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Development of model systems for highly reactive amino-acid derivatives by
taking advantage of nano-sized molecular cavities
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At the active site of enzymes, reactive species that are very unstable in
artificial systems sometimes play crucial roles in chemical transformations. Such fabulous features
of enzymatic reactions are highly associated with the geometrically isolated environments at the
active sites. For modeling such an isolated environment of enzymes with synthetic systems, novel
nano-sized molecular cavities incorporating highly reactive amino-acid derivatives have been
developed and applied to stabilization of reactive intermediates of biological reactions. By
utilizing the novel model system, chemical processes that have been proposed for the catalytic
mechanism of selenoenzymes such as glutathione peroxidase have been demonstrated experimentally.



# X C—-19, F-19—1, Z2—19, CK—19 (Jm)

1. WFZEBRAA S W D55

U Ry 7 R, 7 FIUBRERIT U O & T D MaOEA 7efElIck VT, L/ VAT A
VEERL IR MR RETES L OSSR E OGN EELRZEH ERZ L TWA I LA HbEN
TW5, LL, TNHDORISTHRESN TOWA PR, ALRTIIMEICARLZETHI L
DR L, BERISEOIEEFRRICIIFERRREROICHEZB I LT 200 L H D, T2 &
2T, b BB O — DO ThH DTN EF A~ H 2 Z—E8 (Px) OIERITFIC
BT, BV VAT A VHEELRUEE (Sec—SeOH) 1XIEMEH A & 32 SUSHEE 2
JARL ZIF AL TUWA D, Sec—SeOH [T D TREZE TH B 7o DITWE ZIZBLRIGIT 5 A <
NTEOHT, EBRIIIZZDFIEDPHER STV, ZOEENRGEITRT L o2, 1L
OPOEEREMREFEICE LT, ARTE AEFEMIHEHRDILSBELNATWDE 0, £
< OWFFENBEEHLCE b I3 2B W0IRRICH S, Ao TR E L TIRESNTE
Tk 7o RBTE SO HSE % SEBRIITARGE L, £ 0 AL SERRILIC S - B 2 T 3 5 72 D121,
BOS AR & RN & RIFRICZELTE DN LETVROBEERMLEL ST D,

2. e B

32 OVEPETNL OFREERRFE 2B O A0 T/ A ADKEHE LT, T R ~—
BRIHESSERGFX Y ET 4 2R T, 2Oy BT ¢ 2REZERN “7 1L —FLV” L L
TIEA L, WEBIZESMET 2 BEEAL 28N L 7= RIS LT v 7 L— RV RT3/
Be”) ZAESe9 25 2 L T GERARLENED T2 AR EE T & - 7= AR IENE A 2 I H
NHIZLZEL L, EOMER X OS2 BE#EMICHAT 5, Uk, ZhETERED
FOGSRAZ M Z 720 o T2 RS O EME L | (L FICHEET 5, FFIC, BL 2 VAT A 5%
Fa fEEEAIC b O L UBER OO RE ORI 2 B 57,

3. HWrFED ik

AR R ST P AR O 29 2 R B 30 Lo, B T A RISHEIZE b WEiHE 27 2
JBBETNRERIBS D701, BEROIEMEN OREERFFEZ B L EERF v B 7 ¢ B
oty (7 L— KAL) BREET D, SR ofEEs s LT R BRE EoEEEO T
ECH CME S 78 E 2 RMNCHIHIT 57201, FEHRELTHA XN 2m 2 TE R 7 ==
LTy R ~=—%iEHT 5, TONFHICEL ) VAT A ra=y NEEALE “Z1L—FL
LU ATAL” (K1) #BA% L. 2HEHWLZ L TR L VAT A L LiEHRREREL D
BOGHN & DORSTERT AIEET AR EZLEIZERT S & L iz, ZOoMER L O0WEEA S
DT B, BoniAbERiz WA Z LI L ., AMbFOSBE TR E L TIRESNTE X
ISR A MR JAWERR BRI X0 BEHEICKRGET 5, 72, 7 X/ BHRIEHEREOSRBILEY &
LT, FfkDOF ¥ &7 0 BFHEE & OF kT VX AFHEERZIEN LTEBRET b7 9,

Sec-SeOH
Se-X = SeOH

Sec-Sel
Se—X = Sel

Cradled Selenocysteine
(R’ = OMe or NHMe)

M1 “ZLr—FKatL )25 A4y” EFLHA

4. WFFERHE

(1) BV /AT A3 b L x=LvORENL

YL /) VATA I UL =L (Sec—Sel) 1&, HURARAS VT LARMEALEESE Oty 7
BT ABEERFTRAL LTHERZED TVWALFRETH LN, BL VAT A U Hko =
b LR = IO WL IV E TEBIGIT S5 Sh T, 7 7 BET VORI
SEH L AR O AR IR O W TEI R 255 72 O OFEEYE O BRI OV TRFT L, F v
BT BEEE b Oe L ) — AR E D FRIZ LY | BT VR VER S U{bt L=
NWEREICERK - MBS 5 Z LICkP Le, Zhva W, BERIEAEFICE 15 OsEE
ELTIRBE SN TWARRD N E THEIEFIN 2V, I b LR =L ONIKGRRIZE 51 %
VEEDER A ERNORT I EICEPI LT, RIZ, Y L— RV VATV B E SO
L=k, BV VAT UBEREX Y ET A NICEATOIREIZE VAR LT, 20k
L= ObHE DFLICE D, BL VAT A oAk bt LR = VO AR - BB
ODTHKRIT 5 & & bic, FORUNEERRAEL 72,

(2) INEFH o~ YL X —8 MR SRS o € 5 V5



WNEICE L ) VAT A vy " EATD “JL—FLrkvL /) v ATAY” ZIERTHZ L
T, BEAHBLEZE CH DI NE T4~ 3% 2 2 —F O P REIZEE T 5 F AR5
1T o7 GPx OIS A 7 UIZHONWTIE, BL ) VAT A B LR (Sec-SeOH) % H
K& T DEEREDE < ST AILD LTV B A3, Sec-SeOH Z EHEEBLAI L 7= B3 R72 128G S vt
2, ARl T L—RLtL VAT BEE LD, C RIS AT ATV E
2% L/ —)l Sec—SeH Dig{kiz L5 Sec-SeOH DAFKIZ DOV THIET L7=, Sec-SeOH Diffe{kk
FIZ X DRI O TS EM 2 U723, WS T, RIRCEBLRIGZIT S Z &1
XV Sec-SeOH % BAF /IR TARE &4, 77Se \MR TBUAIT 5 Z S ITiDh L=, T, 4K
FBLOEHARZM DT, Sec—SeOH Z EHEIH| L7-#1HO TORFITH Y, GPx OftiiEiHE 2 (b
AR 2 ECHERML L WR D, AR E BT VX VEBET LV EIEHT5 2 & T,
I b LR = VDMK L D L RO ERE BRI R T Z S IZZ Lo TR L T
WD, ZORAEIZE DG BITo T, fET 5L ) VAT A >3 vfb LR =/ Sec-Sel
DT IV UNKGIRZKIE T TiTo72 & 24, Sec—Sel O TEHEONLT-H D &6 U Sec-SeOH
DEICRTAR L, "Se NMR THEUHI S iz,

Flo, BEURVBIZOW T FRIRICET 2 AT E A RN T2 oHIZ, GPx OFERBE
FFZBIT D Sec—SeOH DIFAE A EBRAVIRT Z EBNERNEETH - 72, £ Z T, BHEE £ TICA
LIz Y BT 4B LR U BRETEHT 5 2 L T fiEFOERICHOVWTHET LR, 7t
FATE RN HITUDETHHREHOEMNE L X BORIRICEHN Th L 2 L2 R LT,
ZORIRICESE ALY FVEINZREE L7z Sec—SeOH & 7B F LT & k% & DORIGIZOWN
THRTL, 215 OHIEHRID Sec—SeOH DHIEICH AR TH D Z L #H LM Lz, EHIT, B
FOTEMENL OBREEIZ L VIRV E 2 OB ET LR E LT, C KmllCT I R
Ho “VL—RKLBL ) VAT A L ZEHICER L, ZOFT V%52 HWT, Sec—Sel %
BEREEWmE LTERK - BT Z &Ik Lz, 72, AEL ) VAT A U ET VD
Sec=SeOH (22T, ST D1 L/ — VORI L0 BIFRIR TRAE S AT R VB
EITH &L bIT, THEIFATE N EFEEDOMNI L DHIRE~OEREHR LT, I H D8
BT EEERNTE A DMEFERIE OF) & 2 8 40TV eu GPx 3K Sec—SeOH 028 H) % fif 7
T5 ECRELERAEERMAEEZ NS,

5. ERFERIMLE
CdERSsm ) (RE 4 1F)

1. Sase, S.; Kakimoto, R.; Kimura, R.; Goto, K. "Synthesis of a Stable
Primary-Alkyl-Substituted Selenenyl Iodide and Its Hydrolytic Conversion to the
Corresponding Selenenic Acid" Molecules 2015, 20 (12), 21415-21420. #&#HiA.

DOI: 10.3390/molecules201219773

2. Sano, T.; Shimada, K.; Aoki, Y.; Kawashima, T.; Sase, S.; Goto, K. "Modeling of the
Bioactivation of an Organic Nitrate by a Thiol to Form a Thionitrate Intermediate"
Molecules 2017, 22 (1), 19-21. #&#Hif.

DOI: 10.3390/molecules22010019

3. Sneeden, E.; Hackett, M.; Cotelesage, J.; Prince, R.; Barney, M.; Goto, K.; Block, E.;
Pickering, 1.; George, G. "Photochemically-Generated Thiyl Free Radicals Observed by
X-ray Absorption Spectroscopy" /. Am. Chem. Soc. 2017, 139 (33), 11519-11526. it A .
[ BRI
DOI: 10.1021/jacs.7b05116

4. Block, E.; Dethier, B.; Bechand, B.; Cotelesage, J. J.H.; George, G. N.; Goto, K.; Rengifo,
E. M.; Pickering, I. J.; Sheridan, R.; Sneeden, E.; Vogt, L. "Ajothiolanes:
3,4-Dimethylthiolane Natural Products from Garlic (A/lium sativum)" J. Agric. Food
Chem. 2018, 66 (39), 10193-10204. #racf. [ERSILE.

DOI: 10.1021/acs.jafc.8b03638

5. Sase, S.; Kimura, R.; Masuda, R.; Goto, K. " Model study on trapping of protein
selenenic acids by utilizing a stable synthetic congener" New JJ. Chem. 2019, 45 (18),
6817-7170. A5t
DOI: 10.1039/¢9nj01072f

PasER) (Gr424F)

. Kei Goto, Ryo Kakimoto, and Shohei Sase, “Self-catalyzed p-dehydration of a
Primary-alkyl-substituted Selenenic Acid to Form a Stable Selenoaldehyde”, The 11th
International Conference on Heteroatom Chemistry, Caen, France, 2015.

2. Kei Goto, Ryo Kakimoto, Ryutaro Kimura, and Shohei Sase, “Synthesis of a stable

selenoaldehyde by unprecedented C=Se double bond formation through p-dehydration”,
The 2015 International Chemical Congress of Pacific Basin Societies (Pacifichem 2015),
Honolulu, USA, 2015.
3. Kei Goto, Michihiro Ishihara, Noriaki Abe, and Shohei Sase, “Synthesis, structure,
and reactivity of a primary-alkyl-substituted sulfenic acid and its anion”, The 2015

1



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

International Chemical Congress of Pacific Basin Societies (Pacifichem 2015),
Honolulu, USA, 2015.

TRk AL AR B ORFTEERES, WA “ERS TRy ET 4 2IEH LGB LU E
FOGHALFRE DL EAL & FHOSMEDBRIE” & 13 IR A |k « F A MEFET VR T T A,
flie, 2015.

ARFTFERES, A U, Plirer, % M Sy ©7 A MO FERETEN LICLERSE
—R T FVERR T UL LR =V OERTH 18 [ URFRT ARV T A, TH, 2015.
ARFFHERES, EMarEE, %k B ‘7o N ~—BS 1Bk a2 67T 58— 1‘&7/1/#/1/%%&
G LV ARFREATE R L2 ARBUSEFRIZE T 27 VR 5 26 BIEMEAIR LSRR
2, a1, 2015.

JEIR SR, e, Rk B “BERSFR v B T o Z2IEH L7 FURIR AR V- IR LB
FAESEALET LV OBRRE” 5 26 [FIEMEA LT RS, 21, 2015.

FEWR S, Pemire, Rk AX %“7V~bwhtV//x%4/%ﬁmbkfﬁﬁtV/
VATA AR LR VOERT B 42 BRIV E VRS, 4R, 2015.
ARTBERRR, PMfitelr, ik 8 “BEARO T3 v ©F 1 2IM LBl LV
VRO ROSHEDIRI” B AL 5 96 H£FF4, HHZ, 2016.

FEI & 5L, VEMERET, kg —RS, HAEL, R A T Lr—RAaReL VAT A
v HTEM LTt bBE R SOCIMFEO 7 AR B AR F 25 96 FEFE, HHIL,
2016.

Kei Goto, Tsukasa Sano, Nozomu Watanabe, and Shohei Sase, “Modeling of
Cysteine-Derived Reactive Intermediates by Taking Advantage of Cavity-Shaped
Molecular Cradles”, The 70th Fujihara Seminar, Fukuoka, Japan, 2016.

Kei Goto, Takafumi Karasaki, and Shohei Sase, “Modeling of Reactive Intermediates
Derived from Selenocysteines by Utilizing Cavity-Shaped Molecular Cradles”, 13th
International Conference on the Chemistry of Selenium and Tellurium (ICCST-13),
Gifu, Japan, 2016.

Ryutaro Kimura, Shohei Sase, and Kei Goto, “Synthesis and Reactivity of a
Primary-Alkyl-Substituted Selenenic Acid Stabilized by a Large Cavity-Shaped
Molecular Framework”, 13th International Conference on the Chemistry of Selenium
and Tellurium (ICCST-13), Gifu, Japan, 2016.

Kei Goto, “Syntheses and Reacivity of Cysteine- and Selenocysteine-Derived Reactive
Species by Utilizing Cavity-Shaped Molecular Cradles”, The 7th Heron Island
Conference on Reactive Intermediates and Unusual Molecules, Heron Island, Great
Barrier Reef, Queensland, Australia, 2016.

Kei Goto, Tsukasa Sano, Nozomu Watanabe, and Shohei Sase, “Syntheses of
Cysteine-Derived Reactive Intermediates by Taking Advantage of Cradled Cysteines”,
27th International Symposium on Organic Chemistry of Sulfur, Jena, Germany, 2016.
Shohei Sase, Michihiro Ishihara, Noriaki Abe, Ryutaro Kimura, and Kei Goto,
“Stabilization of a Primary-alkyl-substituted Sulfenic Scid and Its Anion by Utilizing a
Cavity-shaped Molecular Framework”, 27th International Symposium on Organic
Chemistry of Sulfur, Jena, Germany, 2016.

VERREY:, B8 ], EEES, B W 2L — RNV RV AT/ BV VAT
A G LIRS E T VROMEE” 3 14 BIARA b« F2 MEEV RV T L, &
1, 2016.

ARFTFERES, Peiirer, %k W “BERDFFY 7 4 Z2EH LIS R VXL E#t
LR UBBDRSHEORRET 14 [ER 2 | « A MEFES URD T A, EE, 2016.
S, R, BIE W BERFY T B TEREIEH LIZNEY AT A U
KANT = VBT IEEMOERRE S 5 14 [EIFR Ak « FA MEFET VR T T A,
i, 2016.

VERREY:, 8 &), &S, B W 7L — RNV RV AT/ BBV VAT
A D3 & ARBUSIEFEDET MbA~DISH” 5 109 BIAEHG R AR T A, F O,
2016.

VEWirESy, 28w, FERESE, S 22, AREERES, %k 8“0 I BENL AN
LTEERD 7% ©7 1 OBFE & ABAKRRISTEVERE 7 W b~OICH” 5 27 EIEEA L
Fatime, [N, 2016.

Tk A, RAIEERER, FIRES, EEEE “EXZFFv BT ¢ 220G LIRS
B AEHACEER PRI OET LG ORFE” 5 19 Bl 2 DR TR URI T A, TH,
2016.

% W BRI TE N LI A RBONEMRE O T AASE” 5 3 ERRIARO A1
b5« IREG Y RTY UL, HIRE, 2016.

S 2, PR, ®BEE B BERS TR Y ET 4 ZIEH L EE T T FET UL
BMOBISE” 5 43 WA RIS TRL RS, (IA, 2016.

ARHTHEARRR, F‘E?HHE s, R, Bk B “BERS TRy ET s 2EHLIEEL VR



26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

TA CHERE LR Ul X OBE GRS BT 5B T MR 5 43 BT A
R RS, i, 2016.

S 2, MR, %R B BERS TR Y BT 4 ZIEH LTz Cys-Ser X7 F Rk
m SUSTE RO T AL AL 97T REBF L, Mk, 2017,

ARFTFERES, PEiirer, %k W “BERDFFrY 7o 2EHLIEEL ) VAT A U H2R
T LR BOLEMER L OSUGHEOREI” B AT 97 FREFS, #ik, 2017.

Kei Goto, Nozomu Watanabe, Ryutaro Kimura, and Shohei Sase, “Elucidation of
Biological Reaction Processes Involving Cysteine Sulfenic Acids and Related Species
by Utilizing Cavity-Shaped Model Systems”, The 2nd International Symposium on
Stimuli-responsive Chemical Species for the Creation of Functional Molecules,
Higashi-Hiroshima, Japan, 2017.

Kei Goto, Nozomu Watanabe, Ryutaro Kimura, Tsukasa Sano, and Shohei Sase,
“Modeling of Biological Reaction Processes Involving Cysteine Sulfenic Acids and
Related Species by Utilizing Nano-sized Molecular Cavities”, The 12th International
Conference on Heteroatom Chemistry, Vancouver, Canada, 2017.

Bk W BV AT A CHDREEROSTEEF IR O G RCE T VAR 5 3 EIH AL
L UiES, B, 2017.

VEMRAE, ARFFRERES, JFEWRE L, % M “BEROFFry T s 2 LEL R
TA CHRE VAR CRRICETHETAMIGE B 15 BIERA b - SR MEFEV VRV T L,
B, 2017.

VEWirEy:, 28wl FERESE, R 2, AREERES, %k B “5F s L— RLIicH
WENTB LV ) VAT A e LR RO EZBINT 5 28 BIEAMAHRIL TR, @,
2017.

HHRS, AT, B B NI L ) VAT A VT AR LRV ) VAT A
YHRE LR OB L OSOSHEICET 28R B AR 98 BRES, M,
2018.

B, R, % BV L— RV RV ) VAT A U ERIERA LN L ) v
AT A KT LR CBORIGIEIZET 5T UV 5 16 [EIAR A b« R MeEY
AU UL, BFH, 2018.

Ryosuke Masuda, Shohei Sase, and Kei Goto, “Model Study of a GPx-derived Selenenic
Acid with Thiols by Utilizing a Cradled Selenocysteine”, 28th International
Symposium on Organic Chemistry of Sulfur, Tokyo, Japan, 2018.

Kei Goto, Ryutaro Kimura, Ryosuke Masuda, Takafumi Karasaki, and Shohei Sase,
“Modeling of Selenoprotein-derived Reactive Intermediates by Utilizing Cradled
Selenocysteins”, The 7th International Selenium Conference (Se2018), Otsu, Japan,
2018.

Kei Goto, Ryosuke Masuda, Ryutaro Kimura, Takafumi Karasaki, and Shohei Sase,
“Modeling of Reactive Intermediates of Selenoenzymes by Utilizing Nano-sized
Molecular Cavities”, International Congress on Pure & Applied October 30-November
2, 2018.

VEWRIRESY:, BEHIT, ARFHERES, %k W “ERSFX¥ry 7 s 2EALEEL U2
TA VR RRICET DT VHIE” 5 29 BUEEA R LR RS, B, 2018,

W AT, ARFEERRS, JFEWRES, FEWirey, % B “tLv ) v AT A VERSTTF R
ETNVREERN Lz GPx 2kt LR CEROBUSHEIZ BT 57 WAFSE” 25 45 [RIA R
AR, BT, 2018.

VEREABEAD, Plire Y, %k M “HFF vy 7 4 ZIEH LKL ERSNVTFFANT =
W (R-SSOH) DEREL” 5 45 [MIAM IV e Rlime, #il, 2018.

HWHES, EEE, % i “vL ) R_IFREESF 7 L— KA ZIER Lz GPx H
ket U CBIIEIHIEE O T AARIE B AT 99 REFS, MF, 2019.

I SEp, EMrer, Bk B D77 L— RAVEER LIV AT A VSR Fe Ry
ANT =T I ROGHMZE BARFRE 99 BFES, #F, 2019.

(X&) (Gt o)

(7 S PEME)
Ok Gt o )

Ok Gt o )

6. MFFCRLAR

(1) WFFEST 4R
AEEEL



(2) Wt 9eth 117

WFgEth 7175 K4« Eric Block

R FRA 2y T Tay s
W72t 113 K4« Graham George
0—<FRYG : TTNDL s Va—

SEFEIC X DRI, B DB R & BRICBWTERT b0 TY, F0H, ok
TP FE R S DAE NI DN TR, EOEFEFEIZE S b O TIER L, FOMEMREIZEET S
RS EEIL, MFEEEAIRE S E T,



