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Enantiopure ββββ-methylphenylalanine isomers.  

The diastereomeric erythro-(2S,3S and 2R,3R)- and threo-(2S,3R and 2R,3S)-β-MePhe racemates were obtained 

by fractional crystallization
1
 of the isomeric mixture prepared by the method of Kataoka.

2
 After Cbz-protection, 

resolution was performed by crystallization of the quinine or quinidine salts according to Kataoka.
2
 The 

enantiomeric ratio (ee) was determined with FDAA derivatisation
3
 (after small scale Cbz-deprotection) via RP-

HPLC and UV detection at λ=340 nm. The retention times after derivatisation are: 16.3 min (for erythro-(2S,3S)-

β-Me-Phe), 17.1 min (for erythro-(2R,3R)-β-MePhe), 16.33 min (for threo-(2S,3R)-β-Me-Phe) and 17.05 min (for 

threo-(2R,3S)-β-MePhe).  

 

Enantiopure Boc-erythro-(4S,5S) (3), -erythro-(4R,5R) (4), -threo-(4S,5R) (5) and -threo-(4R,5S)-5-Me-Aba-

Gly-OH (6) The enantiopure isomers of 3 to 6 were prepared using the previously described procedure for the 

racemates.
4 

Briefly,
 
the enantiopure β-methylphenylalanine isomers

 
were phtaloyl protected using methyl-2-

((succinimidooxy)carbonyl)benzoate, and coupled with  methyl glycinate. The esters were subsequently 

hydrolyzed, followed by formation of the oxazolidinone by reaction with formaldehyde using p-TosOH catalysis. 

Ring closure was effected using trifluoromethanesulfonic acid (TFMSA) to provide the Phth-protected erythro 

and threo-5-Me-Aba-Gly-OH isomers. After phthaloyl deprotection by hydrazinolysis, final Boc protection was 

followed by crystallization of the N,N-dicyclohexylamine (DCHA) salts in Et2O.
5 

The crystals contained a small 

amount of di-Boc hydrazide which could not be removed. Before performing the peptide synthesis, the DCHA 

salts were converted into the free acid
5
 and the Boc-protected enantiomers were purified by an additional acid-

base extraction which removed the di-Boc-hydrazide. The optical rotation data and RP-HPLC retention times of 

the different stereoisomers are collected in Table 3:  
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Table S1: Optical rotations and HPLC retention times of 3-6 

Compound 

Optical rotation 

αD (solvent) 

RP-HPLC 

tRet  

Boc-erythro-(4S,5S)-5-Me-Aba-Gly-OH 3 +90.6° (EtOAc) 15.4 min 

Boc-erythro-(4R,5R)-5-Me-Aba-Gly-OH 4 -93.0° (EtOAc) 15.3 min 

Boc-threo-(4S,5R)-5-Me-Aba-Gly-OH 5 Not determined* 14.6 min 

Boc-threo-(4R,5S)-5-Me-Aba-Gly-OH 6 Not determined* 14.6 min 

* HPLC analysis showed that the Boc-threo-(4S,5R)-5-Me-Aba-Gly-OH.DCHA had epimerized to the erythro 

derivative [46% threo-(4S,5R) + 54% erythro-(4S,5S)] and the Boc-threo-(4R,5S)-5-Me-Aba-Gly-OH to the 

(4R,5R) erythro analogue [48% threo-(4R,5S) + 52% erythro-(4R,5R)]  

 

Supplementary Figure S1. The amino acid sequence alignments of (boxed) transmembrane helices (TM1-7) and 

the intra- and extracellular loops (Ils en ELS) of bovine rhodopsin (OPSD_BOVIN), the human OPRM and 

OPRD. Conserved reference residues according to the Ballesteros-Weinstein numbering scheme
6
 are 

indicated in red (N1.50
 
in TM 1, D2.50 in TM2, R3.50

 
in TM3, W4.50

 
in TM4, P5.50

 
in TM5, P6.50 in TM6, 

and P7.50
 
in TM7).  

 
TM1    IL1 

OPRM_HUMAN   [ITAITIMALYSIVCVVGLFGNFLVMYVIVR] YTKMKT 

OPRD_HUMAN   [ALAIAITALYSAVCAVGLLGNVLVMFGIVR] YTKMKT 

ADRB2_HUMAN  [VWVVGMGIVMSLIVLAIVFGNVLVITAIAK] FERLQT 

CCR5_HUMAN   [IAARLLPPLYSLVFIFGFVGNMLVILILIN] CKRLKS 

OPSD_BOVIN   [WQFSMLAAYMFLLIMLGFPINFLTLYVTVQ] HKKLRT 

 

TM2    EL1 

OPRM_HUMAN   [ATNIYIFNLALADALATSTLPFQSVNYLMG] -TWPFG 

OPRD_HUMAN   [ATNIYIFNLALADALATSTLPFQSAKYLME] -TWPFG 

ADRB2_HUMAN  [VTNYFITSLACADLVMGLAVVPFGAAHILM] KMWTFG 

CCR5_HUMAN   [MTDIYLLNLAISDLFFLLTVPFWAHYAAAQ] --WDFG 

OPSD_BOVIN   [PLNYILLNLAVADLFMVFGGFTTTLYTSLH] GYFVFG 

 

TM3     IL2 

OPRM_HUMAN   [TILCKIVISIDYYNMFTSIFTLCTMSVDRYIAV] CHPVKALDFRTP 

OPRD_HUMAN   [ELLCKAVLSIDYYNMFTSIFTLTMMSVDRYIAV] CHPVKALDFRTP 

ADRB2_HUMAN  [NFWCEFWTSIDVLCVTASIETLCVIAVDRYFAI] TSPFKYQSLLTK 

CCR5_HUMAN   [NTMCQLLTGLYFIGFFSGIFFIILLTIDRYLAV] VHAVFALKARTV 

OPSD_BOVIN   [PTGCNLEGFFATLGGEIALWSLVVLAIERYVVV] CKPMSNFRFGE 

 

TM4     EL2 

OPRM_HUMAN   [RNAKIINVCNWILSSAIGLPVMF] MATTKYRQG--SIDCTLTFSHPTW-YW 

OPRD_HUMAN   [AKAKLINICIWVLASGVGVPIMV] MAVTRPRDG--AVVCMLQFPSPSW-YW 

ADRB2_HUMAN  [NKARVIILMVWIVSGLTSFLPIQ] MHWYRATHQ-EAINCYANETCCDFFT- 

CCR5_HUMAN   [TFGVVTSVITWVVAVFASLPGII] --FTRSQKEGLHYTCSSHFPYSQYQFW 

OPSD_BOVIN   [NHAIMGVAFTWVMALACAAPPLV] -GWSRYIPEGMQCSCGIDYYTPHEETN 

 

TM5     IL3 

OPRM_HUMAN   [ENLLKICVFIFAFIMPVLIITVCYGL] MILRLK-SVRMLSGSKEKDRN 
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OPRD_HUMAN   [DTVTKICVFLFAFVVPILIITVCYGL] MLLRLR-SVRLLSGSKEKDRS 

ADRB2_HUMAN  [NQAYAIASSIVSFYVPLVIMVFVYSR] VFQEAKRQLQKIDKSEGRFHVQNLSQVEQDGRTGHGLRRSSKFCLK 

CCR5_HUMAN   [KNFQTLKIVILGLVLPLLVMVICYSG] ILKTLLRCRNEKK 

OPSD_BOVIN   [NESFVIYMFVVHFIIPLIVIFFCYGQ] LVFTVKEAAAQQQESATTQKA 

 

TM6      EL3 

OPRM_HUMAN   [LRRITRMVLVVVAVFIVCWTPIHIYV] IIKALVTIPETTFQT- 

OPRD_HUMAN   [LRRITRMVLVVVGAFVVCWAPIHIFV] IVWTLVDIDRRDPLVV 

ADRB2_HUMAN  [EHKALKTLGIIMGTFTLCWLPFFIVN] IVHVIQDNLIRK--- 

CCR5_HUMAN   [RHRAVRLIFTIMIVYFLFWAPYNIVL] LLNTFQEFFGLNNCSSSNRLD 

OPSD_BOVIN   [EKEVTRMVIIMVIAFLICWLPYAGVA] FYIFTHQ-GSDFGP-- 

 

TM7     helix8 

OPRM_HUMAN   [VSWHFCIALGYTNSCLNPVLY] -AFLDENFKRCF-REFCIPTSS 

OPRD_HUMAN   [AALHLCIALGYANSSLNPVLY] AFLDENFKRCF-RQLCRKPCG 

ADRB2-HUMAN  [EVYILLNWIGYVNSGFNPLIY] CRSPDFRIAFQELLCLRRSS 

CCR5_HUMAN   [QAMQVTETLGMTHCCINPIIY] -AFVGEKFRNYLLVFFQKHIAKRFCKCCSIFQQEAPERASS 

OPSD_BOVIN   [IFMTIPAFFAKTSAVYNPVIY] IMMNKQFRNCMVTTLCCGK----NP 

 

 

Table S2: Full Interaction Fingerprints (IFPs) of the docking poses of JOM6, compounds 9, 11, 12 and 

14 (presented in Figure 4) 
 

JOM6 

| D3.32  | Y3.33  | F3.37   |G45.46  |S45.47  |D45.49 |C45.50  |T45.51  |L45.52  |T45.53 |F45.54  |D45.49 | E5.35  |  

1000101000000000000001000000000000010001010000000100010010000000000000100000010000000000000      

K5.39    | F5.43   | F5.47   | W6.48  | I6.51   | H6.52   | V6.55  | K6.58  | T6.70   | W7.35 | H7.36   | I7.39   | Y7.43 

1000000100000010100001010000100000010101001000000100100010000001010000101000010000001000100 

 

 

Compound 12 

| D3.32  | Y3.33  | F3.37   |G45.46  |S45.47  |D45.49 |C45.50  |T45.51 |L45.52  |T45.53  |F45.54  |D45.4   | E5.35  |  

1000101100000000000001000000000000010001010000000100100000000000000000101000000000000000000 

K5.39    | F5.43   | F5.47  | W6.48  | I6.51    | H6.52  | V6.55   | K6.58  | T6.70   | W7.35 | H7.36  | I7.39    | Y7.43 

0000000101000010100001010000100000010101001000000000100010000001010000101000010000000000100 

 

 

Compound 9 

| D3.32  | Y3.33  | F3.37   |G45.46  |S45.47  |D45.49 |C45.50  |T45.51 |L45.52  |T45.53  |F45.54  |D45.4  | E5.35  | 

1000101100000000000001000000000000010001010000000100100000000000000000101000010000000000000 

K5.39    | F5.43   | F5.47   | W6.48  | I6.51   | H6.52   | V6.55  | K6.58  | T6.70   | W7.35 | H7.36   | I7.39   | Y7.43 

0000000101000010100001010000100000010101001000000000100000000001010000101000010000000000100 

 

 

Compound 11 

| D3.32  | Y3.33  | F3.37   |G45.46  |S45.47 |D45.49  |C45.50 |T45.51  |L45.52  |T45.53  |F45.54  |D45.4  | E5.35  | 

1000001100000000000001000000000000000000010000000100000000000000000000101000010000000000000 

K5.39    | F5.43   | F5.47   | W6.48 | I6.51    | H6.52   | V6.55  | K6.58  | T6.70   | W7.35 | H7.36  | I7.39    | Y7.43 

1001000101000010100001010000100000010101001000000100000000000001010000000000010000000000000 

 

 

Compound 14 

| D3.32  | Y3.33  | F3.37   |G45.46  |S45.47  |D45.49  |C45.50 |T45.51  |L45.52  |T45.53 |F45.54  |D45.49 | E5.35  | 

1000101100000000000000000000000000010000001000000100010010000000000100100000010000000000000 

K5.39    | F5.43   | F5.47   | W6.48  | I6.51   | H6.52  | V6.55  | K6.58   | T6.70   | W7.35 | H7.36  | I7.39    | Y7.43 

1000000101000010100001010000100000010101001000000000100000000001000000000000010000000000000 
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IFP bit-strings: 

1. hydrophobics 

2. aromatic face to face 

3. aromatic edge to face 

4. H-bond (acceptor-donor) 

5. H-bond (donor-acceptor) 

6. Ionic (negative-positive) 

7. Ionic (positive-negative) 
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