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Bromination of the 3-Chloroanilinium Cation: Structure of a Novel Two-Dimensional
Copper(l) Bromide Lattice Prepared via In-Situ Redox Processes
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The prolonged reactions of 3-chloroaniline with Culm HBr solution yielded three crystalline compounds
involving brominated anilinium cations. The first, §@€;BrCINH3)Br, is the bromide ion salt of the 6-bromo-3-
chloroanilinium cation. The compound is monoclinic, space gi2jic, with a = 10.520(4),b = 8.4238(13)c
=10.502(4) A angb = 108.55(13 with Z = 4. The compound with stoichiometry {8;BrCINHs),CuBr;, contains

the 4-bromo-3-chloroanilinium cation. It is triclinic, space grdeyd, with a = 8.217(2),b = 14.496(4),c =
16.993(4) A,a = 77.46(2),8 = 86.00(3),y = 89.22(2} with Z = 4. Finally, the third compound contains the
dibrominated cation, 4,6-dibromo-3-chloroanilinium, with stoichiometH4Br,CINH3)CuBr,. It is orthorhombic,
space groufPnma with a = 7.2177(2),o = 29.7188(3), anad = 10.9309(2) A withZ = 8. The latter two salts
contain Cu(l) species, obtained by the reduction of the original Cu(ll) ions during the bromination process. The
first of these two Cu(l) salts contain girg*~ dimers in which two CuBytetrahedra share edges. The last compound
contains a unique two-dimensional lattice composed of corner shardt{&pecies.

Introduction bromide system relative to the copper(ll) chloride systems,

] ) ~ reduction of copper(ll) to copper(l) has been obsefved.
A major focus in our laboratory has been on the elucidation | this paper, we report the crystal structure of two new

structure/property relations in hybrid organic/inorganic copper- copper(l) bromide salts obtained serendipitously through the
(”) chloride materials. This has included inVeStigationS of latter redox process. We had investigated the Jdmailer

compounds with novel magnetic propertiethermochromi¢
and piezochromitresponses, dynamic Jahfeller behavior}
and other novel phase transition phenomeiae continuing

distortion in (GH/NCI)gCuCl,, where (GH;NCD™ is the
3-chloroanilinium catiorf. The compound was initially reported
to contain a CuGl anion with a compressed octahedral

interest in these studies is a result of a combination of the varied geometry? Our detailed temperature-dependent diffraction study,
stereochemistry of the Cu(ll) ion, the bridging capability of the as well as an EXAFS and EPR study in another laborétory,
spherical chloride ion, and the wide variety of size, shape, and conclusively showed that the “compressed” coordination ge-
hydrogen bonding abilities of the organic counterions. In an ometry was really the superposition of two normal elongated
attempt to extend the success of our investigations with the octahedra. To extend the study, an attempt to prepare the
copper(ll) chloride salts to the corresponding bromide com- analogous bromide salt was begun.

pounds, an additional factor has frequently come into play. In this process, three different substituted anilinium cations
Associated with the increased redox activity of the copper(ll) were obtained by the bromination of the 3-chloroanilinium
cation by CuBs. One of the cations was isolated as the simple
bromide salt; the other two were obtained as copper(l) bromide
salts with novel structural characteristics. The first compound,
which contains the monobrominated 6-bromo-3-chloroanilinium
cation, A6", was isolated as the A6Br salt. The next compound,
which contains the 4-bromo-3-chloroanilinium cation,Afas
stoichiometry A4CuwBrs. The final compound contains the
dibrominated 4,6-dibromo-3-chloroanilinium cation, A48t
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Bromination of the 3-Chloroanilinium Cation

Table 1. Crystal Data and Structure Refinement Parameters

Inorganic Chemistry, Vol. 40, No. 5, 200B67

Table 3. Atomic Coordinates ¥ 10%) and Equivalent Isotropic
Displacement Parameters{A 10°) for

AGBr A4:CuBre A46,CloBra (4-Br-3-Cl-anilinium}CuBr;
empir formula  GHeBrCIN  Ci2H1:BrsCl,CuN,  CgHsBrsCICuN
space group  P2j/c P-1 Pnma X y z Ueqy
alA 10520(4)  8.217(2) 7.2177(2) Cu(l)  3407(3) 5228(1) 5255(2) 55(1)
biA 8.4238(13)  14.496(4) 29.7188(3) Br(l)  2635(2) 6892(1) 5161(1) 37(1)
/A 10.502(4)  16.993(4) 10.9309(2) Br(2)  1248(2) 4081(1) 5830(1) 37(1)
a/deg 90 77.46(2) 90 Br(3)  4269(2) 5205(1) 3804(1) 38(1)
Bldeg 10855(1)  86.00(3) 90 Cu@@  1569(3) 360(1) 4749(1) 54(1)
yldeg 90 89.22(2) 90 Br(4)  3761(2) —506(1) 4171(1) 37(1)
VIA? 8823(5)  1971.009) 2344.69(8) Br(5)  2309(2) 1967(1) 4848(1) 37(1)
z 4 4 8 Br(6)  725(2) —396(1) 6201(1) 38(1)
peacdmg T 2.163 2.420 2.888 N(11)  —4351(16)  7464(9) 13729(8)  47(4)
TIK 298 298 208 C(11)  —3601(19)  7838(10) 12919(9)  36(4)
plmmrt 9.42 11.51 15.68 C(12)  —3224(18)  8762(10) 12671(10)  37(4)
F(000) 544 1344 1872 C(13)  —2500(20)  9094(10) 11916(11)  40(4)
radiation, 0.71073  0.71073 0.71073 C(14)  —2080(20)  8516(11) 11417(11)  44(4)
JA (MoKa) (Mo Ka) (Mo Ka) C(15)  —2490(20)  7550(11) 11670(13)  59(5)
refins measd/ 3738/1262  8438/5330 8435/1709 C(16)  —3240(20)  7221(10) 12398(11)  48(5)
unique CI(13) —2082(8)  10309(3) 11621(3)  78(2)
mergingR 0.087 0.063 0.288 Br(14)  —1041(3) 8921(2) 10385(1) 75(1)
%T: max./min  0.694/0.285 0.562/0.190 0.417/0.124 NQ1)  -788(15)  5994(8) 6189(7) 38(3)
RA(I>20)  0.0334 0.0706 0.0679 C(21)  —231(19)  6191(9) 6937(10)  34(4)
WRP (I > 20)  0.0723 0.1607 0.1219 c(22)  270(20) 5462(11) 7533(12)  58(5)
- - C(23)  820(20) 5678(11) 8193(11)  51(5)
ARy = Z||Fo| — |Fell/Z|Fo|% P WR = { Z[W(Fo? — FAZZ[W(FA?]} 12 C(24) 790(20) 6566(12) 8325(11) 49(5)
Table 2. Atomic Coordinates ¥ 10*) and Equivalent Isotropic gggg Eggg(g)o) 775887((1111)) 7707388((1111)) ff((SS))
Displacement Parameters¥A 10°) for 4-Br-3-Cl-anilinium Ci23) 1463(11) 4751(4) 8942(4) 120(3)
Bromide
Br(24)  1577(3) 6882(2) 9256(1) 73(1)
- , : Uear CoL)  aro(e)  _2iesd)  oseae)  31m
gr(;) gg%(? éggg(i) ;gg(? %(P C(32)  5492(19)  —1740(10)  7425(10)  39(4)
C[( ) 3823(1) 5758(2) ] 41(() % . 4(1) C(33)  6020(20)  —2304(12) 8127(11)  50(5)
c 71( ) > 22( ) 2 2) 27(1) C(34)  5870(20)  —3266(10)  8301(10)  40(4)
N E;ggl(? 653 40(%) 9828?) 29( 1) C(35)  5140(20)  —3700(10)  7754(11)  50(5)
©) () () ®) 1) C(36)  4670(20)  —3151(10)  7052(10)  49(5)
C(3) 5185(5) 5983(6) 1841(5) 29(1) CI(33)  6946(7) ~1761(3)  8805(3) 73(2)
C(2) 6373(5) 5189(6) 2523(5) 27(1)
3 2189(0 ra Br(34)  6550(3) —4058(1)  9253(1) 74(1)
g(i) ? 422(2) 5332(5) ggggié ?2>5( 1) N(41)  663(16) 8179(8) 3695(7) 41(3)
( 4) ) 7( ) 5 (5) 2 Q (1) C(41)  1463(16) 8202(10) 2874(9) 30(4)
c@) 5107(5) 6920(6) 55(5) 33(1) C(42)  1740(20) 7387(11) 2652(10)  43(4)
ay(eq) is defined as one-third of the trace of the orthogonalized C(43) 2500(20) 7395(11) 1903(12) 49(5)
tensor. C(44)  2941(19) 8268(10) 1377(10)  41(4)
C(45)  2670(20) 9097(11) 1647(11) 51(5)
has stoichiometry A4EWBr,. A4,CuBrg contains two crys- C(46) 1870(20) 9077(11) 2383(10) 45(4)
tallographically independent bibridged fBus*~ dimers formed glr((ﬁ)) igggg; gggg% égg?l()d') ??(%)
by edge sharing of copper bromide tetrahedra. This species was _ _ _
only recently discovered in our laboratofyIn A46,CuBra, . 2U(eq) is defined as one-third of the trace of the orthogonalized
ensor.

an extended two-dimensional (§Brs)," network is built up
by corner sharing of the above Brs*~ dimer units. In this
structure, the templating effect of the A%6ation imposes an
open framework on the two-dimensional structure.

three distinctly shaped crystals were observed: hexagonal rods, flat
plates, and multifaceted polyhedra. Qualitatively, about 60% of the
crystals were of the polyhedral variety, with about 30% of the platelets
and 10% of the rods. A suitable crystal of each type was separated out
and mounted for X-ray data collection as described below.
Synthesis An attempt to prepare the Br analogue ACho (where X-ray Diffraction. Data for the compounds were collected at room
A = CgH4CINH3", the 3-chloroanilinium cation) was undertaken using temperature on a Bruker 3-circle platform diffractometer equipped with
a thermal gradient technique. A procedure similar to that reported for a CCD detector maintained neab4 °C and the c-axis fixed at 54.74
the preparation of the chloride salt was emplo§da.1991, a sealed The frame data were acquired with the SMARSoftware at 295 K
tube was prepared which contained a dilute HBr solution with an excess using Mo Ko radiation ¢ = 0.71073 A) from a fine-focus tube. Initial
amount of approximate 10:1 ratio of 3-chloroaniline:CuBihis was cell constants were determined from reflections obtained from 60 10-s
placed in the thermal gradient device, in which the bottom portion of frames. Final values of the cell parameters were obtained from least
the tube (containing the excess solid) was kept a constant temperaturesquares refinement of the positions of all observed reflections. A
of approximately 45C. The upper portion of the tube was cooled with  complete hemisphere of data is scanned on omeg4) (®igh a run
a flow of room temperature compressed air. The tube was left time of 10-s per frame at the detector resolution of 51812 pixels.
undisturbed (read “forgotten”) until September, 1999 when the device A total of 1271 frames are collected in three sets and a final set of 50
was moved to a new location. It was observed that a large crystalline frames, identical to first 50 frames, are also collected to determine
mass was present in the opaque purple solution. Removal and dryingcrystal decay. The frames were then processed on a SGI-Indy/Indigo 2
of the crystals revealed that they were colorless, indicating that they workstation by using the SAINT softwafdo give the hkl file corrected
could not be a copper(ll) bromide salt. Upon microscopic examination,

Experimental Section

(11) SHELXTL 5.10 (PCG-Version),Program library for Structure Solution

(10) Haddad. S.; Willett, R. Dinorg. Chemy, in press. and Molecular GraphicsBruker AXS Inc.: Madison, WI, 1997.
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Table 4. Atomic Coordinates x 10%) and Equivalent Isotropic Table 6. Bond Lengths (A) and Angles (deg) for
Displacement Parameters{A 10°) for (4-Br-3-Cl-anilinium}CuBrz
(4,6-diBr-3-Cl-anilinium)CuBy Cu(1)-Br(2) 2.449(3)  C(24)Br(24) 1.895(17)
atom X y z Ueq) CuEl);BrElg 2.460§3g C(25)C(26) 1.36(2)
Cu(1)-Br(3 2.524(3
Cu(1) 397(3) 7500 8550(2) 83(1) Cu(1)-Br(3)#1 2561(3) N(BLC(3L) 1.430(16)
Cu@)  838(2) 7500 10910@2)  70(1) Cu(1)-Cu(1)#1 2.815(5)  C(3HC(32) 1.37(2)
Br(l) 1986(2) 7500 6632(1) 59(1) C(31)-C(36) 1.401(19)
Br(2) 1080(1) 6789(1) 9820(1) 66(1) Cu(2)-Br(4) 2.451(3)  C(32)C(33) 1.39(2)
Br(3) —1932(2) 7500 12307(1) 68(1) Cu(2)-Br(5) 2.458(2)  C(33)C(34) 1.37(2)
N 589(11) 6793(2) 4542(8) 61(2) Cu(2)-Br(6) 2.526(3)  C(33)CI(33) 1.748(18)
C(1) 1087(11) 6329(3) 4248(9) 54(2) Cu(2)-Br(6)#2 2.560(3)  C(34)C(35) 1.40(2)
C(2) 1286(12) 6205(3) 3057(9) 57(2) Cu(2y-Cu(2)#2 2.802(4)  C(34)Br(34) 1.885(15)
C(3) 1749(12) 5766(3) 2761(8) 53(2) C(35)-C(36) 1.36(2)
Cl 1968(4) 5613(1) 1251(2) 68(1) N(11)-C(11) 1.462(19)
C(4) 2018(13) 5457(3) 3701(10) 59(2) C(11)-C(12) 1.348(19) N(41)C(41) 1.494(19)
Br(4) 2644(2) 4852(1) 3343(1) 75(1) C(11)-C(16) 1.40(2)  C(41BC(42) 1.33(2)
C(5) 1834(13) 5574(3) 4903(8) 56(2) C(12)-C(13) 1.36(2)  C(41yC(46) 1.390(19)
c(6) 1367(12) 6016(3) 5190(8) 49(2) C(13)-C(14) 1.34(2)  C(42)C(43) 1.38(2)
Br(6) 1083(2) 6202(1) 6831(1) 68(1) C(13)-CI(13) 1.757(14) C(43)C(44) 1.42(2)
o _ C(14)-C(15) 1.41(2)  C(43)CI(43) 1.727(17)
aU(eq) is defined as one-third of the trace of the orthogonalized C(14)-Br(14) 1.874(18) C(44YC(45) 1.39(2)
tensor. C(15)-C(16) 1.33(2)  C(44)Br(43) 1.858(18)
C(45)-C(46) 1.37(2)
Table 5. Bond Lengths (A) and Angles (deg) for N(21)-C(21) 1.465(19)
4-Br-3-Cl-anilinium Bromide C(21)-C(26) 1.37(2) Br(2}Cu(1)-Br(1)  114.93(11)
_ — C(21)-C(22) 1.38(2)  Br(2}Cu(1)}-Br(3)  112.74(10)
g(_z%(g(e) iggég ggg%_g:gg ﬁ?'ggg C(22)-C(23) 1.34(2)  Br(1}Cu(1-Br(3)  102.08(9)
N—C(1) 1.446(6) C(45-0(3)—Cl 121.0(4) C(23)-C(24) 1.35(2)  Br(2}Cu(1)-Br(3)#1 104.67(9)
cor-ca 1368(7 CiCa—Cl 118.a(4 C(23)-Cl(23) 1.742(17)  Br(1)}Cu(1)-Br(3)#1 109.90(10)
(2)-C(1) -368(7) (2y C(3) A) C(24)-C(25) 140(2)  Br(3-Cu(l)-Br(3j#1 112.78(10)

C(3-C(2) 1.398(7)  C(1rC(2)-C(3) 118.4(5)

CE-C) 1368(8) CBC-C(6) 127408 Cu(1)-Br(3)—Cu(1)#1 67.22(10) C(23)C(24)-Br(24) 123.4(14)

C(25)-C(24)-Br(24) 117.7(12)

C(5)-C(4) 1.361(8)  C(2yC(1)-N 118.2(5) Br(4)-Cu(2-Br(5)  114.61(10) C(26)yC(25)-C(24) 119.4(15)
C(6)-C(5) 1.379(7) C(4yC(5)-C(6) 121.2(5) Br(4)—Cu(2)-Br(6)  112.75(10) C(25)C(26)-C(21) 119.5(15
C(6)-C(1) 1.389(7) C(4yC(3)-C(2) 120.7(5) Br§5§_CuE2);BrEB§ 101_97E10§ (25)C(26)-C2D) (19)
C(6)-C(1)-N 120.4(5) Br(4)—Cu(2)-Br(6)#2 103.67(10) C(32)C(31)-C(36) 119.3(14)

C(5)-C(6)-C(1) 118.4(5) Br(5)-Cu(2)-Br(6)#2 111.06(9) C(32C(31)-N(31) 119.4(13)

C(3)—-C(4)-C(3) 119.9(5) Br(6)—Cu(2)-Br(6)#2 113.15(9) C(36)C(31)-N(31) 121.2(13)

Cu(2-Br(6)-Cu(2)#2 66.85(9) C(3BC(32)-C(33) 118.6(14)

for Lp/decay. The absorption correction was performed using the C(34)-C(33)-C(32)  122.3(15)

SADABS? program. The structures were solved by the direct method ©(12)-C(11)-C(16) ~ 119.6(16) C(34)C(33)-CI(33) 119.1(13)
using the SHELX-98 program and refined by least-squares method C(12)-C(11)-N(11) ~ 120.9(15)  C(32}C(33)-Cl(33) 118.6(13)
5 . e C(16)-C(11)-N(11) 119.5(13) C(33)C(34)-C(35) 119.1(15)
on F2, SHELXL-93' incorporated in SHELXTL V 5.03%'7 The C11)-C(12)-C(13) 120.0(15) C(33)C(34)-Br(34) 123.7(13)
crys_t_als useq for the dlﬁracthn study sh(_)wed no qppremable decom- C(14)-C(13)-C(12) 121.7(14) C(35)C(34)-Br(34) 117.2(11)
position during data collection. Intensity statistics for all three c(14)-Cc(13)-CI(13) 120.4(14) C(36)YC(35)-C(34) 118.6(14)
compounds clearly indicated centric structures, so the structure solutionsC(12)-C(13)-CI(13) 117.9(13) C(35)C(36)-C(31) 121.9(15)
were pursued in the space group®/c (multifaceted crystals)P-1 C(13)-C(14)-C(15)  118.5(17)
(platelets), an®Pnma(hexagonal rods), respectively, utilizing the direct  C(13)-C(14)-Br(14) 123.9(12) C(42)C(41)-C(46) 123.6(16)
methods subroutine TREF in the XS routine in the SHELXTL program C(15)-C(14)-Br(14) 117.6(14) C(42)C(41}-N(41) 118.3(13)
package. The resultant E-map revealed the position of the heavy atomsC(16)-C(15)-C(14) - 120.3(17)  C(46)C(41)-N(41)  118.1(15)
and most of the C and N atoms. The remaining C and N atoms were g%g)_g(%e)_g%? 1;9'3(12) g(41—)€(4§)—g(43) 118'0(12)
located on subsequent difference Fourier maps. All non-hydrogen atoms (26)-C(21)-C(22)  121.2(16) (42)C(43)-C(44)  119.7(16)
' . . . ) C(26)-C(21)-N(21) 118.7(13) C(42)C(43)-ClI(43) 120.5(13)
are refln_ed anlsqtroplcally. _Re_flnement of the _SIte_occupancy fac_tors C(22)-C(21)-N(21) 120.1(14) C(44YC(43)-Cl(43) 119.7(16)
for the ring bromine atoms indicated that bromination was essentially c(23)-C(22)-C(21) 118.0(16) C(45)C(44)-C(43) 119.0(17)
complete in all cases (0.98 SOF < 1.00). Hydrogen atoms positions  C(22)-C(23)-C(24) 123.0(17) C(45)C(44)-Br(43) 119.0(11)
were generated with the HADD instruction in the XP routine of C(22)-C(23)-CI(23) 117.6(13) C(43)C(44)-Br(43) 121.8(14)
SHELXTL V 5.03. The R1 values for the Cu(l) salts are relatively C(24)-C(23)-CI(23) 119.2(14) C(46)C(45)-C(44) 120.3(15)
high. This is presumably due to the X-ray fluorescence of these C(23)-C(24)-C(25) 118.5(16) C(45)C(46)-C(41) 118.2(16)

compounds. Table 1 summarizes the most important structural and a Symmetry transformations used to generate equivalent atoms: #1

refinement parameters. Atomic coordinates are given in Tableb 2 —yx + 1, —y+ 1, —z+ 1;#2-x, —y, —z+ 1.
and a list of important distances and angles in the three compounds
are given in Tables 57. Discussion

All three compounds contain cations in which the phenyl rings
(12) SMART V 4.045 Software for the CCD Detector System; Bruker AXS P P yinng

Inc.: Madison, WI, 1996. have undergone bromination during the synthesis process. Three

(13) SAINT V 4.035 Software for the CCD Detector System; Bruker AXS  different brominated cations were found in the crystallographic
Inc.: Madison, WI, 1996. ; _ studies: A4, the 4-bromo-3-chloroanilinium cation; A6the

(14) if(‘g’?r?cs'; T;Z%Ezg"nfo\;v?}’iggpglon correction for area detectors; Biuker g_p-omq_3-chloranilinium cation; A46 the 4,6-dibromo-3-

(15) Sheldrick, G. M. SHELXS-90Program for the Solution of Crystal chloroanilinium cation. The formation of these brominated
Structure University of Gatingen: Germany, 1986. cations was accompanied by reduction of the Cu(ll) ions to Cu-

(16) Sheldrick, G. M. SHELXL-97Program for the Refinement of Crystal ;
Structure University of Gatingen: Germany, 1997, (), as evidenced by the structural results for two of the reported

(17) SHELXTL 5.10 (PC-Versionfprogram library for Structure Solution ~ cOmpounds. Crystallization of the A%and A6 salts presum-
and Molecular GraphicsBruker AXS Inc.: Madison, WI, 1997. ably occurred early during the process, while the formation of
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Table 7. Bond Lengths (A) and Angles (deg) for (4,6-diBr-3-Cl
anilinium)CuBp

Cu(1)-Br(1) 2.390(2)  Br(2)#2-Cu(®Br(2) 110.31(9)
Cu(1)-Br(1)#1 2.470(2)  Br(2yCu(2-Br(2)#2 120.66(9)
Cu(1)-Br(2) 2.5766(15) Br(2yCu(2-Br(3)  110.75(5)
Cu(1)-Cu(2) 2.599(3)  Br(2yCu(2-Br(3)#3 109.39(5)
Cu(2)-Br(2) 2.4336(14) Br(3yCu(2-Br(3)#3 92.18(7)
Cu(2)-Br(3) 2.515(2)  Cu(1)¥Br(1)-Cu(l)#4 123.29(8)
Cu(2)-Br(3)#3 2.528(2)  Cu(®Br(2)-Cu(l)  62.41(6)
Br(1)—Cu(l)#4 2.470(2)  Cu(®Br(3)-Cu(2)#5 166.92(9)
Br(3)-Cu(2)#5 2.528(2)

C(2)-C(1)-C(6) 120.4(8)
N—C(1) 1.459(11) C(2C(1)-N 119.6(9)
C(1)-C(2) 1.362(13)  C(6YC(1)-N 120.0(9)
C(1)-C(6) 1.402(13) C(1C(2)-C(3) 120.4(9)
c(2)-c() 1.384(12) C(4¥C(3)-C(2) 118.8(9)
C(3)-C(4) 1.391(14) C(4¥C(3)-Cl 121.4(7)
c@)-cl 1.720(9)  C(2-C(3)-Cl 119.7(7)
C(4)-C(5) 1.366(14) C(5YC(4)-C(3) 122.0(8)
C(4)-Br(4) 1.897(9)  C(5)-C(4)-Br(4) 117.6(8)
C(5)-C(6) 1.394(12)  C(3YC(4)-Br(4) 120.5(8)
C(6)-Br(6) 1.888(8)  C(4)-C(5)-C(6) 118.6(8)

C(5)-C(6)-C(1) 119.7(8)
Br(1)-Cu(1)-Br(1)#1 114.05(9) C(5)C(6)-Br(6) 121.0(7)
Br(1)-Cu(1)-Br(2)  112.38(6) C(BC(6)-Br(6) 119.2(7)

Br(1)#1-Cu(1)-Br(2) 103.53(6)
a Symmetry transformations used to generate equivalent atoms: #1

X — 1/2,y, —z+ 3/2; #2x, —y + 312,z #3x + 1/2,y, —z + 5/2; #4
x+ 1/2,y, —z+ 3/2; #5x - 1/12,y, —z + 5/2.

the A46" occurred in the latter stages. The three different
brominated cations are illustrated in Figure 1. In the Aétion,
bromination occurred in the 6 position, para to the Cl substituent.
In contrast, for the other monobrominated species,”,A4
bromination occurred in the 4 position, para to the ammonium
substituent. Finally, for the A46cation, bromination occurred
at both the 4 and 6 positions. Bond distances and angles in the
cations are not unusual, with average distances£& 1.38,
C—N = 1.46, C-Cl = 1.73, and G-Br = 1.88 A.

The A6BFr salt consists of alternate layers of A@ations and
Br~ anions. The organic layers are composed of facial stacks
of the phenyl rings. The organic and bromide ion layers are
held together by a well-definedN\H---Br hydrogen bonding
network, as illustrated in Figure 2. Each Hyroup forms three
strong hydrogen bonds to the lattice bromide ion, with distances
ranging from 3.237 to 3.325 A. There is also a short van der
Waals contact between the ring bromine atom and the lattice “, e
bromide ion, with a distance of 3.623 A. This is considerably W
shorter than the sum of the van der Waals radii of 3.90 A. Brid)

The compound A4CuBrg contains the novel and only
recently reporte¥® Cu(l) halide species, the bibridged Bug*~
dimer. One of the two independent dimers in the triclinic cell
is illustrated in Figure 3 and a view of the asymmetric unit is
given in Figure 4. As is seen in these figures, the dimeric unit
is formed by the edge sharing of two CuBetrahedra. As
anticipated, the bridging CtBr distances (2.543 A, average) cl

are significantly Ionger than the terminal dls_tan(_:es (2.455 A, Figure 1. lllustration of the brominated cations. (top) A65-bromo-
average). Angular distortions of the Cu coordination sphere are 3_coroanilinium; (middle) A4, 4-bromo-3-chloroanilinium; (bottom)

not too severe, with BrCu—Br angles ranging from 102 to  A46*, 4,6-dibromo-3-chloroanilinium. Thermal ellipsoids shown at 50%
115. Each dimer sits on a center of inversion, so that the probability level.

bridging unit is required to be planar. Because of the high charge
on the dimeric unit, extensive hydrogen bonding interactions report). This presumably is due to the cations’ ability to form
occur. Each of the four crystallographically independengNH  short hydrogen bonding to all the bromide ions, not just the
groups forms five short NH---Br contacts in the range of 3:2 terminal bromide ions as in the previous report. In addition,
33 A the Cu-Br—Cu bridging bond angle is much more acute (6,7.0
In contrast to the previously reported structure containing the average) than in the previous report (89,7and the Cu
CuwBrg*~ dimer anion, the bridging geometry here is more nearly coordination shows much less severe distortion from ideal
symmetrical, with the bridging CuBr distances differing by  tetrahedral geometry. Thus the €Qu distances are only 2.812
less than 0.04 A (compared to nearly 0.24 A in the previous and 2.802 A for Cu(1-Cu(1) and Cu(2rCu(2), respectively.
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Figure 5. The CuBrg* grouping in (A46)CuBr. Thermal ellipsoids
shown at 50% probability level.

Figure 2. lllustration of the hydrogen bonding and short-8r
contacts in A6Br.

‘%
Figure 6. Polyhedral representation of the layer in (A4B)Br».

Figure 3. The CuBre*~ anion in (A4»CuBrs. Thermal ellipsoids shown
at 50% probability level.

Figure 4. The asymmetric unit in (A4CuBr. Thermal ellipsoids
shown at 50% probability level.

The A46CuBr, compound is the most interesting of the Figure 7. lllustration of the templating effect of the Ad&ation on
series. It contains the dibrominated cation, illustrating the the anionic layer in (A4GLUBrp.
reactivity of the 3-chloroanilinium cation to bromination by
CuBr,. The dominant feature of the structure is the formation lie on mirror planes, but with the bridging Br, units sitting
of a unique two-dimensional Cu/Br network based theBZg athwart the mirror plane. Thus, as seen in Figure 5, thd8Gu
dimers found in the previous structure. TheseRBgidimer units bridging moiety is not planar, but has a substantial fold, with a
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fold angle of 27.8. Surprisingly, the CBr, bridging framework Each cation sits above (and below, because of the network lies

is quite asymmetric, with Cu(BBr(2) = 2.577(2) A but Cu- on a mirror plane) the “holes” in the two-dimensional frame-

(2)—Br(2) = 2.434(1) A, a difference of more than 0.14 A. work, and each cation hydrogen bonds to three of the bromide

The short Cu(2)yBr(2) distance, coupled with the extremely ions in the framework: two bromide ions involved in the corner

acute Cu(1)Br(2)-Cu(2) angle of 62.41(8) leads to the very  sharing of the tetrahedra and one bromide ion involved in edge

short Cu(1)>-Cu(2) contact of 2.599(3) A. This is 0.2 A shorter  sharing.
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with a different adjacent dimer and, in so doing, defines the

open two-dimensional framework shown in Figure 6. This Supporting Informati_on Availgblr_—z: Three X-ray crystallographic

structure contains six-membered rings of alternating edge andfiles, in CIF format. This material is available free of charge via the
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The templating nature of the cation can be seen in Figure 7.1C000699+





