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3DPA2FBN
4-CzIPN
°C
Ach
AChE
AIBN
AUC
brsm
Boc
cat
CDI
CYP
DBU
DCE
DFT
DMA
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DMSO
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EDA
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Et

FP

HAT

HPLC
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JAK

LC

LED
MALDI-TOF
MS

MRI

R

2,4,6-tris(diphenylamino)-3,5-difluorobenzonitrile
1,2,3,5-tetrakis(carbazol-9-yl)-4,6-dicyanobenzene
degree Celsius

acetylcholine

acetylcholinesterase

azobis(isobutyronitrile)

area under the curve

based on recovered starting material
tert-butoxycarbonyl

catecholate

carbonyldiimidazole

cytochrome P450
1,8-diazabicyclo[5.4.0]-7-undecene
1,2-dichloroethane

density functional theory
N,N-dimethylacetamide
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dimethyl sulfoxide
4,4’-di-tert-butyl-2,2’-bipyridine

electron donor acceptor
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
ethyl

flurbiprofen

hour

hydrogen atom transfer

high performance liquid chromatography

high resonance mass spectrometry

infrared absorption spectrometry

janus kinase
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light-emitting diode

matrix-assisted laser desorption ionization-time of flight
mass spectrometry

magnetic resonance imaging
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room temperature
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transmembrane G protein-coupled receptor 5
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H/KFECH; D)E. KE(H; HOREFNMKRTSH 2 ', KEORTIIEGT | 2 TR S, EK
FROFETHIIG T LT 1 oFoCikEn s 2o, ERKEIIKZED 2EOEREME LD, 2D
MEZHMMHL <, BKFRMLED BB IZCoke R CiEH I TWw 5,

Bl z 13, EAEALAED LT KB THTFEL R 2 2 & 2R LT, EARUILEY
DVE ' 70T (mass spectrometry; MS)D WIFERHEVIE ICHII I T\ % 2, b b, EHENOHHENT
FUCERELL 723k kHic . EFES o FKRBMEZHME, BUHEOBEEZITV, MS 2 HWTolrd 2
& T, HEKEMEEKBMAEDD T4+ v v —2 OREH, b, SEHCE £ h 2 [EIESRE R
be El2, do-a V) v D O-THFIMUKTH % do- T F Y v R MFRABYI A (B Mm%, B
SHTBEMEZH T d-2 ) VO MixBIfT2 28T, 7TF ALY VIRAT T —F
(acetylcholinesterase; AChE) D i M0 i % Rl L 3~ 2 FiEBEL I N Tnw5B 3, TEFral v
(acetylcholine; ACh) X AL FIGEIR (2 F 7 2) IcB T B EVED—2TH 2, > F 7ZMKIC
I AChE 2FFE L. ¥ F 7 RBRICHE 4172 ACh X AChE i€ X W T Fufbd i, 2V v 23
BT 5, LenioT, v F7ARKRICIEaY Y (WE2) V) PEEINT VS, d-T2F L2
Vv EHWSZET, ACREICK > THKLAZaY Y(de-a ) V)EWTE2Y v EHHITE %,

¥ 7o, BN T O KR &AL AL IS Ei{5R % (magnetic resonance imaging; MRI) % #H 2 &
&% T, BERND T O & AL T 2 BT O BAFE A TV 2 4, MRI IZ—f%iC, KEHT
BD5tik A A= v 7T 3EMiTH B, Zra—zxe sz 3 v I3ARN TR A 7 FliE o X
NTEH, 200 DN TFDEKRNDA 2L TN, EatEiEDMIHIc o225, LaL, &
BERE T 2550 30T I3KER T2 BT 720, FE D0+ 2 BRI 3 5 2 & IZAHHE
TH 2, MRI FEKREZERFEAAADA A=YV IHA[RER 720, IV A=AV 2 I v OFEKHE
fbtkz 532 2 &, HRKFE RO BN A Z AL TE 5,

AR, EARRLEY & 7~ vtk A G be, ERERILED & BRI 3 2 Hiffo
FHFEDSHEA TV 5 5, BRFR(C)-EKFRD)FE A & RFE(C)/KFE M)A I LFHAIRE) D = 4 L ¥ — 235 7x
5, ZD7®, CDHEEHKRD T2 v 7F i C-H #EHKD 7~ v v 7P A28l X s
IR (4 v v R AEBE 1,800-2,700 em) IHINn G, ZOWEERMMAL T, 7~ vEEL CEMIEN
D EKFEALEYI O 4 & LT & %,

IHIC, CDMEIT CHAEA XD IRETH 5 &\ 5 EEFRIVIENLAZI R (kinetic isotope effect;
KIE)23H1 H LT\ 5, Z D KIE (X AEAE AL ED B I ROCHRE O AT Ic A S T 2 72 6,
Thbb, KCMEICEKFZEA S N LEY LIS T 2KEBEROKGHER LT 22T, A
BRSO HERBE 2 BRETE %,

BIEEWIFE B < ld. BEKE(LESR N (EESREW) 2HHEX Y 74 L LCTERIA T3 7, &
DT D C-H WA IZAEMAENEETH 5 > + 7 1 L P450 (cytochrome P450; CYP)IC X Y figflb T h
T, EESBIAH - PRI n s, Lo T, EEMRBFRELO C-H A% RER C-D S ICHE

2

/4
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#1932 L. CYPIT X 2 EHEMONRHNH] E ., EEMOEVHRELHETn 7 7 A A3 dE I
B AJREED B B, 2017 4. deutetrabenazine (¥ F ¥ b VIR S FERYRIRIEEL) 23, PlOHEESE
i & LT T A Y A B B4 5 (food and drug administration; FDA)IC X Y 7&K32 X 4172 (Figure 1)%,
X D%, 2024 FF TICHT/2IC 3O HEER KM A L T T 5 O

D
N
o X
D
NC N D
OCD3 H H MeO < D
N N N-N
N w0, OCD3 /©/ b N
K Cl | N L
PR - N. 2 % S
deutetrabenazine donafenib \N ” N
(tetrabenazine-dg) (sorafenib-d;) duecravacitinib deuruxolitinib
ERRARE Rt a iR EE ERamE MR B AR
(KHE, 2017) (R E, 2021) (K E, 2022) (K E, 2024)

Figure 1. AR FHEEE R

HEHEST, PFEEES BEES) o CYP HRFIA A HEKRICEWL X L7z deuterium-switch [
&L IS 2 BIESE M AFETE L 72\ denovo EHEM ISR T ¥ %, Deutetrabenazine (%, FEHE
i Cd 5 tetrabenazine (v F v b VIRIRESE) O 20D X M F U HED d- A P XU RICERR I N
deuterium-switch 35T dH %, Tetrabenazine (3% 5%, EAERNEERIC KL ) AR = VEETTI
TIEMEARGE IC A a5, CYP I X W iEHERBIMAET 5 2 2D A+ F 255 bR
na e, WEEERI, LD oT, d- X b F U EUCEIL I 7z deutetrabenazine O IGTECEH I, Bl
=38 5 DI PEHP It~ CYP L ENED M 3 5 (Figure 2), % DR, EHH ~&5%D
TEPEAHHY) D B E MU RIS (Cvax) 2 tetrabenazine T 1% 60.1 ng/mL T®H % D IZX} L | deutetrabenazine
Tl 67.9 ng/mL ICHENNF 5 8, F 7= I b R B IRe ] i R T 171 #E (area under the curve; AUC) b |
tetrabenazine C |3 177 houreng/mL T& % 23, deutetrabenazne Tl 414 hoursng/mL ¥ TK&ET 5,
HITHEV deutetrabenazine [FFEE L X 0 b AR ZHIK C %, BIFFHAZREHR S IHITE 2 2 L 23K
HINTWG N,

SCH BKkFik oo
3! 34 5
! |::> EEREMOREERE
% TOCH Z ¥
\ R#BICLD N AUC & Cpay Di10
)\ o} KIFEDOL )\ o} uys
tetrabenazine deutetrabenazine EERHEY AR A = Bl iR - B 45 AR (=8

HEER (tetrabenazine-dg)

Figure 2. Deutetrabenazine O fF#ik%

¥ 7z deucravacitinib ( first-in-class D F 1@ ¥ ¥ F F — 2 (tyrosine kinase 2; TYK2)[HEHITH 5,



WZBRAEEE & L CKRE%Z 13 L 9% { OET deucravacitinib (3&FE S T 0 AFTH 2022 T
X 7= 19 Deucravacitinib [ FEZ ML DIFTE L 72\ denovo EH S TH %, Deucravacitinib D FaF
WRETHRINILAYV A BLTA-GIE, Wi d TYK2 DB FF—X F A 4 v (H2)EIRI 72 H
ELME%EH LT 5 (Figure 3)'% A I N-E/ AF AT I FHED A FAED CYP 1T X 0 gL X 4,
i X F AL L7 REY B icEfead 3, Bid, TYK2 D ¥ F—+¥ F A 4 Y(JHI)* Y X ZiEMAL ¥ >
— ¥ (janus kinase; JAK) 7 7 3 U — 2 IEEINICHEFE T 2720, 2RI 5, —77 A-ds 13, 78
[E 7 C-DiEGE D D-OHEKFEAI NS N-E/ AF LT I FE(CD;-NHCO-)T D CYP f#23#
flx i, FHAHY B 2L kv, LzdioT, HAREAINL N-E/ XAF LT I FEEFD
deucravacitinib (X, A-ds & FIFRICEERFY) ~DZHarid T 5, 2 OfEE. AIFERHFEH % J
TX 57289, HKFZE{LIAR(deucravacitinib) D A3 ESEN & L CHIHTE 5,

:H3C\H NN F NN N F Dsc\H% N F
""""" NN TN N N I Vi N N
A B A-d;
TYK2 JH2;:ERFIBRE £ A TY+K2 JH2 TYK2 JH2:EZ R EER
| B BMBIZ BN | TYK2JH1 ) B R BMBITRENGL
! A4 | JAKA1 } BEREFRNIRE 5 Vg |
______ BIfERERT ARz | B RARBEEAMCTED |
IEEIRMEEERA s

EXRRILKEOHEEMELTRIATES

Figure 3. Deucravacitinib o 5 ##;E&

Deuterium-switch %325 O FAFE (ZIBIFIE D RT3 E & 72 5 729, 4T de novo [E 3 D Fr¥E
BERCTH 5, L7zdoT, EIEMFHFENI D o AHFERALERP I ﬁﬂ@%%ﬁ]\f“ 2 3 FiERSE
T FETHEREC RS LTINS, EARMCAMIIHEIR, Od-2 VXA X2 v CD:DZIRLD LT
ZHENKBIARETR, QEKEMFITVEF Y 7 LNaBD)REKFELLT LI =V L ) F VL
(LiAIDs) 72 & D BEKFLABGEAEEZ V7= L BFEA K. 7213, @FEK(D0)7% &z EKFFE L7
H/D ZHBSUGIC L D BRI NT w5, BT, &m0 TR 5,



O BAKRRICERRFEANRAL-EEERBR

BHEAR 2 B ERER T ITNG, CDil R EDATFES REKRKMUABKRT2LAKI N
T3, fiil 21X, deutetrabenazine |¥ N-tert- 7" &+ ¥ 3 H1 )L 3R = )L-(tert-butoxycarbonyl; Boc)-3,4- > (ds- A
FFINT 2= -1-T 1V (D-de) D HAE X AT 5 (Scheme 1), D-ds 13, HEFNMESAF T C N-Boc 77
TaA—1LT IV d-AFMERAE L LTEHIN TS CDII 26865,

oCD;
CD;,l

D/\/NHBOC K,CO,4 D,;CO NHBoc N 7, OCD,
DMF, 20 °C  D,CO v
P!

deutetrabenazine

Scheme 1. Deutetrabenazine D& X

¥ 7z deucravacitinib |, N-E / (ds-A F V)T I F(F-ds) %> b BERICERK X 71T 5 (Scheme 2)',
F-dy 13 4,6-> 27 03-Y') XY VEE) L d- A F T 1 VIR (CDNH»HC) D Bk & CH T
% 5 o

/
N
N__N
Meojg)
Gl CD3NHyeHCI Do Q ¢ O HN
MeO | N —— N 1 N D,C
N. 2 H N. # N I\ 0
N7 el 'NTC H N. 7 N%
E F-
ds N
duecravacitinib

Scheme 2. Deucravacitinib D& B

2024 4. deuruxolitinib 23FIEIEEREIARER & LT FDA I X Y #&FX X 172, Deuruxolitinib 3.
ruxolitinib (EBEALHEIEIRIER) D 7 u v FAHLICEHKEREBEAINLIERMNTH B, BHEDO L
T A, HIKFE D deuruxolitinib DIEVEIC G- 2 2 522 XBH & 2212 & 71T 72 W, Deuruxolitinib 1%, Scheme
3IWRT LI, Ll(ds-v 70 RV XNV ITFNVNIZRATA-dy) > DB I N T3 1, £7 I-ds
Z. WHGEHET., ~0 VY T FNICK B di-1,4-3 70 E TRV (H-dg)~D KEZAHN & 53 NERAL
TEON D, Znd, 3R 11 TlE H-ds DEIEICOWTEHEHE LTy, floF 2icsnw T,
dy-7 F 7 N a7 7 (G-ds) & 48%RALKFEKDPHIELNDE Z e R|EINT0ES
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A 9 w3 D
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Scheme 3. Deuruxolitinib D& B

Z DIE SRR TE IS EKRAEA & iz BEEERC AV R cH v ™, BRI
TAFEL (BETAFNL) HOLREILKOEEEIIH L CW5, FFiC, BECERRE~T T
BRI (b)) D C-H A AL CYP IS X 2L 2 Z TP Wizd, ~7 v i Fof~ERIICEKFEE
AT epkobnd, RFOBETEHRET (2025 4F 1 ABYE) TiE. CDI 2 EHNELETE own
7-®. CDsl DHLFE 2SN D> O DRREIC X 2 AICIKFEL T b, LA L, BiAICD 2% 2 R b
MOBART CDI 33 L A KA S ARV, HARTIIEERGOMERAEIEATESL T, Zoff
WMALEMNED, HRENT d-A FAELZH T 2EEEMBAEI I ES h—REZLEEZONS, L
72BoC, AFLSeTWEMEBEZHWEZET VX ARE AEORFE SRR LNG,

@ EXRCEREEZFAL-EERRFAR

FROBE RO T, NaBDs ® LiAIDs 75 & D BEKKILELEEZ W2 ET v F VB0 LR L
SN Tw b, Bz 1L Silverman 513, AFEHRIELE ORI & LRI L5 v ey — LR
EARL)DIRNEIEE % W T 5 72010, WIET 5 BRECAR(L-ds) % A L 72(Scheme 4)3, L-ds D&
&KC\iﬁwﬁwﬁmkim%méht1@b7IZTWﬁ7«4&@#“%(%5 ZZT
Silverman 5 (¥, NaBDys Z# W72 RV A= P VL DREICIC X 2T, J-dh #1572 J-dy I AF LY

FAITRTNE DHEEIC ;914@7l27»ﬁhﬁ&wfﬁﬁént%\ﬁ%ﬁ*#vau
=A7u) FeDBRICKY, L-di3HEKTE 5,

NaBD,
zrCly Dp
o ——————> ph
Ph™ "CN - ™ en 1M HCI \)<NH2-HC|
J-d,
[oJNo)
0
U Ph 4 Ph CIMCI
MeS SMe S(N\H/N\z pyridine
p o pP
K-d,

Scheme 4. NaBDs %= Fi W 7= (B BRI EKFR /NI EY — VBB EIAR(L-ds) B X

¥ 7z Pfizer thi, HIHEZABAETH 5 G & v 37 HERIZ (K 5 (transmembrane G protein-coupled
9



receptor 5; TGRSWEFENIFE N # € 7 Lb&EW & LT, EBHG~DEKFEALBF I 717V — L4 CYP
PCOREWICE Z 2B HE Lz, ZOBET, TFLEROERF o BN ICEKRRL X
N7z N-dh ZE L X 1072 (Scheme 5), N-ds 1, 1-(do-TF V)T IV (M-db) L HIEEK L7z 2-7 v v
VIV ViR G EENIERON S, £ 2 TPfizerfhid, 7 F =} U A% LIAID, TiEITT %
Z&T, M-dbZ AFL 72,

5. L-di % N-d> L WG T 2 KB CARDL,N) D, fF I 7 vV — 2% CYP3A4 1 CORGBILEED
& v 328, KIE 3 & vTundnn B

OCF,4 , .
H,N_O F3CO
OCF,4
NSNS0
LiAID, )D<D oA HoN O HN__O
—— >
CH4CN HsC” NH, DXD)NI\% o N%:)\l o
M-d. P |
2 HsC” "N N H3C/\N)\N/
H N-d, Ho
TGR5{EB)ZE

Scheme 5. LIAID,; Z AU 7= TGR5 1EE13E(N) fIEZEIREAKRZILA(N-d2) DA X

NaBDs ¥ LiAIDy i3 mBE/KF (LR L2 HR T2 25 aAETH 2, LrL, Gffithozh. &
SUCHURTH 5720 T2 R EDREDRH 5, £72, EHRYEERETE 3 (HeRAMEYES X O
BOKMEWE) SO N ORISR KE A BT 2 A CfH EoRIRD H 0| ERSEEEE
L7 TERT —AERKITITE L ThiRny,

® H/D KERGZEFAL-EAZILEPDOERK

ftA¥ D C-H G % C-DEGICERT S (HE D EANEZS) H/D MG, HEanT
ICHEEEKEZEATE 2N ATETH 5, HD REKIGIE, B - e, B8R, 6801
fi % IR IC RN 5 2 & T, Dy HAREIK(D0), A X/ —A(CD;0OD), de-¥ A FIVANFF T F
(DMSO-ds (dimethyl sulfoxide; DMSO))7z & % /KB & L CHAKFENLTE 5, JEF. H/D HE
DHEFNIAMLTED, TNOLDKIEH T LD LN D LA X LT % (Table 1)'e1535,
D0 FLAMTCRAICEEICHFELAF LY T WEKRFTH 2720, D0 M7 H/D G
DEFEDFFCEA TH B, LA L, EAFCESLHEKFEANEOERELAL T Th 2720, H
B GFAFE ICEM T 2 13, MEOBACTHERD 2,

10



Table 1. H/D I s D#asn (2015-2024 £) 15

C—H

catalysts and reagent

c—D
D source

D source = D,, D,O, CD;0D, DMSO-dg etc.
RE S EBERREDEL

and/or EXKFRIELELF+5

year method (catalysts and reagents) representative targets reference
2015  acids. aromatic moiety of lignans. [16]
2018  metal oxides, metal films. alkanes. [17]
2018 acids/bases, Pt, Ru, Pd, Rh, Ir, and aromatics, alkenes, alkyl amines, alkyl alcohols, amino [18]
Fe catalysts. acids, olefins, hydrosilanes, hydroborans.
2018  platinum group metal on carbons. aromatics, benzylic positions, alkanes, sugars, saturated [19]
fatty acids
2019  Fe, Ni, and Co metals. aromatics, benzylic positions. [20]
2019  Ru, Ni, Mo, Mn, Fe, Ir, Pt, and base  adjacent to heteroatoms (O, N, and S). [21]
catalysts.
2020  photocatalysts (Ir catalyst, 4CzIPN, alkyl amines, hydrosilanes, aldehydes. [22]
TBADT and acridinium salt).
2020  acids/bases, Pd. Pt, Ru, Ir, Co, Mn, aromatics, benzylic positions, alkanes, alkyl amines, alkyl [23]
and Fe catalysts, photocatalysts (4- alcohol, sugars, amino acids, peptides, alkyl sulfides.
CzIPN).
2020 Ir, Ru, Rh, Pt, and Pd catalysts. aromatics, olefins, terminal alkynes. [24]
2021  Ru, and Ir catalysts. alkyl amines, aromatics, nucleotides, amino acids, [25]
peptides, alkyl sulfides, alkyl alcohols.
2021  photocatalysts (4-CzIPN, Ir alkyl amines, amino acids, peptides, aldehydes, [26]?
catalysts, acridinium salt, and hydrosilanes.
TBADT).
2021 bases/acids, Ru, Ni, Pd, Ir, and Pt alkyl ketone, amino acids, peptides, alkyl alcohols, sugars, [27]
catalysts. aromatics, benzylic positions, alkyl amines, alkyl sulfides.
2021  Ru, Ir, and Pt catalysts, acids/bases. alkyl cyanide, alkyl ketones, terminal alkyne, aromatics, [28]®
alkyl alcohols, olefins, hydrosilanes.
2022  photocatalysts (TBADT, 4-CzIPN alkyl amines, peptides, aldehydes, hydrosilanes. [29]
and Ir catalyst).
2022 Ir, and Ru catalysts, photocatalysts aldehydes. [307@
(TBADT, and 4-CzIPN), NHCs.
2022 NHCs, photocatalysts (TBADT, aldehydes. [31]@
and 4-CzIPN), Ir, Ru catalyst
2022 Pd, Pt, Rh, Ru, Ir, Ni, Mn, Co, Fe, aromatics, olefins, terminal alkynes, alkyl alcohols, alkyl [le]®
and Ag catalysts, photocatalysts (4- sulfides, alkyl amines, amino acids, alkyl cyanides, allylic
CzIPN, and Ir  catalysts), positions, benzylic positions, aldehydes, carbonyl (o
acids/bases, NHCs. position).
2022 Ir, Pd, Rh, Ru, Ni, Cu, Fe, Ag, Co, aromatics, olefins, terminal alkynes, alkyl amines, alkyl [32]®
and Mn catalysts, acids/bases, amides, amino acids, peptide, alkyl sulfides, benzylic
NHCs, AIBN, photocatalysts (4- positions, alkyl alcohols, nitromethane, saturated fatty
CzIPN, Ir catalyst, acridinium salt, acids, sugars, nucleotides (aromatics), aldehydes, carbonyl
and TBADT). (o position).
2023  bases. aromatics, benzylic positions, olefins, anisole, Si-CHs. [33]
2023  Acids/bases, Fe, Co, Rh, and Ru aromatics, olefins, benzylic positions, amino acids, [34]®
catalysts, photocatalyst (Ir  aliphatic carboxylic acid, NHCs.
catalyst), protein.
2024  Ru, and Ir catalysts, photocatalyst alkyl amines, aromatics, amino acids. [35]%

(3DPA2FBN, and

AIBN.

4-CzIPN),

[a] Other deuteration methods were also described, such as hydrogen/halogen exchange, reductive deuteration, deuteration via radical reaction
intermediates, etc.; 4-CzIPN; 1,2,3,5-Tetrakis(carbazol-9-yl)-4,6-dicyanobenzene, TBADT; tetrabutylammonium decatungstate, NHCs; N-
heterocyclic carbenes, AIBN; azobis(isobutyronitrile), 3DPA2FBN; 2,4,6-Tris(diphenylamino)-3,5-difluorobenzonitrile.

11



ZDX5BERT. i CAFEG 2 DH D P23\ D0 % BH/KFEIFICH 72 HE R A K
EOFRFEPYEI N TS, Ui L, 5B EKRIUA BRI & S WERREER 2 b 2 7277
T N T CHEE LD o7z, £ 2 TEER I DO FEAKRIFICH O ZZHHET LV F 3o
FFEIFFEICE T L 7= 3097,

TR AR T )V — A A7 4 FERZ EEK L LT A F A A0 F = L) D 7
F 7 v o7 IR TEEE 23 LUl i s < L A BRA R R SR E T CIEREE A U F ()2 ERK T 5 2 & A3
LNTW3E 3, L7z TN T DO Tid, BELZEA Y F1°)2 D0 2> bEKES
FA v DYt 5 2 & T, MEahLERICEKR(LTE 5 L HFF L 72(Scheme 6), % 72, EAK
L7z 1-do 13REFIRET VFMALAIE L UCHRE L . I 7R EORIKHALD 1-dy & UGS 2 Z
& T ~7 R FofERINICEKFEL I N SR AET VX AVEMNINGERE O NS L FE 2T,

REFH
. E7LFIE D,
i BAEILRGS D20 oD Y Xy
H
\)i(/ H base \T’H A I’
o g TIre] T :
oo :
FEE @ O
1 1" A
RI%TE

Scheme 6. d.- 7L ¥ )L1{LiE D ELEE

FEEE, L ave X 2ERT AL, TAFAY 7 oA k= ali(la)z w3 2
EBWLTCWE IR L7 GE1E), 1lald, REH Y v L(KCO)FETE T D0 H Thii# afiiiF
RicshR X CEARKLEIN B L L bic, BONZEKENRE 1a-d, FET7 AL FALRE L LT
HE L 72 (Figure 4), % 7z la-dy 7> 5. Gabriel 7 I VEAKIC X WV KW 2 do-T A F AT I v~E | 72
FvtAh Y v LAKD)PCRILA Y Y LAKBr), 7 FYTLATY FNaNs) ST, WIS T 5 dy-T v
FANTANRT Y PN W TE 72,

KREFH
BEXKHFIERE E7LFIE
v-
>98% D | D
H D
H _ KyCO4 g >kY
+ X
phSph D20 s
1a
Key intermediate
Gabriel 7IVE K KI, KBr or NaNj
DD
D D
- X
X NH, z
Z=1,BrorN;3

Figure 4. E7ILF LT 7 2 IV RIIVKRZ 7 LiE(1a-d)EFAW-E 7L ILLE
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H2ETIE, B IETHELATNEREZER L, 61 EoERIE. 1) FEEEK. 2) 2
T LA, 3) EHAKEL, 4) ETAFAMED 4 X7 v T THEREINLTEY, SEIECRES
5 BEH B % (Figure 5-1), F 7z step 3 1IC T, @& WEIKEKEZ MR L 72 1a D HERKECICHRALRL
7 D0 BEOMEI A+ ENTEL I, 5.6x100 Y ED D0 AHLNT Wz, 22 TET K
JHTARE DI Z M3t L., Figure 5-11 IR T X 512, BIBMASK & AVt = 7 LIEEKDOT v Ky
FMb(step 1)s B X UVEARLEETALFADT v Ry Ml(step2)ZiER L 72, F 72, 1a DEK
FILICHW2 DO EZKAEL. 69 HEICHIKTX 72,

() F1ETHREULEZE7ILFIEZE

step. 1 step. 2 step. 3 step. 4
AIERAERR — XJLT';—;L‘E  — £V &34 ———————> E7IFIiE
Tf2o - KzCO3 T- D
_OH lutidine _ @ oTf \FHHOTf D,0 (5.6 x102 equiv.) 9 /ks
; ph-Sph '9
Ph”> Ph 1a
BRREES ) BB ATV ERK, 2) KBFEIEDOD,00E A
() RETHELERRZE
step. 1 BIERAR AL & AR LEA R — :
120 Ph” > Ph H OTf| 12000 [ D otf T’ P
NaH H i D
_on N [ vOTf] \g D,0 (69 equiv.) \ﬁp kY
1a 1a-d,
step. 2 EKFIL & E7ILFIE

Figure 5. 7L F I 7 2 I RINFZT LIBEAa)DEREETILFIMERIGDRES L HER
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FIETIE, ETAFMMEAERICHE L 2T A FAALF =Y L0 FEKEHEREL 2, TV
FNURANE =Y LEEDFEFIEB ANk =7 DO AL EKFENICDOMERICE 2 5 78 % et
L7z& 25, lad, L RIFEOEKFMIE L KREFHNLET AV FUICEEZ R OETAFALTT
v b L =7 LHE(b-dy) % L U 72 (Figure 6). ¥ 72 AIEDEIST T, 1b-da (34 Y &7 20efIc X 25—
BAERICEZ T, BETAFATIIHAAENREL, o2k v EREFETNIE, XS T2ET
LEFAMIERF O NI, T HICEIRT I v Eld1b-d SN T 28T FF—0T1 & L THRE
1b-dy & EF N F — DT EMBEEEARZTEK L 72, % OfEHR. IS T, 4)/7A%%ﬁ#
FAEL 2 K THET AFAFREESA U MCEERICEKF (LI NS EET VR ALEY %
BT B LI 7=,

REFH Y- D
E7AEME g Ol

Y
|

9
Ir Feflg D #780,Ph D
i . - k2 > o Nso,ph
Key intermediate _ I ] :
SUhILEY L b efc.
E?Jl’#’"ﬁ{t PhaN T-t' r q DD
w7rr-n7 [ Dp | Zsoen @7 somn
=k ome
OTMS DDO
i Ph XA e,

etc.

Figure 6. E7/ILF¥ILF 7> L =T LE(1b-d)EBW-ET7/ILFILLiE

FHATETE, 1-da 2 5B L 2 BKRULEY Z T, WIST 2 kR UK & R LE T2
B L., HARRMCEY CRELELOSEE 2B 5 2 L ITII L 7= (Figure 7).

CH3
" 97% D
\[’p/ ~C

60 120 180 0 60 120 180
Time (min) Time (min)

w

o
N
[=)

-
[63]

- NN
o [=> TS |
T
o0
=: O
T
o0
o o]
/
e
E
lw)
0
1]
I
3

[63]

Plasma concentration (ng/mL)
o o
e}
O
Plasma concentration (ng/mL)
]

o
(=)

o

Figure 7. E/kRLLEH L KkFILEZE T v F~BOKRSROMBFIREHERS
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F1E BETLXINLNS 7N ANFZILIEDEREET IV LEEANE~ADER

feam i~ 7z X 51, WA CYP UL E D UEEZ HIVIC, ~7 v Ji1-1C ds- A 7V (CD3) R D5 E
L 7z EEIE G %E*ﬁv%a INTVE 7, 2D, ~T B RILFEIC ds- X F NV EEZ R AHnC
% 2O PFEHZED T 5 34, 2020 41T Zhao ° Shi b iE, ds-A FAY RV Y FF 7 =
=7 L (1e-ds) D3 KE T W7 ds- A FAALRIE & L CHRE ST 2 C & 23S L 72 (Figure 1-1)%, FEM:&
fF N CTHEX X/ —(CD;0OD) & FEH b EHKFLF IR F LV (HCOCD) 2 B L 7212, F VU 74
0 A & v Ak v R K ) (trifluoromethanesulfonic anhydride; THO) TIHEHL L., ¥RV VF 47 =
VERIGE R D Z LT le-ds LI N T WD, le-ds T+ b=} UL (CH;CN)H K,COs FE7E P&
WA e ~TaRkEiE (AKX L7 = 7 —AEKEBEE, 74—, TI2EARY) LRIG
XL LT, WMIET D ds- A FAARD, BEKFILHE 99% (99% D) THEL LT 5, EHEGFHEHFARD
di-A FALICHBEH I T 5

(1) dg-AFIEFHZE (1c-d3)DE B

99% D
L,
SY OTf
CD:0D | oo, O
+ [ H002CD3] E— Q
HCO,H 120
1c-d3 (91%)
() d3-AFIE RS D F 51
1c-ds3, K,CO
R'-XH 2273, RI-XCD,
CH3CN, rt
(X=C0,, 0, S, NR?)
99% D 99% D
OH OCD3 CD3
F-CeHi N, 99% D
2 D3CS\/'Y\SCD3 O \L\
N
O CeHyF H2N
95% 76% 95%
(from ezetimibe) (from Cleland's reagent) (from sulfamethoxazole)

Figure 1-1. ds- X FILLERE(1c-ds) DB & ds- X F VLD KIS

¥ 72 Meng *° Tan %, (ds-A T V) (p-+ VU )2,4,6-F U A FF 7 2= )ALk = LiE(1d-ds)
% dy- A F LRI & U CFIF L 72 (Figure 1-2)*, 1d-d; (X, THO L ETEE R 1,3,5-F J A b F o
VEVIFE T, (d- A FNM)E-P VAL F X FALHHB I NIz, (d-A FV)E-F V)R FF
¥ FOEBIEIISCHR VI I N TR0, p-AFALFF T 2 ) =% CD:l ICRIZEIR X 27
B ER 2B L2 2 & CHETE 2 2 L 2R TG N T B KB v 7 L (Cs:COs)
FHET 1,2-3 7 v v x & v (1,2-dichloroethane; DCE)H' 1d-d; ZH\» 5 & & T, [E3EMFHERD 7L
RV T7 = /) — AR, F4—n, 2T IV, FRT7 4 v R EICd-AFVEEMME &2
ZLITYILTWw3
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(1) da-AFILELEAEE D)DERK.

>99% D
0 TfH0 o $P2oMe
/©/S\C% 1‘3‘5-(Me0)3C6H3‘/©S+)©
MeO OMe

(1) dy-2F AL R S DA =45 1d-d (90%)

1d-ds, Cs,CO; .
R'-XH DCE > R-XCD;3

rt
(X =C0,, 0, S, NR?, CHR®, R%,P)

95% D
OCD; 99% D
OH 95% D CDs
FCoHa X, OOCD3
0 C6H4 \L(
91% 99% 9°/
(from ezetimibe) (from paracetamol) (from sulfamethazine)

Figure 1-2. ds- X FILLEREE(1d-ds) DEL E ds- X FILELRISH

o DiFE(e-ds, 1d-d3) 2. ds-AX T VLERTH 2, b0 FEZICHITNIE, Exx/ —
JL(CD;CDOD) 2 &2 b, MG T 2ETAFMMUAELZARLTE2L2FE2 b5, L L., H#iHH
ICEIKFRDEA T N 7233 (CHsCD,0D 72 &) Id il T T e vz, CYP R L & s I % 5
L WRLIc b EARRNEENDE Z ik b, 7 TNICE S DEKREREENS & R CBEmME
7 EALEVOYIMECEL B E L B 2, 72 & 21F flurbiprofen-ds (FP-ds) 1. XTIt 3~ % #E3E M (FP)IC b
R OIKIEE A~ DIEBYEAR K E L 2 b, FRIC pH 1.2 DIERKIATR T TlX, FP-ds 13 FP @ 2 {58 AR
T % 2 & & 7z (Figure 1-3)*22, 34 & HoO RO AAEF = 4 v ¥ — % 2 F LB B SR (density
functional theory; DFT)% W CEIHE T % & FP-ds TlE. FP X 0 H H,0 &L DMHAFEH = 4L ¥ — 23
KEL AR ZLDBHL P Lo T, ORI L, BEAREMIC X Y IEFE HO OB HEL
T, BB RELS o EZLNS, Thbb, TS DEKFELZEAT S L, KIE
LA Ot DZEAICEED 2, L7ah o CEEEMMAE ZEN L. ~7 nliFafl (CYP HR
f7) O RIEIRMICEKFZEATE 2 FIEORRPIEFICEETH S,

95% D
95%D D 94%D

. D
‘ D
CO,H

DF 92% D

95% D D
flurbiprofen (FP) 92% D
(RERR) flurbiprofen-dg (FP-dg) AR (FP-dy/FP)
BRI (ng/mL) (FREIK) 24.12 + 4.00 32.67 £0.71 1.35
(pH 1.2) 5.90 £ 1.04 12.73+0.17 2.16
(pH 6.0) 809.54 + 61.08 918.46 + 50.22 1.13

Figure 1-3. flurbiprofen O EKF#&LIC & 2 BB IEDSHE
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FEIZ, TAFARLEF =T L) DR E o OB E > 3 2 & 2RI L, EESRSE
FICH L 725172 i EOKFALERIE 2 A T % % & X 7= (Figure 1-4), T7ab b, AREE PSR
BTFT1LIZA4 Y FEICEBRINZ L PHAIONS, £ 2T, DOFTRIGEITH) LT, LA
U FiZ DO HRD D ARME L. MIST 2 HARKEMAKA-d) B BONDE LE X, T2, BHNT1-

do (IRETREE LCHREL . EIRS~T r i & OREEIIGIC L b, G T 2 ET L F 4t
R@-d)fF b LHARFL 7=,

Z DR EIL T % 7201013, BEKELERE T 1 28 D0 i3 2k L<, E7 ¥
LRSI 1-da 2RE TR L LTI 2 TR b v, 18 1-d, DALFAIEE IS L T 5 72

. BEERICHIESBETH B, FlaiE, 1 PAEAECBEBE oRkETEL L@ &, D0 HK

DEKEIA & v (OD)NT X D 1 DIIKEDFHR SN D, 7z, BT VX ALERE ©RLfE 2 28

HTEL LTl &, 1-doDEKRFZ G EHE, EARRMEOKTICEH 2

KREFH
E7LFIE D,
H BARIEERS Y- K
+H | Y
X H - base A *
@ O e X
sue SNe
:}zmi
EXRRILRET
7Ju7kﬁﬁﬁ o } Hy
@ O Y X + Y- x
SO NNCH®
~|/ .
oD

Figure 1-4. E 7L ¥ I)L{LiEDEER & RE S

17



F1E FPLELST7IZANRLFZILEOEKRLLRD

Figure 1-1 IC/R L728RIC, ds-AFNAY RV VF 47 2 =7 L8 1e-ds 13, KEFH 7 di- A F114b
AL LTHEET 22 LN T WD ¥, 22 TET, WETI2KERTHLAF LYY T
7 x =7 L)% T, D0 HHEEBIE L (K,COs)TEE B CHE/KFEL 2 WGt L 72 (Scheme 1-1, eq.
Do LA L. MIAKD@ERER L, MIGT 2 EKRMUE IR GEON R0, £y AFARVY
FA 7 = = v LE1e) T b AR fE R 35 D #1172 (Scheme 1-1, eq. 2)o

S* Ko,CO3
BF (1.0 equw BF4 .
D,0(10mL) O
Ar, rt,6 h

1c-d 3
0. 10 mmoI 99% not detected
CH CcD
e K2CO3 S o
S _BF, (1.0 equiv.) L@ S BFs
L@ D,0 (1.0 mL) L@ )
. Ar, rt,6 h
1c ) 1c'-d;
0.10 mmol 99% not detected

Scheme 1-1. AFILISRUYFA T ZILIEERVYFA Tz LEZRW-
BRI RICD FliEtess

RIZ, ¥V 7 2= NANT 4 F(PhS (phenyl; Ph))& A F L+ 1) 77— b HLiHIATRER X F L2 7
T =NV AR =Y L (1aa) D EKFEC )G Z 5T L 72 (Table 1-1), 1aa (0.10 mmol) % B8 & L T,
D,0 (1.0 mL; 5.6 x102 equiv.)™'. K,CO; (1.0 equiv)Z ML 72 & 25, HD ds- 2 F LR (1aa-ds)
28 98% D, U 98% T3 & L7z (entry 1)o D0 % 0.50 mL (2.8 x10% equiv.)ICIE T % &, HAKFRILK
DMET L 7z(entry 2)o Z DOFF. laa O—#2% DO ICHEE L TR WERFABI I N, T OfEDL
5. laa AT - T3 & THEAKFMSUCHEEIMET L7270, BEKREMEIET Lz L EFE
LT3 KA Y 7 4(KOH) Z T W T H  K.COs & Wz B8 &[R4 © /K FELHE T 1aa-
ds 3 UTz(entry 2 vs 3)e £72. b U ZF AT I V(EGN (ethyl; Et) 1.8- 7 ¥ &> 7 1[54.0]-7-7
v 7 % V(1,8-diazabicyclo[5.4.0]-7-undecene; DBU) T (%, AN AEMREF e Lo c & T
laa (35CEICIAEE L 7223, 1laa DNUKSIEBHEFRE L. 1aa-ds DUFEKT & PhoS DA MERR & 7z
(entry 4,5), DO DfH D IC CDOD W% &, ZHRTHELEZ A MV T =4 v OREERE W
SIRROG (A FAb) 23IE X 7z (entry 6) —MRICHRIGIE A W O N BT A4 U F %R
DFHEEECEB I N O O RIZERE, T/, WRIEE L v e ERFE RIS ITEL
HEIT L b o Te(entry 7)o LA EX D | entry 1| ZE#EEHE L7z,
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Table 1-1. 1aa D EKFEC KIS DIERET

2”3 oTf base (1.0 equiv.) ('Zt som
P e meWmmeymw)Pﬁuz Ph””*Ph
(0.10 mmol) Ar, rt, 6 h
entry base yield [%]
laa-d; (D content)  Ph,S
™ KO, 98(98) trace
2 K,CO; 76 (59) 0
3 KOH 72 (52) 0
4 EtN 44 (85) 24
5 DBU 21 (95) 57
o KiCOy  20(96) 80
! - 96 (0) trace

[a] D20 (1 mL; 5.6 x10? equiv.) was used. [b] CD3OD was used instead of D20. The reaction was conducted for 3 h.

EZATHERGIZ, FPY 7t X FfLCRAEEL LTHY ZrdrAFAryy V5t
7 = = v LEFHEMAR (AR ZFARLTW2 8, ZOWEET, P 7AdrAFAY T 2oL
ANFZ T AP INIET 2RV F4 7 2 = v L O0) X » HRE MK L. CFs LRIGH
KL 705 2 & PRE I LT 5 (Scheme 1-2) %0, Z OMEAR S OEIZ, lad le 10X Y b
FMEZAM T DO Tk fid & iz < Wit S(Table 1-1 entry 1 vs. Scheme 1-1) & —3( L T\ %,

CF

oTf NH,
o NH
(0.5 equiv.) ©/CF3
80°C,1h CF4

NH 32% 15%
2 CF3 - ° ?
I OTf
NH,
NH,
(0.5 equw ©/CF3
80°C,1h CFs
trace trace

Scheme 1-2. M ZILAAXFILIRYYFHT7 227 LIEO)E
Y73 ZNRNHZY LIEP)ORISHE

ZOEKFLISIE, 1aa # 1.0 mmol FTAZ — LT v 7 LTH 99% D TiE T % 7z (Figure 1-
5% L22L., =FLFAab) TR L7z & & A, lab-dy DEKFBCEBZE T L 72(72% D). T DEX,
lab 23 AP CHTER > T, 22T, BB L LT CHCN 2L 72 & 2 A, lab-d, DE
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IKFELEIL 98% D £ T E L7, CH:CN 28I 75 2 & ©, 7 =4 F rH(lac), p-X b F &
7 = 3 FH(ad), p-7 0 €7 = A F A (lae), TEEA FARKA)BEIRL 2P 7 2 = AR
= LD 5, WG 2 EKELIRAab-d-1af-do) 23 E WEKBLR T/ LR,

R\T/R - R\T/R _
. X KyCOj3(0.50 equiv.) & X
Ph” "Ph D,0 (10 mL) Ph™™"Ph
1a , 1a-d,
1.0 mmol Ar, temp., time
98% D >99%D
>99% D D" p OTf
H,C. D b
3 - —
~+ OTf + BF, st
Phph phS'ph Ph”>"Ph
1aa-d; 1ab-d, tac-d,
i 56% 64%
(rt, 24 h) (50 °C, 9 h)al °
' (60 °C, 9 h)lal
>9g% D oTf >99|;/0 D & ) 99% D
D D Br\i/D
st pn-Sph B o oTf
Ph”~Ph OCH; o Sipn
1ad-d, 1ae-d, 1af-d,
82% 68% 58%
(40°C, 5 h)lel (50 °C, 5 h)tal (30 °C, 9 h)f]

[a] CH3CN (2.0 mL) was added as a co-solvent.

Figure 1-5. 1a D E/KHR L RICDEBERAH

E28 BE7LFIMERIEANDER

T O N7z la-do ZRETHIRET L EACICICER L 720 £ N-A Frp-F L2V
RV T I FNQRa)ZKREMEE Lz d- XA F{b G L 72 (Scheme 1-3), 7 F 7k Fmr 7 J v
(tetrahydrofuran; THF, 1 mL)* 0 °C, 7K3&{tF F U 7 L (NaH, 1.0 equiv.) CRELME 2a ZiGHL L 72,
LT laa-ds AN L 72 & 2 A FiR T 1 RTS8 5E6E L. BN ds- X F- MUK (3a-ds) 23 7E
B ONTZ, L L., 3a-ds DEKFELHEIL 87% D IIK T L7z, HKFBMEOMKT X, KRLHE
PHEEEE LB E . RPICHMBFET 2 H0 & &8 @ DH SIS L 72 2 L IcER T 5 &
Ezbhd, ORI, KA NaH TiEMAL L 72D % D0 28 equiv)Z T 5 (GRH D DO
DIEEED L) & THRI, >99% D THWD 3a-ds 35 STz, T DFikiR% Procedure A
& L7,

>99% D

0,0 NaH (1.0 equiv.) . Q, o
S-N THF, 0 °C, 30 min (1.2 eq.) S--CPs
/©/ éHs then D,0O (28 equiv.) rt,1h éHs
2a 3a-d;

without D,O; quant. (87% D)
with D,O; quant. (>99% D)

Scheme 1-3. REFHILE 7L FI)L1L RS (Procedure A)

TEANAIFAYTLRb)EREME L TUE, WEEZRINT 5 2 L 75 d- A F ALERGBb-ds) 235
20



b7z (Figure 1-6), 7-& F B ¥ 27 78 v (20) b K%M & LCHERE L . WG 3 % H/AKFE(LIARBe-ds) 23
EWEKRIEETE O Nz, 3e-ds DAKIE, 1.0mmol ICA 7 — T v 7 LT b [z < HEFT L 72,

72, B F LR ab-d)Z V3 2 & T, EERSEEETSRAREHED d-T FAALHHE X
CHEAT L 72(3d-dr3k-dh)o do-7 = F F AT 7 = =L Z vk = 7 L3 HE(1ac-dr—1ae-da) B> & i W EE /K 35
{LETRHIET 2ET L X VLERE L N 72Bldr-30-db)s T2, do-7 BEAFNY T 2 =)L ALK
—vrfi(laf-d) b HbVB I LT, AT a—AFEERPOXNICT S d-ATF L VIt FoRVEY
(3p-ds, 3q-d)HFF O N7z 3p-da 13, F 7 XL VEROBESRIR A ML —EEAKREIEASI N,
TN, F7 2L v EEOKIERA v MIOREEE G BECEE LI N B Th % 2,3-F
TRLVYIF—=ABD0 50 DEMIEL, ZOBRETAFMELETLEZO0ELEEZOLNS,

D

D.|_R?
NaH (1.0 equiv.) Y i D
1 THF (1 mL), 0 °C, 30 min_(ph” Sty " 18- (1.2 equ'v')‘ Rlx)<°2
R ‘ZXH then D,0 (28 equiv.) temp, time 2 R
~Un

0.10 mmol

0 0
;909% D "s'?N,CDa >99% D . Ph I o] O-cp,
3- -
&+ OTf /©/ | >99% D N=CD, 99% D
Ph”~"Ph NK 3c-d; [97% DI

1aa-d, 3a-d; [87% D" 3b.4,0 - )
quant [quant]® (1t, 1 h) 90% (t, 3hy®!  |srom O quant [83%]! (50 °C, 2 h)
5 >99% D

98% D 0 >99A: o o D o CH

D CH 3
Yo N+D OXCHs
1ab-d, 3d-d,° 3e d2 3g-d, °d
92% (rt, 3 )] quant (t, 3 h) 89% 40 °C,3h) 78% (80 °C, 12 h)l

' 99% D D >99% D D 98% D

MeO N CHs o P\en D O H:Cy-p
< y’ 8 D>k / 0
DD N N HaC N N-g
g0 J I 2 s J\ I /> o g
OMe 07 >N" N = NH
3h-d, . | 3i-d, |3 -d, 3k-dy
50% (50 °C, 5h) 62% (80°C,12h)  quant (80 °C, 12h)  98% (50 °C, 12 h)
from theophylline from theobromine  from sulfamethoxazole
>99% D : 59% D
>990/|03D { o P | ° Oj(\Ph 1 D 0% b DH
D D ! [e) (o]
Ph N=P D | D
e <., oot LS
ph- > ph OTf 3lq. 0 O 3m-d, . 0 via on
1ac-d a2 o :
> 79% (80 °C, 5 36% (60 °C, 12h) | P304,
e 61% (100 °C 10 h)tel
>99% D e
5D 0T O:‘é D >99%D : 99% D
\|/Br
. :—< >—
thx st OTf : ; J\Q\
fae-d (¢ by | X OCH; 3n-d; 66% (50 °C, 5 h)[”: ot 97% D
2 X=Br ;30-d,58% (50 °C, 5 h)bl: 1% (100 " ranp o7

[a] Wtihout D2O. [b] Potassium phthalimide was used in the absence of NaH. [c] 1.0 mmol scale at 60 °C for 3 h. [d] D2O (2 mL)
was added. [e] N, N-Dimetylformamide (DMF) and K>CO; were used instead of tetrahydrofuran (THF) and NaH. (brsm; based on

recovered starting material)

Figure 1-6. =77 /L ¥ JL{LEHE(1-dn)Z AW -EKFRICDOEFEARB (Procedure A)
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FT =) % KM E L 725A. Procedure A TIIGHBEHEICHEIT L, HD do-T F 11L
R(3s-do) 134 {15 N7 D> o 72 (Scheme 1-4), & DFfAE I, CH;CN H 1ab-d> & 2 7L A Y 7 L (KD A
biflahzavtEIF NV da-d)ERETREE LCHIHT 2 2 & Ok E iz, d4a-do DERKL
TW3Z ElE, d-7+k b=} Y (CD:CN)ZAEBICHWT, 'HNMR CRIMEIT 5 2 i X 0
L7z GEIZEEROE % S), KoCOs (1.0 equiv ) fE7E . FIREASL X 17z 4a-ds 1T 21 23R SOG
52T, HWD 3s-dy BMF O NT-, T D% Procedure B & L 7=,

Procedure A | 99% D

SH  NaH (1.0 equiv.)
HsC. A THF, 0 °C, 30 min

2ab-d, (\1/.2 equiv.)
7\

N then 0,0 (28 equiv) .
21 : ' 50 °C, 5 h 98% D D
HC. [ CH
SH 3C. 3
HsC /( > N/\<N
NN IQ/
N 2m
I/
D CH; . ) 3s-d,
\|/+ . KI (1.2 eqeuiv.) [ D, ] K,CO5 (1.0 equiv.) 8%
phS'pn BF4 CHyCN 30°C, 1h |17 ¢cH | 30°C, 12h

2ab-d, (1.2 equiv.) 4a-d,
Procedure B

Scheme 1-4. REFHIRE 7L FILL IS D BIiE(Procedure B)

Procedure A CTIIISHHEIT L b o720, BIEBILAEL Y L, HWY) 3-d, 23HEET X 7o)
5 72 HE T DWW T, Procedure B TH 7 L ¥ MEOFE ] % Biat L 72 (Figure 1-7), KEFHROET
N F AL, Procedure A Tl 3t-do DK (= X T AL KIG) & MK SOe 2373 2 23, Procedure
B Tld, 3t-da DERD AR E LT LT2e AAVKY T IR, TAFIVF =N, IRV T
IF, TA7=N, TEF I THOMIET B do-T F MUEGu-dr-3y-do) 033 b iz, ¥/ v viEE
K DELFALDMETL, PIEWETH 5 v Y F 4o ViR ERIRKEKEA(32-d2)
BEVEKBMETERTE 2, £/, TA R YQ2K)D di- X F AL H>99% D THEFT L 72 (3r-d3).
XHIC, lac-da POy 7 a~F U4 v OET L F IR 3aa-do) 235 57z,
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D R'-XH 2 (0.10 mmol) D
Kl (1.2 equiv.) [ *D} K,CO3 (1.0 equiv.) R1XJ<R2
R?
CH3CN or DMF (1 mL temp, time
1a-dn 8 30 °C. 1 h( ) 4 dn p. 3-dn
(1.2 equiv.) '
~00%D| . E D 98% D 98% D | 98%D
CD3 > ° :
. CH %o
. N 3
' =
1aa d3 3 : 35 -d, 3t-d, 3u- d2
42% (30 °C, 12 h)l¥l 1 98% (30 °C,12h) 919, (30°C, 12h)  41%(brsm) (30 °C, 12 h)
v from thlamazole
98% D_D 98%D_ p o
o D\I/CHH3 >k
QS.N\H,N 2\ |
OMe 0 o O 07 N7y
D O” N § ;
97% D 3v-d; H 3w-d, 3x-d,
o o
65%(brsm) (30 °C, 12 h) 47% (30 °C, 12 h) 81% (30 °C, 12 h)
from estradiol . .
from glibenclamide from tegafur
b O D _>99%D
>99% D D

Ph

ke
o | Y "pn

& S, OTf o
OH 3y-d; Ph” " "Ph 3aa-d,
73% (30 °C, 12 h) 590 (70°C. 61 1ac-d; 42% (50 °C, 12 h)

from ezetimibe do-rosoxacin ethyl ester

[a] Substrate (0.20 mmol), 1a-d5 (2.0 equiv.), KI (2.0 equiv.) and DMF (2 mL) were used. [b] The yield was determined by
"H NMR using 1,1,2,2-tetrachloroethane as an internal standard. (brsm; based on recovered starting material)

Figure 1-7. E7 L ¥ ILLEHE(-d,) AW -EXKRICOEEERAH (Procedure B)
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EIH ZHLETLXLLLERBEE~OTH

la-dylZ. » BT MULEPT I v TYFICHERTE, Bo 07 HRKFULAWIE X 575 5 G
I © & 72(Scheme 1-5); CH;CN H', dr-7 =4 F V¥ 7 = =V Ak =7 L (lac-dy)ic~va 7 v
AV 7 LAX=Br, DZHMT 5 & T, NET 253 v {tWE L CEY)(4b-ds, 4e-do) % BHBfEL 72
(Scheme 1-5-A), F 7z, fHFb 7z de-dr 1T, KoCOsTHET 7-e FuF o 7<) v eI RIGL,
3m’-d> 3>99%D TfF b7z, 3m’-ds I¥, Figure 1-7 THK L 72 3m-d» £ U b EWEKELE %K
TE7o 4-d OB ERBT 2L T, ARAT Yy 7EIMZ 22, XV ECEKRMEEEZERCE
2T EDBHLPICIR 0Tz, 7ANMA I FAY TLQRD)E lac-d D> H1F Db Tz 3l-ds (X, Gabriel 7 2
VERDOHEERTH 5, 31-dy D7 2 A AEE, MeOH Wik F 72 v —/KHMPIC X o TRRE I 1,
dr-7 = 2 FNT IV (5-do) D3 & 72 (Scheme 1-5-B), 5-da 13, 1-[3-(Y AF AT I /)7 ai]3-=
F AR Y A4 1 F(1-(3-dimethylaminopropyl)-3-ethylcarbodiimide; EDC) & 4- X F 47 I /v ¥
¥ (4-dimethylaminopyridine; DMAP) 2 27z 7 A7 v 7 = v D A1 v R F 23 L DfiKiEAIC X
D XIET BT IR 625 2T20dr-(p-A P F )T 2 AFNY T 2 =N AN K= L (1ad-ds) 13
DO & CH;CN DRAREF, NaH 257F7Ed % & Hoffman B O BB S AHEIT L. %= OFER, HK
FERT AT v ORIGEERICEA X N2 RAF L Y T-ds 35 S 1172 (Scheme 1-5-C), £ 7. 1ad-d» |
TIMF P Y T LNaNy) & G Ly WG T 3 7 Y FAUIK 8-dy 2SR L 72, 8-dh ZFEE L LT, Hilk
WAKMP L 7 Aare vEF P Y VLFEET, O- 7 S FAL ) FL vy 7 )a—Leo
Huisgen BR{LIE%ITH 2 & T, P T V=N 9-d M b7z, & 5HIT, Figure 1-6 THOL N4V
FoT )72 ) =D d-TF MUKRQBg-do)lE. P VH tert-7 b F /1Y v L(+-BuOK (tert-
butoxy; +-BuO)EFE F T 7/ EABNKMfREE L, WHAEAITH 27 v I FOBEREFachiER
19 75 K RALAR(10-d2) I 7538 & J172 (Scheme 1-5-D),
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(A) NAFEERBEFHETPILFIERIEADFIA

D D >99% D 0
OTf  >99%D KX (1.0 equiv.) AN Ph
DD CH4CN, 30 °C, 5 h 4b-d; |
| , 5h
Phs)k/Ph X =1orBr or . Ph™ O OH O >99% D
Ph 64% (X =1),88% (X=Br) p p >99%D KoCOj3 | bD
1ac-d. >
2 5P DMF, 90°C,7h  pr~~g o2 Ph
de-d; 71%(brsm) 3m'-d,
from 4c-d,
(B) Gabriel 7SV A B ER KBS Q O
OH
F o H
o >99%D >99% D EDC 8
D H,NNH,eH,0 (1.5 equiv.) DD DMAP p Fh
N~ ,, e 5
Ph CH40H, 90 °C, 5 h Ne o DMF, rt, 16 h 6.0
=uz -u2 o,
31-d, O 83% 60% >99% D
(C) AF LY & i ®HuisgenIB 1L K ix
>99% D = 94% D
MeO bp ©°T NaH (5.0 equiv.) MeO o
§-Ph D,0/CH5CN (1/1) A~p
1ad-d, Ph 80°C, 10 h 7-d; 94% D
78%
CUSO4.5H20
sodium ascorbate HO N
P LY N
MeO >99% D %\/O)\// ’ N
NaNj (1.2 equiv.) DD HO A " o\©J<D
e
. D
DMF, 80 °C, 12 h o, N THFIHO (1), t, 45 299% D

38% 79% 9-d,

(D) dy-ethenzamide & X

CN t-BuOK (3 equiv.) Oy NH2
OXCH3 toluene, 35°C,6h OXCH3
DD then H,0 DD
94% D 94% D
3g-d, 10-d,

36%
dy-ethenzamide

(EDC; 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide, DMAP; 4-dimethylaminopyridine)

Scheme 1-5. 1a-d, Z AW - SRR EKEFELDFDERK

FAE BLEDME
TAFALY T 2= 2k =y LifE(1a)id. D0 H K.COs f27E I Bids a i A EKEL S L

720 ZDWFEERET, TAF ARV Ty MEOEKEIZ. AVT 4 FEBOREL KE X

BTERHLLIC T Thbb, V722 VALT 4 FEREED 1a TIII#E X  HEAE(L
DHEITT 20, TLEAYRY VFF 7 2=y L)XV VT4 7 2 =v L1e)TIES D
K DMREE NIz, T2 BONEETAFAY 7 2 = A A F =7 LA (1a-dy) 3. KEFHLE
TAFALaEE e LTHRREL . ~7 v FofBERICEKRRILI N T A F A E b DLk E
HMEBRA R EOBBICEIN LTz, 720 la-da D7 AT I v, 7Y Pk Eo@EKE

AR HA

LEBGERICHFETE, ZNL DT EIRARSUCICHIHTE 7,
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F2F IS T NRNF Y LIEOMBNEAREDRFLEET L ILVEEAE

DR

B1IET, TVFAY 7 2 =2V ANF =y LHi(1a)2 7287 v F ULiE 2 N7 L 72 (Figure 2-
1), TOHEMIE. TAra— A2 HEICL ST 1) FEKAKR OKBBEOFEMEL)., 2) 2Lk
=y LA, 3) HAFEN, 4) ETAFAD 4 27y ITCHRINTEY ., H£X T v 7ol
TERERD 57z, T2, 1la DFEKRICHE LR D,0 BB ITHEEINTEL T, 56x102 4 &
D D0 VLT B (step 3). EIEIMBHFIT, TEBER BE/KFEE ALLE O & & BRI
Ricmz, #WEEMzIz 5 2 kv bd, 22T, XY fECEENRZTTERO BRI
A 72,

step. 1 step. 2 step. 3 step. 4

e ity N

REEAER — MméﬁgL‘ > BKFRIE ———————> E7IFIE

Tf,0 - KyCO4 \If 5
i H OTf .
_OH lutidine _ @ _ort \CH D20 (5:6x10%equiv) 9 1P
+ — s* T
S Ph” " Ph »
Ph”~ Ph 1a

F1EDHERDFER: 1) ZERBEE R4 steps) 2 ET
2) D,OERIBEIE (5.6 x102 equiv.)BLITL\D

Figure 2-1. £ 1 ETHREL-E7/LFILEDEER

F1E TILELS T NRNFEZ Y LIEOHRNAKEDRF

TAFAAVE=ZTLEDIE. T F 7 70 a Ry BRAgBF)Y P U 7t m A XV Ak v
FEERAOTHTFIE Iy X T BT AFAANT A FEZRVT 4 FED L EREAKTE 5 (Scheme 2-1-1)
Mo F, TAEAT AT =LA, VY Y VEE THO TKEREZ YV 77— MEL Db,
[JBONZTALIALLY) 7T —beALT 4 FERIGER® L Z LT, BEEWIC 1 2AKTE 2
(Scheme 2-1-1)*47, vY v & THO Db Y I, FETF LV (HCOE)E MY 7 ArAdu X &y AL
R Vg 2~ A1) BiOTH:) 2 MlAELEZ I ET, 1 2L TE2FHMIATALEONS
(Scheme 2-1-1I1)¥, ¥MET A F L% HEEHR, AL 7 4 FEEZRMT 2L, 1385022 LMo
Tw3,

1) ©/S\© | OTf or BF,
Y N AgOTf or AgBF, @ +\©

S
! @ O 1
pyridine, Tf,O .~ .-
> oTf —

A~
DCM, -30 °C

oTf
+
S

3
oH — s - ©S©
1 HCO,E, Bi(OTf)3 ©/ O
— 1

 EEE——
1) “~0CHO

Scheme 2-1. 7/ FILRIL K=y LIESEE
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11 X ZMMIC AT T & ZHEEN SR ICE AT LEMRETH % 25, Scheme2-1 IR L7z X 9 1c, X
JGd 3 1 ~LFHET B0, PREE (M) 79— MEEZEZFB AT AE) % HEES 20
ERdHol-, TITEHIX, NEHEEHEL LAZ1aD07 v Ky FEEDORFEICET L 72(Scheme 2-
2)o

Tf,0 H OTf
_OH base \FH
1
MI75-FEREETY.

AVRZVLIEICFEETS

Scheme 2-2. 7V iRy b 1a 8EDHEE

7z AFATAI—=N(la)ykFEE L LT, DCEREF-30°C, 2,6-vF v & THO B HHET 3
E.MaDbY 77 —MEBETL, 724 FAPY 77— MNQDBEL T, 2,6-VF Y Vi, 1la
DY 77 —HMETEIETBZ Y 7rdu X 2y 2k vigahRId 26 TcH 5, hflick Y,
FUTAFAa AR AVE VI 2,6-VF Y = ABEKT 5, i LT PhS 7ML 50 °C IC 5.
BLAZET A, 2,6-F VU2 Q ICKRIKERLL 72 2,6-VF ¥V =V L 12 OAERBHER S L7
(Scheme 2-3; eq. 1)e T DFERDH, 2,6-0F ¥ VIZ PhS XD b EVREMEZ DO Z ERBE L
oo T Ty 2,6-0F Y DO Y IC NaH ZHFICH Wz, NaH ZIEIICH W2 &, Q DARIC
v, P TAF R AALFVEF ) T ANOTHDEIAET 2 & P& NG, PV 7 T—1¢
T = v OREEIE D, FY 77— T od itk b Q ~oRZELRMKE (BIKIG) 131%
LALHEITLAVWEEZONS, PV T T ToF VR QIIREKEL T, FoN2ERY
b QTH 577, BISUCIZIFTEIC 7 b e\, FEER. DCE B#HEH-30°C, 11a & NaH 234L774 2 &
Q DERKA '"H NMR TR & 7=, #i5E LT PhoS 2 L., 50 °C THEAT % & HY) 1ac 28
52%INHK T 5 N7z (Scheme 2-3; eq. 2). 1 BETH W2 i/Ek D J7iEEw (Scheme 2-1-11) Tid. lac
FEBMICHEON A GEIEEROE Z S, Ao X S ichfEo Y 77— Mk Q & H
WE 0B D L, —F. FHFFREL ZFEZ, PRE Q DA A E /-0, AICE T 5K
L UBAB O R ZHIR T Z 2 icAEHTH %,

2,6-lutidine (1.3 equiv.) OTf s. Ph/\ C_)Tf
T,0 (1.3 equiv. H Ph”™"Ph
Ph._~ 20 (13equiv)  [pp N
OH OoTf + A —————— > N (1)
DCE,-30°C,2h | | 50 °C, 24 h I
(1.3 equiv.) Q % Z
11a 12
detected
NaH (1.3 equiv.) _
Tf,0 (1.3 equiv.) Ph”~ Ph Ph OTf
"~ DCE, -30 °C, 2 h [Ph\/\OTf v NeoT 50 °C, 24 h /\S @)
(1.3 equiv.) ' : : Ph” " Ph

Q 1ac

11a 52%

Scheme 2-3. 7L FILT7IaA—IZETILFILRE LT VHRy b XKD LB
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F2H TLELS Tz NRNKZILEZAVWEET7 LRV ERIEDHRL

BT, lab ZET AEE L LT, Ad =74l 1a OFKRICET 2 D0 IFINE %5l i
FSEL L 72(Table 2-1), 5 1 ETlx. CH;CN H 50°C, 1ab iZxf L T K»CO;(0.50 equiv.) & D10 (5.6 x10?
equiv.)Z 3 2 & T, 6 R IC E/KEILEK 98% D D 1ab-d, % K 56% T T\ 7z(entry 1)o T
NI L, DO % 69 mE CTHI L TH., lab-da 2% 97% D T 5 L7z Hi(entry 2). 28 &= F T
BT 2 L EKRCEOMT 23MEZ X L7z (entry 3), H/AKFRLE DM L2 HIVIC, KGR % 70 °C I
L7223, BEARKFEFEIINE S NR D o z(entry4), — /7. RICKHRE % 2Kl F CIER L7z & Z
%, HKFIE 98% D, UE 86% T lab-d> 233 5 7= (entry 5),

Table 2-1. 1ab D EXKF{LIRET

H.C _ K5CO3 (1.0 equiv.) HAC D D -
3 j BF, DO (x equiv.) - 3 \|/ BF,
oS pn CH4CN (1 mL) phe S pn
1ab temp., 6 h 1ab-d,
(0.20 mmol)
entry D,O temp. (°C) yield (D content) (%)
(x equiv. (y mL))
11l 5.6 x10? 50 56 (98)
2 69 (0.25) 50 77 (97)
3 28 (0.10) 50 83 (85)
4 69 (0.25) 70 54 (96)
5(b] 69 (0.25) 50 86 (98)

[a] 1.0 mmol scale. KoCOs (0.5 equiv.) was used. [b] 12 h.

¥ 7o, WECHEMEM L 2Rk 2 EEE 1a-d, L RIGEE 2 L BONZET L F UK 3-d, DE
IKFCEPMET T2 ELE D o7z, B 1ETIE, UCHRHIC D0 (28 equiv)ZmIIT 5 Z & THEIK
FALRZHEFF T 2 2 L I1THI L 72(Scheme 2-4-1), DO 13 E/KEFROH CTYEE D 72 ) Ofikg 255 b
ZAfi72 23, BEAERTH 570, DO HHBOHIEA KD b b, %I T, Table2-1 TR L 72
S (entry 4) T 1la ZEKFL L 720 b, @k L CREKEEZRMLIZL A, ANt =7 LIED
HRBME KRBT ARETAFAERT v Ry P ClEfT$ 2 L L HIT, 3-dy DEKEBCRET 20
il C % 72(Scheme 2-4-11), 7B, CH;CN &#EH 50 °C. 1ab (0.20 mmol)% K>CO; (1.0 equiv.) &
D20 (69 equiv.) T 12 BB E/KFEAL L 7284, @ik L CR%HE 2a (0.10 mmol) & -BuONa (0.10 mmol) %
ML 70°C TMEAL 7z & & A, BEKFEIEK 95% D OXFIET B do-T F MUK 3e”-d> 23K 88% T
o,
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() E1ETHEIULEREFHETIVFIVEE (Procedure A)

77% D
O\\S//O t-BuONe; (1.0 eql.Jiv.) - oSo B(D
/©/ NH THF, 0 °C, 30 min . . . /©/ \N CHs
2a CHj 70°C,12h CH,
3e'-d,
94%

) PLERLVANKZILEDEKFILEREFHEZILFIVEDIVRY R

N\Y72

S. o
/©/ EE (0.10 mmol) 35A’ D
2a 3 00 D
P

c K2003 (10 equiv.)
& N BF, D,0 (69 equiv.) t-BuONa (0.10 mmol) /O/S\N CH,
+ —_— >
PhS*Ph CH5CN (1 mL) 70°C,12h CHs
1ab 50 °C, 12 h 3e"-d,
0,
(0.20 mmol) 88%

Scheme 2-4. 7ILFILZAIKZTLEBERWE-7 Ry FET7ILFILLE

Scheme 2-4-11 DFjiEFIZ, 7 2= VALK YT I FDE ) (db-TF WHLICHBEHTE, 3u-db 28
HKFEEK 97% D, IE 66% TF & L7z (Figure 2-2), L7z, 24-Y A P F o7 =0 Qi) & RiLfE L
L7EAICiE. 97% D @ N-E J -(do- F MUEGN-do) & 96% D D N,N--(do- T F W) LARBh”-dy)
DENE NI 34% L 40% TR b7z,

R'—NH,
2
HsC - . Dp
N  BF, K;COj (1.0 equiv.) (0.10 mmol) R Kk
* N7 CH
ph S Ph D,O (69 equiv.) [ 70°C, 12 h H 3
1ab CH3CN (1 mL) 3-d,
(0.20 mmol)  50°C,12h
D
97% D H D CHj;
Q0 b MeO N__CH; MeO N__CH
oS K 3 3
Ph™""N" "CH, o 7o
. 97% D 96% D
3u'-d, oMe = ° OoMe
66% 3h'-d,; 34% 3h"-d,; 40%

Figure 2-2. 1ab Z AW\ /=7 >Ry b N-F / -(d-T FIL)LRIS

29



T B 2T AFAT T 2 = A Ak =y WO EIKFE ZBET L 72,.D,0 (5 mL, 5.6 x10? equiv.)
1 80°C. KoCO;(1.0equiv.) T 7 B 7B LY 7 2 =)L ANk = L (1ag; 0.50 mmol) D HH/K (L
ZWET L7225, B O BENKFR 1ag-d) 1315 D 1L 7x D> o 72(Scheme 2-5; eq. 1), lag ZKE T L L
72 2a DET A XML O BRET L7223, 2a OREAMAMETE T, MIE3 2 > 27 v 7a v a{tiR3ab)
33 o N7z o 72(Scheme 2-5;eq. 2) TN H DFGR T, KRITEMMIH 1 /T Vv FAETOLEH T
FPZLEIRLTWD, HB2WMTAFAVE~DBEHIRSHOFETH 2,

- K,CO3 (1.0 equiv.) Dy =
st BF, > St BF, (1)
Ph”>"Ph D,O (5mL, 5.6 x102equiv.)  Ph”~Ph
1ag 80°C,9h 1ag-d,
(0.5 mmol) not obtained.
00 NaH (1.0 equiv.) 00
S Y BF, D20 (50 uL; 28 equiv) FSIAN
//[::]/ L. PhSPh > N @
24 CH3 1 THF (1 mL) CH
29 30°C,1h ’
(0.1 mmol) (1.2 equiv.) ’ 3ab
not obtained.

Scheme 2-5. 1ag N E/kFE1L & 1ag ZREFHI & L 7z 7L FILLRIG

EIE B2EDNME

F1ETHAELE la ZHCEET A FALER, ET7AF LI CIEEBEKEZEL, K#
FED DO ZHTVnE L WHBRERLE Do/, B2 ETIE, INd 2 OOFELMIRL 7=, %
T TAFAT AT la kG T 5B, HEIC NaH Z w2 Z & ©, BIRIGOET % [B1E
L. la 27 vFy b TERT 22 LICIIL7, 720 1a DEKFEMIED S % Tl I3
5ZLT, DOMHEY 69 YET CTHIN CTE 7z, 51T, la 2HAKRMLAZDH, i L TRIX
EEIINT 2 2 & T, 1a ~DEFEN 2 KL IC DS B FRICR & HERE L 2223 5 T L, KIS TR
HIJK & . DO SR OHIJHZ . &2 & &I L 7=,
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E3E ETVLXLFTZVILoYLIEZRAVWEE7Z LR IELEYMD S

FIETHERREZIIIC AFAY T 2 =2t = 7 Lfi(1aa) % VW 72856 K.COs f77E T E il
D0 T X F AR BEKFE A X < #EIT L 72(Scheme 3-1;eq. 1)e — /7. FISEFTAF ALY RV
VFFT7 2= M 1e P RAFARY VF AT 2 =y L 10 DEKENERR S & MKIFED B
DHEFT L, X3 2 di- A F IR e-ds, 1e°-d3) 034 < 13 5 72 2> o 72(Scheme 3-1; egs. 2 and 3), C

DFERIZ. 1 DRANVT 4 FEFEPEKRBUIISICHELZEZ 5 2RmB LTS, ZZTEH
. Bk AN T 4 FEZRO 1 EHOAK & EKRIESOCERET L 72,

CHy KCOs CD;y _
S+ OTf (1.0 equiv.) é* OTf 1)
Ph">~Ph D,0(1.0mL) Ph1aaF:jh
0.1 | Ar, I't, 6 h -3
(0.1 mmol) 98%
SLCHS KoCOg
O BF, —-0equlv) (1 0 equiv.) BF4 )
Q D,0 (1.0 mL) @
1c Ar rt, 6h 1c-d. 3
0.1 mmol 99% not detected
CH cDh
o K2CO3 S oo
S\ _BF, (1.0 equiv.) L@ (S BF,
—_—
L@ D,0 (1.0 mL) L@ @)
1¢c' Ar, rt,6 h 1
c-d3
0.1 mmol 99% not detected

Scheme 3-1. 7L FIILZAILFRZ 7 LI 1 OEKECRIG

F1E ETFLFMMEEICELETILFRLRILFZ Y LIEOBIRRS

HW2EBIMCHAELE, TAFIAT AL 11 ZHELE L2107 vy FElER. Sk
RANT 4 VEEROCTHRE L7z, $hbb, 7242 F AT A3 —(11a; 13 equiv) ZHEE & LT,
DCE #1-30°C, NaH (1.3 equiv.)& THO (1.3 equiv)2 b, 724 F AV 77— Q 2L 72, %
DEHE IS CTRLAEIIIC, BELTY 720 RL7 4 FE2BML 50 °C THNZEE 2 & . lac 28
K 52% CfF 5 L7z (Figure 3-1 ICHERHE), /2, FT7 v Ly Z2FMLEEAE, WtT 257 <
FFNFT VL =y aifi(ba) G bz, £, T2 A/ FFA VLS T AT AT 2 FY
F 4 p¥(ea) MG o Nz, —H., FAFH VP v ERMLEZSGER. KIOHE L ETES, 1fa 13

SoNerolz, T, FAFH VP vRBEBTFRIGERECH I AVE =V EE AL, R
%®2“21‘Z‘|§575§1&be:f:&) EEZLND, 72, 99-VAFAFAFH TR 10-7 = = N-10H-
7z ) FT YV CIRRISHEMECHET L. HiVYI(1ga, 1ha) 235 & L7z 2> - 72,
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) S -
NaH (1.3 eqw.v.) @ @ PR OTF
Ph~op Tf,0 (1.3 equiv.) [Ph \/\OTf} +
DCE,-30°C,2h 50°C,12h @ O
1a Q
1

(1.3 equiv.)

- -
- st st

w0 OO
s 0

1ac 1ba 1ea
52% 65% 97%
( Scheme 2-3
INBEBH
. - -
Lo o o
o - Ph
1fa 1ga 1ha
no reaction complex mixture complex mixture

Figure 3-1. AR RILKEZ T LB 1 DAERK

;MaﬁamtT»#»xw$:WAE%EK%W&WKE%Lt@@m}mﬁﬂﬁN¢x£@
(1.0 equiv.) & D,0 (2.8 x10% equiv.) ZFlA G DE 5 Z & T lac DE/KFENLIIK X ETL, WG
% K FUR 1ac-dy 3>99% D THF 5 1172 (Figure 3-2), 72, 1ba DE/KHE DT L. 1ba-dy 23
>%%Df§6ﬂko*ﬁ\ha@ﬁ*fmy%@ﬁbkklé\Sﬁ?i@71%?w%ﬁ0ﬁ

ICHERE L 72 O-7 v F bR EA3EIE L, BEKEUR(ea-db) 1315 S ind o 72,

_ D _ _
Ph/\ OTf  K,COj; (1.0 equiv.) Ph/\|/ oTf
D,O (5 mL; 2.8 x102 equiv.) SN
CH5CN (10 mL) L
temp., time 1-d,
(1.0 mmoI)

D >99% D )_\AE\T/D >99% D ;(‘\‘\T/D
Ao
L s* st
Ph”~Ph
S (0]

1ac-d, 1ba-d, 1ea-d,
90% 62% complex mixture?
(40 °C, 9 h) (30 °C, 6 h) (30 °C, 3 h)

20.10 mmol scale

Figure 3-2. X/Lik=7 L1558 1 DEAERIG

FE28H TFAXLFTY Lo LBOEKRILLEETLFIMMEREANDEH

BT, 724 FAF T v b L=y 2 1ba OFEKBKIEPIE I CHETT 2 2 RHEL
ko%m%mﬁmu\7l%%w%ﬁwfﬁ< AFNEC T FAVEREREINZF TV FL =Y
LG (1bb, 1be) T b i e < HETT L. X0 2 HAKRILAR(1bb-ds, 1be-db)53>99% D D E/KZLFE T
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% b 117z (Figure 3-3), 1ba ¥ 1be D E/KFLIE, HILT 527 = = v R vk = v LHfE(1ab, lac) DE

IKFAL LY SRR THEITL 72 & &2 6, BUKFURIGITIET 7 v P L =v LS X Y iE
5T AR®RINT,

H D
RH = RLD =
+ 7 OTf K,CO, (1.0 equiv.) Y+~ otf
3 D,O (5.0 mL; 1.4 x102 equiv.) SN
MeCN (20 mL)
S ¢ i s
emp., time 1b-d,
(2.0 mmol)
>99% D >99% >99% D
D -
F’h/\i’ oTf | ® oTf HsC \|’
1ba -d, 1bb -ds 1bc -d,
84% 83% 44%3b
(30°C, 12 h) (30 °C, 12 h) (40 °C, 12 h)

1.0 mmol scale. °D,0 (5.0 mL; 2.8 x10? equiv.) was used.

Figure 3-3. 7/LFILF 7> kL Z 7 LIEHE 1b OEKFRCREDELE B

LT\
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BT, BT AFALF TV FL=v L 1b-d, V72 REFRET AV F MERIGZ G L 72
(Scheme 3-2)o 9\ N-AF-p-b VALK YT I FRa)ZRKikfL LC, F1=E 2/ KL
BTNV FMUEZEH L 72, NaH TREMEZEECLL 20 b, i L T D0 & 1bb-ds Z RN %
&L ERT LR CET L F LRSI EEMICHET L, >99%D THID di- A F LR 3a’-ds) 23
3 O 2172 (Scheme 3-2; eq. 1)o E 7z, 1bb-ds DD Y IC 1be-d» Z AW 7ZBRICIZ, XTIET % do-TF AL
R (3e-d>) 2315 & 4172 (Scheme 3-2; eq. 2)o T HICT A FAY 7 2 =V AV F =7 LI 1a-d, & [FIEK
1T, 1be-db X KIFFEE F TR v Al(d-T F M)~ B I, Hf L TF 7 =V — Q2 E K.COs & il
32z &T, T 3 d-T F NMUKRBS-da) 28 98% D T 5 3172 (Scheme 3-2; eq. 3). 1ba-d» & H
W27 ANVA IR AV TLD dr-7 = 4 F USROG S 1 & < HEFT L 72(Scheme 3-2; eq. 4)s THLH
DAERD O | 1b-da 2 1a-d, L AFEDORKIEHEEZEHT 5 L 300 o7, XV mWEKRF(LE L IE T
BTN FAMNIEK 3-d DN 5 ZNF =7 LEHE DML SHROFETH 5,

>99% D | NaH (1.0 equiv.)

CBs Grf | D,O (50 L, 28 equiv.) 00 >99%D
+ STt S-\+CDs )
0 Q00 | e T
CHs i, 1h CHs
S 3a'-d;
1bo-ds uant
(0. 10 mmol) (1.2 equiv.) quant.
>99% D
o NaH (1.0 equiv.) >99% D

c
3 - D
\t OTf| D,0 (50 pL, 28 equiv.) %L 7o

* S S NkCH3 ()
THF (1 mL) CH
CHS rt, 1 h 3

S 3e"'-d,
1bc-d, quant.
(0. 10 mmol) (1.2 equiv.)
e |>399% D - /(SH 2l 98% D
3 —
\t oTf b N (010 mmol) 54D
S Kl (0.12 mmol) HsC\i/D K5,CO3 (0.10 mmol) \N’\< CHs
3
©[s:© CHaCN (1 mL) [ | J 30°C, 12h N @)
30°C, 1h .
1bc-d 4a-dy ng/ dizeld
(0.12 mmol) oY

- D
+ >
B | o,
% s 30 (3 h) to 50 °C (3 h)
2b 1ba-d, 3I-d,

0.10 mmol 1.2 equiv. 45% yield

Scheme 3-2. EVILFILFT7 > L= LE 1b-d. ZAAVWEE 7 ILF ILERE

EI3H BEFTLXAMFTYILZOLERZ 7 HNGIERGKE LEETLFMEEYOSHIL

W, TLVFAF TV FL=v L 1b T AF 079 AAHEME L UCRIA L 72 G 2585
INT 3 4adst il Z (FAEDERE T, 724 F v F7 v b L =T Al (ba) & B =L A Lok v
(13a), NV F 2T AT, 3li4 V¥ LM R A G DR S L. Giese KGSHEFT L. XTIG
T 5 T VF ALK 142 2345 5N 5 (Figure 3-4). T2 b T AINVF TV P L =D LA FH VD,
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A T L 72 [1r3']* & © —8 % #)i(single electron transfer; SET)IC X Y —&E Fi=c I Lb, EL
TAFALFT Y F L =Y LT Y AN ORR- A PEERAT 28T TArFLT
VANER BFRAET B, NV F 2T ATML, BELE YR IPNICGRITTL BB L, TV AR T
Fv SIKEWEING, TAF LTV 0 RIZKE S 13a icAHIL, i LTS 2 oKFEHEFH
#f)(hydrogen atom transfer; HAT) % 321} % Z & T, 14a 3G H 45 %,

ZS0,Ph 13a H
N

_ Ir cat. | |
Ph/\ OTf  Hantzsch ester EtO.C CO,Et
st Ph s~ 2 2
SO,Ph H H
DMA, 440 nm LED
S 14a Hantzsch ester
1ba
RIS HE

Figure 3-4. 7L X )LF 7 L =7 LR 1ba ZFA W/ RIRKBHE A U 2 7 LiEN Giese RIS
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F 7z, AHDEHRE T, 1ba & A VP UL AV X ) v13b). FY T AA R A XY Z K
v W (trifluoromethanesulfonic acid; TFOH) 23 A7 3 2 8545, Scheme 3-4 L [FFRIC LT 1ba 224 U 72
ZYANRD, 13D KM L0 H I X > CTHEL X 415, Minisci O KISHET L, T
FOUAHINAR 14b 2325 U % (Figure 3-5)%,

Ph/\ oTf Ir cat. Ph
m TfOH (cat.) SN
(I Ij DMA, 440 nm LED ~
1ba 14b
RIGHE
PR
S+
@SD \
Ph” CH,
‘ +
R | SNH H SN
=
I+
Uiy
Ph .
g R NH
S+
YOOI g
s
1ba Ir3*
Ph
NH N
_ H
14b

Figure 3-5. 1ba Z FA W= AR IBHR T A U & 7 LAHAY Minisci B R IG

ZITEEIR, F2HiTHELNE Ib-d FHWT, 2hoD4 VY LR W7
k% 9 2 BT L FAALKIG T L 72 (Scheme 3-3), (4,4'-F-tert-7F L-22-€ 8 ) ¥ V/(4,4°-
di-tert-butyl-2,2’-bipyridine; dtbbpy)) ¥"A[(2-t" U ¥ =)L) 7 = = )L ((2-pyridinyl)phenyl; ppy)]4 V & V7
L) ~F ¥ 74k R 7 7 — b (Ir(dtbbpy)(ppy)2]PFe) & > vV F = T AT AVIFET | 1ba-dx & 13a
A HDE, NN-Y AF LTk T I F (N N-dimethylacetamide; DMA)H 456 nm DY % B3 %
T LT Giese IGDHET L. AR =V E o GEIRVICEKEBEAINLNIET S -7 = 4 F
AR (14a-do) DS EEIK B E>99% D T O L7z, F 72, 1ba-db & 13b 2 b 1., Ir[(dtbbpy)(ppy)2]PFs
& TIOH 77T, "{ % WS4 2 & & T, Minisci BUSIEAEST L, ALEEIR M kB S vz
I-E7 24 F VAV F 7 U v 14b-db 35 D N7z,

36



X
Y i l =
~99% D SO,Ph 13a (3 equiv.) N
Ir[(dtbbPY)(ppy)Z]PFﬁ (2 mOIO/O) 5 D>99% D //,,,"I ‘\\\\\\\
Hantzsch ester (2 equiv.) r
~Ph M ~s0.pn z N/|\
DMA, 456 nm LED, 6 h 2 <
14a-d2 Bu
74%
I PFg
>99% D 95% D u
D _ . Pp " Irf(dtbbpy)(ppy)sIPFs |
Ph D OTf | [Irl(dtbbpy)(ppy)2]PFs (2 mol%)  Ph
st TfOH (20 mol%) SN
@ D DMA, 456 nm LED, 8 h Z
S 14b-d
13b >
1ba-d, 45%?2
(2 equiv.)

The yield was determined by '"H NMR

Scheme 3-3. 4 ) P LXEEZRW-Z 2 HILKAEE T ILF IR

¥72, FTVMLoUAE I RYR Y YT A7 2= ai1c i3, BYZEKRE LTBRET 2 C
EBHbNT WD, WY RE TG0 T 5 L. % H)(electron donor acceptor; EDA)EE{A
FIZAC L. RIBUEHRE T, 7 VAT 2 B9, il x 13 456 nm EEEHF T, 1b ix v F 2T
AT & EDA R E BT %5, 22T, lba-da EH VT, 13a 2 HAEX ¢ 52 LT, MIGT2ET
L VAR 14a'-db 723>99% D TfF 5 #172(Scheme 3-4; eq. 1), % 72 DMA ASEH | 1ba-ds T &2 (A
7 2 7 — b (catecholate; cat)) ¥R B ¥ (Bscaty; 13¢) & D EDA $EAZ L., 1-(d-7 = A FL)F 1 v/
T 2 7 v (14¢-dr) 035 B 4L 72 (Scheme 3-4; eq. 2)o & DIETIE, KT 2 4T a2 — LT AT ARD

RNEERT-D., RIGHET 4.
I AT IURICELL L T\ 3,
LTz,

/\sozph 13a (2 equiv.)

Hantzsch ester (2 equiv.)

DMA, 456 nm LED, 12h

>99% D
D

Ph"N-D OTf

0

1ba-d,

Bycat, 13¢ (2 equiv.)
DMA, 456 nm LED, 8 h

then Et3N, pinacol

2The yield was determined by "H NMR

CO,Et
p p %P 5 HN;Z} i
PAANA50,00 g SiCOEE (1)
14a’-d, ! D +<;> !
59% ; D—>—S. s
" @)
................... g
;I
! Y !
0 ! o) :
>99% D ' R O\ |,O H
e Se!
Ph\)ABpin | via : o) o 5
14c-d, 5 @ )

90%

_______________________________

Scheme 3-4. 1b-d, ® EDA $8AFEB AN L 7= 7 ¥ A LR E 7L F I L RIG

FIZFAT I VEN)EEYFI—AEZRMTEIET, ¥Fa—n
IO DRIGIEE, BARRUEELE RS 2 & LET A FAAMIELG
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XHIT, 1ba-dy 1T PV 7 2= 7 IV (PsN)& b EDA $ERZTERT 2 2 & 2 Hizic AL 72
(Figure 3-6), 1ba-d> & PhsN 25 EDA SR Z I LT3 2 & 13, UV-Vis iIC X VBB e L7 GGEM
IEEEBROTICFHE L 72)0 F U A F A U (trimethylsilyl; TMS)T ./ — AT —F A(13d) 27T 3
&L HEURZETAFAZ VAL R P 13d ISHINL 24K Y) 14d-d 355Nz, 7Y AR T
¢ 1ba-dy ~D—EBIHEGETELLET I/ IV ANVATF AV U LDORETD SET &, Fil #FA+ v
RV 225D TMS FEOBEEC X V. 14d-d> 1ZAEK L 720 1b-da % 7 VAN E LTHWS Z & T,
(RN EKE T O MRIEZ RS 2 2 LI L7z, AEEM I EMicd v, HExF
DL IND, L7zA o T, EDA SEREKE N L GETS 2 AEREZ L ELE Lrw T
CHhANIGIIERTH %,

>99% D OTMS
D _ ,J\ 13d(5 equiv.) ~99% D
Ph"N-D oTf| Ph o
st Ph3N (10 mol%) )01\52/
Ph
@ D DCE, 456 nm LED, 6 h Ph
s 14d-d,
1ba-d, 60%2

AT 2

TMS-X X =O0OH or OTf

Figure 3-6. 1b-d, £ 56 3k 7 I > D EDA SEATERE NN L7127 P HLRBET L FILERIE

FEafi FEIEDNE

BRI AN T 4 FERBREG T 2 AR v a1 Gk e, B0/ 1 0FEKRKIGZ
AL, TAFAFT Y PL=valfilb T, D0 ZEAKRFE LT, EKRRCKICHETT S C
EERHLU7Z, £72, 1b-do ZRBETHRET L F ALK L LTHEAEL 72, & SIS ATEEIRST T,
1b-do 134V 7 ZMIEAFAE T, BT AFA T AN~ BT E 2, 1b-do IV F 2T RAT
LS Bocaty, 3T I v L EDA AR EKT 2 2 L C, BESEMEEZHA WA CHETLF
NERFEAE L 7z, BT AF A7 ARz, 3 2 KB\ 2 2 &< dcd 21z
ELERWICEKRRIL SN a3 R o0k, FEEEZEET L © BTV F Lo REEH O
SRRIEZRIER T 2 2 I L 72,
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FBA4E ETLF N HFERVW-REHREELLRER

wimcih~ 7z X S 1c. ~T uiTFafiid C-HAEE X CYPIC X 2 LRI v, LzAoT,
CYP AL D~ T v i ol iICEKRIF 38 A & N7z EEF G T BEE R L i L < cYP R
BLREMOUEIFEING, 22T, FHRLEZETAF AR 1-d, ZFHCTEKL 72, 7-(ds-
ALFINT TR YBe-dy) b T-(d-T + FINT TRV Bf-do) 2 T AFE & LT, WIS d 2 KkELHE
(Bc, 3N L DRBLREMZ L 72, 3e-ds B XUV 3f-dh i, F1HEF2HTRLAZLIIC, 7-6 F
¥ 7 7RV EREME LT, laa-ds 7213 1ab-db 2> 5 A X 1u7= (Figure 1-6, 1-7), ds- A F AL
RiZ, CDsl 2 HFE T2 2 L D ATRETH 248, w7z X 51, CD:l ZENELETE vz
. CD:l BAFDEL L. ThBHAERNT dy- 2 F bk KRBT 2 EcoffEL > T
2, L7z28oT, AFLRTWVD0 2T d- A FAEEZBATE 2EEOTRIIAHATH 3,

9 3e-ds & 3¢ DIEHIENE A L L 72 (Figure 4-1). 3¢ I PIEE{LIEA 7n &k 4 7o A W0iE 1 % FF
DILPHONTEY 2, 3¢ DA MFED C-HIEEH CYPICX VLI NG, 3e-ds & 3¢ DT
y MFI 78 Y - A CoORAKRERORRE(L AT 2 L, 3¢-ds 1T 3¢ £V D RFHEEEL 72
(Figure 4-1-A), ¥ 72, 3c-ds & 7 v b ~FEOREG UMFERREHES 2800 L 72#5%. 3¢ 2&5 L%
BE L B LT, Coax @ £ (3¢;10.23 ng/mL, 3¢-d3; 23.42ng/mL) & . AUC) 3, DIENN (3¢; 7.0 ngeh/mL,
3c-ds; 15.3 ngeh/mL) D3RR X 417z (Figure 4-1-B), TN b DFEFRIZ, A b F v EoD C-H A PLE
7% C-DAEEICRbozc T CYP RIS S N, Thbb KIEDNELZZEERLTWS,

(A) FF2 7 0Y — AR TOEAEEE (B) 7 v FAROZEROMFRRE

100 4 ~301
= £25
£ 80 - =
BE 520 -
s c 60 - Ji
2E £15 4
o @ I2)
za& 401 810 -
_ o ©
o=l =
39 20 4 @ 5
= &
2, 04 : 2

0 0 60 - 120 180
Time (min) Time (min)
Ph.__O o.
| cp, " ‘ o Osc, 3c-d, 3c
99% D Crax (ng/mL) 23.42+417 10.23 =4.03
O 3c-dy o 3c AUC 4, (ng-h/mL) 15.3 +2.0 7.0+2.0
7-(d;-methoxy)flavone 7-methoxyflavone

Figure 4-1. 7-(ds- X F ¥3)7 SR> (3c-db) & 7-X F 37 5K (3c) DR BT M HEER

KT, T-(d-T b F )7 TRV Bf-do) & . WIET KB 3F DR EN: % Ll L 72 (Figure 4-
2)o 3f-driE. 7y PFI 7 m Yy —2dT3f X0 b RIFHEIRS L 72 (Figure 4-2-A), ¥ 7z, 3f-d» £ 721
3% 7y b~ROBESHZOMBBHREZ KT % &, BEKFET S LT Crax 1 3.29 ng/mL 55
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10.20ng/mL IZ EF L, AUCosn 1Z 2.7 ngsh/mL 7> & 4.7 ngeh/mL IZH4 /0 L 7z (Figure 4-2-B), — /7. 3f-
d D N THEE % o 72 JEGZE iE3 PEEU5R (PAMPA ; parallel artificial membrane permeability assay) C (%, 3f
D EEIEPE & 22378 D> o 7z (Figure 4-2-C) 1O DOfERIZ, = b F L REOMEHE ol IC EHKR T
HA TNz 3-dy TIE, 3 L LT CYP R S N7 2 L 2R LT %, Sl do-T F V5
THIOTKIE Z#fT % 2 &Il L 7z,

A)F270Y—-LPTOEIEREE (B) 7 v b~EOREHOMTFIRE
_ 100 4 20 4
g E
£~ =}
=380 2 s 3f-d,
ES 5
2 E 60 T
o 5 10 A
8% 40 4 g
TS o 3f
5 S g 54
‘@ 20 ‘%
o o
0 T 4 0 T
0 10 20 30 0 60 120 180
Time (min) Time (min)
Ph | (@] CH3 Ph \/ 3g-d2 3g
Cax (ng/mL) 10.20+-4.62 3.29 £0.78
O 3fd, 97%D AUC 4, (ng-himL) 47 =20 27 +02
7-(d»-ethoxy)flavone 7 ethoxyflavone
(C) PAMPA
2 -

)]
w
™
S
e

o
o
——
-.. ‘.' '

Permeated 3g or 3g-d, (Jg)

o

o
N
o
[¢)]
co

Time (h)

Figure 4-2. 7-(do-T F ¥ )7 7RV (3f-db) & 7-(do-T b F )7 Z R V3O RF L E M LLEEER

PIEARZE TR, 7-(ds- A P F )7 TRV Be-ds) & T-(do-T + F )7 TR v 3f-do) DIE L ENE % 5T
filiL 720 3e-ds & 3f-dr (FV:FND, WIET 5 KEMAEGe, 3L KL T, fFIsn Yy —LfTOX
EWERWES N, Ty P ~SROEEGERD Con @ EF L AUC) 30 DI HER S N7z, —F. 3-do &
3f CHEEEMEICESE L o7, TNOLDFRERDP G, d-X P FUARDBL O T, do-T F F KT
HIKFUAR & I L€ CYP R REWERSGE I NS T L ZHL T L2 FFIC d-T b F U H TR
KIE 238l T 7= 4] D CToHITH %,
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o

KBMH) DL EFRNAKTH 2 HARD)PEA I NZERS (EHESES) OFFRIEERAICITD
nTws, HEEEBFAECTIX. CYPICX 2% Z T T Vo~ T v i ol ~ERIICmEKRL
RCHKEZHEATZ 2 FEPFICKOONE, L2L, TEXT - TOHKRZER L7, FH
777k D072, 22 TEHIR, K CHELRAZHRTH 2 D,0 ZHKHKKFE L 2HH=E
TAFMUBORRICETF L, ZO/E. UTORE%HE7,

1) TAFANYT7 2= V2R =y Li(la)e i e LB T V3 B DRI ICHY #HA 72,
1a (X, DO ' KoCOs 77E . Wi ol D A EKRL S 7z, PR 7 1a-dy 13, KEFHIET
L ALERIEE LCHRREL . R Z XU oMA a~T RO E T v F AL ZhER i
T L7 2 DGR, ~7 v T afiLERIIC EKRIL & W7 S ik 7n BRI AR AR 5 /B R LR
TRoNT, T, lady 3BRA REARKFEMERALE (T I ~FA4 P TYFRY) ICHEK
FELHRE L 2B OFECTE R HIL, 20O DA MAREZ SR SOCICHMA L 72 (B 1 %),

2) FBIHETHIELE NMa 2L LEETLFALE] olEL D,OFHEZRETL7Z, £ Ok
B 1a DB LETAFAMUNILE TOMILCTRERZ 4 TRE2S 2 TRE~EHIK L. DO fl
FHEZ 5.6 x10°4E2D 69 UEICHZZZ LICR L (B28E),

3) TAFNANANFZYLEA)DANT 4 FEFEEHE 1 OBEKFEMICICE 2 282 KBEL 72,
SRBETVFNANE =Y L 1-d) DGR Z@E C T, TAFALFT v b L=y LE®1D)
DEKFIE L CHETT 2 2R L7, 5507 1b-dy 13, RKETHIARET L F LR
Y LCHHTE 2, 72 1b-da 137 VA VHTERR L LTHRRBEL . T v F AALKIG O 5B
oLkt kcE - (553 3),

4) RFFEHEHCTARK L 7-(d-A P FINT7 TRV BX W T-(d-T F F2)7 78 v ORBEE
PEEFHI L 720 Z DFER, d- X P FURL d-T P F R OThoBAETHRIET 2 kB A X
D AR LEEDRLE T 2 L 2L T L7z, T, do-T b F LAY DR LR IEMED G S
ZARFMEL D DH BT 2 LA, RIFFEICK WP THIETE 2 (G4 %),

TSR 3k, FHT A K RILIE & LT Synfacts (2023)%, OPR&D (2023)%, Chem. -Eur. J.
(2024)%, Chem. Rec. (2024)* THIMN T, W FHliT T 5,
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RFRICER L, I BE 2 5 ZIRE & JHEEZ G D £ L 22N RIRKRFARFEBER AT TR
&% RHEEEAEIC O X VLR L BTE S

I BIERPRAERER L WV R 2 ICH 2 ) TIREL 723 0 R DZEIT 78 b TAGHSCIERIC & 72
S THERTIRE, Tatam. SE R Y £ L7, RIRRFRAGCEAIERIERNR  EEIEE L
B E LR L BT ET

F 7o, AEOHEEIC H 72 Y ARG TIRE L CHE 2 W72 & £ L. RIRKRFERFEBIEEITE
BHh#E BEXNEVPRECHEI L £

R L DR 2 LTL IV E L RIRRFARAGS AR B  NEIREA. R
B RIFERREAICECHILF L BT

AFZEICB S 2 EARRULEM OB LENHER 2T > TR T 0 E Le, RIREREBERIRFR
PRSI IR e, REBER (B, AR RS2 EEROC AR A %) FIHAI
Jerby [FEEAT PNILEIESE A, RIORERZEE WHMEA LB CHELR L B Ed, 4. BEER
ZHGE LTI WE LI EFRICE# W2 L E 5

KItFEDHEEIC D720 MR FHF TR E 25 2RI TLEI Y, AR EIYE. JHlihz
B0 £ L 72 RIRRZERAGEER A FE PR LS 2 TS R SERm IR AW L £ 95

KR L CTHAN 0722 2 X L, RIRRFERPESEAIER SHBEMEL, R
ANERAF G, BRI, SRR LR L B £ 9

AWFEEFTT 2B, ZRESKEEZHY L2 (OM) hARIZERNE I ISR 4lBh 4.
JST RHARHFFEE PRERIIBFSE 7 v 7" 7 L (JPMISP2138). 7 & CNIT HAEAHREL 2 [ISPS Feflf ot B
DC1 (23KJ1515), HEKEBE 7 v 777 40 KBRS [ HEmERIE: O LT % #HEE T 2 5 AM DK
=] (I8I)ICFEH - LT T,

% < DI Z T L 72 RECRFER B A RS BE LA B O I W 7 L £ 97

BRI, DHDOEZ o 72Kk, KAICOD X IEEW-L $3,
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EERDEB

1. General information

Flash column chromatography was performed with Silica Gel 60 N (Kanto Chemical Co., Inc., 63-210 pm
spherical, neutral). 'H NMR and '3C NMR spectra were recorded on a JEOL ECS 300, ECS 400 or ECA 500
spectrometer at room temperature in CDCI; as a solvent and internal standard ("H NMR: 6 = 7.26 for CDCl;,
2.49 for DMSO-ds, 1.93 for CD;CN, *C NMR: § = 77.0 for CDCls, 39.5 for DMSO-ds, 1.3 for CDsCN) with
tetramethylsilane as a further internal standard. IR spectra were recorded by SHIMADZU IR Affinity-1S
spectrophotometer as a thin film on NaCl. High resolution mass spectra were measured on JEOL JMS-3000
(MALDI-TOF). Melting points were measured by Yamano MP-S3 micro melting point apparatus and were
unrecorded.

All animal studies were approved by the Animal Research Committee of Osaka Medical and Pharmaceutical
University and were performed in accordance with the Organizing Committee Regulations on Animal
Experiments.

The laboratory is Department of Formulation Design and Pharmaceutical Technology in Osaka Medical and
Pharmaceutical University. The project name is “Improved absorption of poorly soluble and poorly absorbable
drugs by amorphous formulations”.

Approved number is 84.

2. Policy for the collection of spectroscopic data
We collected spectroscopic data of deuterated product as the following (These analyses are based on the

previous literatures).[’7->%!

D in the case
\ _R' H 1
o v .R
D CI: H_(.:
R? RZ known

synthesis of
duterated product

In the case that the corresponding hydrogen (C-H) form was known, 'H and ?H NMR spectra of the deuterated
products were measured. By the comparison of chemical shifts and integration of 'H NMR of hydrogen form
and "H/’H NMR of deuterated product, D contents were determined. The reference and spectroscopic data of

known hydrogen form was also cited in section 3-4-3-7, 4-2,4-3, 5-3, or 5-4 corresponding each reaction.

D in the case
. _R! H 1
o ..R
D CI: j H_(I;
R? R2 unknown

synthesis of
duterated product

In the case that the corresponding hydrogen (C-H) form was unknown. The structure of hydrogen form was
synthesized and identified by 'H and '*C NMR spectra, IR, HRMS, and so on. 'H and ?H NMR spectra of the
deuterated products were measured. Then, by the comparison of chemical shifts and integration of "H NMR
of hydrogen form and 'H NMR/*H NMR of deuterated product, D contents were determined. The

spectroscopic data of hydrogen form were described in section 3-4, 3-6, or 3-7 corresponding each reaction.
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3. Experiments of chapter 1

3-1. Tryal of deuteration of 5-(methyl)dibenzothiophenium salt and 5-
(methyl)benzo[b]thiophenium salt

(Scheme 1-1) The reaction using 5-(methyl)dibenzothiophenium tetrafluoroborate (1c); To 5-
(methyl)dibenzothiophenium tetrafluoroborate (28.6 mg, 0.10 mmol), which was prepared according to
reference™, in D>O (1 mL) was added K>CO; (13.8 mg, 0.10 mmol, 1.0 equiv.). The reaction mixture was
stirred at room temperature under Ar. After 6 h, the reaction mixture was extracted with CHCls (5 mL x 3).
The organic layers were dried over with Na,SO,, and concentrated in vacuo to give dibenzothiophene (99 %
yield, 18.0 mg, 0.099 mmol).

Dibenzothiophene
colorless solid; "H NMR (300 MHz, CDCls): d 8.20-8.14 (m, 2H), 7.90-7.84 (m, 2H), 7.50-7.44 (m, 4H).
"H NMR spectrum of dibenzothiophene was identical to that of purchased dibenzothiophene.

(Scheme 1-1) The reaction using 1-(methyl)benzo[b]thiophenium tetrafluoroborate (1¢’); To 1-
(methyl)benzo[b]thiophenium tetrafluoroborate (23.6 mg, 0.10 mmol), which was prepared according to
reference®, in D,O (1 mL) was added K>COs (13.8 mg, 0.10 mmol, 1.0 equiv.). The reaction mixture was
stirred at room temperature under Ar. After 6 h, the reaction mixture was extracted with CHCI; (5§ mL x 3).
The organic layers were dried over with Na,SQO4, and concentrated in vacuo to give benzo[b]thiophene (99 %
yield, 13.3 mg, 0.099 mmol).

0

Benzo|[b]thiophene
colorless solid; '"H NMR (500 MHz, CDCl;): 6 7.90 (d, J = 8.0 Hz, 1H), 7.84 (d, J= 8.0 Hz, 1H), 7.45 (d, J =
6.0 Hz, 1H), 7.39-7.33 (m, 3H).

"H NMR spectrum of dibenzothiophene was identical to that of purchased benzo[b]thiophene.
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3-2. Procedure in Table 1-1

3-2-1. Procedure for the preparation of (methyl)sulfonium triflate (1aa)

1aa was prepared according to the referencel®!). Diphenyl sulfide (1.86 g, 10.0 mmol) was stirred with TTOMe
(1.2mL, 11.0 mmol) at room temperature. After 1 h, the solidified mixture was recrystallized with CHCI3/Et,O,
to afford 1aa (95% yield, 3.36 g). The spectroscopic data is described in section 3-3-6.

3-2-2. Procedure for optimization of deuteration of 1aa

To 1aa (35.0 mg, 0.10 mmol) in DO (0.5 mL) was added base (0.10 mmol, 1.0 equiv.). The reaction mixture
was stirred at room temperature under Ar. After 6 h, the reaction mixture was extracted with CHCls (5 mL x
3). The organic layers were dried over with Na,SOs, and concentrated in vacuo. The residue was analyzed by
"H NMR using 1,1,2,2-tetrachloroethane (10.5 zL; 0.10 mmol) as an internal standard to determine the yield
and the D contents of 1-ds.

(entry 1) K»CO;3 (13.8 mg, 0.10 mmol) was used as base and 1 mL of D>O was used. As a result, 1aa-ds; was
obtained in 98% yield with 98% D.

(entry 2) K»CO; (13.8 mg, 0.10 mmol) was used as base. As a result, 1aa-ds; was obtained in 78% yield with
59% D.

(entry 3) KOH (5.6 mg, 0.10 mmol) was used as base. As a result, 1aa-d; was obtained in 72% yield with 52%
D.

(entry 4) EtsN (14 pL, 0.10 mmol) was used as base. As a result, 1aa-d; was obtained in 44% yield with 85%
D.

(entry 5) DBU (15 pL, 0.10 mmol) was used as base. As a result, 1aa-ds was obtained in 21% yield with 95%
D.

(entry 6) K»COs3 (13.8 mg, 0.10 mmol) was used as base and 0.5 mL of CD30OD was used. The reaction was
carried out for 6 h. As a result, 1aa-ds was obtained in 20% yield with 96% D.

(entry 7) Without the addition of base, the reaction was carried out for 6 h. As a result, 1aa-ds; was obtained in

96% yield with 0% D.
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3-3. Procedure in Fig 1-5

3-3-1. Procedure for the preparation of (ethyl)sulfonium triflate (1ab)

lab was prepared according to the reference!®”. To a mixture of diphenyl sulfide (2.80 g, 15.0 mmol) and
AgBF4 (3.50 g, 18.0 mmol, 1.2 equiv.) in (CH2Cl), (10 mL) was added ethyl iodide (2.4 mL, 30.0 mmol, 2.0
equiv.). After stirred for 16 h at 40 °C, the precipitate derived from silver salts was removed by filtration using
membrane filter (Millipore, Omnipore™, 0.2 pm), and washed with CHCI; (15 mL). Then, the filtrate was
evaporated. The residue was recrystallized from CHCI; / Et;O to obtain lab (85% yield, 3.83 g). The

spectroscopic data is described in section 3-3-6.

3-3-2. General procedure for the preparation of (phenethyl)sulfonium triflate derivatives (1ac—
lae)
To the solution of phenylethyl alcohol derivative (5.0 mmol) and 2,6-Iutidine (0.7 mL, 6.0 mmol, 1.2 equiv.)
in (CH2Cl); (25 mL) was dropwised trifluoromethanesulfonic anhydride (1.0 mL, 6.0 mmol, 1.2 equiv.) at -
20 °C. After stirred for 18 h at 0 °C, the mixture was added 1M H,SO4 aq. (10 mL). After further stirring for
1 h at room temperature, the reaction mixture was extracted with CHCl3 (20 mL x1). The organic layers were
washed with brine (10 mL), dried over with MgSOs, and concentrated in vacuo. The solution of residue and
diphenylsulfide (1.67 g, 9.0 mmol) in (CH>Cl), (5 mL) was stirred at 50 °C. After 10 h, the mixture was cooled
down to room temperature, and the solvent was evaporated. The obtained residue was recrystallized with

CHCI3/ Et,O to afford 1ac—1ae. The spectroscopic data are described in section 3-3-6.

3-3-3. Procedure for the preparation of (bromomethyl)sulfonium triflate (1af)

A mixture of diphenyl sulfide (930 mg, 5.0 mmol) and AgOTf (1.28 g, 5.0 mmol, 1.0 equiv.) in MeCN (10
mL) was added ICH;Br (760 pL, 10.0 mmol, 2.0 equiv.). After stirred for 24 h at 100 °C, the precipitate derived
from silver salts was removed by filtration using membrane filter (Millipore, Omnipore™, 0.2 pum), and
washed with CHCls (15 mL). Then, the filtrate was evaporated. The residue was recrystallized from CHCls/
Et;0 to obtain 1af (52% yield, 1.12 g). The spectroscopic data is described in section 3-3-6.

3-3-4. Procedure for deuteration of 1aa

To 1aa (1.0 mmol) in D,O (10 mL) was added K,COs (68.5 mg, 0.50 mmol, 0.5 equiv.) under argon. The
mixture was stirred at room temperature. The D content was monitored by "H NMR by sampling of portion of
the solution and diluting with CDCls. After the peak of the a-position of sulfur cation disappeared in '"H NMR
analysis, the mixture was added NaCl and extracted with CHCl; (20 mL x5). The organic layers were dried
over with Mg>SOs, and concentrated in vacuo. Et,O was added to the residue, and the resulting precipitate was
collected with Kiriyama filter and dried over under vacuo to give the corresponding deuterated 1aa (1aa-ds)
with 99% D (96 % yield, 337 mg, 0.96 mmol) was obtained. The spectroscopic data is described in section 3-
3-6.

3-3-5. General procedure for deuteration of 1ab—af
To suspension of 1lab—af (1.0 mmol) in D,O (10 mL) was added K,COs3 (68.5 mg, 0.50 mmol, 0.50 equiv.)
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under argon. The mixture was stirred under the heating conditions at the adequate reaction temperature. The
D content was monitored by "H NMR by sampling of portion of the solution and diluting with CDCls. After
the peak of the a-position of sulfur cation disappeared in "H NMR analysis, the mixture was cooled to room
temperature, added NaCl and extracted with CHCI3 (20 mL x5). The organic layers were dried over with
Mg»S0s, and concentrated in vacuo. To the residue was added Et,O, and the resulting precipitate was collected
with Kiriyama filter and dried over under vacuo to give the corresponding deuterated-alkyl derivatives (1ab-

d»—1af-d>). The spectroscopic data are described in section 3-3-6.

3-3-6. Spectroscopic data of (alkyl)diphenyl sulfonium salts (1a) and deuterated (alkyl)diphenyl
sulfonium salts (1a-dhn).

(Methyl)diphenylsulfonium triflate (1aa)
CHj -
g+ OfTf
Ph””>Ph
1aa was prepared according to procedure (3-2-1).
1aa; colorless solid; '"H NMR (400 MHz, CDCl;): § 7.91-7.88 (m, 4H), 7.68-7.56 (m, 6H), 3.65 (s, 3H). 'H

NMR spectrum of 1a was identical to that of the reference 61.

(ds-Methyl)diphenylsulfonium triflate (1aa-ds)

>99% D
CD;

L, OTf
.
Ph*S~ph

laa-ds; was prepared according to procedure (3-3-4).

1aa-ds; colorless solid; '"H NMR (400 MHz, CDCls): 6 7.92-7.90 (m, 4H), 7.73-7.67 (m, 6H), 3.72 (s, 0.02H).
’H NMR (77 MHz, CHCl): ¢ 3.70.

(Ethyl)diphenylsulfonium tetrafluoroborate (1ab)
|/CH3

ph- S ph

1ab was prepared according to procedure (3-3-1).

1ab; colorless solid; "H NMR (400 MHz, CDCl5): 6 7.95-7.92 (m, 4H), 7.73-7.64 (m, 6H), 4.16 (q, J = 7.3

Hz, 2H), 1.45 (t, J= 7.3 Hz, 3H). 'H NMR spectrum of 1ab was identical to that of the reference 62.

BF,

(d»-Ethyl)diphenylsulfonium tetrafluoroborate (1ab-d,)

98% D

D\T/CHg,
s+ BFy
Ph” ™ Ph
1ab (310 mg, 1.0 mmol) was used as a substrate according to typical synthetic procedure (3-3-5) at 50 °C for
9 h. d>-(Ethyl)diphenylsulfonium tetrafluoroborarte with 98% D (1b-d»; 56 % yield, 174 mg, 0.56 mmol) was
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obtained.

1ab-d,; colorless solid; 'H NMR (400 MHz, CDCls): 6 7.95-7.92 (m, 4H), 7.76-7.67 (m, 6H), 4.20-4.19 (m,
0.047H), 1.48 (s, 3H).

2H NMR (77 MHz, CHCL): 6 4.17.

(Phenethyl)diphenylsulfonium triflate (1ac)
oTf

.
Ph’£;©

Phenylethyl alcohol (610 mg, 5.0 mmol) was used as a substrate according to typical synthetic procedure (3-
3-2) to afford 1ac (quant, 2.20 g)

1ac; pale brown solid; '"H NMR (300 MHz, CDCls): 6 7.95-7.93 (m, 4H), 7.67-7.63 (m, 6H), 7.30-7.25 (m,
3H), 7.18-7.15 (m, 2H), 4.46 (t, J = 6.9 Hz, 2H), 3.17 (t, J = 6.9 Hz, 2H). *C NMR (100 MHz, CHCl;): ¢
135.4,134.7, 131.6, 130.6, 129.1, 128.8, 127.8, 124.2, 47.0, 30.6.

IR (NaCl) cm™: 3091, 1480, 1456, 1448, 1420, 1302, 1259, 1225, 1156, 1074, 1030, 998 923, 747, 718, 699,
685, 637.

HRMS (MALDI-TOF) m/z: 291.1196 (Calcd. for C20HioS [M]": 291.1202).

Melting point: 85-87 °C.

(1-d»>-Phenethyl)diphenylsulfonium triflate-d» (1ac-d>)

>99% D _
p OTf

D\*/\©
Ph~S~Ph

lac (440 mg, 1.0 mmol) was used as a substrate according to typical synthetic procedure (3-3-5) under 60 °C
for 9 h. (1-d>-Phenethyl)diphenylsulfonium triflate with >99% D (1¢-d>; 64 % yield, 282 mg, 0.64 mmol) was
obtained.

lac-d>; colorless solid; 'H NMR (300 MHz, CDCIs): 6 7.99-7.95 (m, 4H), 7.75-7.63 (m, 6H), 7.33-7.22 (m,
3H), 7.18-7.15 (m, 2H), 3.15 (s, 2H).

’H NMR (77 MHz, CHCl;): 6 4.58.

(2-(4-Methoxyphenyl)-1-d;-ethyl)-diphenyl-sulfonium triflate (1ad)
oTf

Ph Ph

4-Methoxyphenylethyl alcohol (760 mg, 5.0 mmol) was used as a substrate according to typical synthetic
procedure (3-3-2) to afford 1ad (36%, 1.71 g)

1ad; brown solid; 'H NMR (400 MHz, CDCls) 8 7.95-7.93 (m, 4H), 7.72-7.62 (m, 6H), 7.07 (d, J = 8.4 Hz,
2H), 6.80 (d, J = 8.4 Hz, 2H), 4.55 (d, J = 7.0 Hz, 2H), 3.76 (s, 3H), 3.09 (d, J = 7.0 Hz, 2H). 3*C NMR (100
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MHz, CHCl;): 0 159.1, 134.6, 131.5, 130.6, 130.0, 127.2, 124.3, 114.5, 55.3, 47.4, 29.9.

IR (NaCl) em: 3515, 3001, 2939, 1612, 1514, 1466, 1448, 1441, 1257, 1225, 1157, 1109, 1072, 1030, 998,
824, 755, 747, 685, 637.

HRMS (MALDI-TOF) m/z: 321.1292 (Calcd. for C2;H2;0S [M]": 321.1308).

Melting point: 64—67 °C.

(2-(4-Methoxyphenyl)-1-d;-ethyl)-diphenyl-sulfonium triflate (1ad-d>)

>09% D _
b p OTf

th OMe
1ad (470 mg, 1.0 mmol) was used as a substrate according to typical synthetic procedure (3-3-5) under 40 °C
for 5 h. (2-(4-Methoxy-phenyl)-1- d>-ethyl)-diphenyl-sulfonium triflate with >99% D (1ad-d»; 82 % yield, 385
mg, 0.82 mmol) was obtained.
1ad-d,; pale brown solid; '"H NMR (400 MHz, CDCls): § 7.97-7.95 (m, 4H), 7.73-7.64 (m, 6H), 7.08 (d, J =
8.8 Hz, 2H), 6.81 (d, J = 8.8 Hz, 2H), 4.54-4.56 (m, 0.001H) 3.76 (s, 3H), 3.09 (s, 2H).
H NMR (77 MHz, CHCl;): 6 4.58.

(2-(4-Bromo-phenyl)-1-d,-ethyl)-diphenyl-sulfonium triflate (1ae)
oTf
Ph”g;@\&'
4-Bromophenylethyl alcohol (1.00 g, 5.0 mmol) was used as a substrate according to typical synthetic
procedure (3-3-2) to afford 1ae (89%, 2.32 g)
1ae; pale brown solid; '"H NMR (400 MHz, CDCl5): 6 7.96-7.93 (m, 4H), 7.75-7.65 (m, 6H), 7.39 (d, J = 8.6
Hz, 2H), 7.07 (d, J= 8.6 Hz, 2H), 4.58 (t, J= 7.1 Hz, 2H), 3.14 (t,J = 7.1 Hz, 2H).
BC NMR (100 MHz, CDCl;) & 134.6, 134.4, 132.1, 131.5, 130.7, 130.6, 124.2, 121.7, 46.3, 30.2.
IR (NaCl) ecm™: 3093, 3065, 3003, 1489, 1448, 1441, 1259, 1225, 1157, 1102, 1072, 1030, 1012, 998, 807,
755, 747, 684, 637.
HRMS (MALDI-TOF) m/z: 369.0292 (Calcd. for C2H;sSBr [M]": 369.0307).
Melting point: 100-102 °C.

(2-(4-Bromo-phenyl)-1-d,-ethyl)-diphenyl-sulfonium triflate (1ae-d>)

>99% D _
p OTf

DY\Q
st Br

Ph” ™ Ph

lae (520 mg, 1.0 mmol) was used as a substrate according to typical synthetic procedure (3-3-5) under 50 °C
for 5 h. d>-(2-(4-Bromo-phenyl)-ethyl)-diphenyl-sulfonium triflate with >99% D (1ae-d»; 68 % yield, 355 mg,
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0.68 mmol) was obtained.

lae-d,; pale brown solid; "H NMR (400 MHz, CDCl3): 6 7.97-7.93 (m, 4H), 7.74-7.64 (m, 6H), 7.38 (d, J =
8.2 Hz, 2H), 7.08 (d, J = 8.2 Hz, 2H), 4.56 (0.009H), 3.12 (s, 2H).

2H NMR (77 MHz, CHCL): 6 4.57.

(Bromomethyl)diphenyl-sulfonium triflate (1af)

Brj

Ph'SJ:PhOTf

1af was prepared according to procedure (3-3-3).

1af; pale brown solid; '"H NMR (500 MHz, CDCl5): 6 8.04-8.02 (m, 4H), 7.79-7.69 (m, 6H), 5.83 (s, 2H). 1*C
NMR (500 MHz, CDCl3): ¢ 153.30, 131.59, 131.08, 123.15, 35.50.

IR (NaCl) em™: 3503, 3096, 3065, 3027, 2950, 1480, 1450, 1303, 1256, 1225, 1159, 1068, 1030, 997, 756,
749, 684, 637.

HRMS (MALDI-TOF) m/z: 278.9833 (Calcd for Ci3H12SBr [M]*: 278.9838).

Melting point: 74-75 °C.

(d-Bromomethyl)diphenyl-sulfonium triflate (1af-d,)

D 99% D

S+ OTf
Ph” " "Ph
1af (430 mg, 1.0 mmol) was used as a substrate according to typical synthetic procedure (3-3-5) under 30 °C
for 9 h. d>-(Bromomethyl)diphenyl-sulfonium triflate with 99% D (1af-d>; 58 % yield, 251 mg, 0.58 mmol)
was obtained.
1af-d>; pale brown solid; 'H NMR (500 MHz, CDCl;): § 8.05-8.03 (m, 4H), 7.82-7.71 (m, 6H), 5.85 (s,

0.028H).
H NMR (77 MHz, CHCl3): 6 5.84.
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3-4. Procedure A in Scheme 1-3 and Fig. 1-6

3-4-1. General procedure; Alkylation using 1a-dn (Procedure A)

To suspension of 2 (0.10 mmol) in THF (1 mL) was added sodium hydride (60%, dispersion in paraffin
liquid) (4.0 mg, 1.0 equiv.) at 0 °C, and stirred under Ar. After 30 min, to the mixture was added D,O (50 pL,
28 equiv.) and (dy-alkyl)diphenyl sulfonium salt (1a-dy; 0.12 mmol, 1.2 equiv.) under Ar. The mixture was
stirred at room temperature or under the heating condition. After substrate 2 disappeared by TLC monitoring
or for 12 h, the reaction mixture was cooled to room temperature and quenched with 1N HCI aq. (3 drops).
The solution was extracted with EtOAc (5 mL x 3). The organic layers were dried over with Na,SO4, and
concentrated in vacuo. The residue was purified by silica-gel column chromatography to give the

corresponding dh-alkylated derivatives (3-dn). The spectroscopic data are described in section 3-4-6.

3-4-2. Alkylation of N-methyl-p-toluenesulfonylamide using 1aa-d3 without D20

To suspension of N-methyl-p-toluenesulfonylamide (18.5 mg, 0.10 mmol) in THF (1 mL) was added sodium
hydride (60%, dispersion in paraffin liquid) (4.0 mg, 1.0 equiv.) at 0 °C, and stirred under Ar. After 30 min,
laa-d3 (0.12 mmol, 1.2 equiv.) was added to the mixture under Ar. The mixture was stirred at room temperature.
After 1 h, the reaction mixture was quenched with 1N HCI aq. (3 drops). The solution was extracted with
EtOAc (5 mL x 3). The organic layers were dried over with Na,SO4, and concentrated in vacuo. The residue
was purified by silica-gel column chromatography (n-hexane / EtOAc = 2/1) to give N-Methyl-N-(ds-methyl)-
p-toluenesulfonylamide with 87% D (3a-ds, quant, 20.2 mg, 0.10 mmol).

3-4-3. Alkylation of phthalimide using 1a-dn

To suspension of potassium phthalimide (18.5 mg, 0.10 mmol) in THF (1 mL) were added D,O (50 pL, 28
equiv.) and (dn-alkyl)sulfonium salt (1a-dy; 0.12 mmol, 1.2 equiv.) under Ar. The mixture was stirred at room
temperature or under the heating condition. After substrate disappeared by TLC monitoring, the reaction
mixture was quenched with 1N HCI aq. (3 drops). The solution was extracted with EtOAc (5 mL x3). The
organic layers were dried over with Na,SOs, and concentrated in vacuo. The residue was purified by silica-gel
column chromatography to give the corresponding dn-alkylated derivative (3b-d3, 3d-d», 31-d>, 3n-d,, or 30-

d>). The spectroscopic data are described in section 3-4-6.

3-4-4. Alkylation of salicylonitril using 1ab-d

To suspension of salicylonitril (12.0 mg, 0.10 mmol) in THF (1 mL) was added sodium hydride (60%,
dispersion in paraffin liquid) (4.0 mg, 1.0 equiv.) at 0 °C, and stirred under Ar. After 30 min, the mixture was
added D,O (200 pL, 112 equiv.) and 1ab-d> (36.0 mg, 0.12 mmol, 1.2 equiv.) under Ar. The mixture was stirred
at 80 °C. After 12 h, the reaction mixture was cooled to room temperature and quenched with 1N HCI aq. (3
drops). The solution was extracted with EtOAc (5 mL x 3). The organic layers were dried over with Na>SOs,
and concentrated in vacuo. The residue was purified by silica-gel column chromatography (n-hexane / EtOAc
= 5/1) to give 2-(d>-ethoxy)benzonitrile with 94% D (3g-d>, 78 % yield, 11.6 mg, 0.078 mmol). The

spectroscopic data is described in section 3-4-6.
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3-4-5. Alkylation of catechol derivatives using 1af-d>

To suspension of 2 (0.10 mmol) in DMF (1 mL) were added K,COs (27.6 mg, 0.20 mmol, 2 equiv.), D,O (50
uL, 28 equiv.) and 1af-d> (51.8 mg, 0.12 mmol, 1.2 equiv.) under Ar. The mixture was stirred at 100 °C. After
substrate disappeared by TLC monitoring, the reaction mixture was extracted with Et,O (5 mL x3). The organic
layers were dried over with Na,SO4, and concentrated in vacuo. The residue was purified by silica-gel column
chromatography to give the corresponding dy-alkylated derivatives (3p-d>, 3q-d-). The spectroscopic data are

described in section 3-4-6.

3-4-6. Spectroscopic data of dn-alkylated compounds
N-Methyl-V-(d;-methyl)-p-toluene sulfonylamide (3a-d5)
00 >99% D

.CD
o

According to general procedure (3-4-1), N-methyl-p-toluenesulfonylamide (2a; 18.5 mg, 0.10 mmol) and 1aa-
ds (45.6 mg, 0.12 mmol, 1.2 equiv.) were used as substrates under room temperature for 1 h. N-Methyl-N-(ds-
methyl)-p-toluenesulfonylamide with >99% D (3a-ds, quant, 20.2 mg, 0.10 mmol) was obtained after silica-
gel column chromatography (n-hexane / EtOAc = 2/1).

3a-d;; colorless solid; 'TH NMR (400 MHz, CDCls): 6 7.65 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 2.65
(s, 3H), 2.64-2.64 (m, 0.019H), 2.43 (s, 3H).

H NMR (77 MHz, CHCl;): 6 2.66.

Literature’s data of non-deuterated N, N-dimethyl-p-toluenesulfonylamide!®¥; 'H NMR (400 MHz, CDCls): §
7.68 (d, J = 8.4 Hz, 2H), 7.35 (d, /= 8.4 Hz, 2H), 2.71 (s, 6H), 2.46 (s, 3H).

N-(ds-Methyl)phthalimide (3b-d3)

O
>99% D
N'CD3

o)

According to procedure (3-4-3), potassium phthalimide (18.5 mg, 0.10 mmol) and 1aa-ds (45.6 mg, 0.12 mmol,
1.2 equiv.) were used as substrates under room temperature for 3 h. N-(d3-Methyl)phthalimide with >99% D
(3b-ds, 90 % yield, 14.8 mg, 0.090 mmol) was obtained after silica-gel column chromatography (n-hexane /
EtOAc =2/1).

3b-d;; colorless solid; '"H NMR (500 MHz, CDCl5): 6 7.86-7.84 (m, 2H), 7.72-7.70 (m, 2H).

2H NMR (77 MHz, CHCl;): 6 3.16.

Literature’s data of non-deuterated N-methylphthalimide!®”; 'H NMR (400 MHz, CDCl;): J 7.85-7.83 (m, 2
H), 7.72-7.7 (m, 2 H), 3.18 (s, 3 H).
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7-(ds-Methoxoy)flavone (3c-d3)

Ph \ET(\O/O. CD,
99% D

O
According to general procedure (3-4-1), 7-hydroxyflavone (23.8 mg, 0.10 mmol) and 1aa-d; (45.6 mg, 0.12
mmol, 1.2 equiv.) were used as substrates under 50 °C for 2 h. 7-(d3-Methoxoy)flavone with 99% D (3¢c-d5;
quant., 24.7 mg, 0.099 mmol) was obtained after silica-gel column chromatography (n-hexane/EtOAc = 2/1).
A Scaled-up study was conducted by following procedure; To suspension of 7-hydroxyflavone (240 mg, 1.0
mmol) in THF (5 mL) was added sodium hydride (60%, dispersion in paraffin liquid; 38 mg, 1.0 equiv.) at
0 °C, and stirred under Ar. After 30 min, to the mixture were added D.O (250 pL, 14 equiv.) and 1aa-ds (420
mg, 1.2 mmol, 1.2 equiv.) under Ar. The mixture was stirred at 60 °C. After 3 h, the reaction mixture was
cooled to room temperature and quenched with 1N HCI aq. (1.0 mL). The solution was extracted with EtOAc
(20 mL x 3). The organic layers were dried over with Na,SO4, and concentrated in vacuo. The residue was
purified by silica-gel column chromatography (n-hexane / EtOAc = 2/1) to give 3c-ds with 97% D (83% yield,
213 mg, 0.83 mmol).
3c¢-ds; colorless solid; 'H NMR (500 MHz, CDCls): 6 8.17 (d, J = 8.6 Hz, 1H), 7.97-7.96 (m, 2H), 7.57-7.54
(m, 3H), 7.18 (s, 1H), 7.07-7.03 (m, 2H), 3.93 (s, 0.045H).
H NMR (77 MHz, CHCl;): 6 3.92.
Literature’s data of non-deuterated 7-methoxoyflavone!*; "H NMR (300 MHz, CDCl;): 6 8.15 (d, J= 8.8 Hz,
1H), 7.95-7.89 (m, 2H), 7.57-7.49 (m, 3H), 7.16 (s, 1H), 7.07-7.02 (m, 2H), 3.94 (s, 3H).

N-(d»-Ethyl)phthalimide (3d-d>)
O 99% D
D
N—-D

CHj,
According to procedure (3-4-3), potassium phthalimide (18.5 mg, 0.10 mmol) and 1ab-d> (30.2 mg, 0.12 mmol,
1.2 equiv.) were used as substrates under room temperature for 3 h. N-(d»-Ethyl)phthalimide with 99% D (3d-
d>, 92 % yield, 16.3 mg, 0.092 mmol) was obtained after silica-gel column chromatography (n-hexane / EtOAc
=3/1).
3d-d»; colorless solid; 'TH NMR (400 MHz, CDCl;) § 7.85-7.82 (m, 2H), 7.73-7.69 (m, 2H), 3.74 (m, 0.027H),
1.26 (s, 3H).
2H NMR (77 MHz, CHCl;): 6 3.73.
Literature’s data of non-deuterated N-ethylphthalimide!®®); 'H NMR (300 MHz, CDCls): 6 7.89-7.76 (m, 2H),
7.76-7.63 (m, 2H), 3.73 (q, J = 7.2 Hz, 2H), 1.27 (t, J= 7.2 Hz, 3H).
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N-(d-Ethyl)-N-methyl-p-toluenesulfonylamide (3e-d>)

>99% D
o0 P

2 D
foaad

According to general procedure (3-4-1), N-methyl-p-toluenesulfonylamide (18.5 mg, 0.1 mmol) and 1ab-d»
(30.2 mg, 0.12 mmol, 1.2 equiv.) were used as substrates under room temperature for 3 h. N-(d>-Ethyl)-N-
methyl-p-toluenesulfonylamide with >99% D (3e-d>, quant., 21.5 mg, 0.10 mmol) was obtained after silica-
gel column chromatography (n-hexane / EtOAc = 2/1).

3e-d»; colorless solid; '"H NMR (400 MHz, CDCls): 6 7.66 (d, J = 8.0 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 2.70
(s, 3H), 2.42 (s, 3H), 1.10 (s, 3H). *H NMR (77 MHz, CHCl;): 6 3.08.

Literature’s data of non-deuterated N-ethyl-N-methyl-p-toluenesulfonylamide!®®; 'H NMR (300 MHz,
CDCl3): 6 7.65 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 8.3 Hz, 2H), 3.07 (q, J = 7.3 Hz, 2H), 2.70 (s, 3H), 2.41 (s,
3H), 1.11 (t,J = 7.3 Hz, 3H).

7-(d»-Ethoxoy)flavone (3f-d>)

Ph.__O O._CHj

T\(\@ D °

o 97% D

According to general procedure (3-4-1), 7-hydroxyflavone (23.8 mg, 0.10 mmol) and 1ab-d> (30.2 mg, 0.12
mmol, 1.2 equiv.) were used as substrates under 40 °C for 3 h. 7-(d»-Ethoxoy)flavone with 97% D (3f-d>, 89 %
yield, 24.0 mg, 0.089 mmol) was obtained after silica-gel column chromatography (CHCI3/ MeOH = 30/1).
3f-d>; colorless solid; '"H NMR (300 MHz, CDCls): § 8.14 (d, J = 8.6 Hz, 1H), 7.94-7.91 (m, 2H), 7.54-7.51
(m, 3H), 7.02-6.95 (m, 3H), 6.87 (s, 1H), 4.13—4.17 (m, 0.064H), 1.48 (s, 3H).
’H NMR (77 MHz, CHCl;): 6 4.16.
Literature’s data of non-deuterated 7-ethoxoyflavone!®”); "TH NMR (300 MHz, CDCl5): 6 8.06 (d, J = 8.8 Hz,

1H), 7.82-7.85 (m, 2H), 7.43-7.47 (m, 3H), 6.88-6.92 (m, 2H), 6.70 (s, 1H), 4.09 (q, J = 6.8 Hz, 2H), 1.42 (t,
J=6.8 Hz, 3H).

2-(d»-Ethoxy)benzonitrile (3g-d>)
CN

©/OXCH3
D D

94% D

3g-d> was prepared according to general procedure (3-4-4).

3g-d»; colorless oil; 'TH NMR (500 MHz, CDCls): 6 7.56-7.49 (m, 2H), 6.99-6.93 (m, 2H), 4.15 (m, 0.12H),
1.47 (s 3H).

2H NMR (77 MHz, CHCl;): 6 4.14.

Literature’s data of non-deuterated 2-ethoxybenzonitrile®®); 'H NMR (400 MHz, CDCl5): § 7.49-7.45 (m, 2H),
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6.96-6.91 (m, 2H), 4.10 (q, J = 7.2 Hz, 2H), 1.43 (s, 3H).

N-(d»-Ethyl)-3,5-dimethoxyaniline (3h-d,)

H
Meo\©/ ND7(DCH3

OMe 98% D
According to general procedure (3-4-1), 3,5-dimethoxyaniline (15.3 mg, 0.10 mmol) and 1ab-d, (36.0 mg,
0.12 mmol, 1.2 equiv.) were used as substrates under 50 °C for 5 h. N-(d»-Ethyl)-3,5-dimethoxyaniline with
98% D (3h-d>, 50 % yield, 9.2 mg, 0.050 mmol) was obtained after silica-gel column chromatography (n-
hexane / EtOAc = 50/1).
3h-d»; pale yellow oil; 'H NMR (300 MHz, CDCL5): J 5.89 (m, 1H), 5.82 (m, 2H), 3.75 (s, 6H), 3.10-3.14
(0.050H), 1.23 (s, 3H).
H NMR (77 MHz, CHCl;): 6 3.12.
Literature’s data of non-deuterated N-ethyl-3,5-dimethoxyaniline!*’); 'H NMR (400 MHz, CDCl;): 6 5.90 (m,
1H), 5.82 (m, 2H), 3.76 (s, 6H), 3.64 (brs, 1H), 3.14 (q, J = 8.0 Hz, 2H), 1.24 (t, /= 8.0 Hz, 3H).

7-(d>-Ethyl)theophylline (3i-d)
99% D

D
0 Dy/CH3
~ N

N
J\N |N/>
|

O

According to general procedure (3-4-1), theophylline (18.0 mg, 0.10 mmol) and 1ab-d> (36.0 mg, 0.12 mmol,

1.2 equiv.) were used as substrates under 80 °C for 12 h. 7-(d>-Ethyl)theophylline with 99% D (3i-d», 62%

yield, 13.1 mg, 0.062 mmol) was obtained after silica-gel column chromatography (CHCI3/MeOH = 10/1).
3i-d»; colorless solid; '"H NMR (400 MHz, CDCls): J 7.55 (s, 1H), 4.31-4.34 (m, 0.023H), 3.58 (s, 3H), 3.41

(s, 3H), 1.50 (s, 3H).

H NMR (77 MHz, CHCl;): 6 4.32.

Literature’s data of non-deuterated 7-ethyltheophylline!””; '"H NMR (400 MHz, CDCl;): 7.57 (s, 1H), 4.35 (q,

J=17.2Hz, 2H), 3.59 (s, 3H), 3.41 (s, 3H), 1.52 (t, /= 7.3 Hz, 3H).

1-(d>-Ethyl)theobromine (3j-d-)

>99% D
02 8
H,C /‘/’\»l\ 7

o) l\ll N

According to general procedure (3-4-1), theobromine (18.0 mg, 0.10 mmol) and 1ab-d> (36.0 mg, 0.12 mmol,
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1.2 equiv.) were used as substrates under 80 °C for 12 h. 1-(d>-Ethyl)theobromine with >99% D (3j-d», quant,
21.0 mg, 0.10 mmol) was obtained after silica-gel column chromatography (CHCl3/MeOH = 10/1).

3j-d>; colorless solid; '"H NMR (400 MHz, CDCls): 6 7.48 (s, 1H), 4.06-4.03 (m, 0.0099H), 3.97 (s, 3H),
3.56 (s, 3H), 1.22 (s, 3H).
2H NMR (77 MHz, CHCL): 6 4.07.
Literature’s data of non-deuterated 1-ethyltheobromine!”!); "TH NMR (400 MHz, CDCl5): 7.43 (s, 1H), 4.02 (q,
J=17.1Hz, 2H), 3.92 (s, 3H), 3.51 (s, 3H), 1.19 (t, /= 7.1 Hz, 3H).

(Hydrogen form synthesis) 4-Amino-N-ethyl-/V-(5-methylisoxazol-3-yl)benzenesulfonamide (/NV-ethyl

sulfamethoxazole; 3k)

H,C
10

Ny N-g
SEaq)
NH,

Sulfamethoxazole (101 mg, 0.4 mmol) and K>CO; (55 mg, 0.4 mmol, 1.0 equiv.) were dissolved in anhydrous
DMF (4 mL) and EtI (129 pL, 1.60 mmol, 4 equiv.) was added. The reaction mixture was stirred at room
temperature under Ar. After 2 h, the reaction mixture was extracted with EtOAc (5 mL x 3), and the organic
layers were washed with water, brine, dried over anhydrous Na,SO,4 and concentrated in vacuo. The residue
was purified by silica-gel column chromatography (n-hexane/ EtOAc=5/1-1/1) to give 3k (91% yield, 102 mg,
0.36 mmol).

3Kk; colorless solid; '"H NMR (500 MHz, CDCls): 6 7.52 (d, J = 8.6 Hz, 2H), 6.62 (d, J = 8.6 Hz, 2H), 6.39 (s,
1H), 4.15 (s, 2H), 3.78 (q, J= 7.0 Hz, 2H), 2.37 (s, 3H), 1.27 (t, J= 7.0 Hz, 3H).

BC NMR (100 MHz, CDCl5): § 169.9, 159.7, 151.1, 129.1, 126.6, 114.0, 98.2, 43.8, 13.8, 12.6.

IR (NaCl) cm™': 3480, 3385, 1614, 1596, 1504, 1482, 1429, 1360, 1346, 1325, 1189, 1162, 1147, 1092, 691.
HRMS (MALDI-TOF) m/z: 282.0906 (Calcd. for C12Hi6N303S [M+H]": 282.0907).

Melting point: 70-71 °C.

4-Amino-N-(d>-ethyl)-NV-(5-methylisoxazol-3-yl)benzenesulfonamide (/NV-(d:-ethyl) sulfamethoxazole;
3k-d,)

D 98%D

H3C D
Y5

N N-g

=hhe!
NH»

According to general procedure (3-4-1), sulfamethoxazole (18.0 mg, 0.10 mmol) and 1ab-d> (36.0 mg, 0.12
mmol, 1.2 equiv.) were used as substrates under 50 °C for 12 h. N-(d»-ethyl) sulfamethoxazole with 98% D
(Bk-d>, 98 % yield, 28.0 mg, 0.098 mmol) was obtained after silica-gel column chromatography (n-hexane /

EtOAc =4/1).
3k-d»; colorless solid; '"H NMR (500 MHz, CDCls): 6 7.50 (d, J = 8.7 Hz, 2H), 6.61 (d, J = 8.7 Hz, 2H), 6.38

56



(s, 1H), 4.19 (s, 2H), 3.76 (m, 0.049H), 2.36 (s, 3H), 1.25 (s, 3H).
H NMR (77 MHz, CHCl3): 6 3.76.

N-(1-d>-phenylethyl)phthalimide (31-d>)

O >09%D
v
Ph
0

According to procedure (3-4-3), potassium phthalimide (18.5 mg, 0.10 mmol) and 1ac-d> (53.1 mg, 0.12 mmol,
1.2 equiv.) were used as substrates under 50 °C for 5 h. N-(1-d>-Phenylethyl)phthalimide with 99% D (31-d,,
79 % yield, 19.9 mg, 0.079 mmol) was obtained after silica-gel column chromatography (n-hexane / EtOAc =
4/1).

31; colorless solid; 'H NMR (500 MHz, CDCls): 6 7.84-7.82 (m, 2H), 7.72-7.69 (m, 2H), 7.30-7.20 (m, 5H),
3.91 (m, 0.02H), 2.98 (s, 2H).

H NMR (77 MHz, CHCl;): 6 3.91.

Literature’s data of non-deuterated N-phenylethylphthalimide!’?; 'H NMR (500 MHz, CDCl;): § 7.83-7.81
(m, 2H), 7.71-7.68 (m, 2H), 7.30-7.21 (m, 5H), 3.92 (t, J = 7.8 Hz, 2H), 2.98 (t, /= 7.8 Hz, 2H).

(Hydrogen form synthesis) 7-Phenylethyoxyflavone (3m)

o
(Hydrogen form synthesis) 7-Hydroxyflavone (47.6 mg, 0.2 mmol) and K,COs (55.3 mg, 0.40 mmol, 2
equiv.) were dissolved in anhydrous DMF (1 mL) and phenethyl bromide (74.0 mg, 2 equiv., 0.40 mmol) was
added. The reaction mixture was stirred at 70 °C under Ar atmosphere. After 6 h, the reaction mixture was
extracted with Et;O (3 x 15mL), washed with water, brine, dried over anhydrous Na,SO4 and concentrated in
vacuo. The residue was purified by column chromatography (n-hexane/ EtOAc=2/1-1/1) to give 3m (63%
yield, 43.4 mg, 0.13 mmol).
3m; colorless solid; '"H NMR (500 MHz, CDCls): 6 8.13 (d, J = 8.6 Hz, 1H), 7.90-7.89 (m, 2H), 7.53-7.49
(m, 3H), 7.36-7.26 (m, SH), 7.00-6.96 (m, 2H), 6.76 (s, 1H), 4.30 (t, /= 6.9 Hz, 2H), 3.17 (t,J= 6.9 Hz, 2H).
BC NMR (125 MHz, CDCl;): 6 178.0, 163.5, 163.1, 158.0, 137.7, 131.9, 131.5, 129.1, 128.7, 127.1, 126.9,
126.2,117.9,114.9, 107.6, 101.1, 69.4, 35.6.
IR (NaCl) cm™: 1640, 1605, 1494, 1450, 1441, 1373, 1356, 1344, 1283, 1248, 1173, 1088, 1027, 833, 773,
698, 693.
HRMS(MALDI-TOF) m/z: 343.1328 (Calcd. for C23H1903 [M+H]": 343.1329).
Melting point: 161-162 °C.
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7-(1-d,-Phenylethyoxy)flavone (3m-d>)

Ph moﬁ\ Ph
95% D

o
According to general procedure (3-4-1), 7-hydroxyflavone (23.8 mg, 0.10 mmol) and 1ac-d> (53.1 mg, 0.12
mmol, 1.2 equiv.) were used as substrates under 60 °C for 12 h. 7-(1-d>-Phenylethyoxy)flavone with 95% D
(3m-d», 36 % yield, 12.4 mg, 0.036 mmol) was obtained after silica-gel column chromatography (n-hexane /
EtOAc =4/1).
3m-d; pale yellow solid; '"H NMR (500 MHz, CDCls): 6 8.13 (d, J = 9.2 Hz, 1H), 7.91-7.90 (m, 2H), 7.53—
7.51 (m, 3H), 7.36-7.27 (m, 5H), 7.01-6.97 (m, 2H), 6.81 (s, 1H), 4.29 (s, 0.010H), 3.16 (s, 2H).
2H NMR (77 MHz, CHCL): 6 4.30.

N-(1-d»-2-(p-Methoxyphenyl)ethyl)phthalimide (3n-d)

0O 5 99% D
Seays

OMe

@)
According to procedure (3-4-3), potassium phthalimide (18.5 mg, 0.10 mmol) and 1ad-d> (56.7 mg, 0.12 mmol,
1.2 equiv.) were used as substrates under 50 °C for 5 h. N-(1-d>-2-(p-Methoxyphenyl)ethyl)phthalimide with
>99% D (3n-d>, 66 % yield, 18.6 mg, 0.066 mmol) was obtained after silica-gel column chromatography (n-
hexane/EtOAc = 4/1).
3n-d»; colorless solid; '"H NMR (500 MHz, CDCls): § 7.84-7.81 (m, 2H), 7.71-7.70 (m, 2H), 7.18-7.16 (m,
2H), 6.83-6.81 (m, 2H), 3.78 (s, 3H), 2.92 (s, 2H).
H NMR (77 MHz, CHCl;): 6 3.88.
Literature’s data of non-deuterated N-(2-(p-methoxyphenyl)ethyl)phthalimide”?); 'H NMR (500 MHz,

CDCls): § 7.70-7.62 (m, 4H), 7.38-7.27 (m, 2H), 6.83-6.67 (m, 2H), 3.83-3.73 (m, 2H), 3.67 (s, 3H), 2.82—
2.75 (m, 2H).

N-(1-d>-2-(p-Bromophenyl)ethyl)phthalimide (30-d>)

O 99%D

N D
Br

(@)
According to procedure (3-4-3), potassium phthalimide (18.5 mg, 0.10 mmol) and 1ae-d, (62.6 mg, 0.12 mmol,
1.2 equiv.) were used as substrates under 50 °C for 5 h. N-(1-d>-2-(p-Bromophenyl)ethyl)phthalimide with
>99% D (30-d>, 58 % yield, 19.1 mg, 0.058 mmol) was obtained after silica-gel column chromatography (7-
hexane/EtOAc = 4/1).

30-d»; colorless solid; 'H NMR (500 MHz, CDCls): 6 7.84-7.82 (m, 2H), 7.72-7.70 (m, 2H), 7.40 (d, J = 8.3
Hz, 2H), 7.12 (d, J= 8.3 Hz, 2H), 2.94 (s, 2H).
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’H NMR (77 MHz, CHCl;): 6 3.89.

Literature’s data of non-deuterated N-(2-(p-bromophenyl)ethyl)phthalimide!; '"H NMR (400 MHz, CDCl;):
67.86-7.83 (m, 2H), 7.73-7.71 (m, 2H), 7.41-7.39 (m, 2H), 7.14-7.12 (m, 2H), 3.93-3.89 (m, 2H), 2.98-2.94
(m, 2H).

ds-Naphtho[2,3-d][1,3]dioxole (3p-ds)

59% D

90% D

According to procedure (3-4-5), naphthalene-2,3-diol (16.0 mg, 0.10 mmol) was used as a substrate for 10 h.
ds-Naphtho[2,3-d][1,3]dioxole with 90 and 59% D (3p-ds, 61 % yield, 10.6 mg, 0.061 mmol) was obtained
after silica-gel column chromatography (n-hexane only).

3p-ds; colorless solid; 'H NMR (500 MHz, CDCls): 6 7.68-7.65 (m, 2H), 7.34-7.31 (m, 2H), 7.12 (s, 0.84H),
6.01 (s, 0.12H).

H NMR (77 MHz, CHCl5): 6 7.16, 6.02.

Literature’s data of non-deuterated naphtho[2,3-d][1,3]dioxole!”); 'H NMR (300 MHz, CDCl5): 7.67-7.62 (m,
2 H), 7.34-7.28 (m, 2H), 7.10 (s, 2 H), 6.01(s, 2 H).

N-(1-d»-2-(3,4-Methylenedioxyphenyl)ethyl)phthalimide (3q-d>)

TGy

97% D

According to procedure (3-4-5), N-(3,4-dihydroxyphenethyl)phthalimide (18.5 mg, 0.10 mmol), which was
synthesized according to reference 75, was used as a substrate according to typical synthetic procedure, for 12
h. N-(1-d»-2-(3,4-Methylenedioxyphenyl)ethyl)phthalimide with 97% D (3q-d>, 11 % yield, 3.2 mg, 0.011
mmol) was obtained after silica-gel column chromatography (n-hexane/EtOAc = 5/1).

3q-d»; pale yellow solid; 'H NMR (500 MHz, CDCl5): § 7.85-7.81 (m, 2H), 7.73-7.69 (m, 2H), 6.75 (d, J =
1.7 Hz, 1H), 6.72—6.67 (m, 2H), 5.90 (s, 0.0969), 3.87 (t, J = 7.7 Hz, 2H), 2.90 (t, J = 7.7 Hz, 2H).

2H NMR (77 MHz, CHCl;): 5.90.

Literature’s data of non-deuterated N-(2-(3,4-methylenedioxyphenyl)ethyl)phthalimide!”®’; 'H NMR (400
MHz, CDCl3): 8 7.83 (m, 2H), 7.71 (m. 2H), 6.70 (m. 3H), 5.92 (s, 2H), 3.87 (t, J= 7.6 Hz, 2H), 2.90 (t, J =
7.6 Hz, 2H).
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3-5. NMR study on the formation of deuterated ethyl iodide species from deuterated
(ethyl)diphenyl sulfonium salts and KI

To the mixture of 1ab-d> with 92% D content (0.10 mmol) in CD3CN (0.5 mL) was added KI (16.6 mg, 1.0

equiv.), and the reaction mixture was stirred at 30 °C. After 1 h, the mixture was analyzed by "H NMR.

92

D 92
HsCD _ 5
., BF, Kl >
phSph . CDiCN, rt, 1 h HsC™
(1.0 equiv.)
'H NMR of|1ab- d, (before the reaction) CD,CN B
A A
B D 92 N
HsCD -
N \|’+ BF, D,O
Ph-S ph
1 (CD4CN; 500 MHz) e
A. "
H NMR of reaction mixture (after the reaction)
D
D
Ph’S\Ph H3C)<|
92% D o
\—\— :
S LA
'H NMR of ethyl iodide
b
b a a
HaC >
(CD5CN; 500 MHz)

Figure S1. '"H NMR spectra of in situ-generation of d»-ethyl iodide from 1ab-d> and K1
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3-6. Procedure B in Scheme 1-4 and Fig. 1-7

3-6-1. General procedure

To suspension of (dq-alkyl)sulfonium salt (1a-dy; 0.12 mmol, 1.2 equiv.) in MeCN or DMF (1 mL) was added
KI (19.9 mg, 0.12 mmol, 1.2 equiv.) under argon. After 1 h-stirring at 30 °C, to the mixture were added
nucleophiles (2; 0.10 mmol) and K>COs (13.8 mg, 0.10 mmol, 1.0 equiv.) under Ar. The reaction mixture was
stirred under the heating conditions. After substrate 2 disappeared by TLC monitoring or for 12 h, the solution
was extracted with Et,O (5 mL x 3). The organic layers were dried over with Na,SOs, and concentrated in
vacuo. The residue was purified by silica-gel column chromatography to give the corresponding deuterated

alkylated derivatives (3-dy).

3-6-2. Spectroscopic data of dn-alkylated compounds
3-(d>-Methoxy)estrone (3r-d3)

O
>99% D o
DiC. Oa [

H

To suspension of 1aa-ds; (141 mg, 0.40 mmol, 2.0 equiv.) in DMF (2 mL) was added KI (66.4 mg, 0.40 mmol,
2.0 equiv.) under argon. After 1 h-stirring at 30 °C, to the mixture were added estron (54.0 mg, 0.20 mmol)
and K>COs3 (27.6 mg, 0.20 mmol, 1.0 equiv.) under Ar. The reaction mixture was stirred at 30 °C. After 12 h,
the solution was extracted with Et;O (5 mL x 3). The organic layers were dried over with Na,SOs, and
concentrated in vacuo. The residue was purified by silica-gel column chromatography (n-hexane / EtOAc =
10/1-5/1) to give 3-(d3-methoxy)estrone with >99% D (3r-ds, 42 % yield, 24.4 mg, 0.084 mmol).

3r-ds; colorless solid; "TH NMR (500 MHz, CDCl): 6 7.21 (d, J = 8.5 Hz, 1H), 6.72 (dd, J = 8.5, 2.7 Hz, 1H),
6.64 (d, J=2.7 Hz, 1H), 3.77-3.72 (0.002H), 2.92-2.89 (m, 2H), 2.51 (dd, J = 19.0, 8.5 Hz, 1H), 2.43-2.38
(m, 1H), 2.28-2.23 (m, 1H), 2.13 (dd, J = 19.0, 9.2 Hz, 1H), 2.09-1.93 (m, 3H), 1.68-1.39 (m, 6H), 0.91 (s,
3H).

’H NMR (77 MHz, CHCl;): 6 3.76.

Literature’s data of non-deuterated 3-methoxyestrone!””); "TH NMR (400 MHz, CDCls): 6 7.21 (d, J = 8.6 Hz,
1H), 6.73 (dd, J = 8.6, 2.7 Hz, 1H), 6.65 (d, J= 2.7 Hz, 1H), 3.78 (s, 3H), 2.96-2.85 (m, 2H), 2.51 (dd, J =
18.6, 8.6 Hz, 1H), 2.44-2.35 (m, 1H), 2.28-2.23 (m, 1H), 2.16 (dd, J = 18.6, 9.4 Hz, 1H), 2.11-1.90 (m, 3H),
1.70-1.36 (m, 6H), 0.91 (s, 3H).

1-Methyl-2-(d:-ethyl)thio-imidazol (3s-d>)

D 98%D
D
S
\N/\< CHs
N

According to general procedure (3-6-1), thiamazole (11.4 mg, 0.10 mmol) and 1ab-d> (36.0 mg, 0.12 mmol,
1.2 equiv.) were used as substrates using MeCN as solvent under 30 °C for 12 h. 1-Methyl-2-(d>-ethyl)thio-
imidazol with 98% D (3s-d>, 98 % yield, 14.0 mg, 0.098 mmol) was obtained after silica-gel column
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chromatography (n-hexane / EtOAc = 10/1).

3s-d>; colorless oil; '"H NMR (500 MHz, CDCl;): 6 7.06 (d, J = 1.1 Hz, 1H), 6.92 (d, J= 1.1 Hz, 1H), 3.62 (s,
3H), 3.06-3.03 (m, 0.05H), 1.30 (s, 3H).

2H NMR (77 MHz, CHCls): 6 3.02.

Literature’s data of non-deuterated 1-methyl-2-ethylthio-imidazol”®!; 'TH NMR (400 MHz, CDCls): 6 7.00 (1H),
6.90 (1H), 3.56 (3H), 3.02 (2H), 1.28 (3H).

(d»-Ethyl) p-methoxybenzoate (3t-d,)

98% D

O D
D
MeO

According to general procedure (3-6-1), p-methoxy benzoic acid (15.2 mg, 0.10 mmol) and 1ab-d> (36.0 mg,
0.12 mmol, 1.2 equiv.) were used as substrates using DMF as solvent under 30 °C for 12 h. (d>-Ethyl) p-
methoxybenzoate with 98% D (3t-d», 91 % yield, 16.6 mg, 0.091 mmol) was obtained after silica-gel column
chromatography (n-hexane / EtOAc = 30/1).

3t-d»; colorless oil; 'H NMR (400 MHz, CDCl5): 6 8.00 (d,J=9.2 Hz, 2H), 6.91 (d, J = 9.2 Hz, 2H), 4.32 (m,
0.037H), 3.85 (s, 3H), 1.36 (s, 3H).

H NMR (77 MHz, CHCl;): 6 4.33.

Literature’s data of non-deuterated ethyl p-methoxybenzoate!”; 'H NMR (400 MHz, CDCl5): § 8.99 (m, 2H),
6.89 (d, J= 8.8 Hz, 2H), 4.33 (q, /= 7.1 Hz, 2H), 3.86 (s, 3H), 1.36 (t, /= 7.2 Hz, 3H).

N-(d»-Ethyl) benzenesulfonamide (3u-d»)

98% D
00 Dy

©/S"N)<CH3
H

According to general procedure (3-6-1), benzenesulfonamide (15.7 mg, 0.10 mmol) and 1ab-d> (36.0 mg, 0.12
mmol, 1.2 equiv.) were used as substrates using DMF as solvent under 30 °C for 12 h. N-(d»-Ethyl)
benzenesulfonamide with 98% D (3u-d», 33 % yield, 6.2 mg, 0.033 mmol) and benzenesulfonamide (3.3 mg,
21% recovered) was obtained after silica-gel column chromatography (n-hexane / EtOAc = 2/1). Yield, based
on recovered starting material (brsm), was 41%.

3u-d»; colorless solid; '"H NMR (400 MHz, CDCls): § 7.89-7.86 (m, 2H), 7.60-7.56 (m, 1H), 7.54-7.49 (m,
2H), 4.50 (brs, 1H), 3.02-2.98 (m, 0.047H), 1.09 (s, 3H).

2H NMR (77 MHz, CHCl;): 6 3.00.

Literature’s data of non-deuterated N-ethyl benzenesulfonamide®”; '"H NMR (400 MHz, CDCls): § 7.90-7.87
(m, 2H), 7.61-7.56 (m, 1H), 7.55-7.49 (m, 2H), 4.57 (brs, 1H), 3.02 (qd, /= 7.3, 6.1 Hz, 2H), 1.11 (t, /=7.3
Hz, 3H).
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(Hydrogen form synthesis) 3-O-Ethyl-174-0-estradiol (3v)

Estradiol (109 mg, 0.4 mmol) and K>COs (55 mg, 0.4 mmol, 1.0 equiv.) were dissolved in anhydrous MeCN
(4 mL) and EtI (128 pL, 1.6 mmol, 4.0 equiv.) was added. The reaction mixture was stirred at 50 °C under Ar.
After 8 h, the reaction mixture was extracted with EtOAc (5 mL x 3), and the organic layers were washed with
water, brine, dried over anhydrous Na,SO, and concentrated in vacuo. The residue was purified by silica-gel
column chromatography (n-hexane / EtOAc = 3/1-1/1) to give 3v (50% yield, 60 mg).

3v; colorless solid; '"H NMR (500 MHz, CDCl;5): § 7.19 (d, J = 8.6 Hz, 1H), 6.70 (dd, J = 8.6, 2.9 Hz, 1H),
6.62 (d, J=2.9 Hz, 1H), 4.00 (q, J = 7.1 Hz, 2H), 3.73 (t, J = 8.6 Hz, 1H), 2.90-2.79 (m, 2H), 2.31 (qd, J =
6.9,4.3 Hz, 1H), 2.21-2.08 (m, 2H), 1.96-1.85 (m, 2H), 1.73-1.67 (m, 1H), 1.59 (s, 1H), 1.53—-1.16 (m, 10H),
0.78 (s, 3H).

BC NMR (125 MHz, CDCls): 6 156.7, 137.9, 132.5, 126.3, 114.4, 111.9, 81.9, 63.3, 50.0, 43.9, 43.2, 38.8,
36.7,30.5,29.8,27.2,26.3,23.1, 14.9, 11.0.

IR (NaCl) cm™: 3992, 2975, 2926, 2870, 1609, 1574, 1501, 1478, 1451, 1446, 1435, 1392, 1369, 1340, 1328,
1322, 1312, 1282, 1253, 1235, 1218, 1181, 1155, 1133, 1116, 1100, 1076, 1054, 1022, 1011, 964, 946, 876,
864, 819, 808, 779, 755.

HRMS (MALDI-TOF) m/z: 300.2083 (Calcd. for C20H2s0, [M]": 300.2080).

Melting point: 118-119 °C.

3-0-(d»-Ethyl)-17p-0-estradiol (3v-d>)

£
DDO

97% D

According to general procedure (3-6-1), estradiol (27.2 mg, 0.10 mmol) and 1ab-d> (36.0 mg, 0.12 mmol, 1.2
mmol) were used as substrates using DMF as solvent under 30 °C for 12 h. 3-O-(d>-Ethyl)-175-O-estradiol
with 97% D (3v-d>, 31 % yield, 9.4 mg, 0.031 mmol) and estradiol (14.2 mg, 52% recovered) was obtained
after silica-gel column chromatography (n-hexane / EtOAc = 2/1). Yield, based on recovered starting material
(brsm), was 65%.

3v-d»; colorless solid; '"H NMR (500 MHz, CDCl;): 6 7.19 (d, J = 8.6 Hz, 1H), 6.69 (dd, J = 8.6, 2.3 Hz, 1H),
6.62 (d, J=2.3 Hz, 1H), 3.98 (m, 0.065H), 3.73 (t, /= 8.6 Hz, 1H), 2.87-2.79 (m, 2H), 2.31 (qd, /= 6.9, 4.0
Hz, 1H), 2.21-2.08 (m, 2H), 1.96-1.92 (m, 1H), 1.89-1.84 (m, 1H), 1.73-1.66 (m, 1H), 1.53-1.16 (m, 10H),
0.77 (s, 3H).

2H NMR (77 MHz, CHCl;): 6 3.99.
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(Hydrogen form synthesis) 5-Chloro-/V-(2-(4-(cyclohexylcarbamoyl-N-ethyl-sulfamoyl)phenyl) ethyl)-2-
methoxybenzamide (/V-ethyl glibenclamide; 3w)

CHj

Cl

O\\S,NrTH
ey 8 U
O N
H

To Glibenclamide (198 mg, 0.4 mmol) and K>CO;s (55 mg, 0.4 mmol, 1.0 equiv.) in anhydrous DMSO (4 mL)
was added EtI (128 pL, 1.6 mmol, 4 equiv.). The reaction mixture was stirred at room temperature under Ar.
After 4 h, the reaction mixture was extracted with EtOAc (5 mL x 3), washed with water, brine, dried over
anhydrous Na,SO4 and concentrated in vacuo. The residue was purified by column chromatography (n-hexane
/ EtOAc = 3/1-1/2) to give 3w (70% yield, 147 mg, 0.28 mmol).

3w; colorless solid; 'H NMR (500 MHz, CDCls): 6 8.14 (d, J = 2.9 Hz, 1H), 7.80 (t, J = 5.4 Hz, 1H), 7.75 (d,
J=28.3 Hz, 2H), 7.40 (d, J = 8.3 Hz, 2H), 7.36 (dd, J=9.2, 2.9 Hz, 1H), 7.15 (d, /= 7.4 Hz, 1H), 6.86 (d, J =
9.2 Hz, 1H), 3.77 (s, 3H), 3.74-3.65 (m, 4H), 3.63-3.58 (m, 1H), 3.00 (t, /= 6.9 Hz, 2H), 1.88-1.85 (m, 2H),
1.68 (m, 2H), 1.57 (m, 1H), 1.36-1.29 (m, 2H), 1.25-1.17 (m, 6H). *C NMR (125 MHz, CDCl;): J 164.0,
155.8, 151.2, 145.7, 137.5, 132.4, 131.8, 129.8, 127.0, 126.7, 122.5, 112.8, 56.1, 49.8, 41.4, 40.5, 35.4, 32.9,
25.4,24.5,15.3.

IR (NaCl) cm™: 3393, 2934, 2856, 1696, 1685, 1676, 1654, 1597, 1559, 1526, 1499, 1497, 1482, 1474, 1465,
1457, 1452, 1449, 1437, 1348, 1319, 1314, 1298, 1271, 1251, 1240, 1178, 1153, 1125, 1088, 1019, 988, 967,
940, 814, 755, 689, 662, 603.

HRMS (MALDI-TOF) m/z: 544.1643 (Calcd. for C2sH3N3OsNaSCI [M+Na]": 544.1643).

Melting point: 107-109 °C.

5-Chloro-NV-(2-(4-(cyclohexylcarbamoyl-N-(d:-ethyl)-sulfamoyl)phenyl)ethyl)-2-methoxybenzamide (/V-
d,-ethyl glibenclamide 3w-d,)

98% D
*02 cn,

Cl D* H
O\\S'N\H/N
e (y% 8 U
0”"N
H

According to general procedure (3-6-1), glibenclamide (49.4 mg, 0.10 mmol) and 1ab-d> (36.0 mg, 0.12 mmol,
1.2 equiv.) were used as substrates using DMF as solvent under 30 °C for 12 h. N-d»-ethyl glibenclamide with
98% D (3w-d», 47% yield, 24.7 mg, 0.047 mmol) was obtained after silica-gel column chromatography (n-
hexane / EtOAc = 3/1).

3w-d,; colorless solid; '"H NMR (500 MHz, CDCls): 6 8.16 (d, J = 2.9 Hz, 1H), 7.80 (t, 5.3 Hz, 1H), 7.76 (d,
J=28.0 Hz, 2H), 7.41 (d, J = 8.0 Hz, 2H), 7.38 (dd, /=9.2, 2.9 Hz, 1H), 7.16 (d, /= 8.0 Hz, 1H), 6.87 (d, J =
8.6 Hz, 1H), 3.78 (s, 3H), 3.74 (q, J = 6.5 Hz, 2H), 3.68 (t, J = 7.4 Hz, 0.048H), 3.65-3.59 (m, 1H), 3.02 (t, J
= 6.9 Hz, 2H), 1.89-1.86 (m, 2H), 1.71-1.57 (m, 5H), 1.39-1.30 (m, 2H), 1.26—1.17 (m, 6H).
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*H NMR (77 MHz, CHCl;): 6 3.70.

(Hydrogen form synthesis) N-3-Ethyl-1-(tetrahydro-2-furyl)-5-fluorouracil (/V-ethyl tegafur; 3x)
O
Hs o i )j/ F
O~ N o

To 5-Fluoro-1-(tetrahydro-2-furfuryl)uracil (tegafur; 80 mg, 0.4 mmol) and K>COs (55 mg, 0.4 mmol, 1.0
equiv.) in anhydrous DMF (4 mL) was added EtI (96 uL, 1.2 mmol, 3 equiv.). The reaction mixture was stirred
at room temperature under Ar. After 3 h, the reaction mixture was extracted with EtOAc (5 mL x 3), and
organic layers were washed with water, brine, dried over anhydrous Na,SOs4 and concentrated in vacuo. The
residue was purified by silica-gel column chromatography (n-hexane / EtOAc = 5/1-3/1) to give 3x (68%
yield, 62 mg, 0.27 mmol).

3x; colorless solid; 'H NMR (400 MHz, CDCls): 6 7.37 (d, J = 6.0 Hz, 1H), 6.01-6.00 (m, 1H), 4.25-4.20 (m,
1H), 4.01-3.96 (m, 3H), 2.44-2.37 (m, 1H), 2.09-2.01 (m, 2H), 1.97-1.88 (m, 1H), 1.21 (s, 3H).

BC NMR (125 MHz, CDCls): 6 157.0 (d, J = 25.0 Hz), 149.0, 140.1 (d, J = 232 Hz), 121.6 (d, J = 34.6 Hz),
88.0,70.4,37.0, 33.1,23.9, 12.8.

IR (NaCl) ecm™: 3652, 3630, 3088, 2980, 1713, 1652, 1471, 1402, 1379, 1346, 1268, 1181, 1140, 1083, 1062,
962,922, 897, 794, 760, 632.

HRMS (MALDI-TOF) m/z: 251.0802 (Calcd. for C10Hi3N,O3FNa [M+Na]": 251.0802).

Melting point: 70-71 °C.

N-3-(d,-ethyl)-1-(tetrahydro-2-furyl)-5-fluorouracil (/V-d,-ethyl tegafur;3x-d,)

98%D p o

D

Hq C>k i )j/ F

O™ N o
According to general procedure (3-6-1), tegafur (20.0 mg, 0.10 mmol) and 1ab-d> (36.0 mg, 0.12 mmol, 1.2
equiv.) were used as substrates using DMF as solvent under 30 °C for 12 h. N-d»-ethyl tegafur with 98% D
(3x-d>, 81 % yield, 18.7 mg, 0.081 mmol) was obtained after silica-gel column chromatography (n-hexane /
EtOAc = 5/1).
3x-d»; colorless solid; "H NMR (400 MHz, CDCls): 6 7.37 (d, J = 5.6 Hz, 1H), 6.01-5.99 (m, 1H), 4.24-4.19
(m, 1H), 4.01-3.96 (m, 1.01H), 2.44-2.37 (m, 1H), 2.07-2.0 (m, 2H), 1.97-1.88 (m, 1H), 1.21 (s, 3H).
2H NMR (77 MHz, CHCl;): 6 3.99.
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(Hydrogen form synthesis) (3R,4S)-4-(4-ethyl-phenyl)-1-(4-fluoro-phenyl)-3-((S)-3-(4-fluoro-phenyl)-3-
hydroxy-propyl)-azetidin-2-one (O-ethyl ezetimibe; 3y)

F

\©\;/\\\' o
OH

To ezetimibe (157 mg, 0.40 mmol) and K,COs (55 mg, 0.40 mmol, 1.0 equiv.) in anhydrous DMF (4 mL) was

added EtI (128 uL, 1.6 mmol, 4 equiv.). The reaction mixture was stirred at room temperature under Ar. After

7 h, the reaction mixture was extracted with EtOAc (15 mL x 3), washed with water, brine, dried over

anhydrous sodium sulfate and concentrated in vacuo. The residue was purified by silica-gel column

chromatography (n-hexane / EtOAc = 3/1-1/2) to give 3y (71% yield, 118 mg, 0.28 mmol).

3y; colorless oil; 'H NMR (500 MHz, CDCls): 6 7.29 (dd, J = 9.0, 5.0 Hz, 2H), 7.24-7.22 (m, 4H), 7.02 (t, J

= 8.6 Hz, 2H), 6.92 (t, /= 9.0 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 4.71 (s, 1H), 4.57 (d, J = 2.3 Hz, 1H), 4.02

(g, J=17.2 Hz, 2H), 3.09-3.06 (m, 1H), 2.19 (d, J = 3.4 Hz, 1H), 2.01-1.86 (m, 4H), 1.41 (t,J = 7.2 Hz, 3H).

BCNMR (100 MHz, CDCls): 6 167.8, 162.2 (d, J =244 Hz), 159.3, 158.9 (d, J = 242 Hz), 140 (d, J= 2.9 Hz),

133.9,129.1,127.4 (d,J=8.5 Hz), 127.1, 118.4 (d, /= 8.5 Hz), 115.7 (d, /= 22.8 Hz), 115.4 (d, /= 20.9 Hz),

115.1,73.1, 63.5, 61.1, 60.3, 36.6, 25.0, 14.8.

IR =3447,2931, 1743, 1733, 1612, 1511, 1478, 1445, 1428, 1390, 1356, 1306, 1289, 1247, 1224, 1177, 1156,

1141, 1113, 1105, 1046, 1014, 834, 757.

HRMS (MALDI-TOF) m/z: 460.1698 (Calcd. for C26H2sNOsF,Na [M+Na]': 460.1695)

(3R,45)-4-(4-(d»-ethyl)-phenyl)-1-(4-fluoro-phenyl)-3-((S)-3-(4-fluoro-phenyl)-3-hydroxy-propyl) -
azetidin-2-one (O-d,-ethyl ezetimibe; 3y-d)

92% D

D
DO
HaC

According to general procedure (3-6-1), ezetimibe (40.9 mg, 0.10 mmol) and 1ab-d> (36.0 mg, 0.12 mmol, 1.2
equiv.) were used as substrates using DMF as solvent under 30 °C for 12 h. O-d>-ethyl ezetimibe with 92% D
(3y-d>, 73% yield, 32.1 mg, 0.073 mmol) was obtained after silica-gel column chromatography (n-hexane /
EtOAc = 5/1).

3y-d; colorless oil; 'H NMR (500 MHz, CDCl;): 7.28 (dd, J = 8.8, 5.3 Hz, 2H), 7.24-7.20 (m, 4H), 7.01 (t, J
= 8.6 Hz, 2H), 6.91 (t, J= 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 4.70 (s, 1H), 4.56 (d, /= 2.3 Hz, 1H), 4.02—
3.99 (m, 0.16H), 3.09-3.06 (m, 1H), 2.42 (brs, 1H), 2.03—1.84 (m, 4H), 1.39 (s, 3H).

2H NMR (77 MHz, CHCl;): 6 4.01.
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(Hydrogen form synthesis) Rosoxacin ethyl ester (3z)

To ethyl 1,4-dihydro-4-oxo-7-(4-pyridinyl)-3-quinolinecarboxylate (29.4 mg, 0.10 mmol), which was
synthesized according to referencel®!), and K-COs (13.8 mg, 0.10 mmol, 1.0 equiv.) in anhydrous DMF (1 mL)
was added EtI (24 pL, 0.30 mmol, 3 equiv.). The reaction mixture was stirred at 90 °C under Ar. After 4 h, the
reaction mixture was concentrated in vacuo. The residue was purified by silica-gel column chromatography
(CHCIs / MeOH = 50/1-30/1) to give 3z (16% yield, 5.1 mg, 0.016 mmol).

3z; pale brown solid; 'H NMR (500 MHz, DMSO-dj): § 8.73 (s, 1H), 8.72 (d, J= 4.6 Hz, 2H), 8.35 (d, J= 8.6
Hz, 1H), 8.07 (s, 1H), 7.88-7.85 (m, 3H), 4.54 (q, J = 7.2 Hz, 2H), 4.23 (q, J = 7.2 Hz, 2H), 1.40 (t, J=7.2
Hz, 3H), 1.29 (t, /= 7.2 Hz, 3H).

BC NMR (125 MHz, DMSO-ds): 6 172.5, 164.6, 150.3, 149.6, 145.9, 141.5, 139.1, 128 .4, 127.6, 123.5, 122.0,
115.5,110.5, 59.8, 47.9, 14.5, 14.3.

HRMS (MALDI-TOF) m/z: 345.1211 (Calcd. for Ci19H3N>O3Na [M+Na]": 345.1210)

Melting point: 149-151 °C.

d>-Rosoxacin ethyl ester (3z-d>)

D 598%D

H3C\i/

0O O

According to procedure (3-6-1), N-(3,4-dihydroxyphenethyl)phthalimide (18.5 mg, 0.10 mmol) and 1ab-d,
(36.0 mg, 0.12 mmol, 1.2 equiv.) were used as substrates using DMF as solvent under 70 °C for 6 h. The yield
of d>-Rosoxacin ethyl ester (3z-d», 59%) was determined by 'H NMR using 1,1,2,2-tetrachloroethane as an
internal standard. After purification by silica-gel column chromatography (CHCls / MeOH = 50/1-30/1), pure
3z-d, with 98% D (27% yield, 8.8 mg, 0.027 mmol) and mixture including 3z-d> and unidentified byproducts
were obtained.

3z-d»; pale brown solid; '"H NMR (500 MHz, DMSO-ds): 8.74 (s, 1H), 8.72 (d, J = 5.7 Hz, 2H), 8.35 (d, J =
8.6 Hz, 1H), 8.07 (d, J = 1.7 Hz, 1H), 7.89-7.85 (m, 3H), 4.50-4.55 (m, 0.043H), 4.23 (q, J = 7.2 Hz, 2H),
1.39 (s, 3H), 1.29 (t, J=7.2 Hz, 3H).

2H NMR (77 MHz, DMSO): ¢ 4.46.
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(Hydrogen form synthesis) 2-Phenaethyl-cyclohexan-1,3-dione (3aa)
0o

it\(yph
0

To suspension of 1,3-cyclohexadione (0.56 mL, 5.0 mmol) and KOH (0.28 g, 1.0 equiv., 5.0 mmol) in toluene
(2 mL) were added phenethyl bromide (0.95 mL, 7.0 mmol, 1.4 equiv.) and tetrabutylammonium chloride (280
mg, 1.0 mmol, 0.20 mmol). The reaction mixture was stirred at 100 °C under Ar. After 6 h, the reaction mixture
was extracted with AcOEt (30mL x 3) and dried over anhydrous Na,SOs and concentrated in vacuo. The
residue was purified by column chromatography (n-hexane / EtOAc = 50/1-5/1) to give 3aa (14% yield, 164
mg, 0.70 mmol).

3aa; colorless oil; 'H NMR (500 MHz, CDCls): 6 7.33-7.31 (m, 2H), 7.27-7.22 (m, 3H), 5.36 (s, 1H), 4.05 (t,
J=6.9 Hz, 2H), 3.04 (t, /= 6.9 Hz, 2H), 2.40 (t, J = 6.5 Hz, 2H), 2.33 (t, J= 6.5 Hz, 2H), 1.99-1.94 (m, 2H).
BC NMR (125 MHz, CDCls): 6 199.7, 177.7, 137.4, 128.9, 128.6, 126.7, 102.9, 68.9, 36.7, 35.0, 28.9, 21.2.
IR (NaCl) cm™: 1656, 1650, 1644, 1634, 1602, 1367, 1220, 1181, 1136.

HRMS (MALDI-TOF) m/z: 217.1224 (Calcd. for CisH70, [M+H]"™: 217.1229).

2-(1-d>-Phenaethyl)-cyclohexan-1,3-dione (3aa-d»)
O D _>99%D

@)

According to general procedure (3-6-1), 1,3-cyclohexadione (11.2 mg, 0.10 mmol) and 1ab-d> (53.1 mg, 0.12
mmol, 1.2 equiv.) were used as substrates using DMF as solvent under 50 °C for 12 h. 2-(1-d>-Phenaethyl)-
cyclohexan-1,3-dione with >99% D (3aa-d>, 42 % yield, 9.1 mg, 0.042 mmol) was obtained after silica-gel
column chromatography (n-hexane / EtOAc = 50/1-10/1).

3aa-d; colorless oil; 'H NMR (500 MHz, CDCls): § 7.33-7.30 (m, 2H), 7.26-7.21 (m, 3H), 5.35 (s, 1H), 3.02
(s, 2H), 2.39 (t, /= 6.6 Hz, 2H), 2.33 (t, /= 6.6 Hz, 2H), 1.98-1.93 (m, 2H).

H NMR (77 MHz, CHCl;): 6 4.04.
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3-7. Procedures for the further conversions in Scheme 1-5
1-d>-Phenethyl iodide (4b-d>)

>99% D
DD

I
The suspension of 1ac-d> (44.5 mg, 0.10 mmol) and KI (16.6 mg, 0.10 mmol, 1.0 equiv.) in CH3CN (1 mL)

was stirred at 30 °C under Ar. After 5 h, the mixture was extracted with pentane (5 mL x 3), and the n-pentane
layers were concentrated in vacuo. The residue included Ph,S, which was removed after the following
oxidation!®?!. To the residue were added NaClO-5H,0 (19.7 mg, 0.12 mmol, 1.2 equiv.), MeCN (1 mL) and
H>O (0.2 mL), and the mixture was stirred at room temperature under Ar. After 30 min, the mixture was
extracted with n-pentane (5 mL x 3), the n-pentane layers were dried over with anhydrous Na>SOs, and
concentrated in vacuo. The residue was purified by silica-gel column chromatography (#-pentane only) to give
1-d>-phenethyl iodide with >99% D (4b-d>; 64% yield, 15.0 mg, 0.064 mmol).

4b-d»; colorless oil; 'H NMR (400 MHz, CDCls): 6 7.36-7.18 (m, 5H), 3.49 (s, 0.027H), 3.18 (s, 2H).

H NMR (77 MHz, CHCl;): 6 3.36.

Literature’s data of non-deuterated 2-phenethyl iodide!®; 'TH NMR (400 MHz, CDCls): J 7.40-7.33 (m, 2H),
7.33-7.28 (m, 1H), 7.23 (d, J= 7.0 Hz, 2H), 3.39 (t, J= 7.8 Hz, 2H), 3.22 (t, J = 7.8 Hz, 2H).

1-d,-Phenethyl bromide-d> (4c-d>)

>99% D
DD

Br

The suspension of 1ac-d> (44.5 mg, 0.10 mmol) and KBr (11.9 mg, 0.10mmol, 1.0 equiv.) in CH3CN (1 mL)
was stirred at 30 °C under Ar. After 5 h, the mixture was extracted with pentane (5 mL x 3), and the n-pentane
layers were concentrated in vacuo. The residue was included Ph,S, which was removed after the following
oxidation!®®!. To the residue were added NaClO-5H,0 (19.7 mg, 0.12 mmol, 1.2 equiv.), MeCN (1 mL) and
H,0 (0.2 mL), and the mixture was stirred at room temperature under Ar. After 30 min, the mixture was
extracted with n-pentane (5 mL x 3), the n-pentane layers were dried over with anhydrous Na,SOs, and
concentrated in vacuo. The residue was purified by silica-gel column chromatography (n-pentane only) to give
1-d>-phenethyl bromide with >99% D (4¢-d»; 88% yield, 16.5 mg, 0.088 mmol).

de-dy; colorless oil; 'TH NMR (400 MHz, CDCls): § 7.34-7.18 (m, 5H), 3.17 (s, 2H).

2H NMR (77 MHz, CHCl;): 6 3.57.

Literature’s data of non-deuterated 2-phenethyl bromide; "TH NMR (400 MHz, CDCls): 6 7.38-7.26 (m, 5H),
3.59 (t,J=7.6 Hz, 2H), 3.19 (t, J = 7.6 Hz, 2H).
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7-(1-d,-Phenylethyoxy)flavone with 99% D (3m’-d,)

Ph \E(')(\@/OB(D\ Ph
>99% D

o]
The suspension of 7-hydroxyflavone (23.8 mg, 0.10 mmol) and 4c¢c-d> (28.1 mg, 0.15 mmol, 1.5 equiv.) in
DMF (1 mL) was stirred at 90 °C under Ar. After 7 h, the mixture was extracted with Et,O (10 mL x 3). The
organic layers were dried over with Na,SOs, and concentrated in vacuo. The residue was purified by silica-gel
column chromatography (n-hexane/EtOAc =2/1-1/1) to give 7-(1-d>-phenylethyoxy) flavone-d, with >99%D
(Bm’-d»; 24% yield, 16.5 mg, 0.024 mmol) and 7-hydroxy flavone (15.8 mg, 66% recovered). Yield, based on
recovered starting material (brsm), was 71%.
3m’-ds; colorless solid; 'H NMR (500 MHz, CDCl5): 6 8.13 (d, J=9.0 Hz, 1H), 7.91-7.89 (m, 2H), 7.54-7.50
(m, 3H), 7.36-7.27 (m, 5H), 7.00-6.96 (m, 2H), 6.77 (s, 1H), 3.16 (s, 2H).
H NMR (77 MHz, CHCl;): 6 4.29.
The spectroscopic data of hydrogen form is described in the section 3-4-6 ( 'H NMR (500 MHz, CDCIs): §
8.13 (d, J= 8.6 Hz, 1H), 7.90-7.89 (m, 2H), 7.53-7.49 (m, 3H), 7.36-7.26 (m, 5H), 7.00-6.96 (m, 2H), 6.76
(s, 1H), 4.30 (t, /= 6.9 Hz, 2H), 3.17 (t, /= 6.9 Hz, 2H)).

1-d,-Phenethylamine (5-d>)

>99% D
DD

NH,

The suspension of 31-d> (25.3 mg, 0.10 mmol) and hydrazine monohydrate (7.6 mg, 0.15 mmol, 1.5 equiv.) in
MeOH (0.5 mL) was stirred at 90 °C under Ar. After 5 h, IM HCI aq. (0.5 mL) was added, and phthalazin-
1,4-dione was removed by filtration. To the filtrate was added 40% NaOH aq. and the mixture was extracted
with Et,O (10 mL x 3), and the organic layers were dried over with anhydrous MgSQOs, and concentrated in
vacuo. The residue was purified by silica-gel column chromatography (CHCI3/MeOH = 5/1) to obtain 1-d»-
phenethylamine-d> with 99% D (5-d»; 83% yield, 10.2 mg, 0.083 mmol).

5-db; colorless oil; 'TH NMR (400 MHz, CDCls): § 7.32-7.29 (m, 2H), 7.24-7.19 (m, 3H), 2.94 (m, 0.0010H),
2.74 (s, 2H). *H NMR (77 MHz, CHCL): § 2.95.

Literature’s data of non-deuterated phenethylamine!®; "TH NMR (400 MHz, CDCls): § 7.33-7.18 (m, 5H), 2.97
(t, J=6.8 Hz, 2H), 2.75 (t,J = 6.8 Hz, 2H), 1.21 (brs, 2H).
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(Hydrogen form synthesis) 2-(2-Fluorobiphenyl-4-yl)-N-phenethylamide (6)

The suspension of flurbiprofen (97.7 mg, 0.40 mmol) and carbonyldiimidazole (CDI; 64.9 mg, 0.40 mmol, 1.0
equiv.) in THF (2 mL) was stirred at room temperature under Ar. After 4 h, to the mixture was added
phenethylamine (50.3 pL, 0.40 mmol, 1.0 equiv.), and the reaction mixture was stirred at room temperature
under Ar. After 20 h, the mixture was extracted with EtOAc (25 mL x 3), and the organic layers were dried
over with anhydrous Na,SOs, and concentrated in vacuo. The residue was purified by silica-gel column
chromatography (n-hexane/EtOAc = 5/1-1/1) to obtain 6 (26% yield, 35.9 mg, 0.104 mmol).

6; colorless solid; 'H NMR (400 MHz, CDsCN): § 7.56-7.54 (m, 2H), 7.48-7.44 (m, 2H), 7.42-7.36 (m, 2H),
7.24-7.19 (m, 2H), 7.18-7.09 (m, 5H), 6.48 (brs, 1H), 3.54 (q, J= 7.1 Hz, 1H), 3.44-3.27 (m, 2H), 2.71 (t,J
=7.1 Hz, 2H), 1.39 (d, /= 6.9 Hz, 3H).

BC NMR (125 MHz, CDsCN): 6 174.0, 160.4 (d, J = 245 Hz), 145.1 (d, J = 7.6 Hz), 140.5, 136.5, 131.6 (d, J
=3.8 Hz), 129.9 (d, J = 2.8 Hz), 129.8, 129.5, 129.2, 128.7, 128.0 (d, /= 13.4 Hz), 127.1, 124.8 (d, J=2.9
Hz), 115.9 (d, J=23.9 Hz), 46.6, 41.4, 36.1, 18.7.

IR (NaCl) cm™: 3421, 3299, 3063, 3029, 2972, 2932, 2894, 1656, 1650, 1626, 1603, 1582, 1562, 1549, 15338,
1519, 1516, 1498, 1484, 1454, 1418, 1384, 1367, 1351, 1288, 1267, 1231, 1155, 1132, 1104, 1074, 1030, 1012,
927, 877, 833, 766, 749, 724, 698.

HRMS (MALDI-TOF) m/z: 348.1751 (Calcd. for C23H23NOF [M+H]": 348.1759).

Melting point: 85-87 °C.

2-(2-Fluorobiphenyl-4-yl)-N-(1-d>-phenethyl)amide (6-d>)

H
Y Y
o DD

O F >99% D

The suspension of flurbiprofen (24.4 mg, 0.1 mmol), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDC-HCI; 23 mg, 0.12 mmol, 1.2 equiv.) and DMAP (15 mg, 0.12 mmol, 1.2 equiv.) in
anhydrous DMF (1 mL) was stirred at room temperature under Ar. After 25 min, the reaction mixture was
added the solution of 5-d> (12.3 mg, 0.10 mmol, 1.0 equiv.) in anhydrous DMF (1.5 mL), and stirred at room
temperature. After 16 h, the reaction was completed, and the mixture was extracted with EtOAc (15 mL x 3).
The organic layers were washed with NH4Cl aq., brine, dried over anhydrous Na,SO4 and concentrated in
vacuo. The residue was purified by silica-gel column chromatography (n-hexane/EtOAc = 5/1-1/1) and
obtained 2-(2-fluorobiphenyl-4-yl)-N-(1-d>-phenethyl)amide with >99% D (6-d>; 60% yield, 21 mg, 0.060
mmol).

"HNMR (500 MHz, CD;CN): d 7.56-7.54 (m, 2H), 7.48-7.45 (m, 2H), 7.42-7.37 (m, 2H), 7.23-7.20 (m, 2H),
7.17-7.09 (m, SH), 6.42 (brs, 1H), 3.53 (q, /= 7.1 Hz, 1H), 2.69 (s, 2H), 1.38 (d, /= 7.1 Hz, 3H).
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2H NMR (77 MHz, CHsCN): ¢ 3.34 (br).

4-Methoxystyrene-d; (7-d>)

94% D
D
= D 94% D

MeO

The suspension of 1ad-d> (47.2 mg, 0.10 mmol) and sodium hydride (60%, dispersion in paraffin liquid) (20.0
mg, 0.50 mmol, 5 equiv.) in D,O/MeCN (0.5/0.5 mL) was stirred at 80 °C under Ar. After 10 h, the mixture
was quenched 1M HCl aq. (0.5 mL), and extracted with EtOAc (2 mL x3), and the organic layers were dried
over with Na,SO4, and concentrated in vacuo. The residue was purified by silica-gel column chromatography
(n-hexane/CHCIl; = 10/1) to obtain 4-methoxystyrene-d> with 94% D (7-d»; 78% yield, 10.6 mg, 0.078 mmol).
7-db; colorless oil; 'H NMR (500 MHz, CDCl;): 6 7.35 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H), 6.65 (s,
1H), 5.60 (d, J=17.8 Hz, 0.0069H), 5.11 (d, J = 10.9 Hz, 0.0068H), 3.81 (s, 3H).

H NMR (77 MHz, CHCI;): 6 5.64 (br), 5.16.

Literature’s data of non-deuterated 4-methoxystyrene!®®; 'TH NMR (400 MHz, CDCls): § 7.38 (d, J = 8.2 Hz,
2H), 6.89 (d, /= 8.2 Hz, 2H), 6.69 (dd, J=17.6, 10.9 Hz, 1H), 5.64 (d,J=17.5 Hz, 1H), 5.15 (d, /= 10.9 Hz,
1H), 3.83 (s, 3H).

2-(p-Methoxyphenyl)-1-d>-ethylazide-d, (8-d>)

MeO >99% D
DD

N3
The suspension of 1ad-d, (236 mg, 0.50 mmol) and sodium azide (39.0 mg, 0.60 mmol, 1.2 equiv.) in DMF
(2.5 mL) was stirred at 80 °C under Ar. After 12 h, the mixture was extracted with Et;O (5 mL x 3). The organic
layers were washed with water (5 mL) and brine (5 mL), and the organic layers were dried over with Na,SOs,
and concentrated in vacuo. The residue was purified by silica-gel column chromatography (n-pentane/Et,O =
50/1) to obtain 2-(p-methoxyphenyl)-1-d>-ethylazide with >99% D (8-d>; 38% yield, 34.3 mg, 0.19 mmol).
8-db; colorless oil; "H NMR (400 MHz, CDCls): 6 7.16-7.19 (m, 2H), 6.88-6.84 (m, 2H), 3.79 (s, 3H), 3.43—
3.46 (0.015H), 2.82 (s, 2H).
2H NMR (77 MHz, CHCl;): 6 3.44.
Literature’s data of non-deuterated ethenzamide-d>*"'; 'TH NMR (400 MHz, CDCl;): 6 7.16 (m, 2H), 6.89 (m,
2H), 3.81 (s, 3H), 3.48 (t, /= 7.2 Hz, 2H), 2.86 (t,J= 7.2 Hz, 2H).
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(Hydrogen form synthesis) 2-(2-(2-((1-(4-methoxyphenethyl)-1H-1,2,3-triazol-4-yl)methoxy)
ethoxy)ethoxy)ethan-1-ol (9)

N=N,
O)\/‘%/N
Hof ™~ . L@‘OMe

2-(p-Methoxyphenyl)ethylazide (17.9 mg, 0.1 mmol), triethyleneglycol mono (2-propynyl) ether (18.8 mg,
0.10 mmol, 1 equiv.), CuSO4-5H,0 (12.4 mg, 0.050 mmol, 0.5 equiv.) and sodium ascorbate (9.9 mg, 0.050
mmol, 0.5 equiv.) were dissolved in THF/H,O (1/1 mL). The reaction mixture was stirred at room temperature
under Ar. After 4.5 h, the reaction mixture was extracted EtOAc (5 mL x 3), and the organic layers were washed
with water (5 mL) and brine (5 mL), and dried over anhydrous Na,SO4 and concentrated in vacuo. The residue
was purified by column chromatography (CHCl3/MeOH = 10:1) to obtain 9 (81% yield, 29.7 mg, 0.081 mmol).
9; colorless oil; 'H NMR (500 MHz, CDCls): § 7.36 (s, 1H), 7.01 (d, J = 8.6 Hz, 2H), 6.81 (d, J = 8.6 Hz, 2H),
4.64 (s, 2H), 4.52 (t, J= 7.2 Hz, 2H), 3.77 (s, 3H), 3.71 (t, J = 4.6 Hz, 2H), 3.67-3.62 (m, 8H), 3.59 (t, /=4.6
Hz, 2H), 3.13 (t, /= 7.2 Hz, 2H), 2.17 (brs, 1H).

BC NMR (125 MHz, CDCls): 6 158.6, 144.6, 129.6, 128.9, 122.9, 114.1, 72.5, 70.5, 70.4, 70.2, 69.3, 64.5,
61.6,55.2,51.8,35.8.

IR (NaCl) em™': 3452, 3139, 2916, 2871, 1613, 1514, 1462, 1444, 1350, 1344, 1331, 1302, 1248, 1179, 1125,
1106, 1093, 1060, 1033, 827.

HRMS (MALDI-TOF) m/z: 388.1852 (Calcd. for CisH»;N30sNa [M+Na]": 388.1843.

2-(2-(2-((1-((4-methoxy)-1-d,-ethyl)-1H-1,2,3-triazol-4-yl)methoxy)ethoxy)ethoxy)ethan-1-ol (9-d>)

>99% D
N=N D

D

8-d> (17.9 mg, 0.1 mmol, >99% D), O-propargyl triethylene glycol (18.8 mg, 0.10 mmol 1 equiv.),
CuSO0s4-5H>0 (12.4 mg, 0.050 mmol, 0.5 equiv.) and sodium ascorbate (9.9 mg, 0.050 mmol, 0.5equiv.) were
dissolved in THF/H>O (1/1 mL). The reaction mixture was stirred at room temperature under Ar. After 4.5 h,
the reaction mixture was extracted EtOAc (5 mL x 3), and the organic layers were washed with water (5 mL)
and brine (5 mL), and dried over anhydrous Na,SO4 and concentrated in vacuo. The residue was purified by
column chromatography (CHCl;/MeOH = 10:1) to obtain 2-(2-(2-((1-((4-methoxy)-1-d>-ethyl)-1H-1,2,3-
triazol-4-yl)methoxy)ethoxy)ethoxy)ethan-1-ol with >99% D (9-d>; 79% yield, 29.2 mg, 0.079 mmol).

9-d>; colorless oil; 'TH NMR (500 MHz, CDCI5): 6 7.37 (s, 1H), 7.02 (d, J = 8.6 Hz, 2H), 6.82 (d, J = 8.6 Hz,
2H), 4.66 (s, 2H), 4.52 (m, 0.011H), 3.78 (s, 3H), 3.72 (t, J = 4.5 Hz, 2H), 3.68-3.63 (m, 8H), 3.61 (t, /=4.6
Hz, 2H), 3.13 (s, 2H), 2.82 (brs, 1H).

2H NMR (77 MHz, CHCl;): 6 4.52.
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d,-Ethenzamide (10-d,)
HN__O

OD7(DCH3

94% D

d>-Ethenzamide (10-d>) was prepared according to the reference!®. The suspension of 3g-d> (11.5 mg, 0.077
mmol, 94% D) and -BuOK (25.9 mg, 0.23 mmol, 3.0 equiv.) in toluene (0.3 mL) was stirred at 35 °C under
Ar. After 6 h, to the solution was added distilled water (1 mL) and, the reaction mixture was filtrated, washed
with water, and dried under vacuo to obtain 10-d> with 94% D (36% yield, 4.7 mg, 0.077 mmol).
10-d; colorless solid; "H NMR (500 MHz, CDCl;): 6 8.22 (dd, J = 7.0, 1.5 Hz, 1H), 7.88 (brs, 1H), 7.47-7.44
(m, 1H), 7.07 (t, /= 8.0 Hz, 1H), 6.97 (d, J = 8.0 Hz, 1H), 5.85 (brs, 1H), 4.20 (m, 0.10H), 1.50 (s, 3H).
H NMR (77 MHz, CHCl;): 6 4.20.
Literature’s data of non-deuterated ethenzamide!®’; 'H NMR (200 MHz, CDCl;): 6 8.22 (dd, J = 7.8, 1.9 Hz,
1H), 7.89 (brs, 1H), 7.45 (ddd, J = 8.3, 7.3, 1.9 Hz, 1H), 7.16-6.87 (m, 2H), 6.58 (brs, 1H), 4.19 (q, /= 7.0
Hz, 2H), 1.51 (t, J=7.0 Hz, 3H).
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4. Experiments in chapter 2

4-1. Procedures of preparation of alkyl sulfonium salts (1a) (Scheme 2-3-2-5, Table 2-1, Fig. 2-
2)
(Phenethyl)diphenylsulfonium triflate (1ac)
ph- OTf
ph-S*ph
To the suspension of phenylethyl alcohol (153 mg, 1.3 mmol, 1.3 equiv.) and NaH (60%, dispersion in paraffin
liquid; 50.0 mg, 1.3 mmol, 1.3 equiv.) in (CH>Cl), (5 mL) was dropwised trifluoromethanesulfonic anhydride
(0.20 mL, 1.3 mmol, 1.3 equiv.) at —20 °C. After 2 h, to the mixture was added diphenyl sulfide (186 mg, 1.0
mmol). The mixture was stirred at 50 °C. After 12 h, the reaction mixture was extracted with CHCls (30 mL
x5). The organic layers were washed with brine (10 mL), dried over with MgSOs, and concentrated in vacuo.
The obtained residue was recrystallized with CHCl3/ Et;O to afford 1ac (52% yield, 231 mg).
1ac; colorless solid; '"H NMR (300 MHz, CDCl;): 6 7.95-7.93 (m, 4H), 7.67-7.63 (m, 6H), 7.30-7.25 (m, 3H),
7.18-7.15 (m, 2H), 4.46 (t, J = 6.9 Hz, 2H), 3.17 (t, J = 6.9 Hz, 2H). '"H NMR spectrum of 1ac was identical
to that of section 3-3-6.

(Ethyl)diphenylsulfonium tetrafluoroborate (1ab)

Meﬁ é,:4

ph~S ph

lab was prepared according to the reference.!® To a mixture of diphenyl sulfide (1.86 g, 10.0 mmol) and
AgBF4 (2.34 g, 12.0 mmol, 1.2 equiv.) in (CH2Cl), (10 mL) was added ethyl iodide (1.6 mL, 20.0 mmol, 2.0
equiv.). The mixture was stirred at 40 °C. After 16 h, the precipitate derived from silver salts was removed by
filtration using membrane filter (Millipore, Omnipore™, 0.2 um), and washed with CHCl; (15 mL). Then, the
filtrate was evaporated. The residue was recrystallized from CHCl3/ Et;O to obtain 1ab (quant, 3.03 g).

1ab; colorless solid; 'TH NMR (400 MHz, CDCls): 6 7.95-7.92 (m, 4H), 7.73-7.64 (m, 6H), 4.16 (q, J = 7.3
Hz, 2H), 1.45 (t, J= 7.3 Hz, 3H). "H NMR spectrum of 1ab was identical to that of section 3-3-6.

(Cyclopropyl)diphenylsulfonium tetrafluoroborate (1ag)

e

ph~S*ph

To the suspension of diphenyl sulfide (930 mg, 5.0 mmol) and AgBF4 (1.20 g, 6.0 mmol, 1.2 equiv.) in
(CH2Cl)2 (10 mL) was added 1-iodo-3-chloro-propane (1.1 mL, 10.0 mmol, 2.0 equiv.). The mixture was
stirred at 40 °C. After 24 h, the precipitate derived from silver salts was removed by filtration using membrane
filter (Millipore, Omnipore™, 0.2 um), and washed with CHCI3 (15 mL). Then, the filtrate was evaporated.
To the residue in THF (10 mL) was added NaH (60%, dispersion in paraffin liquid; 300 mg, 7.5 mmol, 1.5
equiv.) at 0 °C. The mixture was stirred at room temperature. After 24 h, the suspension was quenched with
HBF, aq. (1 mL) and LiBF4 (300 mg), and extracted with CHCl3; (30 mL x3). The organic layers were dried
over with MgS0O4 and concentrated in vacuo. The residue was recrystallized from CHCl3/ Et,O to obtain 1ag
(61% yield, 958 mg, 3.05 mmol).
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lag; pale brown solid; '"H NMR (500 MHz, CDCl;): § 7.96-7.93 (m, 4H), 7.77-7.66 (m, 6H), 3.81-3.76 (m,
1H), 1.71-1.68 (m, 2H), 1.46-1.42 (m, 2H). '"H NMR spectrum of 1ag was identical to that of the reference
34.

4-2. Procedures in deuteration (Table 2-1, Scheme 2-4-2-5, Fig. 2-2)

4-2-1. Procedure in deuteration of 1ab (Table 2-1; entry 4)

To 1ab (60.4 mg, 0.20 mmol) in D,O (0.25 mL, 69 equiv.) was added K,COs (27.6 mg, 0.20 mmol, 1.0 equiv.)
under argon. The mixture was stirred at room temperature. The D contents were monitored by '"H NMR by
sampling of portion of the solution and diluting with CDCIls. After 12 h, the mixture was cooled to room
temperature, added NaCl and extracted with CHCI3 (20 mL x5). The organic layers were dried over with
Mg»S0s, and concentrated in vacuo. Et,O was added to the residue, and the resulting precipitate was collected
with Kiriyama filter and dried over under vacuo to give the corresponding deuterated 1ab (1ab-d>) with 98%

D (86 % yield, 52.3 mg, 0.17 mmol) was obtained. The spectroscopic data is described in section 4-2-3.

4-2-2. Procedure in deuteration of 1ag (Scheme 2-5)

To 1ag (157 mg, 0.50 mmol) in D,O (5 mL) was added K>CO; (69 mg, 0.50 mmol, 1.0 equiv.) under argon.
The mixture was stirred at 80 °C. After 9 h, the mixture was cooled to room temperature, added NaCl and
extracted with CHCl; (20 mL x3). The organic layers were dried over with Mg>SO4, and concentrated in vacuo,

but the desired product was not obtained.

4-2-3. Spectroscopic data of dn-alkylated sulfonium salts (1a-dn)
(1-d>-Ethyl)diphenylsulfonium tetrafluoroborate (1ab-d,)

98% D

D
HsC.yD =
S+
Ph”>"Ph

1ab-d, was prepared according to procedure (4-2-1).

1ab-d,; colorless solid; 'H NMR (400 MHz, CDCl;): 6 7.95-7.92 (m, 4H), 7.76-7.67 (m, 6H), 4.20-4.19 (m,
0.047H), 1.48 (s, 3H).

H NMR (77 MHz, CHCl;): 6 4.17.

The spectroscopic data of hydrogen form is described in section 4-1 (‘H NMR (400 MHz, CDCl5): § 7.95—
7.92 (m, 4H), 7.73-7.64 (m, 6H), 4.16 (q, J = 7.3 Hz, 2H), 1.45 (t, J = 7.3 Hz, 3H)).
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4-3. One-pot dn-alkylation with 1ab or 1ac (Fig. 2-2, Scheme 2-5)

4-3-1. Alkylation of 2a using 1ab.

To suspension of (ethyl)diphenyl sulfonium salt (1ab; 60.4 mg, 0.20 mmol, 2.0 equiv.) in MeCN (1 mL) were
added K»COs3 (27.6 mg, 0.20 mmol, 2.0 equiv.) and D,O (0.25 mL, 69 equiv.). The mixture was stirred at 50 °C
under Ar. After 12 h, to the mixture were added 2a (18.5 mg, 0.10 mmol) and -BuONa (9.6 mg, 1.0 equiv.).
The mixture was stirred at 70 °C under Ar. After 12 h, the mixture was cooled to room temperature. The
solution was extracted with EtOAc (5 mL x 3). The organic layers were dried over with Na>SOs, and
concentrated in vacuo. The residue was purified by silica-gel column chromatography (n-hexane / EtOAc =
2/1) to give N-(1-ds>-ethyl)-N-methyl-p-toluenesulfonylamide with 95% D (3f”-d>, 19.0 mg, 88%). The

spectroscopic data is described in section 4-3-4.

4-3-2. General procedure; Alkylation using 1ab

To suspension of (1-d>-ethyl)diphenyl sulfonium salt (1ab; 60.4 mg, 0.20 mmol, 2.0 equiv.) in MeCN (1 mL)
were added K,CO; (27.6 mg, 0.20 mmol, 2.0 equiv.) and D,O (0.25 mL, 69 equiv.). The mixture was stirred
at 50 °C under Ar. After 12 h, to the mixture was added 2 (0.10 mmol). The mixture was stirred at 70 °C under
Ar. After 12 h, the mixture was cooled to room temperature. The solution was extracted with EtOAc (5 mL x
3). The organic layers were dried over with Na>SOs, and concentrated in vacuo. The residue was purified by
silica-gel column chromatography to give the corresponding dy-alkylated derivatives. The spectroscopic data

are described in section 4-3-4.

4-3-3. Alkylation of 2a using 1ag

To suspension of N-methyl-p-toluenesulfonylamide (2a; 18.5 mg, 0.10 mmol) in THF (1 mL) was added NaH
(60%, dispersion in paraffin liquid; 4.0 mg, 0.10 mmol, 1.0 equiv.) under argon. After 30 min-stirring at 0 °C,
to the mixture were added D,O (50 uL, 28 equiv.) and 1ag (37.8 mg, 0.12 mmol, 1.2 equiv.) under Ar. The
reaction mixture was stirred under room temperature. After 1 h, the reaction mixture was monitored by TLC,

but any reaction did not proceed.

4-3-4. Spectroscopic data of dn-alkylated compounds
N-(1-d>-Ethyl)-N-methyl-p-toluenesulfonylamide (3e”’-d,)
95% D
Q.S

o D
/@/S\I\IjkgHs
CHj
3e”-d, was prepared according to procedure (4-3-1).
3e”-db; colorless solid; 'H NMR (400 MHz, CDCls): 8 7.66 (d, J = 8.2 Hz, 2H), 7.30 (d, J = 8.2 Hz, 2H), 3.04
(q,J=7.2 Hz, 0.1H), 2.71 (s, 3H), 2.42 (s, 3H), 1.11 (s, 3H).
’H NMR (77 MHz, CHCl;): 6 3.08.
Literature’s data of non-deuterated N-ethyl-N-methyl-p-toluenesulfonylamide!; "H NMR (500 MHz, CDCls):
07.65 (d, J=8.3 Hz, 2H), 7.30 (d, J = 8.3 Hz, 2H), 3.07 (q, J = 7.3 Hz, 2H), 2.70 (s, 3H), 2.41 (s, 3H), 1.11
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(t,J=7.3 Hz, 3H).

N-(1-d»-Ethyl) benzenesulfonamide (3u’-d>)

97% D
D

00

Ph"SII\NkI(DDH\o,

H
According to general procedure (4-3-2), benzenesulfonamide (15.7 mg, 0.10 mmol) was used as the substrate.
N-(1-d»-Ethyl) benzenesulfonamide with 95% D (3ab-d-, 66% yield, 12.3 mg, 0.066 mmol) was obtained after
silica-gel column chromatography (n-hexane / EtOAc = 2/1).
3u’-ds; colorless solid; 'H NMR (400 MHz, CDCls): 6 7.89-7.86 (m, 2H), 7.61-7.56 (m, 1H), 7.54-7.50 (m,
2H), 4.40 (s, 1H), 2.96-3.05 (q, 0.067H), 1.09 (s, 3H)
2H NMR (77 MHz, CHCl;): 6 3.00.
Literature’s data of non-deuterated N-ethyl benzenesulfonamide!?*; '"H NMR (400 MHz, CDCls): § 7.90-7.87
(m, 2H), 7.61-7.56 (m, 1H), 7.55-7.49 (m, 2H), 4.57 (brs, 1H), 3.02 (qd, /= 7.3, 6.1 Hz, 2H), 1.11 (t, /=7.3
Hz, 3H).

N-(1-d»-Ethyl)-3,5-dimethoxyaniline (3h’-d>)
N,N-di(1-d»-Ethyl)-3,5-dimethoxyaniline (3h”’-d)

H
Me0\©/ ND7(D CH;
97% D

OMe
According to general procedure (4-3-2), 3,5-dimethoxyaniline (15.3 mg, 0.10 mmol) was used as the substrate.
N-(1-d>-Ethyl)-3,5-dimethoxyaniline with 97% D (3h-d», 34 % yield, 6.2 mg, 0.034 mmol) and N, N-di(1-d>-
ethyl)-3,5-dimethoxyaniline with 96% D (3h’-ds, 40 % yield, 8.4 mg, 0.040 mmol) were obtained after silica-
gel column chromatography (n-hexane / EtOAc = 50/1).
3h’-d>; pale yellow oil; '"H NMR (400 MHz, CDCl5): 6 5.87 (t,J = 2.3 Hz, 1H), 5.80 (d, J = 2.3 Hz, 2H), 3.75
(s, 7H), 3.08-3.15 (m, 0.066H), 1.22 (s, 3H).
H NMR (77 MHz, CHCl;): 6 3.12.
Literature’s data of non-deuterated N-ethyl-3,5-dimethoxyaniline!'*); 'H NMR (400 MHz, CDCl;): 6 5.90 (m,
1H), 5.82 (m, 2H), 3.76 (s, 6H), 3.64 (brs, 1H), 3.14 (q, J = 8.0 Hz, 2H), 1.24 (t, /= 8.0 Hz, 3H).

96% D
p D cH,

MeO N._CHj
x
DD

OMe
3h”-ds; pale yellow oil; 'H NMR (400 MHz, CDCl5): 6 5.86 (s, 3H), 3.78 (s, 7H), 3.30 (d, /= 7.3 Hz, 0.15H),
1.14 (s, 6H).
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H NMR (77 MHz, CHCl5): 6 3.30.
Literature’s data of non-deuterated N, N-diethyl-3,5-dimethoxyaniline!'!); "TH NMR (300 MHz, CDCls): J 5.87
(s, 3H), 3.78 (s, 6H), 3.32 (g, J = 7.0 Hz, 4H), 1.16 (t, J = 7.0 Hz, 6H).
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5. Experiments in chapter 3

5-1. Procedures of preparation of alkyl sulfonium salts (1) (Fig. 3-1, 3-3).
(Phenethyl)diphenylsulfonium triflate (1ac)
ph OTf

ph-S ph
To the suspension of phenylethyl alcohol (153 mg, 1.3 mmol, 1.3 equiv.) and NaH (60%, dispersion in paraffin
liquid; 50.0 mg, 1.3 mmol, 1.3 equiv.) in (CH>Cl), (5 mL) was dropwised trifluoromethanesulfonic anhydride
(1.0 mL, 1.3 mmol, 1.3 equiv.) at =20 °C. After 2 h, to the mixture was added diphenyl sulfide (186 mg, 1.0
mmol). The mixture was stirred at 50 °C. After 12 h, the reaction mixture was extracted with CHCls (30 mL
x5). The organic layers were washed with brine (10 mL), dried over with MgSOs, and concentrated in vacuo.
The obtained residue was recrystallized with CHCl3/ Et;O to afford 1ac (52% yield, 231 mg).
1ac; colorless solid; '"H NMR (300 MHz, CDCl;): 6 7.95-7.93 (m, 4H), 7.67-7.63 (m, 6H), 7.30-7.25 (m, 3H),
7.18-7.15 (m, 2H), 4.46 (t, J = 6.9 Hz, 2H), 3.17 (t, J = 6.9 Hz, 2H). '"H NMR spectrum of 1ac was identical
to that of section 3-3-6.

(Phenetyl)thianthrenium triflate (1ba)

PR oty

s*

IO
To the suspension of phenylethyl alcohol (153 mg, 1.3 mmol, 1.3 equiv.) and NaH (60%, dispersion in paraffin
liquid; 50.0 mg, 1.3 mmol, 1.3 equiv.) in (CH>Cl), (5 mL) was dropwised trifluoromethanesulfonic anhydride
(0.20 mL, 1.3 mmol, 1.3 equiv.) at =20 °C. After 2 h, to the mixture was added thianthrene (216 mg, 1.0 mmol).
The mixture was stirred at 50 °C. After 12 h, the reaction mixture was extracted with CHCl; (30 mL x5). The
organic layers were washed with brine (10 mL), dried over with MgSQOs, and concentrated in vacuo. The
obtained residue was recrystallized with CHCls/ Et;O to afford 1ba (65% yield, 306 mg).
1ba; colorless solid; 'TH NMR (300 MHz, CDCl:): 6 8.26 (dd, J= 7.7, 1.4 Hz, 2H), 7.80 (dd, J= 7.7, 1.4 Hz,
2H), 7.71 (td, J=17.7, 1.4 Hz, 2H), 7.61 (td, /= 7.7, 1.4 Hz, 2H), 7.24-7.17 (m, 3H), 7.13-7.10 (m, 2H), 4.08
(t,J=17.8 Hz, 2H), 3.01 (t,J = 7.8 Hz, 2H).
"H NMR spectrum of 1ba was identical to that of the reference 48.

(Methyl)thianthrenium triflate (1bb)

¢Hs ot
CL0

S
Thianthrene (4.3 g, 20 mmol) was stirred with TfOMe (2.2 mL, 20 mmol) in (CH>ClI), (10 mL) at 50 °C. After
12 h, the mixture was concentrated under vacuo. The residue was recrystallized with CHCIs/Et,O, to afford
1bb (97% yield, 7.39 g).
1bb; colorless solid; "H NMR (500 MHz, CD;CN): 6 8.10 (dd, J = 7.8, 1.2 Hz, 2H), 7.93 (dd, J = 7.8, 1.2 Hz,
2H), 7.79 (td, J= 7.8, 1.2 Hz, 2H), 7.68 (td, J = 7.8, 1.2 Hz, 2H), 3.15 (s, 3H). '"H NMR spectrum of 1bb was
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1dentical to that of the reference 91.

(Ethyl)thianthrenium triflate (1bc)

oTf

H3Cﬁ
St

O

To the suspension of ethanol (691 mg, 15 mmol, 1.5 equiv.) and NaH (60%, dispersion in paraffin liquid; 600
mg, 15 mmol, 1.5 equiv.) in (CH>Cl), (30 mL) was dropwised trifluoromethanesulfonic anhydride (2.1 mL,
15 mmol, 1.5 equiv.) at =30 °C. After 2 h, to the mixture was added thianthrene (2.16 g, 1.0 mmol). The
mixture was stirred at 50 °C. After 24 h, the reaction mixture was extracted with CHCI3 (30 mL x6). The
organic layers were washed with brine (10 mL), dried over with MgSQOs, and concentrated in vacuo. The
obtained residue was washed with CHCl3/ Et,O and dried over under vacuo to afford 1bc (52% yield, 2.03 g).
1be¢; brown oil; 'H NMR (300 MHz, CDCls): 6 8.32 (dd, J = 7.6, 1.4 Hz, 2H), 7.82 (dd, J = 7.6, 1.4 Hz, 2H),
7.75 (td, J=17.6, 1.4 Hz, 2H), 7.67 (td, J= 7.6, 1.4 Hz, 2H), 3.85 (q, J = 7.4 Hz, 2H), 1.29 (t, J = 7.4 Hz, 3H).
"H NMR spectrum of 1be was identical to that of the reference 46b.

(Phenethyl)phenoxathiineum triflate (1ea)

PR ot

s*

O
To the suspension of phenylethyl alcohol (153 mg, 1.3 mmol, 1.3 equiv.) and NaH (60%, dispersion in paraffin
liquid; 50.0 mg, 1.3 mmol, 1.3 equiv.) in (CH>Cl), (5 mL) was dropwised trifluoromethanesulfonic anhydride
(0.20 mL, 1.3 mmol, 1.3 equiv.) at =20 °C. After 2 h, to the mixture was added phenoxathiine (200 mg, 1.0
mmol). The mixture was stirred at 50 °C. After 12 h, the reaction mixture was extracted with CHCI3 (30 mL
x5). The organic layers were washed with brine (10 mL), dried over with MgSQs, and concentrated in vacuo.
The obtained residue was washed with CHCls/ Et,O and dried over under vacuo to afford 1ea (97% yield, 441
mg).
lea; brown oil; '"H NMR (500 MHz, CDCl;): 6 8.10 (dd, J = 7.9, 1.5 Hz, 2H), 7.81-7.78 (m, 2H), 7.55-7.48
(m, 4H), 7.23-7.18 (m, 3H), 7.09-7.08 (m, 2H), 3.85 (t, J = 8.1 Hz, 2H), 3.02 (t, J = 8.1 Hz, 2H). 3C NMR
(125 MHz, CHCl3): 6 152.6, 136.3, 134.9, 132.2, 129.0, 128.7, 127.6, 127.1, 120.0, 104.6, 53.6, 29.9.
IR (NaCl) cm™: 1464, 1273, 1259, 1225, 1159, 1030, 761, 637.
HRMS (MALDI-TOF) m/z: 305.0988 (Calcd for C20H70S [M-OT{]": 305.099).
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5-2. Procedures in deuteration (Fig. 3-2, 3-3)

5-2-1. Procedure in deuteration of 1ac and 1ba (Fig. 3-2)

To 1ac or 1ba (1.0 mmol) in D,O (5 mL) and MeCN (10 mL) was added K»CO; (136 mg, 1.0 mmol, 1.0
equiv.) under argon. The mixture was stirred under the heating conditions. The D contents were monitored by
"H NMR by sampling of portion of the solution and diluting with CDCls. After the peak of the a-position of
sulfur cation disappeared in "H NMR analysis, the mixture was cooled to room temperature, added NaCl and
extracted with CHCl; (30 mL x5). The organic layers were dried over with Mg>SO4, and concentrated in vacuo.
Et,O was added to the residue, and the resulting precipitate was collected with Kiriyama filter and dried over
under vacuo to give the corresponding deuterated 1ac (1ac-d>) or 1ba (1ba-d,) with >99% D was obtained.

The spectroscopic data are described in section 5-2-4.

5-2-2. Procedure in deuteration of 1ba and 1bb (Fig. 3-3)

To 1ba or 1bb (2.0 mmol) in D>O (5 mL) and MeCN (20 mL) was added K>COs (272 mg, 2.0 mmol, 1.0
equiv.) under argon. The mixture was stirred at 30 °C. The D contents were monitored by 'H NMR by sampling
of portion of the solution and diluting with CDCl;. After 12 h, the mixture was cooled to room temperature,
added NaCl and extracted with CHCls (30 mL x5). The organic layers were dried over with Mg>SOs, and
concentrated in vacuo. Et,O was added to the residue, and the resulting precipitate was collected with Kiriyama
filter and dried over under vacuo to give the corresponding deuterated 1ba (1ba-d») or 1bb (1bb-ds) with

>99% D was obtained. The spectroscopic data are described in section 5-2-4.

5-2-3. Procedure in deuteration of 1bc (Fig. 3-3)

To 1be (394 mg, 1.0 mmol) in D>O (5 mL) and MeCN (10 mL) was added K»CO; (136 mg, 1.0 mmol, 1.0
equiv.) under argon. The mixture was stirred at 40 °C. The D contents were monitored by "H NMR by sampling
of portion of the solution and diluting with CDCls. After 12 h, the mixture was cooled to room temperature,
added NaCl and extracted with CHCl; (30 mL x5). The organic layers were dried over with Mg>SO4, and
concentrated in vacuo. The obtained residue was washed with Et;O and dried over under vacuo to give the
corresponding deuterated 1bec (1be-d2) (44% yield, 172 mg) with >99% D was obtained. The spectroscopic

data is described in section 5-2-4.

5-2-4. Spectroscopic data of dn-alkylated sulfonium salts (1-dn)
(1-d>-Phenethyl)diphenylsulfonium triflate-d, (1ac-d,)
o >99% D

ph P o

Ph/SJ:Ph
lac (440 mg, 1.0 mmol) was used as a substrate according to typical synthetic procedure (5-2-1) at 40 °C for
9 h. (1-d>-Phenethyl)diphenylsulfonium triflate with >99% D (1ac-d>; 90 % yield, 398 mg, 0.90 mmol) was
obtained.
lac-d»; colorless solid; "TH NMR (300 MHz, CDCl3): 6 7.99-7.95 (m, 4H), 7.75-7.63 (m, 6H), 7.33-7.22 (m,
3H), 7.18-7.15 (m, 2H), 3.15 (s, 2H).
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’H NMR (77 MHz, CHCl;): 6 4.58.

The spectroscopic data of hydrogen form is described in page section 5-1 (‘H NMR (300 MHz, CDCl;): §
7.95-7.93 (m, 4H), 7.67-7.63 (m, 6H), 7.30-7.25 (m, 3H), 7.18-7.15 (m, 2H), 4.46 (t, /= 6.9 Hz, 2H), 3.17
(t, J=6.9 Hz, 2H)).

(1-d>-Phenetyl)thianthrenium triflate (1ba-d,)
>99% D

D
P Gt
st

0O

Fig. 3-2; 1ba (470 mg, 1.0 mmol) was used as a substrate according to typical synthetic procedure (5-2-1) at
30 °C for 6 h. (1-d>-Phenetyl)thianthrenium triflate with >99% D (1ba-d»; 62 % yield, 292 mg, 0.62 mmol)
was obtained.

Fig. 3-3; 1ba (945 mg, 2.0 mmol) was used as a substrate according to typical synthetic procedure (5-2-2). (1-
d>-Phenetyl)thianthrenium triflate with >99% D (1ba-d>; 84 % yield, 798 mg, 1.68 mmol) was obtained.
1ba-d,; colorless solid; 'H NMR (400 MHz, CDCls): 6 8.26 (d,J= 7.8 Hz, 2H), 7.79 (dd, J= 7.8, 1.3 Hz, 2H),
7.71 (td, J = 7.8, 1.3 Hz, 2H), 7.62 (td, J = 7.8, 1.3 Hz, 2H), 7.23-7.17 (m, 3H), 7.12-7.10 (m, 2H), 3.00 (s,
2H).

H NMR (77 MHz, CHCl;): 6 4.05.

The spectroscopic data of hydrogen form is described in section 5-1 (!H NMR (300 MHz, CDCI5): 6 8.26 (dd,
J=1.7,1.4Hz, 2H), 7.80 (dd, J= 7.7, 1.4 Hz, 2H), 7.71 (td, J= 7.7, 1.4 Hz, 2H), 7.61 (td, J = 7.7, 1.4 Hz,
2H), 7.24-7.17 (m, 3H), 7.13-7.10 (m, 2H), 4.08 (t, /= 7.8 Hz, 2H), 3.01 (t, J= 7.8 Hz, 2H)).

(ds-Methyl)thianthrenium triflate (1bb-ds)
>99% D

CPs oty

S+
0O
1bb (761 mg, 2.0 mmol) was used as a substrate according to typical synthetic procedure (5-2-2). (ds-
Methyl)diphenylsulfonium triflate with >99% D (1bb-ds; 83 % yield, 635 mg, 1.66 mmol) was obtained.
1bb-d;; colorless solid; 'TH NMR (400 MHz, CD;CN): 6 8.10 (dd, J = 7.9, 1.3 Hz, 2H), 7.93 (dd, J=7.9, 1.3

Hz, 2H), 7.79 (td, J=7.9, 1.3 Hz, 2H), 7.68 (td, J=7.9, 1.3 Hz, 2H), 3.13 (s, 0.028H).

2H NMR (77 MHz, CHCl;): 6 3.13.
The spectroscopic data of hydrogen form is described in section 5-1 (‘H NMR (500 MHz, CD;CN): 6 8.10
(dd, J=17.8, 1.2 Hz, 2H), 7.93 (dd, J = 7.8, 1.2 Hz, 2H), 7.79 (td, J = 7.8, 1.3 Hz, 2H), 7.68 (td, /= 7.8, 1.3
Hz, 2H), 3.15 (s, 3H)).
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(1-d»>-Ethyl)thianthrenium triflate (1bc-d,)
>99% D

H?’C\?/D OTf
st

0O
1bc-d> was prepared according to procedure (5-2-3).
1bc-db; brown oil; 'H NMR (400 MHz, CDCl5): § 8.36 (dd, J = 7.8, 1.4 Hz, 2H), 7.82 (dd, J = 7.8, 1.4 Hz,
2H), 7.75 (td, J = 7.8, 1.4 Hz, 2H), 7.68 (td, J = 7.8, 1.4 Hz, 2H), 1.29 (s, 3H).
2H NMR (77 MHz, CHCL): 6 3.80.
The spectroscopic data of hydrogen form is described in section 5-1 (‘H NMR (300 MHz, CDCls): 6 8.32 (dd,
J=1.6,1.4 Hz, 2H), 7.82 (dd, J = 7.6, 1.4 Hz, 2H), 7.75 (td, J = 7.6, 1.4 Hz, 2H), 7.67 (td, J = 7.6, 1.4 Hz,
2H), 3.85(q, J = 7.4 Hz, 2H), 1.29 (t, J = 7.4 Hz, 3H)).
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5-3. dn-Alkylation with 1d-dn (Scheme 3-2)

5-3-1. General procedure; dn-alkylation with 1b-dn

To suspension of N-methyl-p-toluenesulfonylamide (2a; 18.5 mg, 0.10 mmol) in THF (1 mL) was added NaH
(60%, dispersion in paraffin liquid; 4.0 mg, 0.10 mmol, 1.0 equiv.) under argon. After 30 min-stirring at 0 °C,
to the mixture were added D,O (50 pL, 28 equiv.) and (dn-alkyl)thianthrenium triflate (1b-dn; 0.12 mmol, 1.2
equiv.) under Ar. The reaction mixture was stirred under room temperature. After 1 h, the reaction mixture was
quenched with 1IN HCI aq. (3 drops). The solution was extracted with Et,O (5 mL x 3). The organic layers
were dried over with Na,SOs4, and concentrated in vacuo. The residue was purified by silica-gel column
chromatography to give the corresponding deuterated alkylated derivatives (3-d,). The spectroscopic data are

described in section 5-3-4.

5-3-2. dn-Alkylation of thiamazole with 1bc-d2

To suspension of (1-d»-ethyl)thianthrenium triflate (1be-d»; 47.6 mg, 0.12 mmol, 1.2 equiv.) in MeCN (1 mL)
was added KI (19.9 mg, 0.12 mmol, 1.2 equiv.) under argon. After 1 h-stirring at 30 °C, to the mixture were
added thiamazole (11.4 mg, 0.10 mmol) and K,COs (13.8 mg, 0.10 mmol, 1.0 equiv.) under Ar. The reaction
mixture was stirred at room temperature. After 12 h, the solution was extracted with Et,O (5 mL x 3). The
organic layers were dried over with Na,SOs, and concentrated in vacuo. The residue was purified by silica-gel
column chromatography (n-hexane / EtOAc = 10/1) to give the corresponding deuterated alkylated derivatives

(3s’-d2, 62% yield, 9.0 mg). The spectroscopic data is described in section 5-3-4.

5-3-3. Alkylation of phthalimide (2b) using 1ba-d:

To suspension of potassium phthalimide (2b, 18.5 mg, 0.10 mmol) in MeCN (1 mL) were added D,O (50 uL,
28 equiv.) and (1-d>-phenethyl)thianthrenium triflate (1ba-d>; 56.7 mg, 0.12 mmol, 1.2 equiv.) under Ar. The
mixture was stirred at 30 °C. After 3 h, the mixture was warmed up to 50 °C. After 3 h, the reaction mixture
was quenched with 1N HCI aq. (3 drops). The solution was extracted with EtOAc (5 mL x3). The organic
layers were dried over with Na;SO4, and concentrated in vacuo. The residue was purified by silica-gel column
chromatography (n-hexane / EtOAc = 3/1) to give the corresponding (1-d>-phenetyl)phthalimide with 98% D
(3u’-d>, 45% yield, 11.3 mg). The spectroscopic data is described in section 5-3-4.

5-3-4. Spectroscopic data of dn-alkylated compounds
N-Methyl-V-(d;-methyl)-p-toluene sulfonylamide (3a’-ds)
0.0 >99%D
/©/ S. N .CD;
CHj;
According to general procedure (5-3-1), 1bb-d; (45.6 mg, 0.12 mmol, 1.2 equiv.) was used as the substrate.
N-Methyl-N-(ds-methyl)-p-toluenesulfonylamide with >99% D (3a’-ds, quant, 20.2 mg, 0.10 mmol) was
obtained after silica-gel column chromatography (n-hexane / EtOAc = 2/1).
3a’-ds; colorless solid; '"H NMR (400 MHz, CDClz): 6 7.65 (d, J= 8.0 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 2.65
(s, 3H), 2.64-2.64 (m, 0.019H), 2.43 (s, 3H).
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H NMR (77 MHz, CHCl5): 6 2.66.
Literature’s data of non-deuterated N, N-dimethyl-p-toluenesulfonylamide!®¥); "H NMR (400 MHz, CDCls): §
7.68 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.4 Hz, 2H), 2.71 (s, 6H), 2.46 (s, 3H).

N-(1-d»-Ethyl)-N-methyl-p-toluenesulfonylamide (3¢’”-d;)

>99% D
00 D

o

CH3
According to general procedure (6-1), 1ba-d> (47.6 mg, 0.12 mmol, 1.2 equiv.) was used as the substrate. N-
(d»-ethyl)-N-Methyl- p-toluenesulfonylamide with >99% D (3e’”-d>, quant, 21.9 mg, 0.10 mmol) was obtained
after silica-gel column chromatography (n-hexane / EtOAc = 2/1).
3e’”-d; colorless solid; 'H NMR (400 MHz, CDCls): 6 7.66 (d, J = 8.0 Hz, 2H), 7.30 (d, J = 8.0 Hz, 2H), 2.70
(s, 3H), 2.42 (s, 3H), 1.10 (s, 3H). *H NMR (77 MHz, CHCl;): 6 3.08.
Literature’s data of non-deuterated N-ethyl-N-methyl-p-toluenesulfonylamide!®®; 'H NMR (300 MHz,
CDCl3): 6 7.65 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 8.3 Hz, 2H), 3.07 (q, J = 7.3 Hz, 2H), 2.70 (s, 3H), 2.41 (s,
3H), 1.11 (t,J = 7.3 Hz, 3H).

1-Methyl-2-(d>-ethyl)thio-imidazol (3s’-d>)

D 98%D
D

S
CH
\N/\< 3

g/N

3s’-d> was prepared according to procedure (5-3-2).

3s’-d»; colorless oil; 'H NMR (500 MHz, CDCl5): 6 7.06 (d,J= 1.1 Hz, 1H), 6.92 (d, /= 1.1 Hz, 1H), 3.62 (s,
3H), 3.06-3.03 (m, 0.05H), 1.30 (s, 3H).

H NMR (77 MHz, CHCl;): 6 3.02.

Literature’s data of non-deuterated 1-methyl-2-ethylthio-imidazol”®l; 'TH NMR (400 MHz, CDCl5): 6 7.00 (1H),
6.90 (1H), 3.56 (3H), 3.02 (2H), 1.28 (3H).

N-(1-d»-Phenetyl)phthalimide (31’-d»; Fig. 6B)
O 98%D
D D
N
_K—Ph
o)

31’-d> was prepared according to procedure (5-3-3).

3I’-d>; colorless solid; '"H NMR (500 MHz, CDCl;) & 7.84-7.82 (m, 2H), 7.30-7.21 (m, 5H), 7.30-7.21 (m,
5H), 3.91 (s, 0.054H), 2.98 (s, 2H).

2H NMR (77 MHz, CHCl;): 6 3.91.
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Literature’s data of non-deuterated N-phenethylphthalimide!’?; '"H NMR (300 MHz, CDCl;): 6 7.86-7.83 (m,
2H), 7.74-7.70 (m, 2H), 7.32-7.22 (m, 5H), 3.94 (t, J = 7.5 Hz, 2H), 3.01 (t, J = 7.5 Hz, 2H).
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5-4. Procedures of the application for photo-induced reactions (Scheme 3-3-3-4, Fig. 3-6)

4-Phenyl-(3-d>-butyl) phenyl sulfone (14a-d,)

>99% D

DD

Ph SO,Ph

Scheme 3-3; The suspension of 1ba-d> (94.1 mg, 0.20 mmol), vinyl phenyl sulfone (13a, 101 mg, 0.30 mmol,
3.0 equiv.), Ir[(dtbbpy)(ppy)2]PFs (3.7 mg, 0.004 mmol, 2 mol%) and Hantzsch ester (101 mg, 0.4 mmol, 2.0
equiv.) in DMA (1 mL) was stirred under 456 nm LED irradiation under Ar. After 6 h, the mixture was extracted
with EtOAc (10 mL x 3). The organic layers were dried over with Na,SOs, and concentrated in vacuo. The
residue was purified by silica-gel column chromatography (n-hexane/EtOAc = 3/1) to give 4-phenyl-(3-d»-
butyl) phenyl sulfone with >99% D (14a-d>; 74% yield, 41.0 mg, 0.15 mmol).

Scheme 3-4; The suspension of 1ba-d> (47.1 mg, 0.10 mmol), vinyl phenyl sulfone (13a, 33.6 mg, 0.20 mmol,
2.0 equiv.) and Hantzsch ester (50.7 mg, 0.2 mmol, 2.0 equiv.) in DMA (0.5 mL) was stirred under 456 nm
LED irradiation under Ar. After 12 h, the mixture was extracted with EtOAc (10 mL x 3). The organic layers
were dried over with Na,SOs, and concentrated in vacuo. The residue was purified by silica-gel column
chromatography (n-hexane/EtOAc = 3/1) to give 4-phenyl-(3-d>-butyl) phenyl sulfone with >99% D (14a’-db;
59% yield, 16.3 mg, 0.059 mmol).

14a-d,, 14a’-d>; colorless oil; '"H NMR (500 MHz, CDCls): 6 7.89 (d, J= 7.4 Hz, 2H), 7.65 (t,J= 7.4 Hz, 1H),
7.56 (t,J=17.4 Hz, 2H), 7.25 (t, J="7.3 Hz, 2H), 7.17 (t,J= 7.3 Hz, 1H), 7.10 (d, J= 7.3 Hz, 2H), 3.12-3.08
(m, 2H), 2.58 (s, 2H), 1.75 (t, J="7.9 Hz, 2H).

H NMR (77 MHz, CHCl5): 6 1.67.

Literature’s data of non-deuterated 4-phenylbutyl phenyl sulfone?; "H NMR (600 MHz, CDCl3): § 7.91-7.86
(m, 2H), 7.68-7.62 (m, 1H), 7.56 (dd, J=7.9, 6.5 Hz, 2H), 7.28-7.22 (m, 2H), 7.20-7.14 (m, 1H), 7.12-7.07
(m, 2H), 3.12-3.06 (m, 2H), 2.58 (t, /= 7.5 Hz, 2H), 1.80-1.72 (m, 2H), 1.72-1.65 (m, 2H).

1-(1-d>-Phenetyl) isoquinoline (14b-d>)

D 35% D
Ph

=N

=
The suspension of isoquinoline (13b, 13.0 mg, 0.20 mmol), 1ba-d> (94.5 mg, 0.40 mmol, 2.0 equiv.),
Ir[(dtbbpy)(ppy)2]PFs (3.7 mg, 0.004 mmol, 2 mol%) and TfOH (1 drop) in DMA (1 mL) was stirred under
456 nm LED irradiation under Ar. After 8 h, the mixture was extracted with EtOAc (10 mL x 3). The organic
layers were dried over with Na,SO4, and concentrated in vacuo. The yield of 1-(1-d>-phenetyl) isoquinoline
(14b-d>, 45% yield) was determined by 'H NMR using 1,1,2,2-tetrachloroethane (21 pL, 0.20 mmol, 1.0
equiv.) as an internal standard. A piece of the residue was purified by silica-gel column chromatography (n-
hexane/EtOAc = 3/1 and CHCIy/EtOAc = 20/1) to give 14b-d> with 95% D.
14b-d>; colorless oil; "H NMR (500 MHz, CDCls): J 8.48 (d, J= 5.7 Hz, 1H), 8.15 (d, J = 8.4 Hz, 1H), 7.83
(d, J=8.4 Hz, 1H), 7.67 (t, J = 8.4 Hz, 1H), 7.60-7.57 (m, 1H), 7.54 (d, J= 5.7 Hz, 1H), 7.32-7.31 (m, 4H),
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7.24-7.21 (m, 1H), 3.59 (s, 0.024H), 3.19 (s, 2H).

2H NMR (77 MHz, CHCl3): § 3.59.

Literature’s data of non-deuterated 1-phenetyl isoquinoline *l; '"H NMR (400 MHz, CDCl;): § 8.49 (d,J=5.6
Hz, 1H), 8.17 (d, J = 8.4 Hz, 1H), 7.85 (d, J = 8.4 Hz, 1H), 7.68 (t, J = 8.4 Hz, 1H), 7.61 (t, J = 8.4 Hz, 1H),
7.55 (d,J = 5.6 Hz, 1H), 7.33 (m, 4H), 7.25 (m, 1H), 3.63 (m, 2H), 3.23 (m, 2H).

(1-d>-Phenetyl)boronic acid pinacol ester (14c-d>)

>99% D
D

D
Ph. X

The suspension of 1ba-d> (94.5 mg, 0.20 mmol), and Bacat, (13¢, 95.1 mg, 0.40 mmol, 2.0 equiv.) and in DMA
(0.5 mL) was stirred under 456 nm LED irradiation under Ar. After 12 h, the mixture was added pinacol (94.5

Bpin

mg, 0.80 mmol, 4.0 equiv.) and EtsN (1 mL), and stirred at room temperature. After 1 h, the mixture was
extracted with EtOAc (10 mL x 3). The organic layers were dried over with Na,SOs, and concentrated in vacuo.
The residue was purified by silica-gel column chromatography (n-hexane/EtOAc = 3/1) to give (1-d»-
phenetyl)boronic acid pinacol ester with >99% D (14¢-d>; 90% yield, 41.8 mg, 0.18 mmol).

14c¢-d>; colorless oil; 'H NMR (500 MHz, CDCls): 6 7.29-7.26 (m, 2H), 7.23-7.22 (m, 2H), 7.17-7.15 (m,
1H), 2.75 (s, 2H), 1.24 (s, 12H).

H NMR (77 MHz, CHCl;): 6 1.13.

Literature’s data of non-deuterated phenetylboronic acid pinacol ester *1; 'H NMR (400 MHz, CDCls): 6 7.27—
7.19 (m, 4H), 7.18-7.08 (m, 1H), 2.79-2.69 (m, 2H), 1.21 (s, 12H), 1.18-1.10 (m, 2H)

3-Phenyl-(2-d>-propyl) phenyl ketone (14d-d>)
>99% D

O DD
Ph Ph
The suspension of 1ba-d> (47.1 mg, 0.10 mmol), 1-styrenyloxytrimethylsilane (13d, 96.2 mg, 0.20 mmol, 2.0
equiv.) and PhsN (2.5 mg, 0.01 mmol, 10 mol%) in DCE (0.5 mL) was stirred under 456 nm LED irradiation
under Ar. After 12 h, the mixture was extracted with EtOAc (10 mL x 3). The organic layers were dried over
with Na;SOs, and concentrated in vacuo. The yield of 3-Phenyl-(2-d>-propyl) phenyl ketone (14d-d>, 60%
yield) was determined by '"H NMR using 1,1,2,2-tetrachloroethane (10.5 pL, 0.10 mmol, 1.0 equiv.) as an
internal standard. A piece of the residue was purified by silica-gel column chromatography (n-hexane/EtOAc
=10/1) to give 14d-d> with >99% D.
14d-d>; colorless oil; "H NMR (500 MHz, CDCls): 4. 7.92 (d, J= 7.7 Hz, 2H), 7.55 (t,J=7.7 Hz 1H), 7.44 (t,
J=17.7Hz2H), 7.29 (t,J = 7.6 Hz, 2H), 7.21-7.20 (m, 3H), 2.97 (s, 2H), 2.71 (s, 2H), 2.07 (s, 0.019H)
2H NMR (77 MHz, CHCl;): 6 2.07.
Literature’s data of non-deuterated 3-phenyl propyl phenyl ketone *; 'TH NMR (500 MHz, CDCIs): 6 7.95 (d,
J=17.2Hz, 2H), 7.57 (t, /= 7.4 Hz, 1H), 7.47 (t, J = 7.7 Hz, 2H), 7.32 (t, J = 7.5 Hz, 2H), 7.23 (dd, /= 9.7,
7.7 Hz, 3H), 3.01 (t, J = 7.3 Hz, 2H), 2.75 (t, J = 7.6 Hz, 2H), 2.11 (q, J = 7.4 Hz, 2H).
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5-5. Spectroscopic characterization (UV-Vis) of the reaction components (Fig. 3-6)

Absorption spectra of each of the individual components were run at a concentration of 0.04 M, followed by

mixtures of different components in the reaction mixture in an attempt to show a shift in absorbance caused

by the formation of an EDA complex between the sulfonium salt 1ba and PhsN (rad line).
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Figure S2. UV-Vis spectrum of the reaction components.



6. Experiments in chapter 4
6-1. Procedure for in vitro metabolism to analyze residual ratio in liver microsomal metabolism
(Fig. 4-1A. 4-2A)

The substrate samples (3¢, 3¢-d3, 3f and 3f-d>) were dissolved in DMSO as a concentration of 5 mM. The
distilled water (713 uL), 0.5 M pH 7.4 potassium phosphate solution (200 uL), NADPH-regenerating agent
solution A (50 pL) and solution B (10 uL) (BD Gentest, Woburn, MA) and sample solution (2 pL.) were mixed
and incubated at 37 °C for 5 min. The rat microsome of 25 plL was added to the mixtures and incubated at
37 °C. The sampling (100 pL) was performed at predetermined time intervals. The sampled solutions were
mixed with MeCN (100 pL) and placed on the ice water for 10 min. Then, the samples were centrifuged for 3
min at 9,730 g (1524, BM Equipment Co., Ltd., Tokyo, Japan). The supernatant (100 uL) was treated by HPLC

to determine the residual sample.

6-2. Procedure for animal study to analyze plasma concentration profiles after oral
administration to rats (Fig. 4-1B, 4-2B)

All animal studies were approved by the Animal Research Committee of Osaka Medical and Pharmaceutical
University and were performed in accordance with the Organizing Committee Regulations on Animal
Experiments. Male Sprague Dawley rats (9 weeks; 250-300 g; Japan SLC Inc., Shizuoka, Japan) were used.
Rats were fasted for 12 h before the test. 3¢, 3¢-d3, 3f and 3f-d, were completely dissolved in 10% polysorbate
80 and 10% DMSO. Each solution was administered orally under isoflurane anesthesia as a dose of 5 mg/kg.
Blood samples were collected from the jugular vein under isoflurane anesthesia at predetermined time. Plasma
was obtained from the blood samples by centrifugation for 10 min at 9,730 g (1524, BM Equipment Co., Ltd.,
Tokyo, Japan). The supernatant was sampled and stored at -20 °C until performing the LC-MS/MS analysis.

6-3. Procedure for parallel artificial membrane permeability assay (PAMPA) to analyze
membrane permeability of 3f-d> vs. 3f (Fig. 4-2C)

Membrane permeation studies were performed using PermeaPad® 96-well plates (InnoMe GmBH, Espelkamp,

Germany) consisting of a phosphatidylcholine layer immobilized on two cellulose-based sheets. The dissolved

compounds (3f and 3f-d») in distilled water with 5% polysorbate 80 and 5% DMSO was added to the donor

side. The distilled water with 10% polysorbate 80 and 10% DMSO was added to the acceptor side. The

sampling (100 pL) was performed at predetermined time intervals from the acceptor side, and flesh pH 7.4

phosphate buffer was returned. The concertation of permeated compounds were detected with HPLC.

6-4. Configuration of High-Performance Liquid Chromatography (HPLC)

Waters Alliance HPLC system 2695 separation module and Waters 2489 dual A UV/Vis detector were used for
the quantification. A COSMOSIL 5C18-MS-II packed column (5 um, 150 mm % 4.6 mm) from Nakalai Tesque
(Kyoto, Japan) was used. In 3¢ and 3¢-d3, the mobile phase was 0.1% (w/w) formic acid and methanol (30:70
v/v). On the other hand, the mobile phase was 0.1% (w/w) formic acid and methanol (25:75 v/v) in 3f and 3f-
d>. The flow rate was controlled at 1.0 mL/min with a 10 uL injection volume. The samples were eluted at
40°C and quantified at 307 nm.
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6-5. Configuration of LC-MS/MS

LC-MS/MS analysis was performed using an LCMS-8045 instrument (Shimadzu Corp., Kyoto, Japan) to
determine the blood concentration of 3¢, 3¢-ds, 3f and 3f-d,. The column was COSMOSIL Packed Column
2.6Ci5 (2.6 um, 2.1 x 100 mm, Nacalai Tesque) and the column temperature was set to 40 °C. The mobile
phase comprised distilled water containing 0.1% formic acid (solvent A) and acetonitrile (solvent B). The
ration of solvent A and solvent B was 35/65 (v/v). The plasma samples were treated as below. Methanol of 400
uL including an etodolac as an internal standard was added to the plasma sample of 100 uL.. The mixture was
sonicated for 10 minutes after mixing with a vortex mixer for 1 minute. The sonicated samples were dried
using a centrifugal evaporator (CVE-2200; EYELA, Tokyo, Japan) at 50 °C, and methanol of 100 pL was
added to the residue. They were sonicated for 10 minutes after mixing with a vortex mixer for 1 minute. The
sonicated samples were centrifuged for 10 minutes at 9,730 g. The supernatants (80 uL) were treated by LC-
MS/MS to determine the blood concentration. All samples and standards (5 uL) were injected into the LC
system. A mass spectrometer of 3¢, 3¢-d3, 3f and 3f-d> were used in positive-ion mode. A mass spectrometer
of etodolac was negative-ion mode. The MS operating conditions were as follows: drying gas, 10.0 L/min; DL
temperature, 250 °C; heat-block temperature, 400 °C; probe voltage, 2.3 kV; and collision energy, 35 eV.
Precursor and production ions (m/z) were 252.2 and 253.2 for 3¢, 255.2 and 256.2 for 3c-d3, 266.2 and 267.2
for 3f, 268.2 and 269.2 for 3f-d>, and 287.0 and 286.0 for etodolac, respectively.
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