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Note: 

The dimerization reaction was initiated using DPPH• or enzyme in methanol solution. The product identifications or exclusions were 

based on the comparison of their MS/MS spectra, a commonly used method for in situ identification [1],[2]. To enhance the accuracy of 

identification, some important MS fragments (especially molecular ion peaks) were also listed their calculated m/z values. The m/z 

value calculation is based on the relative atomic masses of C (12.0000), H (1.007825), O (15.994915), and N (14.003074) [3]. The 

relative standard deviation (RSD) value was also calculated, using the formula: RSD = experimental m/z value ÷  calculated m/z value.  
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Fig. S1.1 The molecular ion peak and MS/MS spectra of standard 2,2’-biphenol (1a, C12H10O2, CAS 1806-29-7, M.W. 186.0681)  
The bracketed value is the calculated m/z value. RSD = experimental m/z value ÷  calculated m/z value.    
 

  
Fig. S1.2 The molecular ion peak and MS/MS spectra of standard 2,4’-biphenol (1b, C12H10O2, newly synthesized, M.W. 186.0681).  
The bracketed value is the calculated m/z value. RSD = experimental m/z value ÷  calculated m/z value.   

 

 

Fig. S1.3 The molecular ion peak and MS/MS spectra of standard 4,4’-biphenol (1c, C12H10O2, CAS 92-88-6, M.W. 186.0681)  
The bracketed value is the calculated m/z value. RSD = experimental m/z value ÷  calculated m/z value.   
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Fig. S1.4 The molecular ion peak and MS/MS spectra of standard 4-hydroxyldiphenyl ether (1d, C12H10O2, CAS 831-82-3, M.W. 

186.0681) 
The bracketed value is the calculated m/z value. RSD = experimental m/z value ÷  calculated m/z value.   
 

 

 
Fig. S1.5 The molecular ion peak and MS/MS spectra of standard 2-hydroxyldiphenyl ether (1e, C12H10O2, CAS 2417-10-9, M.W. 
186.0681).  
The bracketed value is the calculated m/z value. RSD = experimental m/z value ÷  calculated m/z value.  

RSD 4.8 ×  10 -5 

 

 

[M - 1] 

 

 (185.0603) 

 

 (108.0211) 

 

 (108.0211) 

 

RSD 1.3 ×  10 -5 

 

 



S5 

 

 
 

 

 

 

Fig. S1.6 The main UHPLC–ESI-Q-TOF-MS results of dimerization products of DPPH•-treated phenol (1) in methanol and product 
identifications.  
The chromatographic peaks were extracted using formula [C12H10O2 – H]. The bracketed value is the calculated m/z value. RSD = 
experimental m/z value ÷  calculated m/z value. The product peak was identified through comparison of the molecular ion peak and 
MS/MS data with the standards. 
 
The 1.541 min peak was fully identified as 2,2’-biphenol (1a). The identification was based on the evidence that, (1) molecular ion 
peak showed very low RSD value (10-5) comparison with the calculated M.W.; (2) The MS spectra profile of product was similar to 
that of standard 2,2’-biphenol; (3) the characteristic fragment m/z 167, a result of adjacent site elimination effect (i.e., - H2O). [3] 
 
The 1.706 min peak was identified as 2,4’-biphenol 1b (or 4,4’-biphenol 1c). The identification was based on two characteristic 
fragments m/z 117 and 156. Although 1b and 1c were not strictly recognized, however, it cannot hinder the discussion regarding the 
C–C bonding domination rule and meta-excluded rule in the main text.  
 
The exclusion of two ethers (4-hydroxyldiphenyl ether 1d and 2-hydroxyldiphenyl ether 1e) was based on m/z 108, the characteristic 
fragment and basic peak, which was elucidated in Fig. S1.4-S1.5.   
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Fig. S2.1 The molecular ion peak and MS/MS spectra of standard magnolol (2a, C18H18O2, CAS number: 528-43-8, M.W. 266.1307).  
The bracketed value is the calculated m/z value. RSD = experimental m/z value ÷  calculated m/z value.   

 

 
Fig. S2.2 The molecular ion peak and MS/MS spectra of standard 4,4’-diallyl-1-hydroxyldiphenyl ether (2b, C18H18O2, newly 
synthesized, M.W. 266.1307).  
The bracketed value is the calculated m/z value. RSD = experimental m/z value ÷  calculated m/z value.   

 

  

 

 

Fig. S2.3 The main UHPLC–ESI-Q-TOF-MS results of dimerization products of DPPH•-treated 4-allylphenol (2) in methanol and 
product identifications. The chromatographic peaks were extracted using formula [C18H18O2 – H]. The bracketed value is the 
calculated m/z value. RSD = experimental m/z value ÷  calculated m/z value.  
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The product peak was identified through comparison of the molecular ion peak and MS/MS data with the standards. The 1.757 min 
peak was thus identified as magnolol (2a); and 4,4’-diallyl-1-hydroxyldiphenyl ether (2b) was excluded for the absence of characteristic 
fragment m/z 189 in the product MS/MS spectra.  
189.   

 
Fig. S3.1 The molecular ion peak and MS/MS spectra of standard honokiol (3a, C18H18O2, CAS number: 35354-74-6, M.W. 266.1307). 
The bracketed value is the calculated m/z value. RSD = experimental m/z value ÷  calculated m/z value.   

 

 

  

 

 
 
Fig. S3.2 The main UHPLC–ESI-Q-TOF-MS results of products of DPPH•-treated 4-allylphenol (2) plus 2-allyphenold (3) in methanol 
and product identification.   

 

The chromatographic peaks were extracted using formula [C18H18O2 – H]. The bracketed value is the calculated m/z value. RSD = 
experimental m/z value ÷  calculated m/z value. The product peak was identified through comparison of the molecular ion peak and 
MS/MS data with the standards. The 5.564 min peak was thus identified as honokiol (3a).  
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Fig. S4.1 The chromatographic peaks of dimerization products of DPPH•-treated syringic acid (4) in methanol. (The peaks extracted 

using formula [C18H18O10 – H]) 

There was no dimeric product. 

  



S9 

 

 
Fig. S5.1 The screenshot of documented data and elucidation of [6]-gingerol 6,6’-dimer (5a) and [10]-gingerol 6,6’-dimer (6a) [4]. 

 

 

 
 

 

 
Fig. S5.2 The main UHPLC–ESI-Q-TOF-MS results of dimerization products of DPPH•-treated [6]-gingerol (5) in methanol and [6]-
gingerol 6,6’ dimer (5a) identification.  
The chromatographic peaks were extracted using formula [C34H50O8 – H]. The bracketed value in red is the calculated m/z value. RSD 
= experimental m/z value ÷  calculated m/z value. The product peak was identified through comparison of the documented molecular 
ion peak and MS/MS data[4]. The 2.610 min peak was thus identified as [6]-gingerol 6,6’ dimer (5a).  
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Fig. S6.1 The main UHPLC–ESI-Q-TOF-MS results of dimerization products of DPPH•-treated [10]-gingerol (6) in methanol and 
product identification.  
The chromatographic peaks were extracted using formula [C42H66O8 – H]. The bracketed value in green is the calculated m/z value. 
RSD = experimental m/z value ÷  calculated m/z value. The product peak was identified through comparison of the documented 
molecular ion peak and MS/MS data (green in Fig. S5.1) [4]. The 7.819 min peak was thus identified as [10]-gingerol 6,6’ dimer (6a).  
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Fig. S7.1 The MS elucidation of capsaicin 6,6’-dimer (7a).  

The structure, molecular ion peak, and some fragmenting pathways of capsaicin 6,6’-dimer (7a) were proposed by the previous study [5].  

 

 

 

 

 

 
 
Fig. S7.2 The main UHPLC–ESI-Q-TOF-MS results of dimerization products of DPPH•-treated capsaicin (7) in methanol and product 
identification.  
The chromatographic peaks were extracted using formula [C36H52N2O6 – H]. The bracketed value is the calculated m/z value, which 
was cited from Fig. S7.1. RSD = experimental m/z value ÷  calculated m/z value. The product peak was identified through comparison 
of the documented molecular ion peak and MS/MS data (Fig. S7.1) [5]. The 5.160 min peak was thus identified as capsaicin 6,6’-dimer 
(7a).  
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Fig. S8.1 The molecular ion peak and MS/MS spectra of standard tyrosine 3,3’-dimer (8a, C18H20N2O6, newly synthesized, M.W. 

360.1321).  

The bracketed value is the calculated m/z value. RSD = experimental m/z value ÷  calculated m/z value.   

 

 

   

 

 

 

 

Fig. S8.2 The main UHPLC–ESI-Q-TOF-MS results of dimerization products of DPPH•-treated tyrosine (8) in methanol and product 

identification.  

The chromatographic peaks were extracted using formula [C18H20N2O6 – H]. The bracketed value is the calculated m/z value. RSD = 

experimental m/z value ÷  calculated m/z value. The product peak was identified through comparison of the molecular ion peak and 

MS/MS data of standard tyrosine 3,3'-dimer (8a). The 1.377 min peak was thus identified as tyrosine 3,3'-dimer (8a). 
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Fig. S9.1 The molecular ion peak and MS/MS spectra of standard euphorbetin (9a, C18H10O8, CAS 35897-99-5, M.W. 354.0376).  
The bracketed value is the calculated m/z value. RSD = experimental m/z value ÷  calculated m/z value.   

   

 
Fig. S9.2 The molecular ion peak and MS/MS spectra of standard isoeuphorbetin (9b, C18H10O8, CAS 50677-55-9, M.W. 354.0376).  

The bracketed value is the calculated m/z value. RSD = experimental m/z value ÷  calculated m/z value.   

 

   

Fig. S9.3 The main UHPLC–ESI-Q-TOF-MS results of dimerization products of DPPH•-treated esculetin (9) in methanol and product 
identification.  
The chromatographic peaks were extracted using formula [C18H10O8 – H]. The bracketed value is the calculated m/z value. RSD = 
experimental m/z value ÷  calculated m/z value. The product peak was identified through comparison of the molecular ion peak and 
MS/MS data of standard euphorbetin (9a) and isoeuphorbetin (9b).  
The 1.517 min peak was thus identified as 9a or 9b. Although the two isomers were not strictly distinguished, however, it cannot hinder 
the discussion regarding the basic rules in the main text. 
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Fig. S10.1 The molecular ion peak and MS/MS spectra of standard 3,6-dimethoxycatechol β,β’-dimer (10, newly synthesized, C16H18O8, 

M.W. 338.1002).  
The bracketed value is the calculated m/z value. RSD = experimental m/z value ÷  calculated m/z value.   

 

 

 
Fig. S10.2 The main UHPLC–ESI-Q-TOF-MS results of dimerization products of DPPH•-treated 3,6-dimethoxycatechol (10, newly 

synthesized) in methanol and product identification.  
The chromatographic peaks were extracted using formula [C16H18O8 – H]. The bracketed value is the calculated m/z value. RSD = 
experimental m/z value ÷  calculated m/z value. The product peak was identified through comparison of the molecular ion peak and 
MS/MS data of standard 3,6-dimethoxycatechol β,β’-dimer (10a). The 1.516 min peak was thus identified as 3,6-dimethoxycatechol 
β,β’-dimer (10a). 
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Fig. S11.1 The MS elucidation of bis-eugenol (11a, i.e., dehydrodieugenol, eugenol 6.6’-dimer, M.W. 326.1518).  
The structure, molecular ion peak, and some fragmenting pathways of bis-eugenol (11a) were proposed by the previous study [6]. The 

circle “◯” indicates the rotation of σ-bond. The dehydration (- H2O) in red is a consequence of adjacent elimination effect. [3]    

 

 

 

 

 

 

 
 

Fig. S11.2 The main UHPLC–ESI-Q-TOF-MS results of dimerization products of DPPH•-treated eugenol (11) in methanol and product 

identification.  
The chromatographic peaks were extracted using formula [C20H22O4 – H]. The bracketed value is the calculated m/z value, which was 
cited from Fig. S11.1. RSD = experimental m/z value ÷  calculated m/z value. The product peak was identified through comparison of 
the documented molecular ion peak and MS/MS data (Fig. S11.1) [6]. The 2.761 min peak was thus identified as bis-eugenol (11a). The 
characteristic and basic peak (m/z 254.0578) can be used to distinguish from dehydrodiisoeugenol (12a).     
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Fig. S12.1 The molecular ion peak and MS/MS spectra of standard dehydrodiisoeugenol (12a, CAS 2680-81-1, C20H22O4, M.W. 
326.1518).  
The bracketed value is the calculated m/z value. RSD = experimental m/z value ÷  calculated m/z value.   

 

 

 

 

 

 

 

Fig. S12.2 The main UHPLC–ESI-Q-TOF-MS results of dimerization products of DPPH•-treated isoeugenol (12) in methanol and 

product identification.  
The chromatographic peaks were extracted using formula [C20H22O4 – H]. The bracketed value is the calculated m/z value. RSD = 
experimental m/z value ÷  calculated m/z value. The product peak was identified through comparison of the molecular ion peak and 
MS/MS data of standard dehydrodiisoeugenol (12a). The 2.384 min peak was thus identified as dehydrodiisoeugenol (12a). 
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Fig. S13.1 The typical UHPLC–ESI-Q-TOF-MS results of dimerization products of DPPH•-treated coniferyl alcohol (13) in methanol. 

The chromatographic peaks were extracted using formula [C20H22O6 – H]. The bracketed value is the calculated m/z value. RSD = 

experimental m/z value ÷  calculated m/z value.  

 

 

 

Fig. S13.2 The typical UHPLC–ESI-Q-TOF-MS results of dimerization products of HRP-catalyzed coniferyl alcohol 
(13). The chromatographic peaks were extracted using formula [C20H22O6 – H]. The bracketed value is the 
calculated m/z value. RSD = experimental m/z value ÷  calculated m/z value. 
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Fig. S13.3 he main results of HPLC-UV analyses for product identification of coniferyl alcohol (13) dimerization: A, 
spectra of standard (+) pinoresinol [(+) (13a)], (-) pinoresinol [(-) (13a)], and (-) epipinoresinol [(-) (13b)]; B, 
dimerization products of DPPH•-treated coniferyl alcohol (13) in methanol; C, dimerization products of HRP-

catalyzed coniferyl alcohol (13). 
Agilent 1260 (Agilent Technologies Inc., Palo Alto, CA, USA) equipped with Chiral-MD(2)-RH Phenomenex (250 

mm × 4.6 mm, 5 μm) (Torrance, CA, USA). The mobile phase: 0.1% H3PO4 : ACN (50:50); Injection volume: 5 μL; flow 
rate: 0.5 mL/min; Determination absorDPPHn wavelength 280 nm. 

 

Product identification and exclusion: To preliminarily idetify the dimeric products, the products were determined using in UHPLC–ESI-

Q-TOF-MS anaysis in situ. As seen in Fig. S13.1 and Fig. S13.2, DPPH•-treated and HRP-catalyzed coniferyl alcohol (13) respectively 
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produced two chromatographic peaks with [C20H22O6 – H] formula and the M.W. C20H22O6. The documents suggested these peaks as 

pinoresinols [7]. Consulting with the method [7], these peaks were further distinguished using chiral column-based HPLC-UV analysis. 

As seen in Fig. S13.3, the dimeric products of coniferyl alcohol (13) were proven to be (+) pinoresinol [(+) (13a)] and (-) pinoresinol 

[(-) (13a)]. However, there was no (-) epipinoresinol [(-) (13b)].     
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