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Synthesis of chloroBPA compounds and their conjugated analogues

Evaluation in vitro on the follitropin receptor (FSHR)

Figue 1 : BPA and BrxClxBPA derivatives
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Conclusion

A series of twenty halogeno BPA compounds were synthesized and could be used as analytical standards and in biological evaluations for their potential endocrine

disruptors. The study of the quantification of halogeno derivatives of BPA in water samples demonstrated their presence. The in vitro evaluation of ClxBPA showed their

ability to interact with receptors as follitropin receptor (FSHR).
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Quantification of Bisphenol and their halogeno derivatives
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Analyte Transition 1
Coll energy 1 

(eV)
Transition 2

Coll energy 2 

(eV)

retention time 

(min)

Bisphenol A 357.2>191.2 20 372.2>357.2 12 12.71

13C-Bisphenol A 369.2>197.2 20 384.2>369.2 12 12.7

2-chloro bisphenol A 391.2>225.1 20 391.2>191.1 20 13.57

2,2’-dichloro bisphenol A 440.3>425.3 15 425.3>225.1 20 14.39

2,6-dichloro bisphenol A 425.3>73.0 30 425.3>191.1 10 14.26

2,2’,6-trichloro bisphenol A 476.3>461.3 15 476.3>73.0 40 15.14

2,2’,6,6’-tetrachloro bisphenol A 495.3>93.0 40 495.3>73.0 30 15.67

13C-2,2’,6,6’-tetrachloro bisphenol A 507.3>93 40 507.3>73 30 15.65

2-bromo bisphenol A 452.3>437.3 15 437.3>341.5 20 14.11

2,2’-dibromo bisphenol A 530.3>515.3 15 515.3>207.1 15 15.39

2,6-dibromo bisphenol A 515.3>355.2 25 515.3>287.3 15 15.44

2,2’,6-tribromo bisphenol A 610.3>595.3 20 595.3>73.0 20 16.74

2,2’,6,6’-tetrabromo bisphenol A 688.3>673.3 20 673.3>73.0 20 18.52

13C-2,2’,6,6’-tetrabromo bisphenol A 700.3>685.3 20 687.3>373.2 20 18.5

2-chloro-2’,6,6’-tribromo bisphenol A 629.3>365.2 20 629.3>73.0 20 17.61

2-bromo-2’,6,6’-trichloro bisphenol A 554.3>539.3 20 541.3>73.0 20 16.23

2,2’-dibromo-6,6’-dichloro bisphenol A 600.3>585.3 20 585.3>73.0 20 16.87

2-bromo-2’-chloro bisphenol A 468.7>73.0 25 470.7>73.0 25 14.91

2-bromo-6-chloro bisphenol A 468.7>73.0 25 470.7>73.0 25 14.83

2’-bromo-2,6-dichloro bisphenol A 502.7>73.0 40 504.7>73.0 40 15.56

2,6-dibromo-2’,6’-dichloro bisphenol A 582.6>73.0 40 584.6>73.0 40 16.87

2-chloro-2’,6-dibromo bisphenol A 547.0>73.0 40 548.7>73.0 40 16.12

2-chloro-2’,6’-dibromo bisphenol A 546.7>73.0 40 548.7>73.0 40 16.16

2-bromo-2’,6-dichloro bisphenol A 502.7>73.0 30 504.7>73.0 30 15.6

2-bromo-2’,6,6’-trichloro bisphenol A 536.7>73.0 40 538.7>73.0 40 16.23

2-OH-4-MeO-BP d5 291.1>247.1 25 11.15

SRM and expected retention times Calibration curves

2-chloro-BPA

Associated Blank samples

Examples of Sample results
2-bromo-BPA

17.570.32 17.570.36

2,2’-dichloro-BPA

17.570.37

2,2’-dibromo-BPA

17.570.32

2-chloro-2’-bromo-BPA
17.570.32

7.3 ng/L 8.5 ng/L 42 ng/L 100 ng/L 1.1 ng/L

Analyte LOQ (ng/L)

bisphenol A 23.2

2-chloro BPA 0.8

2-bromo BPA 5.9

2,6-dichloro BPA 3.0

2,2'-dichloro BPA 0.8

2-bromo-2'-chloro BPA 0.5

2-bromo-6-chloro BPA 0.4

2,2',6-trichloro BPA 1.2

2,2'-dibromo BPA 4.5

2,6-dibromo BPA 3.5

Analyte LOQ (ng/L)

2'-bromo-2,6-dichloro BPA 0.3

2-bromo-2',6-dichloro BPA 0.5

2,2',6,6'-tetrachloro BPA 0.7

2-chloro-2',6'-dibromo BPA 4.4

2-chloro-2',6-dibromo BPA 5.5

2-bromo-2',6,6'-trichloro BPA 0.4

2,2',6-tribromo BPA 2.1

Sum of 2,2'-dibromo-6,6'-dichloro BPA

and 2,6-dibromo-2',6'-dichloro BPA 0.7

2-chloro-2',6,6'-tribromo BPA 2.7

2,2',6,6'-tetrabromo BPA 1.0

Limits of quantification

For the synthesis of ClxBPA, BrxBPA and mixte BrxClxBPA (Figures 2, 3), we studied the nature of the reagent (NaClO,

SO2Cl2, NCS, Br2, NBS) and solvent (CHCl3, THF, CH3COOH or a mixture of CH2Cl2/THF). The best condition reactions

were obtained with sulfuryl chloride and bromine as reagents in a mixture of CH2Cl2/THF (8/2). Then all halogeno BPA

derivatives were synthesized according to these conditions, recently described in a publication (Scheme 1).[7]

The two compounds (Cl2BPA and Br2BPA) substituted by two halogeno atoms at the 2 and 6 positions on the same phenyl

ring were prepared according scheme 2 by using protecting group as acetyl. The chloration or bromation of the acetylBPA

afforded the corresponding 2,6-dichloro or dibromo acetylBPA which was deprotected in methanol with hydrochloric acid to

give the corresponding 2,6-dihalogenoBPA.
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Scheme 1 : Synthesis of ClxBPA and BrxBPA

(a): SO2Cl2 or Br2 (1-5 eq), CH2Cl2/THF, 0°C, 30 min, 40 – 69%

Scheme 2 : Synthesis of Cl2BPA and Br2BPA

(a): Acetic anhydride, CH2Cl2/THF, pyridine, 0°C, 1 h, 33% (b): SO2Cl2 or Br2

(3 eq), CH2Cl2/THF, 0°C, 30 min, 76-85% (c): HCl 3N, MeOH, rt, 4 h, 94%,

Figue 2 : ClxBPA and BrxBPA derivatives Figue 3 : BrxClxBPA derivatives
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Recently, in our team, a cohort of a hundred of pregnant women was built in Deux-Sèvres (EDDS - France) and human biological environments were collected like urine,

human breast milk[5-6] (colostrum) but also drinking water. The deal of this study, in a first time, was to synthesize halogeno BPA (Figure 1). In a second time, theses

compounds were used as witness in an analytical study with LC/MS/MS to quantify them in drinking water and then evaluated in vitro on the follitropin receptor (FSHR).

Endocrine-disrupting chemicals (EDCs) alters functions of the endocrine system and causes adverse health effects in an intact organism. EDC include a wide variety of chemicals, such as pesticides, environmental

pollutants and components used in the plastics industry.[1] Some EDCs are rapidly degraded in the environment or the human body or so widespread in their use like bisphenol A (BPA), that they can also have serious

deleterious effects if exposure occurs during critical development periods. Indeed, extensive literature has shown adverse effects on animals following exposure to even a low dose of BPA, including developmental and

reproductive toxicity, altered body weight, cancers and abnormally early puberty. BPA toxicity has been intensively investigated over the past decade, and it is now widely considered to have an estrogenic effect.[2]

Given the fact that in most drinking water treatment plants, routine operations are concluded by a chlorination step, the formation of chlorinated derivatives of BPA

(ClxBPA) in drinking water is to be expected.[3-4] Last but not the least, estrogenic activity in ClxBPA may be higher than in parent compounds. The formation of

brominated derivatives of BPA (BrxBPA) was also expected in presence of bromine, which was formed by oxidation of bromide during the chlorination step.
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CHO-FSHR cells were incubated 

with FSH 10-10M and increasing 

concentrations of halogeno 

bisphenol A were investigated. 

The cAMPc concentration 

measured in the presence of 

FSH alone was arbirtrarly set at 

100% and the differences were 

evaluated using the Mann 

Whitney U test. 

Bisphenol A

Chloro-Bisphenol A derivatives Bromo-Bisphenol A derivatives


