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& (Oc4) ) & 2,

-pos LNK_1: ABRMD Y v 7 — %
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VFA=—THEEW 2. 4 (-Ocl, -Ocd) . 6 Tlipos LNK 2 nHE I n-, (¥
6-B, C)

T ) HROMNMBOBTEEIX, R-7721F S-xFvFd~—iCRo$, ¥FxToftd
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Leu380 O BUKMT I /7 BicH En/{iE (K 6-B D pos_CN_1) THo7z, LD2L,

ADHBFYVHH VY FDI b 2o T 7 KIZELMEICHY (X6-D D pos_CN_2) .

p. 16
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ThHhotre TNOLDBEINEZIFN VY IFDOY) vH—IF, D SELIFELRY., RELF
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LDl A& D ZBIs I Nk h o7,

DPN OfFEkICHE T 2R FofiE iz, D BRAENCAIE 3 % EE (pos_CI_2) . A
BRI E 3 2 A (pos_Cl_1 £7/213_3) @ 3 X2 —vPHEI N, HERTFON
BicowTE@oEmzEEInAaro0T, T/ EoMEIERLINL, Fhic

Ko THRFR 2 A-BRMANCSH 2 2 D-IRMICH 2 »rREIND EE R T2,

LI Sun b o #it 29 cid, L&YW R-DPN & S-DPNOFy v /v 12l —v 3
YICKY ., RRE SIETY TV HOMERELRDZ LA RINTWE, TF Vv Ft~—
fta¥cid, — ot sHoa—tr~=—T, 39 ~HRIEEPEHCH T4 2 b=
—TH BTN 3N 513 ERB ICH VT S-DPN 28BN ic X 3 3 = +
MNE—MICHERNTHo- 5, S-DPN 82—+ ~—THY, R-DPN 2874 X+ =
—CfEEmft I CTws ), Ll oo FHICKL T, R-DPN & S-DPN D ffiid < o #
AEAMtoZRIEF NI L EZHREL TS 20, Kiffsecid, Ra&4x2 5 R-DPN
DHEEMRIT XKL THHF. R-DPN O AKRRNIEHAL 2 dbhdr oz, — 7.
DPN #FEMED R-=F v FA~—I3, HWHEEFDOMIED R 25 UITIRITE UK EERA
THotz (M6-B) ., COFEHEIZ. R-DPND 320 EHE 22072/ —nr 7T/
%) & S-DPN tHoMEICHLZ 2R BLTEY, Mila7 v ficBT 3H6H

MR R-fk L S-ACHBEDEZRLZZHMETHELEZLND,

2.2.2 ITC HIE &%

ITCHIEDHRAEZEK 11T, DPNOZF Vv FA~—ThH3 1L 20AEERLEL

By ze, WinrTEbizIiERUME (91.365) THhotz, TOEEERIZ. R-& S-DPN

p. 17



#£ 1 ITCHIERHE & FMO 0 EHEE, B LU, IFIE total & %5 X — X DFHEAREL

ITC FMO IFIE (kcal/mol)
binding AG AH -TAS

compound  constant (M)  (kcalimol)  (kcal/mol) (kcalimol) = 'O ES EX cT DI

1 409E+06 902 * 0.1 -283 * 15 193 + 13 - - - - -
2 309E+06 -8.85 * 01 258 * 31 169 * 31 1051  -86.4 734 332 5838
3 114E+07 962 £ 01 272 * 32 176 * 33 1063 915 798 352 594
4 123E+07 -967 + 03 -259 + 1.8 163 £ 20  -1049  -89.4 799 342 611
5  1.08E+07 959 + 01 247 * 44 151 + 44 1026  -86.2 791 -328 627
6  140E+07 974 + 02 231 £ 17 134 + 20  -103.2 917 816  -336 595
correlation™ - 0.265 0.870 -0.862 1.00 0.30 0.28 080  -0.59

*1 IFIE total (23§ 2 ABEAREL
DHMIBENBEAERICE L CEEICES A r o2 L EREKETH Y. ERB ICH 3 2 PR
FHREATEROENNS W MBI F2E®ER/ NSV EoTEARBHD 1 ©T
HoLEZB, MERTZEL DPN FEKOKGEREZ Z N Z 4 R-/S-DPN &L
7225, 3, 4,5, 6 DAEKIIVTND DPN XV b EZRL, HERTIC

STHRATEPHB L CHWE I LR RINT,

BEEB»rLEBONEF 7T AHHI AV —ONREHERT 2L, TCOLEYT
Tvarv -2 (AH) PADETHY, TV ZALE-=2BHEHEICEMNAFG2 L T
Ll Bbhrot, =S, T ibrEe—2{E (-TAS) F. TXTOILEYTEDH%Z
ML, AR ARG G EZ L Cwd ZeBdbdol, £ AH L-TAS DHEH1X-0.987
THY, FEHCHECFHEL D2 b otz, TvirEY—-T v buv—HEICX
D, AHDZLT 2 e 2 n2fi) KO ICASBELT 2 L H LN T 505, A

RCTHFRIBKOHEREMEL 72,

BIFVFARTORNFENFG 2K L2 (ZF v FARTIE1 L 2, 3¢
4. 5L 6Lth%), WTFhoflatbeTd R (1, 3, 5) O v 2 v —Z{LH
S-tF (2, 4, 6) XV bHENETH 72, T2, HAKMEOBIR 2L, Rk Y v
—fiEIZEFNFNFRUCAE (pos LNK 1) TH 30, R-EKOERFETFOMEIZTR L -
TwdZenvbrotTnd, ¥, BEETEZEER W DPN IZHWTH RO v X
ME—FE5N SR Vi ozzw, ZOBRRBIERFFoRETCIE AL, Midav 7

FA—TavDEWICLIELEEZ S,

p. 18



#2: FMO OEEMERICEB I IFIED FMT15 75 7 A v+, (BAT keal/mol)

g A3z 777 AR ES EX CT+mix DI Total

1 GLU305 -46.5 29.2 -11.9 -5.2 -34.4
2 HIS475 -28.5 18.1 -6.3 -5.7 -22.4
3 THR299 -4.1 0.6 -1.2 -2.2 -7.0
4 PHE356 -2.3 3.3 -1.5 -5.9 -6.4
5 LEU298 -1.4 2.3 -1.0 -4.1 -4.2
6 LEU476 -0.4 3.3 -1.8 -5.2 -4.0
7 LEU339 -0.6 3.1 -1.5 -4.4 -3.4
8 LEU343 -0.8 0.9 -0.8 -2.2 -2.9
9 MET340 0.9 1.3 -1.3 -3.5 -2.6
10 HOH -1.9 1.8 -1.1 -1.3 -2.4
11 MET295 -1.5 3.3 -0.9 -3.3 -2.3
12 GLY472 -1.3 0.1 -0.2 -0.4 -1.9
13 ALA302 -0.3 1.1 -0.8 -1.7 -1.7
14 MET336 -0.4 1.9 -0.6 -2.6 -1.6
15 ILE373 -0.1 0.7 -0.4 -1.6 -1.5
16 LEU380 -0.7 0.5 -0.3 -1.0 -1.4
17 ILE376 0.4 0.6 -0.4 -1.8 -1.2
18 MET479 0.2 0.3 -0.4 -1.0 -0.9
19 ARG346 0.3 0.2 -0.3 -0.7 -0.5
20 PHE377 1.1 0.2 -0.3 -1.0 0.0
- Z Dt 1.4 0.6 -0.4 -4.0 -2.4
" E -86.4 73.4 -33.2 -58.8 -105.1

p. 19



2.2.3 FMO ic X % S-DPN & ERB D tH A1k I f#

ft&? 2-6 © FMO GHE#E R 2R 11, 2 0HAMERRM N EL15 75 74 Y F 2%k
2ICR T, 2T, 4342003 v 7r~—BRlENES, XBBERITclizobhE
ReRDBZEERAAETH L2, 4205V VY FOFEHIFIE 23H L. 2h%
4 DEHEfELE LT3, ZNOLDIFIE B X VZ DI ALX—KOnETH 2% PIEDA %
G EToMEIZ FMO 57— % <X — 2 (https://drugdesign.riken.jp/FMODB/) i & §%
##»TH5 (FMODB codes ; 3QJKL., J3Q49. N1NZQ. 829GY. GN581) 39, i
b CHEERZ 20113 A BRAlo Gludos <, @MHAEFERZ A ¥ -0 33% (-
34.4 kcal/mol) Z5® Tk b, 2 FHICHHAIEM L His475 TH 21% (IFIE % -
22.4 kcal/mol) H5 L Twiz, Zhbo7 I 7 KM IZ MOE i X 5 T S-DPN &K%
AL TV ZERARKBINTVE (X 4) , M7 I /7Bo IFIE © 5 b 5 8UHE A AF

(D) XZhZh-5.2, -5.7 kcal/mol T& b, DI LAA D IFIE K4 O M FAF 23 KB 43
FhHoTnwk, 20HFE5RIIZNZEN Glu305 T 85%., His475 T75%ThH o7, T D
Bitr. S-DPN & 7 =/ — LV oKEEFR L 0 KFHEPHEEFROS S 2 hvTns L%
ARLTHDH, S-DPN & ERB L M AMEMHICIX Glu305, His475 & 7 =/ — L D KEHE
MOKFE/AVEECTH 2 LRI NTEZ (PIEDA 4 O FHIC D W T ERRIEZ S

INnzwvn)

p. 20



R=0.870

-99 y = 0.8424x - 83.06
o 17

g e 6
<
£ -105 T
T -l 4 2
I PO
i -7 3
L

111

-30 25 20

ITC AH (kcal/mol)

7 ITC HMIEREHR & FMO D atH#E R D HAi X,

1 IFIE_GIu305 2 IFIE_His475

20 20
"B B BB
0 0
-20 -10
-20
-40 30

WES mEX mCT = DI #lh IO LA F —fH
B (kcal/mol)

8 : #%AL&W & Glu30s & His475 [t @ IFIE,

—J5. IFIE DI B AL {F 45 b #7313 Phe356 TH -7 (IFIE ® DI JH-5.9
kcal/mol 5 IFIE |%-6.4 kcal/mol) , L7228> T, Phe356 13 E2 D ABRICHH Y 3 % DPN
D7) —ABREMEEHL TV ERRENAE, MREEErLOTH (K 4) TiX,
1e373 3 S-DPN & CH/m HEEHAT 2 2 L 3RBE T, LarL., 11e373 & S-
DPN & oA IZ Phe356 & XXMM ICIER IC59 2> 7 (IFIE 1X-1.5 kcal/mol,

IFIE DEAL I 15 f7) » T DEWIE, WENREO A2 S MAEER % #3252 MOE ¢

p. 21



R, BEFimicE oL FMO itk s THEEHARPEEWICTE Mt s %2R L

TWwb,

FMO IC X o> CHEE N/ 3 D0EEAT I/ (Glu305, Phe356. His475) I
S-DPND 2o KEEH_B LN 72/ — Ao 7 2= AR HEMEHAL., 2 b oM AE
X ERB & S-DPN O MHANEH D 60% % 1% CTw7z, Glu305 & X U Phe356 & F I
MEFHZLTw3 E2 OABIZ, BUEFALEYTHET AR Tu vy CREFEEET
HoH, Tuvwi—+ (EC 1.14.14) T X W FHBIcEEI NG, §4hbb. E2 O A
RixBEArEv et ey oRE2EZ2BERBRCTH Y, DPN B rrE v
CRIBRDIEMZR2C L 2 XFHTEHBTH 72, — /T, DPN ORI i i <
BT HELERECESG L v eI Nz, T/ HEHFEOT I VB
IFIE 35 WETH > 7=, EFFICIZ, ERa © Metd21 b E X b -7 11e373 b & h

TEY, 7 /7Ry 724 7EREOBEE IZHTEICIZ R S Rd o7,

2.2.4 ITC oM & FMO @ BLHIME o HEH i bt

7 CHALAEYD FMO GtE @ IFIE &FHE L ITC THIE L 72 AH & O MHBEIRE Z R
¥, £7 IFIE/PIEDA D& E 3 E#R1ICTRT, ML Vv¥F—%2KT IFIE G5HEIL AH
LiEWwHE (R=0.870) & b . AG & IIMHBIL 2w (R=-0.265) T &b o7z,
AG X AH &-TAS ORITH Y. AS RS FOMEKE EHFOBN RN TH 2, K
Mo FMO I —EBE»LEHHEINTEY ., FRB|ESNTIA—X2TIZ0TH2, Tk
bbb, AMESFIFEOFMOBERTELZDIZIAHDOATH 5728, AHAIFIE S L.

AS & AGIEHBELAWZ L3R YARFERTCHBE L VWE B,

FMO CTilfirjgE Rt &b <, D RENRH W AHIZ R-=F v FF+~—TDIE
fcEER AV ETS23THH, 3DOIFIEtotal bigd MniEALXENLEZRL TV,
FTEAT I BEELOMHAEERTIZ. 3 72126 & His475 & D IFIE 23 {t&Y &

ViR R I N (K 8-2) ., 3 & 6 Il T 2 i1k, D BRMICHIE S 2 HERH

p. 22



T ZxD7 =7 —VED His475 LB MHAEMEMN ST 22 THo72, —77. Glu30s
L4F721Z5DIFIE ., fthofbkAEME v s, WMHREFHAARMICMHEL v (K
8-1) . PIEDA Mt ofE R, ¥ X CoERFE X IFIE © HEMAIH (ES) HE B
BEHMHAIEME (CT) HAEMBEL, fhioHEZHEL AV b ok, LizdioT, i
FIRTFOKE X, 72/ —AFHOKEEIE Hisd75 % 721k Glu305 DD IKFEHR A % 1

L TWw2 eI T o,

36 xR T DL, WLAYD ESHIIOLAEW XL VB2, 3 @ F—X )L IFIE
IR DI, 6 IF2FHICH I EBHBHL 2, FKICAH D 3o kA & v <,
6 RO o7, RIFIZZDIF VvFA~—_TTHB SHhXHd AH L, 20
fHAE3 L 6Dr—ZALIFIELHBETHS, R-ZFVFF~v—L S-TF vFd~v—
FEAKEER LT, KEBAL TV IBERTOMEIZIZEA EE R VICH

bobF, FMODEHE T ZNhZN DAY TR 2 IFIE DfE%Z R L 7,

ARIFFICE Y, ITCIc k2 v 2 —214t (AH) ZFMOGFHEIC X o Tk® /- IFIE
et MHERH 2 EBHO R0/, Y12 —Ya vy ThHD FMO &5 b FHEEEE
DITVAENLE—ZAFEGR2WET LI LHAETHLILVHLLE 72, T 72,
FMO Lo # &P 11X, MERTFDO LI NG ci3 b Eo nilz2 RE T 2 2 & B3N

W S VEFORETNE LD FMOEOHRE2EL Tw 3,
2.3 /N

AffseTliE. S-DPN & ERB i L WHAMKK G ZH O 21 L, H—EHH FMO FH&E
X OVMHAEFERICEEALAT I JBE2EELZ, 51, ERB & DPN 72132 DFEK
DfEAREMMEZ ITC THEE 7213 FMO ECTHEM L7z, 2 OB Z T L 2%, A
BEOILAEDHEICEWTITC ® AH & FMO IZ & % F — Z L IFIE (T i3 FE& (<58 A B 23
HHZEEHLPIC LA, 2O X I 7%, ITC THIE L Z8AMELE FMO <ko 7= Ak
DAHBAEZ T L 28 EBI R HEET it . RfE2PO CoHfEG L s L b

p. 23



Z OB AIEFEICHEEWHIH AL YO COMFTRETH L EE XD,

ARIFFIC XD, BIEFRICHE VT FMO B v 2 A —F 508 liicERRT 7)) 7
—vavThh, TOEHEAFMEIz vy 2rv—F5 %50 5 EENEMZ %4 2 L
T, HELREHEL B2 LA RBRINTL, T 5, FMO D@ H#EIPHIC iF, E3E & M

INBILDBBHIERATFRED T VREFBEEENLILDEMNTHI LE R S,

—J7. FMO 51825 AG 2HH T 2 R AMIoHETH L, HWE., w220
HEBHERCTHY, Hlzix., K7y v-farveviRRicEodREE T L %
AL CT, BEMOHHIALF—2FET LI L T 220MB LI Az i
BB AN, T, HHMW RS TENIYE FMO 2032 2L T, IFIE & AG ZHLEL
TeROEDWERH B 42, ZTNODKOMY P WIFEETH Y, FMO LDt REFED

HAGbEICIY, ITCORETCOHEMEErAB T 2R EPHFING,

p. 24



3 t&EYD Ames Filllic 313 3 Graph Convolutional Network O £ ff

3.1

o
Ty
il

Ames BRI, (LAY OBEN R AME, #HFHBEO R Ry 2728 LT, Al
R CEELAREEO -2 TH 5, Ames Fi#lllTix LBDD. Ffic A LAIGE (Al
o —>Th 2B FEEEH M ERITONTHEY 4, ava—XICX 5 Ames
AREETHNIE, ICH M7 [WBEENREIA Y A7 2K T % 720 0 EHGEH DNA K (%
W) R OFMAOCEI] 74 K74 v 49k nT, EiRicfb->TY 227
CHwa ZepagEt EhanTH Y, AEENEICIHE VT Ames B O T HIEE A L

THIKS R I EETH 5,

Wbk E cld, PHMET AR ERROWREZRECEZ 25 WO E LT, Zhu b,
Applicability Domain (AD) & WO A ER L. Z OHEBMN LAY O T HIKE L.
A O EY O FHIERBE L V@SV L Z2WME LT W2 40, Zhu bk, 7. TR
KILEW A AD FEIRS & B KX BB e LT, MEFLMEREEL Tw5 2 &2l
LTEY., THINFILAYBFEE T -2 LHBL Tw3Ii3L. AD fEEBNIC 7 % A REME
DR b ERBLTWS, L LAEMRR S Tk, EHT 2 EERERMLS
PEFEUL 2EEREE T —2icdEIna w34 <, ERMSEMLAY A AD FEIE
Sh L7 B EIAIZN R, RIS X 2 Ames SABRO FHEIIC B W T, T X ) mEESE

fitaYo THREIRETDH 5,

—FH. LGV oW E FEE. HRLESEICE T2 Al HEifoREL L diC, #
LWREPREINLTEY, 20 —2»B 77 78 AAA % v b7 — 27 (GCN; Graph
Convolutional Network)T® % 47), WA E FEO -2 THL2T 4 —F 7 —=v 7 49

RS CRERAKREZEZT VI8, ZORE~OEMPKE WFLEO—2
B, BAAHR=a2—F 1% v b7 —27(CNN; Convolutional Neural Network) T® % 49),
BAAAR T, BMEEFTBEHLAPOERNTCRELADLY 2 “IHESE CRAGh I I L

p. 2b



FETHY, BT —XICB T 2R EST S, GCNIZ. 77 7#E. $4hbb,
J—F (Hm) #E /- FHEo#EEEFzZzRI Ty Y (B) BHOHEINIMRT — %
Bt LTEARARALZT) FETHE, Kz / —F, Rrofidzry e dhid

bk E 7o 7Ech 3720, Byl EfErsRBETE 32250 GCN %

WH L -8B ol A I N Tw 3,

b 2 KB T 2 REMFLEIR, 74 v H =7V VY ETHER, ChiEHTOR
P e g2 Z L 2 RHEBRETIECTH Y, BEHEOERLFAICED 2 LELH 5 50,
—Ji. GCNIZ X 2L ERHIIT., FHHHEHOLFE O 720 Thl, BARAARITLY,
O T OEREEICKMT 2B TEL, /., 74V H—=7V v FTIE, #
—OJEFRE U7, b LIk, KEMEEFORE) LHEFROMEGOMEN, L X

HEnda, GCN TRIEFICEBOR 2 Fi-¢ 2 KHABAEETDH %,

GCN Z AL £ E o FEE FRNICICH L 2261l Li 5 oML L ENE 19,0 Ishida
DEBIIETFHICH G HE 2D 5, #BETHNICIGH L 260Tld, Wu b i3 25D
KX =7y b OFBEN., BARECKREESFOYNE., ERoFETHICOVWTE L OFiE
DHBHEREZREL T2, Wu b0o#HE T, GCN OFHAERRBINT LI H DD,
HETHUNROEE T -2, TALT—RBEETH 270, LX) B¥ET—%2%H

WA I FHITERE SN T\ 3 2 EH P25 & 2> T 7w,

ZZ T, RiffETiE. GCN ZLEBECICHL 2HAE,. £ X5 &t T cliFEF
ELY PRSI LT 20 2HO 2T 572010, Ames iBRICOWwT, 74 v T —
TV v bEERENRILLEYD 7 I 25T TCHOLN 2D 3 FiE (Support Vector
Machine. Random Forest, Gradient Tree Boosting) DflAa &b I X 2 FHIKE
. GCN o PHIRE L 72, Fric, AD SN oL I 2 FHITEREIC D Ww T
KT s70ic, AT -2 LTEET -2 LML T 2{LaMRE L HEL T
WtaPREEHAEL, thZfhicn T2 FRREZFAML, SFHRICEZ2EE O

TEEL -,

p. 26



3 BETEO FHIKE (ROC-AUC) #i%
BT -2ty b ZVvELT—2ty b1 FUELT =Rty b2
GCN SVM RF GB GCN SVM RF GB GCN SVM RF GB
TR
bR | 0.827 0790 0.806 0.813 0.895 0.876 0.874  0.886 0.890  0.868 0.878 0.881
8L
TR
bIE | 0.764  0.668  0.667  0.670 0.813 0.771 0.780  0.794 0.823 0.774 0.768 0.774
()
= 0.0631 0.1220 0.1394 0.1437 | 0.0817 0.1051 0.0942 0.0918 | 0.0675 0.0946 0.1102 0.1072
iy
1
0.9
% 0.8
o7
{\ ; 06
¥ E 0.5
@: ;o.ﬂ.
2o3
0.2
0.1
0 0.2 0.4 0.6 0.8 1 ° 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
false positive rate false positive rate false positive rate
>
A
]\
It
#i
1L

0 0.2 04 0.6 0.8 1
false positive rate

0 0.2 04 0.6 0.8 1
false positive rate

9 : HHETHITE D ROC Hhfike

#FikoFHlMEE (ROC-AUC)

3.2 #RLrEX

"] 0.2 0.4 0.6 0.8 1
false positive rate

K3, F0r7r7 7% K9~ d, £72. GCN

p. 27



# 4 : GCN & B TE O FHIK L 0 7%

BT —xty b+ SYRLTF—REy k1 SYRLT—REYy k2

SVM RF GB SVM RF GB SVM RF GB

T X AR 0.0374  0.0213 0.0142 | 0.0184 0.0205 0.0086 0.0223 0.0127 0.0093

T A RIEELL | 0.0963 0.0976 0.0948 | 0.0417 0.0329 0.0186 0.0494 0.0554 0.0489

EHMEFELOTHREOEZK 41T T, GCN L MEEFE L © THIKEE © 2 O H/ME
R T L, BT -2y b7 X F-FHLTIE, 0.0142, 7 A F-FEHMLTIF
0.0948 TH o7z, AL T v X LT =%y b 1 LBV TIZ, £, 0.0086,
0.0186, 7 v X LF—Z+% v F 2 Ti, 0.0093, 0.0489 TH -7, ZD X Hic, GCN

DYHKERZETOTr — 2B T, ZPEDHEL Y, BEFEFEHEIVEAL TV,

3.2 1 HEHEME o &

TAMT -2 OBEFEUECERT 2L, EOFERECHFBTH T A MHMIRT 2T
HWlxH 28, 72 PEEHPCHT 2 FHIVERLTYZ, Zhu b D AD fHIK O #H[2-3]
TiE, ¥E2y P LoOBEHUEL2E T X MeAYRHIZ, K72 MEEPHE XD
AD THIEN & 2 2 S % v, 2o b, 7 & MEAMIT AD RN I 7 2 HER D E O
fL&EEcHd ., RFFEICEHIWTH, LR L FEKIC AD HENDO 7 X+ 7 -2 D3
> A, AD #HES O T AP T -2 X0 FHIERSENZEm ZRL 2, T OEm I,
GCN L EfEFEcIETH - 72,

FHRBEL  RDEDr 27201k, ELOFRICEVTD, HNT—%+1y 07 2 b I
ke e L CoFHlTH o7z, 2DTF—Z &y b T, T8 250 L Fo{LEY
DEGH, FEF—2TIEH 70%TH3DICH LT, TAMNTF—XTIE 55% &0 T8

DA EL > T B (M 10), IHiC, FHTFT - X LEEHLEI KR 2, ¥HT

p. 28
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X10: &7 — %ty FOHpFREL AT L
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@ Training
© Test-sim
@ Test-disim

MINT -2y TVELT—Z% FVYRXRLT X%
ESEO M@
b v 1 v k2
7 A FEBLD A 3 2 1
FEHT - XICHEEL
7 A b IEFH LD A 92 22 23
TWwinhey b
WAFICH b 120 10 13
7 A ML A 1 16 2
FEET — ZICHFEEL
7 A NI D A 67 67 76
TWw3Ey b
WAICH b 738 895 900
Z DAl 3 12 9
KEINTHEVWEHPEER T AT X ICFEL TR EEzZLNDE, — T, 7V

BLT—Z+tv b 1

W7D, TAMT—XE5EIL G

KHBEb LT, o1

KE5F. FETFT -2 ICEINTHRWEHOHEEZHERT 27201

L2 T, REOLAWED O EERICEE T — & LTRIRL T

TEAMMEEIEET -2 LHUL T 5,

HLIEIX 05 THNT—Xty P ZEbbhwn

LK T—%%vy it

Yo7 4 v A=Y v iy rorb, HEBE2 1 %UE07 4 v =7 v Y

vh (AP =T 4V H =Yy FEER) &

EitLAXRTHD, BHINT — X %

p. 29



vy FTIE, FEHT—Z2ICR AL, TAMT—RDARICHEAY XY =T 4 V=TV v}
Y M 120 CTH o772, TV XL 1-2DT =Kty FTlR, TNhZh 10, 18 fd
E ot T, FET R LT AT 2T RTCEHFHEL TV RZAY ¥y =T 4 ¥V
H=7Vv iy M, @, ZvFL 12072ty bitBnT, ZThZh,
738, 895, 900 fHCTH WV HIIT — 2Bk dD DAL BT —Xx L7 v X612 THK

LERTH o 72,

THRE X, 2CoFECHVT, FINT X2y PXYV T VXL 12 DT —X%
yFDOIEIBENTEY, BT -2ty TR, ¥ET—ZLKEINTHVAY ¥ —
TAVH=TIVIEY PR TAPT—2CELSEGEITN TR LR, thoT —% 1y
FEOTHRESES 2ok KR EFE 2 5, &7 — Xty F OFLP/IFEL O ENITH W
FHEUERMERAC 20, FHIMECS 22 ER, 2 T2fk0BHMELY ., 7
ZbEyPCEEINTAEAVWATS Yy =T 4 v H =7V vy b (HoEE) OBE

BREWVWEWZ D,

3.2.2GCN L BtFFik L o g

EFECHETF L, TAM-HU, FELOoFHBEEOEZ MR T 2 L. BEFEFIETIE,
/N 0.095, K 0.144 TH oD icxf LT, GCN l3&/N 0.063, &K 0.082 &,
THOMEFEIVEN NI Lo, 2O L5, GCNIE., #8F — & L EEHELLE
DMK AD FEHESNIC R S HERE A E LAY O TR, BIFEFEL Y. K VERT
Wiz,

Fric, M7 —% 2y F o7 R F-JEHBO FHKEE X, GCN & HMFEFEDED R D
RKEDP o7z, BT AP T —2 T 2FEFILEE GCN @ ROC #iflK (K 11) 2R 3
L. 7my FAIZROC AUC /NS WIgEER2 LHENT W2 TH Y, BFFIET

DFHELENIZE, GCN O FHFES LV EL T 2 HAITH - 72,

p. 30
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o
[ [l
ORF
S L ¢ SVM
0.6 0.7 0.8 0.9

ROC AUC of conventional methods
X 11 BEFEOFHEREE (Xih) & GCNoTHRE (Yl oK, ¥

HIFEEE 12 ROC-AUC THLH,

Thbb, GCN . H¥HT — % L EEHUE MK LAY O TR 6E 2 BEAF T 1%
LhvERTEY, Fic, 2ET —xici3baviiiaEziotavfticswc, b,
BfEFE L0 PHIER2ENL TV 2 FEZ RO,

—FH. TAM-BHBCH T2 TFEEEIR., v EL1- 207Xty PicswT, B
FFiEE GCN L PHIEEOAEM/NI S, FHTFT -2 LHUL T 3 EERFICN T 2 7

HIMEREIZ. GCN ORI BERL TV Db DD, BEFEEREAEVIIAVWEEZ S,

3.2 3 Bify Fik M K

GCN L4 d SVM, RF., GB. & FEMoOFHIFEZ KT 2 L, ROCOEIIHRKAT
0.023. I3 ALYDEA0.015 KiETHH, GCN 2 oEICH R /NE L, BEFET

TFTARZ YV TR 74 v H—FV v e LA, BEFEBOEIZNI 572,

3.24GCN DA ¥ =085 X — 2 & PN B o B

p. 31



%6 :GCN DH A= F X — 2B EDEICHT 2 FHIKE (ROC-

AUC)
Foy 777 b

0.2 0.5 0.9
& 64*2 0.764 0.750 0.721
s
N 643 0.711 0.762 INZkt¢
A
= 64*4 0.720 0.757 IEEd

FHNEEICHELZ G Z 2 A= RT3 XA - 2B 2 MERT -0, BEFELD

EBREDPOLFHNT -2y b7 2 F-FFHLICH T2 PREELZ, 24 =087
A—2DAEDLEILOVWTR 6 KT EDHE, Fry 77y bidHEfds Pille s v ERK
BT LA A RN=NF X =2 TH B2, Fry 77v b+ 0.9 ofé, 64*3, 64*4
JEICEWTEEPNKL Ao/, THRERBRBLIECHEETE hd ol LHEE
T2, Fry 77 v F 050643 FEORICIE, DBV THKEICEY 0.762 Off
O, WMLFrYy 777 F0.50D64%, 64 28D 075 %2 2R THIEECTH
D, Fry 779 F 05 GRCTRVWTHIEE CH o7z, LrL, md RV TFHIFET
HoleDlX, Fry 7TV F2B0.2; BHRAXENE64* 20K THH, ROC-AUC i
0.764 TH o7z, ADTHIHS & 2 2 v[REE R S LAV O UK E 2 EEFILE L VY ERn
TWHEEAA Ny 777 FOWIRTH I EL, 72, BRAABOWENFEL T

W, AHERERTH - 72,

3.25GCN ¢ IFEFEO FPHISE O =0 B R E%E

Steven H ¥, 77 7HEIC X 3{bAEYMERHRCTCIE, T4 —FTF—=v Dty T —
IREEICEX DV 74 v H =TV v PCHRTILAYREERT O ZWMENERZ 2L 2

LTw3 5, 72, /7 7MEc X ataywERRETHleErT v & —K{LLTHYH, 74

p. 32



YH=TY v eTFHETAAERFEOEGBO XS CHERRX NS WA R T 7o
—FTHBTLEBRTWE, KFFICBEBVTIE, T4 —F 77—V 720 MTH 3
NAN=RNFG A= (Fuy 7T+, BHRARFEORE) OREIIHL H»TlE7%k L,
FEBINKRLZEDfArHbETH 0.7 UL FHISECH -7z, 2D Z 225, GCN
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1. Chemistry

All reagents and solvents were purchased from commercial sources and used
without further purification. All moisture and air sensitive reactions were carried out
under an argon atmosphere. Reactions were monitored by thin layer chromatography
(TLC) using Merck Kieselgel 60 F2s4 plates or Fuji Silysia Chemical Ltd. Chromatorex
NH-TLC plates. Flash column chromatography was performed on Biotage prepacked
columns or Yamazen Hi-Flash columns using an automated flash chromatography
system (Biotage, Isolera One). Melting points were determined on a Yanaco micro
melting point apparatus (MP-J3). '"H NMR spectra were recorded on a Bruker
AV400M spectrometer at 400.1 MHz. Chemical shifts (&) are reported in parts per
million (ppm) units using tetramethylsilane as an internal standard. Data are
presented as follows; chemical shift, multiplicity (d, doublet; m, multiplet), coupling
constant, and integration. '3C NMR spectra were recorded on a Bruker AV400M
spectrometer at 100.6 MHz with complete proton decoupling. Chemical shifts (8) are
reported in parts per million (ppm) with the solvent as the internal reference (6 49.00
in CD30D).8" High resolution mass spectra (HRMS) were recorded on an Agilent
Technologies 6520 Accurate-Mass Q-TOF instrument using electrospray ionization
(ESI, positive or negative ion mode). The chemical purity and optical purity of tested
compounds were determined by HPLC-UV analysis, which was performed on a

Shimadzu LC-VP series instrument.
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2. Preparation of materials
(R)-2,3-Bis(4-hydroxyphenyl)propanenitrile (#1)52

Step 1: To a solution of lithium diisopropylamide (LDA) (1.08 M in THF-hexane, 14.6
mL, 15.8 mmol) in tetrahydrofuran (THF) (50 mL) was added dropwise a solution of
methyl 2-(4-methoxyphenyl)acetate (2.70 g, 15.0 mmol) in THF (10 mL) at -78 °C,
and the mixture was stirred at the same temperature for 0.5 h. To the reaction
mixture was added dropwise a solution of 4-methoxybenzyl bromide (3.32 g, 16.5
mmol) in THF (5 mL) at —78 °C. After being stirred at the same temperature for 0.5 h,
the reaction mixture was allowed to warm to room temperature and stirred for 0.5 h.
The reaction mixture was poured into a saturated aqueous NH4Cl solution and the
resulting mixture was extracted with Et20. The extract was washed with water and
brine, dried over anhydrous Mg2S04, and concentrated under reduced pressure. The
residue was purified by flash column chromatography on silica gel (gradient: 5-20%
EtOAc in hexane) to give methyl 2,3-bis(4-methoxyphenyl)propanoate (4.35 g).

Step2: To a solution of methyl 2,3-bis(4-methoxyphenyl)propanoate (4.35 g, 14.5
mmol) in a mixed solvent of THF (50 mL) and MeOH (25 mL) was added 2.0 M
aqueous LiOH solution (22.5 mL, 45 mmol), and the reaction mixture was stirred at
room temperature for 4 h. After addition of 1 M hydrochloric acid (50 mL), the mixture
was poured into water and the resulting mixture was extracted with EtOAc. The
extract was washed with water and brine, dried over anhydrous Mg2SO4, and
concentrated under reduced pressure. The residue was suspended in EtOAc/hexane
(1/5, 30 mL). The insoluble material was collected by filtration, washed with
EtOAc/hexane (1/5, 20 mL) and dried under reduced pressure to give 2,3-bis(4-
methoxyphenyl)propanoic acid (3.75 g, 87%) as a white solid.

Step 3: To a solution of 2,3-bis(4-methoxyphenyl)propanoic acid (1.43 g, 5.0 mmol)
and N,N-dimethylfromamide (DMF) (10 uL) in dichloromethane (DCM) (20 mL) was
added dropwise oxalyl chloride (0.76 g, 6.0 mmol), and the mixture was stirred at
room temperature for 1 h. The reaction mixture was concentrated under reduced
pressure and the residue was dissolved in THF (10 mL) to give an intermediate
solution-A. To a solution of (R)-4-phenyloxazolidin-2-one (1.06 g, 6.5 mmol) in THF
(40 mL) was added dropwise LDA (1.08 M in THF-hexane, 5.5 mL, 5.9 mmol) at
—-78 °C, and the mixture was stirred at the same temperature for 0.25 h. The above
intermediate solution-A was added dropwise to the reaction mixture at —78 °C. After

being stirred at the same temperature for 0.25 h, the reaction mixture was allowed to
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warm to room temperature and stirred for 1 h. To the reaction mixture was added a
saturated aqueous NH4Cl solution, and the resulting mixture was extracted with
EtOAc. The extract was washed with brine, dried over anhydrous Mg2SO4, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (gradient: 20—35% EtOAc in hexane). The obtained
compound was dissolved in EtOAc (10 mL) and hexane (10 mL) at 70 °C. Hexane
(30 mL) was added dropwise to the mixture at 70 °C, and the mixture was stirred at
the same temperature for 1 h and at room temperature overnight. The precipitate
was collected by filtration, washed with EtOAc/hexane (1/5), and dried under reduced
pressure to give (R)-3-((R)-2,3-bis(4-methoxyphenyl)propanoyl)-4-phenyloxazolidin-
2-one (0.76 g, 35%) as a white solid.

Step 4: To a solution of 4.0 M aqueous LiOH solution (0.45 mL, 1.8 mmol) in water
(11.5 mL) was added 30% aqueous H202 solution (0.85 g) under ice-cooling, and the
mixture was stirred at the same temperature for 10 min. The mixture was added to a
suspension of (R)-3-((R)-2,3-bis(4-methoxyphenyl)propanoyl)-4-phenyloxazolidin-2-
one (0.65 g, 1.5 mmol) in THF (60 ml) under ice-cooling, and the reaction mixture
was stirred at the same temperature for 3 h. To the mixture was added a solution of
Na2S0s3 (1.89 g, 15.0 mmol) in water (7.5 mL), and the mixture was stirred at room
temperature for 0.5 h. The reaction mixture was poured into 1 M hydrochloric acid
(23 mL), and the resulting mixture was extracted EtOAc twice. The combined
extracts were washed with brine, dried over anhydrous Mg2S0O4, and concentrated
under reduced pressure. The residue was purified by flash column chromatography
on silica gel (gradient: 20-35% EtOAc in hexane). The obtained compound (0.37 g)
was suspended in EtOAc/hexane (1/3, 4 mL) and the mixture was stirred at room
temperature for 1 h. Hexane (2 mL) was added to the mixture, and the insoluble
material was collected by filtration, washed with EtOAc/hexane (1/5), and dried under
reduced pressure to give (R)-2,3-bis(4-methoxyphenyl)propanoic acid (0.34 g, 79%)
as a white solid.

Step 5: To a solution of (R)-2,3-bis(4-methoxyphenyl)propanoic acid (0.15 g, 0.52
mmol) in THF (5.2 mL) were added N-methylmorpholine (0.064 g, 0.63 mmol) and
isobutyl chloroformate (0.089 g, 0.66 mmol) at —20 °C, and the mixture was stirred at
the same temperature for 0.25 h. To the mixture was added ammonia (2 M in 2-
propanol, 2.6 mL, 5.2 mmol) at —20 °C, and the mixture was stirred at the same

temperature for 0.5 h. After removal of the insoluble materials by filtration, the filtrate
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was concentrated under reduced pressure, and the residue was dissolved in THF
(5.2 mL). To the solution were added pyridine (0.17 g, 2.2 mmol) and trifluoroacetic
anhydride (0.22 g, 1.0 mmol) under ice-cooling, and the mixture was stirred at the
same temperature for 0.5 h. The reaction mixture was poured into 0.2 M hydrochloric
acid (7.5 mL), and the resulting mixture was extracted with EtOAc. The extract was
washed with water, a saturated aqueous NaHCOz3 solution and brine, dried over
anhydrous Mg2S04, and concentrated under reduced pressure. The residue was
dissolved in DCM (5.2 mL) and the solution was cooled to =78 °C. BBr3 (1.0 M in
DCM, 4.5 mL, 4.5 mmol) was added dropwise to the solution at the same
temperature, and the mixture was allowed to warm to 0 °C over a period of 4.5 h, and
stirred at 0 °C for 1 h. After addition of MeOH (1.0 mL), the mixture was stirred at

0 °C for 10 min. The mixture was poured into water, and the resulting mixture was
extracted with EtOAc. The extract was washed with brine, dried over anhydrous
Mg2SO4, and concentrated under reduced pressure. The residue was suspended in
EtOAc/hexane (1/1, 3 mL), and the suspension was stirred at 70 °C for 0.5 h, and
cooled to room temperateure. To the mixture was added hexane (1.0 mL), and the
mixture was stirred at room temperature for 1 h. The insoluble material was collected
by filtration, washed with EtOAc/hexane (1/4), and dried under reduced pressure to
give the title compound (0.082 g, 65%) as an off-white solid (mp 189—-192 °C). 'H
NMR (CD30D) & 2.95-3.07 (m, 2H), 4.04—4.11 (m, 1H), 6.65-6.71 (m, 2H), 6.72—
6.78 (m, 2H), 6.93-7.00 (m, 2H), 7.05-7.12 (m, 2H); '3*C NMR (CD30D) & 39.9, 42.3,
116.1, 116.6, 122.4, 127.9, 129.1, 129.8, 131.5, 157.6, 158.4; HRMS (ESI) calcd for
C15H17N202 (M + NH4)* 257.1285, found 257.1286; calcd for C1sH12NO2 (M — H)~
238.0874, found 238.0875; HPLC purity: 99.7% (Retention time (fr) 13.7 min);
Optical purity: 99.0% ee.

(S)-2,3-Bis(4-hydroxyphenyl)propanenitrile (#2)S2

The title compound was prepared in a manner similar to that described for the
synthesis of #1, using (S)-4-phenyloxazolidin-2-one instead of (R)-4-
phenyloxazolidin-2-one, and obtained as a white solid (mp 190-192 °C). 'H NMR
(CDsOD) 6 2.95-3.07 (m, 2H), 4.03—-4.12 (m, 1H), 6.65-6.71 (m, 2H), 6.72-6.78 (m,
2H), 6.93-7.00 (m, 2H), 7.05-7.12 (m, 2H); '3C NMR (CD30D) & 39.9, 42.3, 116.1,
116.6, 122.4, 127.9, 129.1, 129.8, 131.5, 157.6, 158.4; HRMS (ESI) calcd for
C15H17N202 (M + NH4)* 257.1285, found 257.1286; calcd for C1sH12NO2 (M — H)~
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238.0874, found 238.0874; HPLC purity: 99.5% (t: 13.7 min); Optical purity: 98.5%

ee.

(R)-3-(2-Chloro-4-hydroxyphenyl)-2-(4-hydroxyphenyl)propanenitrile (#3)
Step 1: To a mixture of 2-(4-methoxyphenyl)acetic acid (1.00 g, 6.0 mmol), (R)-
benzyloxazolidin-2-one (0.53 g, 3.0 mmol) and triethylamine (1.21 g, 12.0 mmol) in
toluene (8 mL) was added dropwise a solution of pivaloyl chloride (0.72 g, 6.0 mmol)
in toluene (2 mL) at 80 °C. The mixture was refluxed for 16 h, and then cooled to
room temperature. To the mixture was added 1 M hydrochloric acid (8 mL), and the
resulting mixture was extracted with EtOAc. The extract was washed with a saturated
aqueous NaHCOs solution twice and brine, dried over anhydrous Mg2S04, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography on silica gel (gradient: 15-33% EtOAc in hexane). The obtained
compound (0.59 g) was dissolved in toluene (4.8 mL) at 70 °C. Hexane (7.2 mL) was
added dropwise to the solution at the same temperature, and the mixture was stirred
at the same temperature for 1 h and at room temperature overnight. The precipitate
was collected by filtration, washed with toluene/hexane (1/4), and dried under
reduced pressure to give (R)-4-benzyl-3-(2-(4-methoxyphenyl)acetyl)oxazolidin-2-
one (0.44 g, 45%) as a white solid.
Step 2: To a solution of (R)-4-benzyl-3-(2-(4-methoxyphenyl)acetyl)oxazolidin-2-one
(0.44 g, 1.4 mmol) in THF (4.3 mL) was added dropwise sodium
hexamethyldisilazide (1,0 M in THF, 1.4 mL, 1.4 mmol) at =78 °C, and the mixture
was stirred at the same temperature for 1 h. To the mixture was added dropwise a
solution of 2-chloro-4-methoxybenzyl bromide (0.64 g, 2.7 mmol) in THF (1.4 mL) at
the same temperature. The mixture was allowed to warm to room temperature and
stirred for 5 h. To the reaction mixture was added water, and the resulting mixture
was extracted with EtOAc. The extract was washed with brine, dried over anhydrous
Mg2S04, and concentrated under reduced pressure. The residue was purified by
flash column chromatography on silica gel (gradient: 15-30% EtOAc in hexane) to
give (R)-4-benzyl-3-((R)-3-(2-chloro-4-methoxyphenyl)-2-(4-
methoxyphenyl)propanoyl)oxazolidin-2-one (0.55 g, 85%) as a white amorphous
solid.

Step 3: To a solution of 4.0 M aqueous LiOH solution (0.35 mL, 1.4 mmol) in water

(8.9 mL) was added 30% aqueous H20:2 solution (0.65 g) under ice-cooling, and the
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mixture was stirred at the same temperature for 10 min. The mixture was added to a
solution of (R)-4-benzyl-3-((R)-3-(2-chloro-4-methoxyphenyl)-2-(4-
methoxyphenyl)propanoyl)oxazolidin-2-one (0.55 g, 1.2 mmol) in THF (46 ml) under
ice-cooling, and the reaction mixture was stirred at the same temperature for 3 h. To
the mixture was added a solution of Na2SOs (1.46 g, 11.5 mmol) in water (5.8 mL),
and the mixture was stirred at room temperature for 0.5 h. The reaction mixture was
poured into 1 M hydrochloric acid (18 mL), and the resulting mixture was extracted
EtOAc twice. The combined extracts were washed with brine, dried over anhydrous
Mg2SO4, and concentrated under reduced pressure. The residue was purified by
flash column chromatography on silica gel (gradient: 20—-35% EtOAc in hexane). The
obtained compound was suspended in EtOAc/hexane (1/3, 4 mL) and the mixture
was stirred at room temperature for 1 h. Hexane (2 mL) was added to the mixture,
and the insoluble material was collected by filtration, washed with EtOAc/Hexane
(1/5), and dried under reduced pressure to give (R)-3-(2-chloro-4-methoxyphenyl)-2-
(4-methoxyphenyl)propanoic acid (0.27 g, 74%) as a white solid.

Step 4: To a solution of (R)-3-(2-chloro-4-methoxyphenyl)-2-(4-
methoxyphenyl)propanoic acid (0.17 g, 0.52 mmol) in THF (5.2 mL) were added N-
methylmorpholine (0.064 g, 0.63 mmol) and isobutyl chloroformate (0.089 g, 0.66
mmol) at —20 °C, and the mixture was stirred at the same temperature for 0.25 h. To
the mixture was added ammonia (2 M in 2-propanol, 2.6 mL, 5.2 mmol) at =20 °C,
and the mixture was stirred at the same temperature for 0.5 h. After removal of the
insoluble materials by filtration, the filtrate was concentrated under reduced pressure,
and the residue was dissolved in THF (5.2 mL). To the solution were added pyridine
(0.17 g, 2.2 mmol) and trifluoroacetic anhydride (0.22 g, 1.0 mmol) under ice-cooling,
and the mixture was stirred at the same temperature for 0.5 h. The reaction mixture
was poured into 0.2 M hydrochloric acid (7.5 mL), and the resulting mixture was
extracted with EtOAc. The extract was washed with water, a saturated aqueous
NaHCOz3 solution and brine, dried over anhydrous Mg2SO4, and concentrated under
reduced pressure. The residue was dissolved in DCM (5.2 mL) and the solution was
cooled to =78 °C. BBr3 (1.0 M in DCM, 4.5 mL, 4.5 mmol) was added dropwise to the
solution at the same temperature, and the mixture was allowed to warm to 0 °C over
a period of 3 h, and stirred at 0 °C for 1.5 h. After addition of MeOH (1.0 mL), the
mixture was stirred at 0 °C for 10 min. The mixture was poured into water, and the

resulting mixture was extracted with EtOAc. The extract was washed with brine, dried
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over anhydrous Mg2S0s4, and concentrated under reduced pressure. The residue
was dissolved in EtOAc (1.5 mL) at 70 °C. To the solution was added hexane (1.5
mL), and the mixture was stirred at 70 °C for 0.25 h, and cooled to room
temperateure. To the mixture was added hexane (1.0 mL), and the mixture was
stirred at room temperature for 1 h. The precipitate was collected by filtration,
washed with EtOAc/hexane (1/4), and dried under reduced pressure to give the title
compound (0.101 g, 71%) as an off-white solid (mp 209-212 °C). '"H NMR (CD30OD)
0 3.07-3.21 (m, 2H), 4.13 (dd, J = 6.9, 8.7 Hz, 1H), 6.64 (dd, J = 2.5, 8.3 Hz, 1H),
6.74-6.81 (m, 2H), 6.82 (d, J = 2.5 Hz, 1H), 7.03 (d, J = 8.3 Hz, 1H), 7.10-7.17 (m,
2H); 3C NMR (CD30D) & 38.2, 40.2, 115.3, 116.7, 117.2, 122.0, 126.3, 127.7, 129.7,
133.5, 135.5, 158.6, 159.0; HRMS (ESI) calcd for C15H16CIN202 (M + NHa4)*
291.0895, found 291.0895; calcd for C1sH11CINO2 (M — H)™ 272.0484, found
272.0486; HPLC purity: 99.0% (fr 16.0 min); Optical purity: 98.1% ee.

(S)-3-(2-Chloro-4-hydroxyphenyl)-2-(4-hydroxyphenyl)propanenitrile (#4)

The title compound was prepared in a manner similar to that described for the
synthesis of #3, using (S)-benzyloxazolidin-2-one instead of (R)-benzyloxazolidin-2-
one, and obtained as an off-white solid (mp 209-212 °C). "H NMR (CD30D) & 3.07—
3.21 (m, 2H), 4.13 (dd, J=6.9, 8.7 Hz, 1H), 6.64 (dd, J = 2.5, 8.4 Hz, 1H), 6.74-6.80
(m, 2H), 6.82 (d, J = 2.5 Hz, 1H), 7.03 (d, J = 8.4 Hz, 1H), 7.10-7.17 (m, 2H); '3C
NMR (CDsOD) & 38.2, 40.2, 115.3, 116.7, 117.2, 122.0, 126.3, 127.7, 129.7, 133.5,
135.5, 158.6, 159.0; HRMS (ESI) calcd for C15H16CIN202 (M + NH4)* 291.0895, found
291.0894; calcd for C1sH11CINO2 (M — H)™ 272.0484, found 272.0485; HPLC purity:
99.4% (tr 16.1 min); Optical purity: > 99% ee.

(R)-2-(2-Chloro-4-hydroxyphenyl)-3-(4-hydroxyphenyl)propanenitrile (#5)

The title compound was prepared in a manner similar to that described for the
synthesis of #3, using 2-(2-chloro-4-methoxyphenyl)acetic acid and 4-methoxybenzyl
bromide instead of 2-(4-methoxyphenyl)acetic acid and 2-chloro-4-methoxybenzyl
bromide, respecivily, and obtained as an off-white solid (mp 210-214 °C). '"H NMR
(CDsOD) 6 2.99 (dd, J = 8.5, 13.7 Hz, 1H), 3.07 (dd, J = 5.8, 13.7 Hz, 1H), 4.45 (dd, J
=5.8, 8.5 Hz, 1H), 6.66-6.72 (m, 2H), 6.73 (dd, J = 2.5, 8.5 Hz, 1H), 6.86 (d, J=2.5
Hz, 1H), 6.96-7.02 (m, 2H), 7.20 (d, J = 8.5 Hz, 1H); '3C NMR (CD30OD) & 37.6, 40.2,
115.8, 116.2, 117.6, 121.5, 124.8, 128.7, 131.2, 131.5, 134.2, 157.8, 159.7; HRMS
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(ESI) calcd for C1sH16CIN202 (M + NHa4)* 291.0895, found 291.0890; calcd for
C15H11CINO2 (M — H)~ 272.0484, found 272.0485; HPLC purity: 96.7% (tr 16.1 min);
Optical purity: > 99% ee.

(S)-2-(2-Chloro-4-hydroxyphenyl)-3-(4-hydroxyphenyl)propanenitrile (#6)

The title compound was prepared in a manner similar to that described for the
synthesis of #3, using 2-(2-chloro-4-methoxyphenyl)acetic acid, (S)-benzyloxazolidin-
2-one and 4-methoxybenzyl bromide instead of 2-(4-methoxyphenyl)acetic acid, (R)-
benzyloxazolidin-2-one and 2-chloro-4-methoxybenzyl bromide, respecivily, and
obtained as an off-white solid (mp 211-214 °C). "H NMR (CD30OD) 5 2.99 (dd, J =
8.5, 13.6 Hz, 1H), 3.07 (dd, J=5.7, 13.6 Hz, 1H), 4.45 (dd, J = 5.7, 8.5 Hz, 1H),
6.66—6.72 (m, 2H), 6.73 (dd, J = 2.5, 8.5 Hz, 1H), 6.86 (d, J = 2.5 Hz, 1H), 6.96-7.03
(m, 2H), 7.20 (d, J = 8.5 Hz, 1H); 3C NMR (CD30D) 5 37.6, 40.2, 115.8, 116.2,
117.5, 121.5, 124.8, 128.7, 131.2, 131.5, 134.2, 157.8, 159.6; HRMS (ESI) calcd for
C15H16CIN202 (M + NH4)* 291.0895, found 291.0890; calcd for C15sH11CINO2 (M - H)~
272.0484, found 272.0485; HPLC purity: 98.4% (fr 16.1 min); Optical purity: > 99%

ee.

2,3-Bis(4-hydroxy-phenyl)propionitrile (racemate of #1(#2))
The title compound was purchased from SIGMA (SIGMA H5915, purity = 98%).

3-(2-Chloro-4-hydroxyphenyl)-2-(4-hydroxyphenyl)propanenitrile (racemate of
#3(#4))

The title compound was prepared in a manner similar to that described for the
synthesis of #1 (step 1, 2 and 5), using 2-chloro-4-methoxybenzyl bromide instead of
4-methoxybenzyl bromide, and obtained as an off-white solid (mp 199-202 °C). 'H
NMR (CD30D) & 3.07-3.21 (m, 2H), 4.13 (dd, J=7.0, 8.8 Hz, 1H), 6.64 (dd, J = 2.5,
8.5 Hz, 1H), 6.74-6.80 (m, 2H), 6.82 (d, J = 2.5 Hz, 1H), 7.03 (d, J = 8.5 Hz, 1H),
7.10-7.17 (m, 2H); *C NMR (CDs0D) 5 38.2, 40.2, 115.3, 116.7, 117.2, 122.0,
126.3, 127.7, 129.7, 133.5, 135.5, 158.6, 159.0; HRMS (ESI) calcd for C15H16CIN202
(M + NHa4)* 291.0895, found 291.0893; calcd for C1sH11CINO2 (M — H)™ 272.0484,
found 272.0487; HPLC purity: 99.4% (fr 16.1 min).

2-(2-Chloro-4-hydroxyphenyl)-3-(4-hydroxyphenyl)propanenitrile (racemate of
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#5(#6))

The title compound was prepared in a manner similar to that described for the
synthesis of #1 (step 1, 2 and 5), using methyl 2-(2-chloro-4-methoxyphenyl)acetate
instead of methyl 2-(4-methoxyphenyl)acetate, and obtained as an off-white solid (mp
192-195 °C) in 68% yield. "H NMR (CDs0D) 5 2.99 (dd, J = 8.5, 13.7 Hz, 1H), 3.07
(dd, J=5.8, 13.7 Hz, 1H), 4.45 (dd, J = 5.8, 8.5 Hz, 1H), 6.66—6.72 (m, 2H), 6.73 (dd,
J=25,8.5Hz 1H), 6.86 (d, J = 2.5 Hz, 1H), 6.96-7.02 (m, 2H), 7.20 (d, J = 8.5 Hz,
1H); '3C NMR (CD30OD) & 37.6, 40.2, 115.8, 116.2, 117.6, 121.5, 124.8, 128.7, 131.2,
131.5, 134.2, 157.8, 159.7; HRMS (ESI) calcd for C15sH16CIN202 (M + NHa4)*
291.0895, found 291.0894; calcd for C1sH11CINO2 (M — H)~ 272.0484, found
272.0484; HPLC purity: 99.8% (fr 16.1 min).
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3. HPLC chromatograms for chemical purity of tested compounds

conditions

analytical column InertSustain C18, 4.6 mm x 250 mm, 5 uym (GL
Sciences Inc.)

mobile phase MeCN in 10 mM aq AcONHg4

gradient 30% (0—5 min), linear gradient of 30-90% (5—-20
min), 90% (20-30 min)

flow rate 1.0 mL/min

column 35°C

temperature

detection 280 nm

wavelength

-2,3-Bis(4-hydroxyphenyl)propanenitrile : 99. o (Retention time: tr
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(S)-2,3-Bis(4-hydroxyphenyl)propanenitrile (#2): 99.505% (tr 13.695 min)
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(R)-3-(2-Chloro-4-hydroxyphenyl)-2-(4-hydroxyphenyl)propanenitrile (#3):
99.021% (tr 16.043 min)
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(S)-3-(2-Chloro-4-hydroxyphenyl)-2-(4-hydroxyphenyl)propanenitrile (#4):

99.389% (fr 16.060 min)
mV %
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(R)-2-(2-Chloro-4-hydroxyphenyl)-3-(4-hydroxyphenyl)propanenitrile (#5):
96.673% (tr 16.106 min)
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(S)-2-(2-Chloro-4-hydroxyphenyl)-3-(4-hydroxyphenyl)propanenitrile (#6):
98.399% (tr 16.115 min)

mV %
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3-(2-Chloro-4-hydroxyphenyl)-2-(4-hydroxyphenyl)propanenitrile (racemate of
#3(#4)): 99.437% (tr 16.067 min)
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2-(2-Chloro-4-hydroxyphenyl)-3-(4-hydroxyphenyl)propanenitrile (racemate of

#5(#6)): 99.844% (tr 16.114 min)
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4. HPLC chromatograms for optical purity of tested compounds

conditions
analytical column CHIRALPAK OJ-3, 4.6 mm x 250 mm, 3 ym
(DAICEL CORPORATION)
mobile phase 20% EtOH in hexane
flow rate 1.0 mL/min
column 30 °C
temperature
detection 280 nm
wavelength

2,3-Bis(4-hydroxy-phenyl)propionitrile (racemate of #1(#2)): 49.861% (tr 21.558
min), 49.880% (tr 23.688 min)
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(R)-2,3-Bis(4-hydroxyphenyl)propanenitrile (#1): 99.480% (tr 21.370 min), 0.520%
(tr 23.859 min)
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(S)-2,3-Bis(4-hydroxyphenyl)propanenitrile (#2): 0.772% (tr 21.678 min), 99.228%
(tr 23.599 min)

mV
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3-(2-Chloro-4-hydroxyphenyl)-2-(4-hydroxyphenyl)propanenitrile (racemate of
#3(#4)): 50.008% (tr 11.796 min), 49.992% (tr 13.815 min)

mV
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(R)-3-(2-Chloro-4-hydroxyphenyl)-2-(4-hydroxyphenyl)propanenitrile (#3):
99.028% (tr 11.724 min), 0.972% (tr 13.855 min)
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(S)-3-(2-Chloro-4-hydroxyphenyl)-2-(4-hydroxyphenyl)propanenitrile (#4):
0.355% (tr 11.820 min), 99.645% (tr 13.713 min)

mV
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2-(2-Chloro-4-hydroxyphenyl)-3-(4-hydroxyphenyl)propanenitrile (racemate of
#5(#6)): 48.711% (tr 10.288 min), 49.300% (fr 11.148 min)

mV
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(R)-2-(2-Chloro-4-hydroxyphenyl)-3-(4-hydroxyphenyl)propanenitrile (#5): single

enantiomer

mV
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(S)-2-(2-Chloro-4-hydroxyphenyl)-3-(4-hydroxyphenyl)propanenitrile (#6): single

enantiomer

mV
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