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Abstract: Application of N-anthracenylmethyl cinchonidinium chloride quaternary ammonium phase-transfer 
catalysts to the enantio- and diastereoselective synthesis of dityrosine and isodityrosine is reported. Under liquid- 
liquid phase-transfer conditions the key (x-a~nino acid substituents are introduced with high enantioselectivity 
(~95%e.e.). © 1999 Elsevier Science Ltd. All fights reserved. 

The dityrosine 11 and isodityrosine 22 represent the simplest members of a group of naturaUy-occurring 

tyrosine-derived ct-amino acids and peptides that contain oxidatively coupled aromatic nuclei. This family of 

compounds also includes the higher homologues, trityrosine, 3 isotrityrosine 4 and diisodityrosine, 5 as well as a 

number of isodityrosine-containing peptides of which the ACE inhibitor K-13 3, 6 the aminopeptidase inhibitor 

OF4949-III 47 and the anti-tumour antibiotic deoxybouvardin 5 s are prominent examples. In recent years this 

group of molecules have attracted considerable interest as synthetic targets and a wide variety of synthetic 
approaches have been developed.9, to 
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As part of our continuing study into the use of Cinchona alkaloid derived asymmetric phase-transfer 
catalysts in synthesis 11 we have recently developed an efficient enantioselective approach to simple bis-ct- 

amino acids, 12 and here we report extension of this study to the synthesis of the more complex bis-ct-amino 
acids dityrosine 1 and isodityrosine 2. 
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For the synthesis of dityrosine 1, we envisaged that access to a dibromide of the type 8 should allow the 
introduction of the two amino acid functions in a single step via asymmetric phase-transfer catalysed alkylation 
(scheme 1). It was found that the dibromide 8 could be easily prepared from the readily-available biphenyl 
derivative 613 via a two-step sequence involving O-methylation, followed by radical bromination. In the latter 

of these two transformations it was found that in order to minimise competing electrophilic bromination of the 

electron rich aryl groups it was necessary to use both a radical initiator (AIBN) and irradiation (100W sunlight 
lamp). 14 Under these conditions the desired dibromide 8 was formed in good yield. ~. ~ ~Br 

MeO MeO (i) (ii) 

MeO MeO 

Br 
(6) (7) (s) 

9.11 

Scheme 1 
Reagents: (i) K2CO 3, MeI, DMF, RT, 18h (78%); (ii) NBS, AIBN, hv, reflux, CC14, 30rain. (93%). 

We then investigated the coupling of dibromide 8 with imine 10 using the cinchonidine-derived catalyst 

(9) ( 

It was found that reaction of the dibromide 8 with imine 10 gave, after hydrolysis of the imine functions, 

the required bis-a-amino acid ester 11 in good overall yield. Conversion of 11 into the corresponding di-N- 

benzoyl derivative followed by HPLC analysis (Chiralcel OD-H column, 13%dioxane-87%hexane, 232nm) 
indicated that the desired (S), (S)-isomer 11 had been formed with high enantioselectivity (>95% e.e.) and 
good diastereoselectivity (80% d.e.). This level of selectivity is consistent with that observed for other 
alkylations of imine 10 under these reaction conditions TM 12 and further emphasises the generality of this 

reaction process. 
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Reagents: (i) 8 (0.5tool. eq.), cat 9 (0.1mol. eq.), 50%aq. KOH, PhMe, RT, 18h; (ii) 15% Aq. citric acid, TILT, 
RT, 3h (63% from 10); (iii) TfOH, TFA, PhSMe, -5°C, 30rain.; aq. HC1 (89%). 

In order to complete the synthesis of dityrosine we required to remove the carboxyl and phenol protecting 
groups. After investigation of a range of methods it was found that this was best achieved using triflic acid and 

thioanisole in trifluoroacetic acid at -5"C. 15 Under these conditions all four protecting groups were removed to 
give, after purification by ion exchange chromatography and recrystallisation, dityrosine 1 as a white solid. 
For characterisation purposes we prepared the corresponding bis-hydrochloride salt 1216 which gave 13C nmr 
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and optical rotation measurements in agreement with those previously reported 9h suggesting that 
stereoehemical integrety is preserved during the deproteetion step. 

Extension of this approach to the synthegls of isodityrosine 2 required access to the dibromide 16. This 
was achieved via a three step sequence starting with commercially-available 2-bromo-4-methylphenol 13 
(scheme 3). Thus O-methylation, followed by Ullmann coupling with p-cresol, and radical bromination as 
before gave the target dibromide 16 in good overall yield. Asymmetric phase-transfer alkylation with glycine 
imine 10, followed by hydrolysis of the imine functions then gave the isodityrosine derivative 17. As with the 
other bis-cx-amino acid derivatives we were able to assess the stereocliemical purity of 17 v/a conversion to the 
corresponding di-N-benzoyl derivative followed by I-IPLC analysis. This indicated that the desired (S), (S)- 
isomer 17 had been generated with similar stereoselectivity ('~95% e.e., 80% d.c.) 17 to that observed for the 
corresponding dityrosine derivative. 
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Reagents: (i) K2CO3, Mel, DMF, RT, 18h (94%); (ii) p-Cresol, pyridine, CuO, K2CO3, reflux, 6d (86%); (iii) NBS, AIBN, hv, 
reflux, CC14, 20rain. (79%); (iv) 10 (1.8eq.), cat 9 (0.2eq.), 50%aq. KOH, PhMe, RT, 18h; (v) 15% Aq. citric acid, THF, RT, 
3h (65% from 16); (vi) TfOH, TFA, PhSMe, -5°C, 30rain.; aq. HC1 (87%) 

The synthesis of isodityrosine 2 was then completed by global deprotection as before, then purification 
via ion exchange chromatography followed by recrystallisation. Again for characterisation purposes the bis- 
hydrochloride salt 1818 was prepared and gave 13C nmr and optical rotation measurements in agreement with 
those previously reported. 9h,9k 

In conclusion, we have successfully applied the asymmetric phase-transfer mediated alkylation of glycine 
imines to the enantioselective synthesis of dityrosine and isodityrosine. We are now seeking to extend this 
methodology to more complex synthetic targets. 
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