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Abstract – We describe the asymmetric synthesis of actinoidic acid trimethyl

ether with orthogonal protecting groups on the respective amino and carboxyl 

groups. The Stille biaryl coupling reaction of suitably functionalized aryl bromide 

and (trimethylstannyl)benzaldehyde gave the key intermediate biaryl aldehyde. 

Synthesis was accomplished by applying the asymmetric Strecker reaction to this 

aldehyde, followed by selectively removing the chiral auxiliary. By comparing its 
1H-NMR spectra with those obtained from vancomycin, the stereochemistry of the 

synthesized diastereoisomer of actinoidic acid trimethyl ether was confirmed as an 

atropisomer of the ( S, ′R)-isomer. 

Antibiotics in the glycopeptide group, for example, vancomycin (1), have attracted multidisciplinary 

interest because of their clinical significance (Figure 1).1 These dauntingly complex molecules pose 

significant synthetic and stereochemical challenges. The total synthesis of vancomycin aglycone was 

accomplished by three research groups in the late 1990s.2−4 Of particular interest are issues associated 

with: (i) constructing the racemization-prone arylglycine units; (ii) the correct axial chirality of the 

chlorine-substituted biaryls; (iii) the congested macrocycle construction and; (iv) the unique biaryl 

bis-arylglycine segment A/B ring system, that is also known as actinoidic acid (2, Figure 1). Several 

efforts to synthesize actinoidic acid trimethyl ether (3) have been reported.5–10 One problem associated 

with the synthesis of 3 is the fact that the -stereogenic centers are of different absolute configurations. In 
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The isolation procedure of authentic actinoidic acid trimethyl ether (3) is shown in Scheme 4. According 

to the procedure of Jeffs et al.,24 vancomycin (1) was hydrolyzed in refluxing 6 N HCl for 8 h. The 

hydrolyzed material was then partially purified by passage through a Dowex 50W (H+) ion exchange 

resin. The obtained amino acid mixture was treated sequentially with (Boc)2O, 1 N NaOH in dioxane at rt, 

MeI, K2CO3, and n-Bu4NI in refluxing acetone. The protected amino acid (16) was purified using PTLC. 

The 1H-NMR spectrum showed reasonable agreement with that reported by Boisnard et al.8 Compound 

16 was hydrolyzed and purified as described above to afford an authentic sample of actinoidic acid 

trimethyl ether (3) as a 2:1 mixture of two diastereoisomers (atropisomers), as determined by 1H-NMR 

[Figure 2(b)].25 The 1H-NMR signal pattern of the major isomer was almost identical to that reported by 

Gause et al.26 The 1H-NMR spectrum of the bis-N-(S)-methoxy(trifluoromethyl)phenylacetyl (MTPA) 

amide bis-methyl ester of 3 (16) also indicated the presence of only two diastereoisomers in a 2:1 ratio 

[Figure 2(c)]. Therefore, these two diastereoisomers are expected to be atropisomers of the 

( S, ′R)-isomer of 3.  

 
Scheme 4. Isolation of actinoidic acid trimethyl ether (3) from vancomycin (1)  

Reagents and conditions: (a) 6 N HCl, reflux, 8 h; (b) Dowex 50W (H+) (3% NH4OH); (c) (Boc)2O 
(excess), 1 N NaOH-dioxane, rt, 4 h; (d) MeI, K2CO3, n-Bu4NF, acetone, reflux, 15 h; (e) 2 N HCl, reflux, 
13 h; (f) Dowex 50W (H+) (3% NH4OH), Sep-Pak C18 (H2O); (g) (S)-(+)-Mosher’s acid chloride (2.3 
eq.), propylene oxide (7.85 eq.), reflux, 30 min; (h) CH2N2 (excess), Et2O, rt, 1 h, 84%, two steps, for 3. 
 
In summary, the asymmetric synthesis of actinoidic acid trimethyl ether with different protecting groups 

on the respective two amino groups and two carboxyl groups has been achieved. In addition, the reaction 

conditions for the Stille biaryl coupling of a sterically hindered and electron-rich substrate were 

investigated and elucidated in order to construct the key highly substituted biaryl intermediate using CuBr 

as an additive. Identification of the synthetic material was carried out by comparison of its 1H-NMR 
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