid and solvents were of ana． 

1ytical grade，and were used without further purifica- 

tion．IR spectra(KBr disc)were recorded on a Nicolet 

MagNa-IR 550 spectrophotometer．Elemental analyses 

were performed on an EA1 1 10··CHNS elemental ana·· 

lyzer． 

1．2 Synthesis of{(PyH)3【CusBr6】) (1) 

To a solution containing PyHBr(1 mmo1)(prepar- 

ed in situ from Py and HBr in 15mL of CHsCN in 1：1 

molar ratio)was added CuBr(0．143g，1mmo1)．The 

resulting mixture was allowed to reflux at 85 cI=for l h 

and then filtered．The yellow filtrate was slowly cooled 

down to room temperature，forming yellow plates of 1． 

Yield：0．27g(89％)．Ana1．Calcd．for Cl 5HlsBr6Cu3N3 

(％ )：C，19．79；H，2．00；N 4．62．Found(％ )：C， 

19．74；H，1．98；N，4．70％ ． 

1．3 Synthesis of{( -MePyH)2[Cu2Br4】) (2) 

To a flask containing a solution of y-MePyHBr 

(1mmo1) (prepared in situ from -MePy and HBr in 

15mL of CHsCN in 1：1 molar ratio)was added CuBr 

(0．143g， 1mmo1) ．Work-up similar to that in the 

isolation of 1 generated yellow prisms of 2． Yield： 

0．21g(66％)．Ana1．Calcd．for C12H16Br,Cu2N2(％)： 

C，22．70； H，2．54； N，4．41． Found(％ )： C， 

22．63；H，2．50；N．4．58％ ． 

1．4 X-Ray Crystallography 

A11 measurements were made on a Rigaku Mercury 

CCD X．ray diffractometer(3kV，sealed tube)at 193K 

by using graphite monochromated Mo Ka radiation 

(A=0．O71070nm)．A yellow plate crystal of 1 with 

dimensions 0．25×0．20×0．05mm and a yelow prism 

of2 with dimensions 0．45×0．38×0．30mm were se． 

1ected for X．ray analysis． Diffraction data were co1． 

1ected at(cJ mode with a detector distan ce of 55mm to 

the crysta1．Indexing was perform ed from 6 images each 

of which was exposed for 15s．A total of 1080 (1)or 

720 (2)oscillation images were collected in the range 

1．99。<2 0 <54．96。for 1 and 1．95。<20 <54．96。 

f0r 2．The reflection data were reduced by using the 

program CrystalClear (Rigaku and MSC，Ver．1．3， 

200 1)， and an empirical absorption correction was 

applied which resulted in transmission factors ranging 

from 0．O61 to 0．532 for 1 an d from 0．OO7 to O．O31 for 

2．The reflection data were also corrected for Lorentz 

and polarization effects． 

The structures of 1 and 2 were solved by direct 

methods[ 】and refined by fuU matrix least．squares on 

F【 引
． Anisotropic therm al parameters were used on all 

non-hydrogen atoms． All hydrogen atoms weIe intro- 

duced at the calculated positions and included in the 

structure．factor calculations． A11 calculations were 

perform ed on a Dell workstation using the Crystal- 

Structure crystallographic software package (Rigaku 

and MSC，Ver．3．16，2003)．A summary of the key 

crystallographic information for 1 and 2 is given in 

Tab1e 1． 

CCDC：1，208412；2，208413． 

2 Results and Discussion 

2．1 Synthesis 

The syntheses of 1 and 2 are rather straightfor． 

ward， carried out by refluxing a mixture containing 

CuBr and PyHBr or y-MePyHBr(molar ratio=1：1)in 

CH3CN． After filtration． the filtrate was cooled to 

produce 1 in 89％ yield or 2 in 70％ yield． Solids 1 

and 2 are moderately stable in air an d moisture．How． 

ever， the yellow solution of either 1 or 2 in CH3CN 

turned greenish blue within minutes when exposed to 

r 
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Table 1 Summary of Crystal Data for{(PyH)j[Cu~Br,】l (1)and{( ·MePyH)2【Cu2Br．】l。(2) 

open air． The identities of 1 and 2 were finally con— 

finned by single—crystal X—ray crystallography． 

2．2 Structure Description 

Compound 1 crystallizes in the monoclinic， space 

group P2t／n，and the asymmetric unit contains one 

[Cu3Br6] 一trianion and three [PyH]+cations．As 

shown in Fig．1，the Br(3)atom links two [Cu3B~] 

fragments through interactions with Cu(2)of one frag— 

ment and Cu(3 )of another，forming an intriguing 1D 

helical array along the b axis． Although bro— 

mide—bridged copper(I)polymers are ubiquitous，those 

having helical chain structures are uncommon【 ． 

Table 2 lists the selected bond lengths and angles 

of 1．The Cu—Br(3)一Cu portion is slightly bent with 

Cu(2)一Br(3)一Cu(3 )angle being 171．86(10)o．This 

Fig．1 Perspective view of a part of the【【Cu3Brr]’一} 

polymeric chain in 1(1ooking down the b axis) 

The thermal ellipsoids are drawn at the 50％ 

probability level and the counter-cations are 

omitted for clarity． 

【Cu3Br5]fragment is composed of a Cus triangle with 

Cu(2)⋯Cu(1)⋯Cu(3)=58．89(6)o Cu(1)⋯Cu(2) 
⋯ Cu(3)=61．10(8)。，Cu(1)⋯Cu(3)⋯ Cu(2)= 

60．01(8)o respectively．The three Cu⋯Cu contacts 

are difierent with Cu(1)⋯Cu(2)=0．2778(3)nm，Cu 

(2)⋯Cu(3)=0．2747(2)nm，and Cu(1)⋯Cu(3)= 

0．2808(3)nm，respectively．The average Cu⋯Cu 

separation of 0．2778nm is close to that observed in 

【Cu4Br6] 一(Cu⋯Cu=0．2734nm) l，but is in—bet— 

ween those found in [Cu6Br9] 一 (Cu⋯Cu=0．2650 

nm)[201 and[Cu4Brs] 一(Cu⋯Cu=0．3109nm)[26I． 

Interestingly，the Br(2)and Br(6)atoms bridge 

the Cu(1)⋯Cu(2)and Cu(1)⋯Cu(3)sides，respec— 

tively，while the Cu(2)⋯Cu(3)side is bridged by the 

Br(4)and Br(5)atoms．Therefore the coordination 

geometry of Cu(1)is different from Cu(2)and Cu(3)， 

which is coordinated by a terminal Br，an d two bridging 

Br ligands， showing a slightly pyramidalized Y—shape 

coordination geometry．Such a coordination is uncom— 

mOB in the copper(I)complexes ．The Cu(1)一Br 

bond distance ranges from 0．2409(2)nm to 0．2450(2) 

am． In addition， we noticed a weak interaction be— 

tween Cu(1)and Br(5)(Br(5)⋯Cu(1)=0．2834(2) 

nm)．On the other hand，the Cu(2)and Cu(3)atoms 

show slightly distorted tetrahedral geometry wi th the 

Br-Cu(2)一Br bond angles of 103．37(8)。一113．40 

(11)。and the Br-Cu(3)一Br bond angles of 104．62 
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Table 2 Selected Bond Lengths(nm)and Angles(。)for{(PyH)3[Cu3Br6】l (1) 

(11)。～116。53(11)。。The mean Cu—Br bond length 

for Cu(2)and Cu(3)is 0．2499nm，which is not un— 

usual as compared with the structures containing tetra— 

hedrally coordinated Cu(I)such as[Cu4Br4(1T兀’)2】 

(1Ⅵ 1=triallyl一1，3，5一triazine一2，4，6(1H，2H，5H) 
一trione；Cu．Br=0．2422～0．2495nm) and[NEh】2 

[Cu2Bn】(Cu．Br=0．23 19～0．2454nm)[16】． 

Compound 2 crystallizes in the orthorhombic， 

space group Pbcm，and the asymmetric unit contains 

one．half of the[Cu2Br4】 dianion and two one．half of 

the [ ．MePyH】+cations．Table 3 lists the selected 

bond lengths and angles of 2．The linear chain struc— 

ture can be described as extended networks of 

[Cu(／z-Br)2Cu】rhombs，which are alternatively par— 

allel and perpendicular with one another along the 

c axis (Fig．2) ．Similar structures are observed 

in{【Cu(NH3)4】2[Cu2Br4】】1281 and {(C5H8N3)CuBr2) 

(C5HsN3=2，6．diamin0pyridinium)[ 9。． In the struc— 

ture of 2， each copper atom has a slightly distorted 

CuBr4 tetrahedral geometry with Br—Cu(1)一Br bond 

angles ranging from 99．70(5)。to 120．79(8)。．The 

average Cu⋯Cu of 0，32 14nm is much longer than t|mt 

of 1，while the mean Cu(1) 一 一Br bond length l，【’ 

0．2500nm iS normal relative to that of 1． 

Fig．3 and 4 show unit cell packing diagrams of 1 

Fig．2 Perspective view of a part of the(【Cu2Br4] 一l 

polymeric chain in 2(1ooking down the b axis) 

The thermal ellipsoids are drawn at the 50％ 

probability level and the counter-cations are 

omitted for clarity． 

口 

缎  

Fig．3 Cell packing diagram of 1 looking down  the b axis 

Hydrogen atoms are omitted for clarity 

and 2，respectively。The 1 D polymeric array and the 

packing style of 1 are remarkably different from those of 

2．The reason may be attributed to the larger size of the 
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Fig．4 Cell packing diagram of 2 looking down the c axis 

Hydrogen atoms are omitted for clarity 

[ 一MePyH】 cations of 2．In both cases，there are no 

other interactions but electrostatic forces between the 

anionic polymeric chains and the associated organic 

cations([PyH] or[ -MePyH] ) 

3 Conclusion 

Two one—dimensional bromocuprate(I)polymers 1 

and 2 were obtained by the facile reactions of CuBr with 

PyHBr or y-MePyHBr．Both compounds were charac— 

terized by X-ray analysis． Compound 1 exhibits an 

bromide—bridged helical chain structure while 2 has a 

normal linear chain structure． The remarkable differ— 

ence in the anionic structures of 1 and 2 may be due to 

the different sizes of the [PyH] and [ ．MePyH] 

cations． The successful syntheses of 1 and 2 demon- 

strate that some supramolecular arrays could be regu- 

lated by changing the organic countercations． 
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