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Synthesis and Structual Analysis of
Hexabromocyclododecane (HBCD)

Takao MATSUBA
Koji KAWABATA
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Yoshiharu TOIDA
Tomoko SERA

1, 2, 5, 6, 9, 10-Hexabromocyclododecane (HBCD) as a brominated flame retardant was prepared by the

molecular bromination of 1, 5, 9-cyclododecatriene (CDT).

HBCD consisted of three stereoisomers, the con-

formations of which as well as dibromo and tetrabromo intermediates were determined by NMR spectroscopy

and X-ray diffraction analysis. Bromination of CDT was found to proceed through the stepwise #rans addi-

tions of bromine molecules to the olefinic bonds of CDT.
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Fig. 1 Sketch of apparatus used to synthesize the
brominated-CDT
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Table 1 Results of synthesis for HBCD isomer and
intermediate

R.T.D vield yield purity

name (min) ©) (%) (%)
«-HBCD 15.2 — — 100
B-HBCD 16.2 — — 100
a-TBCD 16.8 0.5 0.2 99.2
B-TBCD 17.4 13.5 9.1 98.3

DBCD 19.2 13.5 13.9 100

y-HBCD 21.5 17.8 36.9 100
1) Retention time for HPLC

Table 2 Analitical data for HBCD isomer and intermediate

Elemental analysis mp TG weight loss (°C)!
name
€ H Br (°0) 5% 50%
o-HBCD — — —_ 184~186 242 255
B-HBCD 22.3(22.46) 2.7(2.83) 74.2(74.71) 168~171 217 232
a-TBCD — — — 126~130 217 229
B-TBCD 29.7(29. 86) 3.6(3.73) 65.9(66.33) 164~-166 214 257
CDT - — — —18 — —
DBCD — — — 58~ 60 164 222
y-HBCD 22.5(22. 46) 2.7(2.83) 73.6(74.71) 196~198 245 258

1) heating rate 10°C/min, in air 35 mé/min

(59)
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Fig. 2 Elution pattern of the bromination of CDT
reaction mixture on HPLC
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Table 3 Summary of crystallographic data
Sample Name DBCD B-TBCD B-HBCD y-HBCD
Formula C12H18B1‘2 ClelgBI‘4 C12H13Br5 C12H18B1‘5
Space group P112y, P21n21c21 P121/m1 P21m21c21/a
Crystal system monoclinic orthorhombic monoclinic orthorhombic
Cell Parameters a=7.73, b =10.63 a =12.54, b =14.30 a =15.08, b =6.97 a=10.51, b=11.71
(A) c =15.86,y="77.1° c=17.16 c =16.94,5=99.1° ¢ =29.05
v 1272.1 3078.7 1785.9 3575.2
Z 4 8 4 8
M 322.1 481.9 641.8 641.8
Dcalc 1682 2079 2423 2385
Data Point 7062 10119 10618 4909
R 0.078 0.052 0.036 0.132
Rw 0.096 0.063 0.039 0.155
1 2

. 1112[ |34
Structual formula 5
09

8 7

1

Photo 1

Structual formula of y-HBCD
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Fig. 11 Reaction scheme of bromination of cis-, trans-doublebond
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