Supporting Information:

Chemo-Enzymatic Synthesis of New 2,4-Syn-Functionalized (S)-Glutamate Analogues and
Structure-Activity Relationship Studies at lonotropic Glutamate Receptors and Excitatory Amino

Acid Transporters
Zeinab Assaf” Anja P. Larsen® Raminta Venskutonyte,® Liwei Han,? Bjarke Abrahamsen,?

Birgitte Nielsen,* Michael Gajhede,® Jette S. Kastrup,® Anders A. Jensen,® Darryl S. Pickering,?

Karla Frydenvang,* ® Thierry Gefflaut,*"° and Lennart Bunch*?

Table of Content:

Elemental analysis data of 2b-p, 6a-j and 10 page S2

'H and *C NMR spectra of 2b-p page S3-S15
HPLC analyses of 2e, 2i and 20 page S18-S19
X-Ray crystal data and refinement statistics page S20
Figure S1 page S21

*Department of Drug Design and Pharmacology, Faculty of Health and Medical Sciences,
University of Copenhagen, 2100 Copenhagen @, Denmark

PClermont Université, Université Blaise Pascal, Institut de Chimie de Clermont-Ferrand, BP
10448, F-63000 Clermont-Ferrand, France

‘CNRS, UMR 6296, ICCF, 63177 Aubiére, France

Corresponding Authors

*L.B.: Phone: +45 35336244. E-mail: lebu@sund.ku.dk. *T.G. (synthetic work): Phone: +33
473407866. Fax: +33 473407717. E-mail: thierry.gefflaut@univ-bpclermont.fr. *K.F. (structural
biology work): Phone: +45 35336207. E-mail: karla.frydenvang@sund.ku.dk.

S1



Elemental analyses for 2b-p, 6a-j and 10

Calcd Found
C H N C H N
2b C11H16N205 0.5 H,0 49.81 6.46 10.56 | 49.80 6.43 10.26
2c C14H18N205 57.14 6.16 9.52 | 57.19 6.16 9.18
2d C1oH1sN,05 * H,0O 45.45 7.63| 10.60 | 45.30 751 | 10.64
2e C12H2N205 0.5 H,0 50.87 8.18 9.88 | 50.98 7.75 9.92
2f C13H2N,0s5 54.53 7.74 9.78 | 54.37 7.71 9.61
29 C12H2N,06 * H,0 46.74 7.84 9.09 | 46.70 7.70 9.12
2h C1sH20N20g " 0.25 H,0 54.79 6.28 8.52 | 54.90 6.25 8.60
2i CoH16N,06 * 0.75 NH3 - H,0 38.74 7.31| 13.80| 3881 6.87 | 14.17
2j C14H19N30s - 1.5 H,0 49.99 6.59 | 12.49| 50.21 6.21 | 12.24
2k C15H20N206 - 0.25 H,O 54.79 6.28 8.52 54.87 6.19 8.49
2 CgH12N204 47.99 6.04 | 13.99| 47.69 6.04 | 13.78
2m CgH14N,06 - 0.5 H,O 39.51 6.22 11.52 39.31 6.01 11.41
2n C7H12N»04 0.75 H,0O 41.27 7.67| 13.75| 41.08 742 | 13.39
20 CgH1sN,04 1.5 H,0 41.55 8.28 | 12.11| 41.62 7.65| 12.03
2p CgH13NO,4 - 0.5 H,0 48.97 7.19 7.13 49.23 7.00 7.29
6a C10H15NOg 48.98 6.16 571 | 49.12 6.22 5.54
6b C13H17NOg 55.12 6.05 494 | 54.95 6.14 5.08
6C C16H19NOg 59.81 5.96 4.36 59.41 6.19 4.28
6d C12H19NOg 0.25 H,0 51.88 7.08 5.04 | 51.53 7.01 4.87
6e C14H23NOg " 0.25 H,0O 54.98 7.74 458 | 55.26 7.80 4.64
6f C15H23NOg 57.49 7.40 447 | 57.50 7.36 4.59
69 C14H23NO; - 0.25 H,0 52.25 7.36 435 | 52.29 7.42 4.42
6h C17H21NO7 0.5 H,0 56.66 6.15 3.89 56.68 6.14 4.03
6i C11H17NO5 - 0.25 H,0 47.23 6.30 5.01| 47.53 6.18 5.07
6j C16H20N206 * 0.25 H,0 56.38 6.06 8.22 | 56.35 6.03 8.11
10 C10H13NOs 52.86 5.77 6.16 | 52.89 5.77 6.39
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C18 column (Uptisphere ODB, 5um, 250x4.6 mm); flow rate 0.5 (20, 2e) or 0.8(2i) mL.min™; UV

HPLC analysis of 2e, 2i and 20:

detection (210-214 nm); 30°C; Eluent: H,O / CH3sCN 95:5 (2i, 20), 80:20 (2e).

1000 120112 #88 TG326 UV_VIS 2
mAU WWL:214 nm
2e
800
600
400+
200
min
-100—— — — — — — — —
0,0 5,0 10,0 15,0 20,0 25,0 30,0 35,0 40,0
No. Ret.Time Height Area Rel.Area
min mAU mAU*min %
1 7,29 26,731 5,963 2,78
2 8,67 938,520 204,557 95,39
3 10,23 4,715 3,919 1,83
Total: 969,966 214,439 100,00
1 800 120112 #41 [modified by Administrateur] TG325 UV_VIS 1
mAU 1-3632 WVL:210 nm
2i
1 500
-200-— —— — —— —— — min
0,0 5,0 10,0 15,0 20,0 25,0 30,0
No. Ret.Time Height Area Rel.Area
min mAU mAU*min %
1 3,63 1667,944 571,024 99,09
2 5,90 26,472 2,419 0,42
3 9,23 16,435 2,848 0,49
Total: 1710,851 576,292 100,00
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1200 120112 #102 [modified by Administrateur] Uv_vIs 2
mAU WVL:214 nm
1 000+
] 20
800+
600
400+
200+
o =
1111
0,0 5,0 10,0 15,0 20,0 25,0 30,0 35,0 40,0
No. Ret.Time Height Area Rel.Area
min mAU mAU*min %
1 5,50 11,385 4,126 2,12
2 5,76 1019,708 189,015 96,90
3 6,69 4,156 1,018 0,52
4 7,50 2,646 0,898 0,46
Total: 1037,896 195,057 100,00
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Table S1. Data collection and refinement statistics of GluA2 LBD and GIluK3 LBD, both crystallized with 2i.

Data GluA2-LBD:2i GluK3-LBD:2i
Beamline 1911-3 1911-3
Space group P2,2,2 P4,22
Unit cell dimensions

a(h) 59.61 68.18

b (R) 95.64 68.18

c(A) 48.55 126.52
Molecules (a.u.)? 1 1
Resolution (A) 50.64 - 1.24 (1.31-1.24) 68.18 - 2.65 (2.79 - 2.65)
Unique reflections 78559 (11146) 9229 (1277)
Average redundancy 6.1 (5.3) 4.6 (4.6)
Completeness (%) 99.0 (97.7) 98.7 (98.7)
Rmerge (%0)° 7.0 (30.9) 10.8 (39.0)
I/s(1) 6.1(2.0) 5.6 (1.9)
Refinement
Amino acid residues 263 253
Ligand molecules 1 1
Sulfate/phosphate 3/- -/1
Lithium/potassium/chloride 1/-/- -12/1
Water/glycerol 340/4 51/-
Ruork (%) YR¢ree (%)° 13.7/15.5 19.8/26.7

Average B-values (A?) for:

Amino acid residues/ligand 11/12 50/44
Sulfate/phosphate 48/- -/120
Lithium/potassium/chloride 7/-/- -/57/50
Water/glycerol 24/28 33/-
R.M.S. deviation bond 0.008/1.3 0.017/1.2

length(A)/angles (degrees)

Residues in allowed regions of 100.0 100.0
Ramachandran plot (%)’

#a.u.: asymmetric unit.

® Numbers in parentheses are for the outermost bin.

Rmerge = 2n2ailli(h)-CI(h))l/ 2h2i(h), where Ii(h) is the i" measurement.

9 Ruork = ZhKI([|Fo,hKl| - |Fe,hKI|[)/|Fo,hKI|, where |Fo,hkl] and |F.,hkl| are the observed and calculated structure factor
amplitudes.

® Riree IS equivalent to Ryr, but calculated with 5% reflections omitted from the refinement process.

" The Ramachandran plots were calculated using Procheck [Laskowski et al., 1993].

S20



Figure S1. Zoom on the ligand-binding site of GIuA2-LBD with 2i and 2F,-F, omit map at 1 ¢ carved around the
ligand, Glu423 and five water molecules. The compound 2i (thick black line) was built in a conformation in which the
hydroxamic acid moiety points towards Tyrd71 and Pro499. However, alternative conformations of 2i with the
hydroxamic acid moiety pointing towards Ser673 and Glu423 might also be present, as positive F,-F. electron density
(green, contoured at 3 o) is seen extending from the C3” atom of 2i. Thus water molecules W1 and W2 might be
displaced by alternative conformations. The presence of alternative conformations is also indicated by negative F,-F¢
density (red, contoured at -3 o) at the hydroxamic acid moiety. This negative density disappears if the occupancy of
atoms comprising the hydroxamic acid moiety is set to 0.8. Additional positive and negative densities are seen in the
vicinity of the hydroxamic acid moiety and Glu423, which might be caused by a high mobility of Glu423.
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