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1. IXTBHIZ

T BRE, BARFUZEDTHEL, F T EOMRITECTh 57213 TR <, BOERInELH

I P X F I ERAIERE RS Lo, FERIS, AT I UHEIE, ERNICIESFEEL, MREEe, i
REME ThHDH E BT, EXTAERIIEEZRTZERMONTND., ZOHIREOWEIL, L%
I3b &RV EY, Y, AREEFEORIANSIIICENT, BRI THEERFAIRTHY,
BB} HME D OBERIIR X 720, JEALOENICE Y, Fiiciedot, (LFRIEEOBBERHES
BT 22 3 BB O BT PE BT E O pF R IED TR L L HIZ, 7 VBB OVEKRT I D
EFEREDS I SN SN T E 2D, SR EMEREROMINCT T, 7 /VBBIOAEKRT IV EH
IZIXEN O ORHED b & LR 2 T FIEDRBE N EEND.

— 5T, AEAERILFORETIE, L7/ BEEALT 77 ay s b LIERFRREERDO AR,
RN TR > T ABNEME 2 R T AR E b S T FIEM LB OB EEENED T 74 7 3
HNVDOBFEIZE > TIRNT I EIETERW. £, 2O X ) RBEROBRIZBNT, R&EAERDH
R DN FME DR EITIEFICHE TH S,

2. TI ) BLAERT IV

TR BRIIR S TNIET R EEE INRX VIR E AT DA ORHT, [ UREIZ ZOOERER
ZHOT I iEe-T 2 /L L5 (Figurel). a—7 3 JBIIZ L OBE, o—RENPARFIRZRFThH
0, %R BT 20O T 2 JBRIE, 7V YU ERS TRTORFREMEAREZ G LTS, HIUE,
HIER EOAEMIZBNT, a7 2/ BRONFEREROEEITFHIN2< L KRIZF->TW5D. L, 1980
FRIZDKOT ARG XL Y UPHHIEOKRN TR LI TR, SEIERMED D KT
JEENFEREN, ZOBENHOLMNISNTERED., ZAITHEY, TETIED-7 2/ BII A A~—T
— L LTRHITERZED TND 2. ZOX D RERND, HFRMEEROEH 25 AT < B OM
R OLEENE £ > TE TV, £/, AHEENMEHS NS LIS, 7T ke
BKADBERT 2 2 L OEBEHDNRENTE Y., LER-T, BRCHETOT I ) BEER~DH
ODREED, YTV A MZIILOETIHET7 I/ BELRELHEZ eI TN D.

—J7, Y - AEMEIRD T, A ERRNICHFEET 27 IVEEEERT IV LS EERT IR
ZOWEND, hTa—EkEbLOhTa—LT Iy, £V R—=LEKRELOA LV K==L T Iy, £
)72 )= VEKELDOE) T ) =TIy, FT I EE O EL ORI T I IR D
(Figure 1). AR T 2> DL 1%, MMZEME E LT, HDWIERIEHICoWM S TR LE & L



Catechol group HO Indole group Monophenol group
COOH COCH : HO : NH, |
HoN=C=H H=C=NH, : j@/\/
R R ! HO !
L-Amino acid D-Amino acid Catecholamine Indoleamine Monophenolamine Polyamine

Figure 1 Structure of amino acid and biogenic amine.

THER RABIERE ORI IZ 30 o> T D 9. ZHLAERT I 0L IE7 X/ BARiEmE &+ 51
MR AR CAERNTEAIND. LTeR> T, AERT IV OABBREOMINICITERT IV Z20H 0
P TiERL, TORBHETHLT I/ BRLEO—Fotrnkoonsd. £/, b MIRLT, £
KN TREAE SN D AERT I ATMEPREMOBIROFRIE L L TRDL L2 T, 7LAF7 e LTA
KICEERT L bH DD, ZNOLDOEENRSITTE ICERLEZR I GEIITEETHD .

3. T BOXTF VO

WHRDT I VBB IOT X BEHEEROBIEREELE LT, BMEORRMEAZFIN LI#REY, 7
NEREEANCTUT AT LAY —IZFE S5 X T AF8MR0IE D, S 6121, P REEREZ R T
X LBEEME AW TIEINETOND.

il D-7 X VBOpHriEE LTE, B bBRLZFMT 2 0MERHVWLNTE . BERIE,
D-7 X/ Mz R AT D e R IS K o> TRLEUR A5 S Z L, o7 MRET =7, Wl
EARFEPER SN, ZNDOEMY EREARIED L IFEERE L OREN D ERT D LV ) FIETH
% (Scheme 1)9. Z i 5 DB O HE K RMENIKNT L1 D-7 3 ) BEOREZIET 5 DITITFEHE T
LM, WIFFED D-7 2/ BRICIENEZ K> TERT L2 EIFH L. Za2dET5HT, 4T
X, BERIEE I m~ NI T T 4 — 7 EOGBETFIEEAA DR T T FIER BT ST S 10,

X INHEMRIIETIE, A/~ NI 74 —BXOKEKI v~ N7 T 7 40— LD 0BT D —
B THL W, TAIZu~x 87T 74 —IZXD080TIE, FIAVFHERIEGEREE LT, £T7170
T LRNFIEMER B 7 v ) ROV B, 7 X BRICK LIS ERIL 2 TR A E LTty
% ik v~ N7 T 7 44— X DB TR, Fmoc-ClIZSesE % & 72872 FLEC 19X Marfey
REWLREDRHWON, VT AT LAY —ICHFEMT 52 L THONEIT Y. SREE DD ENEIREIT AT
MABEL 725 — 7T, F 7 NFHEMRAREIFEFICEMTHY, SraX EREVOITZEATH D
(Figure2). £7z, 7a~ 777 4 —DRBESREORE S EET, TO+3RREHIIIRMZET 5.

FINREEMEZHWEFETHE, 277X A N BO0XT L7 T o—7 00 73 ) EEH
WK CEEE LI TN T ARHAVGI, X NVERT I BB EET X B E DS
INFTRETH S (Figure 3). L2vL, iFEMILZE ERWVESENRY I VBONCITEES T, S8k
ATLER S L 70 % & & HIT, SRR BRI ORFT b L ETH 5.



Luminescence reagent - -

or / X
COOH g iioca COOH Fluorescence reagent Luminescence,

H=C~=NH, C=0 + Hy02 + NHj3 { or :
& R ‘Fluorescence’

Scheme 1 Amino acid analysis by an enzymatic method.

(+)-FLEC Marfey's reagent

Figure 2 Structure of chiral derivatization reagents for amino acid analysis.
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Figure 3 Structure of chiral stationary phase.

4. TI)BBIOERT I VOERSHT

T BB LIOEERT I o—Fofrike LT, ¥EEREKs v~ 7 F 7+ — (RP-HPLC, RP:
Reversed Phase)lZ & % 43Ef & B &b 74 (ECD: Electrochemical Detector) % #H 7+ & #>H 7= HPLC-ECD
ST 90, dtT LT Uk HPLC s O A< M & T4 . HPLC-ECD 434 Ti, EEFAIC
BKMED AL KF ZFEA LT b D& W= RP-HPLC 12X 0 7 2 VBB L OVERT 2 & 458k L=,
ECD Z3#r3%. Z o ECD JEITESILFANIEIE e W/ E S SRR i CRAM LR TT L 2 52 1T 7o RElS iR 5
B RET 272 OEEEORENFRETH D, FRICAERT I VEEZ G T 5 E IR RIET I &
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Scheme 2 Biogenic amine analysis by fluorescence derivatization.

WEDICHEHTHS. —F T, RP-HPLC O3 BfREIX 7 v~ N7 77 4 —DERMIC L VIERICELAESND
720, SHET ST R BRRERT S OREEN ST E iR SRt R 0T D 2 E NN e D

WIT LT UL HPLC AT, TRt a W % #oah B8k~ L 4548 U7= 1%, HPLC CToHfEL, &
o mEFICEVENE ST 5. FEERMAERIEEL LCE, RE IR LEZ W
1,2-diphenylethylenediamine 9% X U, benzylamine 20X° benzoin 7z EMEA S, H T a—/L7 2 %
AV R=AT IO HVWGND. THFETHE, BEETHLIEL Y246 L2EEE 20060,
histamine °7R U 7 X VED ST A HIREIC IR o 72, TRV AT T MR 6N L5720, BEE ORK
HIRATRETH 575, TS b EMITE T 2F M ERIEN R R 5720, REKRT I v O—Fni~D
A IEEE L.

5. YF-NMR & ZEAKRSE 53 F D5t ~D ) A

LFD 53 B TIEFE A H 7250 — L O— D03 G EIR24{E (NMR: Nuclear Magnetic Resonace) ©
H%. NMR DOFEEICEY, (LEMOREREITRBERICH EL, 5958 ITIIRHERNY —L L
725 7TW%. NMR Tif, H, ¥C, YFBIOIP RS EFIERBMANET 2 Z ENAHETH 503,



H R PR IRFITERE R BV, 2072, £ 6 OFED NMR o O - 2F i s LT, F 71k
B OREERIE DBy DoHT 2N BT DR L < s STV 5.

X 7 LA O H, PF-NMR (2 X DRGSR ETEIL, SeAEME e AL AT T Vb SR i &
JIESH, VT AT LAY —EERL, ZNLOFET T MEDZELZ /53HT LIS OYTE 21T 9 Tk
ToH 5. Mosher 512 &V B X417z Mosher 14 )% )0 12, HhidR - A 72 K 5 Mosher 1E D28k 29),
Trost 1k 072 ERHAE SR TWS. 2RO OFEIINMRICE D FESIEFMEORE L & Hig, Hxr
AREEORENFREEL 7250, 3FUZ BB L B0 b OF 7 AFHERERIEIIIEF ITHMTH 5.
ZHUTxE L, James, Bull H13kt5e L35 % 7 1{bEW & o-formylphenylboronic acid 35 & OVl 72 % 7 /1
Ui % W2 =6y 0 B CEARI7R NMR 0TS K D0 FMEDRERE %2 |E LT, mWEHEE
HTWD.

—J5C, BF-NMR % W2 A RERE S F O —F o HTEICBE L THBAICHIZES LTV 5. ¥F-NMR (3
MBI 7 MBI Z A L TRV IEFICOBEREN B VOB T, FMEORE LR H LIRS DR
EHLTWD. EAKRNITH 250K TRV TV DED, ¥F 26 >FS FI3ERIIC/FEEL
TV, 2O &) RlRlE, AFRREIO ST 21T 9 ETIEFIZHE L. ZOBLE D, Swager b1
T oFEFATHE YO PAd KR EZFIA LT I VEHSEERZ AT OREO—F oW D, FI L7
T VO F AT ORI L. ZOFIRIFEEARD Pd NI T R VO REF A BNEN T H Z L T,
TIVHET vFEEELEBICHT D PAdESR~EZLL, 7 U OFHEIZL Y PdESEAND 7 v FFE T DAL
T MENETHZ L BREDFERE LTV, xR 7 I UHICHEM T, ILUHMER S W—F T,
RIDVULEWN) EffiZe @B ELEL T2 2 0o OERMEICE L CIEEE S EZ R L T\ 5.

[ B
O — O O 7 (@)
N F”}ld N N
O o) El F3C N_Pld_N/, CF3
= (water) F F3CO m OCF3
OH OH C
FsC OMe H OMe B ¢ FoB !
Mosher's reagent Trost's reagent Swager's Pd pincer complexes

Figure 4 Structure of chiral derivatization reagents and Pd pincer complexes.

6. AT DL

PLEIZIR AR 785 D, ARFRSCITIE, AMEREOMEIRT T T <, BriozAlRERO—Bh b L9
72 BENMR (2L BT X VBREERT I OXTNVEB L —FoI FEOBRICI Y AR 2T L
7=,



AL, AFEimlci< RUENIOERIN TS, F—FETHE, 7 vFEo-HLI LT z=/LRe
VEEERE WX I AT I B RO X BEFEAERD F-NMR 12K D % T AT FEORKRE L —F
Hr~OIGHIZOWTIR AR 3, FEoHmB L OE = TIE, 57 vHBXV AT AT b NEERWZART
TUBXLOT X BRO BENMR LD —FEBIIT ORI OV T, EEOHNETIE, >0
7 v F# Y R— LA > N-(5-fluoro-2-formylphenyltrifluoroacetamide %4y +~7m—>7& L CHWS, 7
T UHD BENMR I X D SIRIEE R —F IOV THE T 5.

6.1. °F-NMRIZ X A7 XV BFEEKDF T Lo (B—F)

BEDF T N7 I VT I BEHERONFME LRGN S YENMR IZ XD —FITIREL
RN ETICRE SN TV, B—FTlE, £OX 2 2Fe/orFikE LT, James, Bull &
DOPTFECESE, FTAFHFEA L LTZIHTAFESR(S)-BINOL, 7 v HFEMELHA & LT o-
RVINT =R e SBEEE WX TART I VBB RO R BEIFEARO PFNMR 2K 5
X I NS T 5.

AT, 5-fluoro-2-formylphenylboronic acid, (S)-BINOL, triethylamine 3 XY 4A o — 7 RfFIE T,
CDCls F C=i, 10 70 CHREBULEM EHELTH & T, MBILEMDA X ) R u v A7 WAL ST
L, TOREHE YF-NMRIZE V52 L CIL3EOT X /A EERDO X T Vo2 fREL L.
F,ARAFEICLY 3FOT I BRI TR 2 —FEICRET H 2 LN AEETH o7 (Figure 5)V.
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Figure 5 Quantitative chiral analysis of the mixture of three amino acid derivatives by using **°F-NMR.



6.2. \F-NMRIC X B2 FE—%T I VEHO—F o (E_E)

IHETICHRE SN TOAAEBE LAY D YF-NMR I X5 —F O FEDIFE A L1348 RS E
AWEFETH L. 20X REflizBEeEiERE Vv E b, R GERISHRT 7 n—FIZ X
DEBLLRWNE NI BLEDND, 4 I UBRIZ L D 7 v REOBEAIZHESW YF-NMR IZ L 5 —F o F
EOBRFRICID AT, TORRELT, F_ BT, 7 vHBXVAT AT REEZAHLEZT IV
O BE-NMR IZ L 2 —F 0o FEIC OV THET 2.

AFETIE, &b BWAOEERE 27~ L7= 4-fluoro-2-hydroxybenzaldehyde % 7' vt —74y+ & L CH, iz
b2 m ED 7= O triethylamine 35 KX O'WHEFEAE TdH 5 4-bromofluorobenzene /F7E T, 6 FED KT I %A
Z CDsOD ™', #R T 15 RIS S E7-%, ZOREME YF-NMR ICE V0§25, ZORERE, 64K
DET2 % OF-NMR ¥ 7 FUREL, ZILHD T 7TV & ORIEDD 6 FEOAAKT I v % — I EMRIIC
B4 5 Z LN T2 (Figure 6). F£7=, MIERMROAEKRT 2 o OBERZ TOERLTEBL ZLick
D, EEIIMTBAETHLZ EEHLNIT L.

OH
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NH
| 2
HZN/\/\/NHZ H N/\/[N

OH
‘ (o]
HoN g~ SOSH
OH
J\ \ v
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Figure 6 Simultaneous analysis biogenic amines (serotonin, histamine, GABA, taurine, tyramine and putrescine)
by using **F-NMR.



6.3. ®F-NMRIZ X A7 X JBBO—F T (B=%E)

WoETE, B OETRELETEOT RV BAOEAICOWTHRET D, S5O0k E =M
R EENDT X VB EOEMESHICE L TOREFLIZDOT, ZOMELALETHET 5.

WEmg & U Cid, BiE & RIS, 7 r—74+FTd 5 4-fluoro-2-hydroxybenzaldehyde, triethylamine 35 X
ONEEHET H 5 4-bromofluorobenzene & 4 FEidD 7 X / % CD3OD/NaHCO3-Na,COs #&1# % (pH 10.0)

AVEIET, =EiRT L5 RFRHTET 25 L XS T 24 I VEBIFE L AERL, YF-NMRIZE V5T 5
LT AROT I BE—EICENRT S EEAREL L7z (Figure 7). ZHUZ KV, KREK T DLy
HSAIRBIZ R o T2 2 &0 h, EBROBMRED L D R EKY TV OUEIZEM TE 2HRNR b D.

o 0
OH

~102  -102.1 -102.2 -102.3 -102.4 -102.5 -102.6 -102.7 -102.8 -102.9 103
3/ppm (1°F)

Figure 7 Simultaneous analysis of amino acids in aqueous sample by using *°F-NMR.

6.4. H—ik7T I VED ZRTRIL—FLHHT (HUE)

B, B om O L REII R R R R e D70, 2&/%‘75)7" VDO —FHTIC
FHTEH/LI 2R, TO—FHT, ELEIN TV, iz, EEROIENRT 2 /*”E“Cz%
% n-butylamine & n-hexylamine @ X 9 (2 &E N FIEFIC L SEITEH L, Ml fﬁ@bﬁ"iﬂfi%%@? L2720
F 97 IVHOBHNI A TIERY. T2 TEHFIL, 2O NMR O THW S 7 e — 751 —FidA



I ZHBEOE 7 v REELSTHRITAEL, B2 OT7 v RIFETNT U OREIER R RHEE B 2 125 2
LT enTEUT, KVFFEMRBERRNELN, DTPRENBIRAOND EEXT. TOX DA
Hob &, BUETIIRRD 7 v FEL DT B =750 YF-NMR A7 kL O ZIRGTHIZR T I X
S TT I DR AT O ME OIENTRIRIZEE S W B 7 v B AT AT & ROERK L % OF|

DNTHRET 5.
7T, “o0E7vELEL O r—T 47 & LT N-(5-fluoro-2-formylphenyltrifluoroacetamide % 7
RS

W, TO7ua—745+¢ T I 8% CDOD H1, =R T 6 KB S8,
S %F-NMR > 7 b Rkt 7 2

YA AL
THA I H kzﬁ?ﬁb B % BENMR ICXE Y SHT LT,
E@kiﬂ@%Lt®%ﬁ®ﬁ@%¢ﬁE@ Y « HERIEEOF R 82

v heREETLE, T
ToFEFITFEM 727 2 /@f%LE"JTﬁ#*EEﬁ)TEEHj’C“% HT EWbNY, ZnCLY, ElBoFETIIHETS
HETH D b7 (Figure 8).
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Figure 8 Discrimination of various amines by 2D plot of 1°F-NMR shifts
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BENMRIZE BT I VBSBEEDOX T LS

B

ARNIZIET 2 VBEII LD, BECERT I VR EAFRER 28T DX 7 VRMEAMN LT
ELTWD. 29 0o 2% T LB PIENTIRZRIRNE % bk < AL SUGHECHEENE 2 B < D BRROPE TS L
WS, AN TOERRRE S BRLBENDDH. 2O b, X T/UULBMDRS I FHE DBk
EX, BEEARSOBROAHRE DT S DIITEFICBWTERICEETH L. —FH T, TF, Hilcn
AERFEL D3 HTE L LT ¥F-NMR ZFIH L2 0T FIED AR SN T D08, EEOF T 77T
VHERRT 2 BEEER O ME A IRAM T D BF-NMR (2 XY —FFICHE LB 2 E TlioEis
STV,

ARETIE, o-FRL IR Ui, FTILTA—NVBIOXFTIVE T I 2R -2k C4E
A7 NMR 4TI K B SR ok g (James-Bull ¥£) % YF-NMR 23T 2 L, REIFRZ2 5% CTH
-7z James-Bull JEIZHES < YE-NMR I K 27 X/ BEFHER O N FMEE DR EFIEORFE B KO, —F 57
B~ IC W THET 5.

KFEE, FT7LFHMALE L TCLMTAFEREY 2 (S)-BINOL, 7 v RZFEMAEMAHA & LT
5-fluoro-2-formylphenylboronic acid % V>, triethylamine 38 X TV 4A o — 7 A{F/E ', CDClz H T=il,
10 53 THBAL AWM LT 5 2 & T, dBLaMDA 2 ) Ru VBT 2T LREIT L, DR %
BENMR ICE VT2 2 & T I3 HD Y I/ WEFHEIRO S FMEE DOWRTEN FTRE & 72 0 1272 % T V57
HrREZML LT, 70, RFECK VD THEEM T 25 YF-NMRICX VY 3FEOT I/ BEFFEIRD
LY —EICRETHZ LA AREE L.



1.1. #E

EERNIZIET X 7BEIIUD, BEPERT I VR ERFIRBIRFE2HT 2% 7 1 72bEWH éﬁ(%’&f
ELTWD. 29 Woled T ALEWITSLAIEINE 2 R < AL BOGSHERIE G M 2 B < M ERR
WS, EERNTOERPRKRESE 2560805, L b, Fm2fiCh/=sB0 7 I/ BIL@EE
LA & L THATUCHFE L TV D03, ME-CHEFIC L Y D-IRO T I 7 EBEBNER SN D Z L BB 6227
ST, 2O, HFE, "MA~v—H—L LTEEINTVD Y. 7, AIEEERBLUBROHE
BAL 2B R B TIEX 7 UL B D 7 O RMAREED 53T 5 2 EMRERWAET —~D—>DT
HY, FHHEICAFARZLT I JBIIXITINELT 477 ay 7 L LTHERICEATHS 2. Zhvn
DEMMNG, EFOFEFICRLT, GRIEFOSBFIZHNTS, 7 I BT I/ BFEADOR 510
RO ELEORRBITEEND.

—75, Feam 5 il bk X7z & 38 0 Friz R AR REEL O Mk & LT PF-NMR 25 H L 72 0t L A
AT N TV D 3. 2L, BF-NMR AR T Dy 7 75 0 0 BB E2 = T1Ic< <, BER
BWZ &, SDICEFHERMEI NI ERIMO L T VDR LND > v TR TE D Z LI
LR LTV 5. Swager 5, B> H—HD Pd 5% 2 YF-NMR ICE DX T 47 X U FEO—F /04T
ZEREL L, OB TS LT 5 4. iy, James, Bull HI1EF 747 I HEO T
FEOWEFEL LT oAV INT z=)bha U, 7 VFERIEAE L TRMTCAFES T T LY
F=NBIOHROFIANT I O=naFM L7z HNMR TOGEZHRE LTS 9. 20
James-Bull {51%, F T2 RrF 7 I 0004 LIZHLEHA R CIHERICERATH LD, 7
NI OER & LTORIAS SHED TS, L LR 5, 20 James-Bull 5% °F-NMR (23 L 72
WEITIT E A E 7. 2009 412 James, Bull B HEHIZ X » THAE SNTF T 0 VA — L DS HE DOk
& FIEIL, (R)-1-phenylethylamine (Zxf 92 —HlD A TH Y 8, 2012 4212 Chaudhari, Suryaprakash © (2 &
o THE SN FIETITEMER RO OB B HmE SN TE Y, HFEMEOREITITE > THRN .

AREETIL, D X ISR E Td - 72 James-Bull 751233 < BE-NMR IC L A7 2/ B EED
PR D IE FIEORR B L, —For~OmEHIZ >\ TG T 5 9.

e 5O

(0] R R1 1
. H_N
F\©\)J\ H R4 OH (rac)-1-phenylethylamine n( o
+ —_— !
) y B
g-OH R,—>—OH o
1
OH Rs F
(rac) (S,R) (S,)

Scheme 1 Reported analytical method of chiral diol by James-Bull.
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12 FEREELE

1.2.1. FATFIEDOHENL

F9°, James-Bull EZFIHA L72 YF-NMR ICE A X T V7 2 VDO AR EFIEOWSI A HIE L,
PLFIZRT & 9 ICH 2 ORI 21T - 72,

1211 87 vRo-HRILINTz=)Lhu VEBRORE

BT VFOBNINT 2= VAR LBROT y FOMEDN, FRINDA I /A B X7 )L 3DV
T AT LA~—0 YF-NMR A7 RV ETOLFEY 7 MEDZE (AS)IZ ED L HITEEET 2 Ratd
<, BAANEIZT7 yRRFEATHET vH#E oAV INT =R U lac AW TERFZ21T-
7. ARETTIE, James, Bull HOHEMND, FT 0T A— & LTBINOL & W=k, AShbdA
R ARB VR ATV 3DASHIRKRE AT ERH LN TNDZ &G 9, T LEHER(LAl L
L C(S)-BINOL % F\y, /o#THER) 7 2 o & L C(£)-1-phenylethylamine (2a) % v 5 Z & & L 7= (Figure 1).

3-Fluoro-2-formylphenylboronic acid (1a)% H\ 72K, F-NMR A7 MLV ET oD 7L %2155 %
R L7o. RO G2 N FHINCHFE2(R)-2a B L OS)-2a ICHEA LI 2 A, 2O >y 7))
i,@mswe@ﬁsmmyﬁ%w?%@,V?x%vﬁv~ﬁi5m$v7b@h#ﬁiué’&ﬁ
HEMMWE otz Z DDA, 0.16 ppm ToHh 7= (Figure 1a). KIZ, CA-DLEICT vFEEHT5H
4-fluoro-2-formylphenylboronic acid (1b) % H 72 CIRBlBREN = L 12, H-NMR A7 kv BT, %t
T D ODYT AT LA~—"Th5(SR)-8ba &(S5,8)-3ba DT FIANRELNIZITE DD BT,
BENMR A X7 bV ET—20 3 7 F LG bHRH»o T (Figue 1b). % 72,
5-Fluoro-2- formylphenylboronlc acid (1c)& W72 IfiX, la DIGa Lk, 7 A7 LA~ — DR Wt Z
sx L7z (Figure 1c). BED AR TIE, lalZB W Tid BHRASZF727%, 3aa DILHIL 33% Th v FEH
Lﬁwﬁ%mbt.*ﬁf,%mmWéi%%kEﬁf%ok.:h%®ﬁﬁﬁ@éwi 3ba DILH
W% THDHZLHBETDE, BLOLIMEKEFEDOKESL LAFETFAZIRICFELTNDLERD
N5, ZORISOBEIRIZLEDOEESTIIIAMETH LI L HbH Y, ULOREND, KFIETH
WHET vH#Eo-RNVINT = =)bRa Ul E LT, 5-Fluoro-2-formylphenylboronic acid (1c) #8945 =
el

13



H Ph H Ph

N NS J.l
NN A N
Q Fi

|
3 .o s e
4 X H NH> (S)-BINOL B B
F:— 2 * }\ - 0 + O
Ph CDClg, r. t., 10 min. Q Q

¥
5 S7"17B(OH),
6
3-F (1a), 4-F (1b), 5-F (1c) (S, R)-3aa-3ca (S, S)-3aa-3ca

la-c 2a

a) 'H and 1%F NMR spectra of 3aa

with (S)-2a (S,S) JM/\ (S.5)
F 0
H with (R)-2a (S.R) (S.R) jL
CLr M

1a with (£)2a (S.S) 45=041ppm o o) (S.R) 45=0.16 ppm (S.9)
(33% vield) M Jk
5.4 5.2 5.0 48 46 -118. 8 -119.0 -119.2 -119.4 ~119. 6 -1189
&/ppm ('H) &/ppm (¥F)
b) 'H and "%F NMR spectra of 3ba
with (S)-2a  (S.S) ML J\ (S.9)
o Mo
F
\dH with (R)-2a M (SR) (SR) Jt
B(OH)2 Mo
1b with (+)-2a (8,5) 45=010ppm (g o) (SR) (S.5)
(28% vyield) i 1" i,
5.4 5.2 5.0 48 46 ~114.0 ~114. 2 —114_4 -114. 6 -114.8
& ppm (1H) & ppm(19F)
c) 'H and '°*F NMR spectraof 3ca
(8.8)

with (S)-2a  (S.5) f\NL\ ﬁ\
0
/@\/LH with (R)-2a (SR) (S.R)
F B(OH),
1c with (+)2a (5.5) A5=0.10 ppm (S.R) (S.R) A5=0.10 ppm (5.8)
(93% yield) M

5.4 5.2 5.0 48 46 ~103.0 -103. 2 ~103. 4 ~103. 6 -103.8
3/ppm (1) 8/ppm ()

Figure 1 Effect of fluorinated o-formylphenylboronic acid 1a-c and NMR spectra.
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1.2.1.2. Hr&RBORET

5-Fluoro-2-formylphenylboronic acid (1c)% 7 » HZiFEMRILF E LT, 7 I VBT AT VIR E &7
BENMR 2 & 2 WM O E T T2 St O 21T > 7= (Table 1). BiH, EREEHIC 1c &
(S)-BINOL, (=)-phenylalanine methyl ester (2b)% Nz, 10 3% % DIRAW % H 15 L OV 9F-NMR % v
THHrT 52L& Uiz, Mbmate LT, \EBEEORE, BN oRER X eV EIZ OV TRET L
7.

HIHIZ, CDClz & AWVRETT 5 &, v 7 F L BE-NMR A7 kL EIZEL, & O A 1:1.40 T
HoTz (entry 1). Z D OO TV, JEFANTHIE 2 (R)-2a 35 KL TUNS)-2a &= W IRIEEIZ 0T L7 &
:5,iﬁéné*o@y7z%vjvw@mem&wsemfﬁé’kﬁﬁ%éMk PN L b ST
TEEBMICKIGEHETT LTS AIEON VT AT LA~—0k d)iX 11 THDHZ b, TEMIZ
FORBHEIT L TNz ERbs. —F, H-NMR A7 kL B2 5RO (£)-phenylalanine
methylester (20)3HEFR XA, AR S35 3ch 1 77% T LS LN hoT=. D Z &b, (S,9)-3cb 23
EIERNC AR SN D ERI D FINBE TWD LRI,

Z 2T, 3chDIEF L2 S L, SESERUCEMEEHET2 2 & & Lic. &7, HIE % toluene-dg
BELOCDLCLIZETE L7=A3, 3ch DULRITZE LI 73%, 58% & =R D[\ EIZ R S5 7en - 7= (entries 2,
3). Toluene-ds TlE, 2b DIRIENHER S IIZA, CDLCL TIXIFEAEHE SN TV, L LAans,
(S) BINOL 2385 L72\ 1c & 2b DA LEMREIND A I U RIERY & L THER S -, Z OfERIX

B SINITHE LS 2. TG 28R T, 20 OEGFEE, 7232(S)-BINOL %+ UG &4
6%%#3@5 EBZ, T oRFEERIAITH D 1o 35 LO(S)-BINOL D 2b [Tk 5 /AT LR
MEITHIZE L LT, EEE 1c(L1leq), (S)-BINOL (1.2eq)d L7=& 24, 3cb DULERIT 88% & 7201,
ZTOLEDOArix 1:1.14 - L7z (entry 4). X512, (S)-BINOL ZH#EC L7 & Z A, dr i 1:1.09 £ Tk
L7- (entries5, 6). KiZ, X LRHNER EEZBEL, WNWOIFIZONTHREIT LTZ. A I VEREB
LTOR e VB AT VAERIIRAKRIS TH Y, DMK EZ LD EHERISTH D, £ 2T, RIGHRH
NHKRERET D2FCINKRGFEEZSERARETHDH EEXONDTZD, 7 aaRLAORKIZEL A
W 5315 4A Molecular sieves (MS4A) DUSIN & ik iz, & OFER, B 72 dr B L ORI FIZ R 57
Mol=b DD, 20 1XIFTE A ETHEE SN TV (entries 7, 8). LAL, CDCl, TOMFIRE & [FEEDREIA
DR SN, ZDOZ E0D, (S)-BINOL & 1c AR a VBT AT U bE LU h=RMICEITSE S
ZETIORDNEDN ENHIFFTE S, Au VBT AT VTR T CRETH D Z EDIRS DL
NCWAHew, WIRARNT 52 2B 2. £, HiEE LTIE, YF-NMR A7 MUVIZEED 720
HIHEILTH 5 triethylamine (TEA)Z W -, TEA ZIINT 252 L1k, ROM EE EHIZ, dro
KIE7edEN L o472 (entries 9, 10).

LMo T, b BWOHrsff & LCix, CDClsH, 5-Fluoro-2-formylphenylboronic acid (1c) (1.1 eq),
(S)-BINOL (1.5eq), TEA (0.5eq)3 XN MSAA ZIRINL7=5:MFETh o 7-.
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Table 1 Optimization of analytical conditions for phenylalanine methyl ester (2b). 2

(0] OMe O OMe
H H
0 1c ~ Iph X j\;Ph
(S)-BINOL [ :[ N [ :[ N
OMe Additive . B/O O c B/O O
NH, Solvent, r.t., 10 min. IO Q é Q
’ O O
(S, R)-3cb (S, S)-3cb
1c (S)-BINOL ” dr yield
entr solvent additive
y (eq) (eq) (SRiS,S) (%)
1 1.0 1.0 CDClg - 1:1.40 77
2 1.0 1.0 Toluene-dg - 1:1.95 73
3 1.0 1.0 CD,Cl, - 1:1.14 58
4 1.1 1.2 CDClg - 1:1.18 88
5 1.1 1.5 CDCl; - 1:1.24 92
6 1.1 2.0 CDClg - 1:1.09 88
7 1.1 1.2 CDClg MS4A 1:1.13 88
8 1.1 15 CDCl; MS4A 1:1.16 72
"""""""""""""""""""""""""""""""""" MS4A
9 1.1 1.2 CDCl; TEA 1:1.13 >909
(0.5 eq)
MS4A
10 1.1 1.5 CDClg TEA 1:1.05 >09
(0.5eq)

4Reaction conditions: Phenylalanine methyl ester (2b) was treated with 1c, (S)-BINOL in the
presence of additive in solvent at room temperature for 10 min. The reaction mixture was
analyzed by NMR.
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1.2.1.3. 7 X B AT )VIKEERIE TR

72 /EM*:T J BRI AT MRIZFEE T 554, SOClL 72 EDEFIZ L VAT O FIER— KR THD.
ZOWVoTHEBIZIET I VB AT A E LCERRSND. £2°C, 73 VB AT VD OEHR
fm‘n%é%m;@ﬂw 2, 7R B AT VAR W TZREO ST SIS OV TRRET L7 (Table 2). AfR
1 ClE, (=£)-phenylalanine methyl ester hydrochloride (2b-HC)Z W5 Z & & L7-.

ZHVETO James, Bull & DOHAETIE, Cs:CO31Z LV BRIEIANIZ T X/ B X 7 VIR YR D e & HL
DEREIEBICL Y, REMERET D FEZANTWER, BRI Cs:COz (2L v FHEhT I /BT
ATIMED T IMbE R LT 9 9, F72, 20T & I{biL Cs:C03 & KoCO3ZT 5 Z & THl
HflENDZEMDONoTND V. 2T, KIgFITHE, ETINOLOREMA A a2fiEE LTHWR
NS AR T=. KoCOs %ﬁﬁu\fziﬂAT LLIE L T AT LA~ —0 (dn)A3EI2F5 L <220 (entry 1).
FAERIZ, Cs:CO3 & W HEITB N TS BRIF2RERIIHE O o7z (entry2). —F T, L L
THMSIE T H 5 TEA %Jﬂb\é L 89% & BAFAULERT 3cb 233 AL, dr Bl L7 (entry 3). & H12,
1212.08ER%2BE L= & &%, 2b-HCI @i’ﬁ@a%ﬂﬁw FRE 20 ICBE X AT I NS TEA 134
BTHY, TOROMISERESEL72DI2E, EmIICA T THLEEXALND. £I T, TEAD
BEE 15 Y E~LEETH &, 3chiTE E!’J ﬁiﬁkéﬂ, EHLbREWST 27 LA~—0DH (1:1.06)% 5 2
7.

L7 oT, 7T /BB AT AEIZHLTHERDDEWSH LM E L TiE, CDCl #,
5-fluoro-2-formylphenylboronic acid (1c) (1.1 eq), (S)-BINOL (1.5 eq), TEA (1.5 eq)35 KON MS4A % s L 7=
FEchoT-.
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Table 2 Optimization of analytical conditions for phenylalanine methyl ester hydrochloride (2b-HCI). @

Os_OMe Os_OMe

H H
o 1c (1.1 eq) N Ph N Ph
(S)-BINOL N N
WOMe Additive . IIB/O Q . I13/O Q
NH; CDCls, MS4A, r.t., 0 Q 0 Q
HCI 10 min.
’ o8 o8
(S, R)-3ch (S, S)-3ch
entry (S)-BINOL (eq) additive (eq) (S Rd rS S) yield (%)
1 1.2 K,CO5 (1.1) 1:1.79 45
2 1.2 Cs,CO5(1.2) 1:1.55 63
3 1.2 TEA (1.1) 1:1.18 89
4 1.5 TEA (1.5) 1:1.06 >99

aReaction conditions: Phenylalanine methyl ester hydrochloride (2b-HCI) was treated with 1c
(1.1 eq), (S)-BINOL in the presence of additive and MS4A in CDCl; at room temperature for
10 min. The reaction mixture was analyzed by NMR.
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1.22. &7 I B AT IVETOX I Vo

121 TR SN EtEEZ A, &7 I VB 27 VEE (2b-n-HX)IZx L TOME 21T > 7
(Table 3). Ei%, CDCls (2 5-fluoro-2-formylphenylboronic acid (1c) & (S)-BINOL, 47 2/ fgm AT /LK
¥ (2b-n-HX), triethylamine (TEA), MS4A #lz, 10 73#%ZDRAW % H B L OV F-NMR % T
T oz s e L.

Z DOFER, (%)-phenylalanine benzyl ester p-toluenesulfonic acid (PTSA) salt (2c-PTSA)<°(=)-phenylalanine
allyl ester 2d)IZEBWVTH, ¥F-NMR A7 MLV ETREFRV 7 FIVOGEER RGN, T AT LA~—
DHITZENZEI 1:1.06, 1:1.04 & & I{K%Z 7R L7 (entries 2, 3). (=£)-Tyrosine methyl ester hydrochloride
(2e-HCI)<>(=)-tryptophan methyl ester hydrochloride (2f-HCI) Z W 7=35A12 b, ST 54 2 /A v Vig
T A7)V 3ce, 3cfIXRAFICARIN, EHIZ 1107 DT T AT LA~ —DLb&E L7z (entries 4, 5).
—FHT, TOXIBRT VAT T =VFERICES, o7 Bz ATAVEICBWTE, 43/ Rn
VR AT 3 DYT AT LAY —DILFEY T MEDE (AS) 1T/ EWEEZR L. Bl 2IE,
(%)-aspartic acid methyl ester hydrochloride (2g-HCI)Ti%, 0.12 ppm T& Y (entry 6), (Z)-valine methyl
ester hydrochloride (2h-HCI), (=)-leucine methyl ester hydrochloride (2i-HCI) Ti%Z #4141 0.04 ppm, 0.08
ppm & X HI/NE 7 fili&x LT- (entries 7, 8). (=£)-Alanine methyl ester hydrochloride (2j-HCI) %, 0.01
ppm DELNMGELNT, VT AT LAY —DhERET LD Z LITR#EETH o7 (entry9). LnL, B
% CDCLIZET 35 Z LT, ASOIEIX 0.07 ppm & H EL (entry 10), = AT /L& U VILIZET L=
(%)-alanine benzyl ester p-toluenesulfonic acid salt (2k-PTSA) Ti% CDCl3 {IZF T % 0.06 ppm D 2035 5 41,
T AT VAT —DWERETDHZENARETH- T (entry 11). £1Z, ()-phenylglycine methyl ester
hydrochloride (21-HCI)CiZ CDCls, CD.Cl, ® & H 5 DBAITB W T BIFMbHy 7 MEDZEITE D &
LNTE iﬁ Mo 72 (entries 12, 13). (=)-phenylglycine benzyl ester p-toluenesulfonic acid salt (2m-PTSA)%
HAWZHGAIZRBWTIE, ASOETX 0.03 ppm & CDCl; # T (F)-phenylglycine methyl ester hydrochloride
(2|-HC|)®L§: FfEZ R L7225, YF-NMR AXJ MV ETY Y —T Ry TN G270 T AT 1
j‘?H@kh%ﬁ%Tfﬁ"é%ﬁﬁf”ﬁ“@%o 7= (entry 14). (=)-phenylglycine allyl ester 2n)iZBW\TiX, V7 &
T LA~ —IC XD F T T MEOZEITMEGR S /e -7 (entry 15).

ZOERI, AFEEHNDHZ LT, YF-NMR A7 bV ETSEIERT I/ BT AT /UKD F
MRS 2 E BT CTE D 2 LRI S 4L7z.
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Table 3 Scope of amino acid ester. 2

O+_OR' O<_OR’
H I H T
1c (1.1 eq) N SRS
o TEA (1.5 eq) /Ej\)\ol\l R /Ej\ (r)xj R
R%OR' (S)-BINOL (L5eq) B O - B~ O
CDCls, MS4A, rt., o) Q o) Q
) .
o 8 8
2 O O

(S, R)-3 (S, 5)-3

19F NMR shifts dr

entry amino acid ester 2 HX A5 (SR'S.S)
1 o R'= Me (2b) HCI 0.36 1:1.06
2 OR  R'=Bn (2c) PTSA 0.41 1:1.06
3P " R' = Allyl (2d) - 0.39 1:1.04

(0]
5 QE/YKOR' R' = Me (2f) HCl 0.34 1:1.07
NH

6 R'ONOR R' = Me (29) HCI 0.12 1:1.08

7 HSC)YJ\OR' R' = Me (2h) HCI 0.04 1:1.07

8 HSCMOR- R' = Me (2i) HClI 0.08 1:1.08
CH3 NH,

a Reaction Conditions: Amino acid derivatives 2 was treated with 1c (1.1 eq.), (S)-BINOL (1.5
eq) in the presence of TEA (1.5 eq) and MS4A in CDCl3 at room temperature for 10 min. The
reaction mixture was analyzed by NMR. P TEA (0.5 eq) was used. ¢ CD,Cl, was used instead
of CDCl;. 9 Not determined. € Not distinguished.
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Table 3 Scope of amino acid ester. @ (continued)

O+_OR' O+_OR'
H j: H T
1c (1.1 eq) X, ST
o] TEA (1.5 eq) N™ R N R
R (S)-BINOL (1.5 eq) . g-° . g-©
OR' .
CDCls, MS4A, rt., 0 Q 0 Q
o o ® C
2 O O

(S, R)-3 (S, 5)-3

19F NMR shifts dr

entr amino acid ester 2
y HX AS (SR:S,S)
9 R' = Me (2)) HCl 0.01 n.d.d
O
10¢ HSC%OR- R' = Me (2)) HCI 0.07 1:1.04
NH,
11 R' = Bn (2k) PTSA 0.06 1:1.05
12 R'= Me (2) HCI 0.03 n.d.d
13¢ @ R'=Me (2) HCI 0.00 n.d.
OR'
14 NH, R'=Bn (2m) PTSA 0.03 1:1.01
15° R' = Allyl (2n) - n.d.c n.d.d

@ Reaction Conditions: Amino acid derivatives 2 was treated with 1c (1.1 eq.), (S)-BINOL (1.5
eq) in the presence of TEA (1.5 eq) and MS4A in CDCI; at room temperature for 10 min. The
reaction mixture was analyzed by NMR. ? TEA (0.5 eq) was used. ¢ CD,Cl, was used instead
of CDCl,. 9 Not determined. € Not distinguished.
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1.2.3. KFHEDOF T IILSITREORKRST

122.08K 0, SEIERT I /B AT /MRS L TARFENEN TH L Z Ldbnole. £ 2
THEHE D FE 72 % tyrosine methyl ester hydrochloride (2e-HCI)Z VY, — XYL SEEEHEE D Pk E 14k
I % HPLC 734 TORER & bbilit U, AFIED NP DR EIZ I 1T 2 A M DV TRRET L 72 (Figure
2). Bih, = F v FA4~—iElHE (ee)%x 75, 50, 20, 0, -20, -50, -75%I\ZZ L ALiH%E L 7= tyrosine methyl
ester hydrochloride (2e-HC)Z VY, RFENLHE LD ee BLUHPLCIE T LD ee 2R 7.

ZORER, &7 7y MIEE 1 OB E 1R L, HPLC ¥ & O REAZEN 5%LL F TARFIETO
HFHE DR TED FIEE T > 7.

ZOZEE, ARFEPEFMEOREIZBITOFIEL LTHAITEATHL Z L 2Rt T2. £z,
HPLC {EICBWTIE, 7 I /= A7 /WROFHIC X 0 ol 22 0B o ik A i3 2 BN H D 2
&R0, MRHERIZ UV 0L EERH 2 W D 7o O 8RNI & & T2 2R WB IR T X 7 BB = 2 7 WV TR AT 3
WEECTHDZ b, 7 /B 27 VOB 2R OWRECIRIIET X/ B A7 VED IS
MEDOREZRELTIH2RICBVWTHATEIAHTHD L2 5.

100

=100 -50 0 20 100

ee by The PresentMethod [%]
=

y=1.0103x + 1.9286
R?=0.9982

ee by HPLC [%]

-100

Figure 2 Comparison of ee values of tyrosine methyl ester hydrochloride (2e-HCI) between HPLC and the
present method.
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1.24. XFGNVT I )BT AT )ILO—FIEHE DR E

1.22. CTORFIIBWT, AT 54 2/ Ro VBT A7 /L 3Dy 7 MEIXT 2/ BOREEIC L -
TERRDLMEERL TN ZOZENL YE-NMR 2 V5 Z & TEHEOT 2/ B A7 VD A
H—EOHENORET DI ENAREERD EEZOND. £Z2C, ZfEOT I VB AT )VEDIE
AWt U ARTIEEEA L, WHME O E %2 A 7= (Figure 3). HI'H, 20%ee (D)-phenylalanine methyl
ester hydrochloride (2b-HCI), 80%ee (L)-tryptophan methyl ester hydrochloride (2f-HCI)3s & O¥(DL)-alanine
benzyl ester p-toluenesulfonic acid salt (2k-PTSA)DIREWIZxI L, AFiEZ2EHA L=,

ZORER, 6 DOV T FNADBHRINT. 122 X0 /oAb 7 MEND 6 DDV 7 FAREN
ZhRGT 5 3ch, 3cf, 3ck THDH Z L AMRLT-. S HICTTOREOMEND ee 2R H LML 2
T 5 & D-2b, L-2f BE O 2k 1ZFNZH 17.9 %ee, 82.2 %ee, 1.0%ee (T IK)TH-7-.

=
e o
o
AN
T
=
=
- '\jJ: O
o
N\

17.9 %ee | o | 82.2 %ee
LENE ! | !
i NH; /\© i i 1 L
L1 1 1.0%ee | ;
ol E e
L oL i :
D N i

) A J

102 -102.2 -102.4 -102.6 -102.8 103  -103.2 -103.4
8/ppm ('9F)

Figure 3 ®F-NMR spectrum of a mixed solution of (D)-phenylalanine methyl ester hydrochloride (2b-HCI,
20%ee), (L)-tryptophan methyl ester hydrochloride (2f-HCI, 80%ee) and (DL)-alanine benzyl ester
p-toluenesulfonic acid salt (2k-PTSA).
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1.25. FAHFTNATILTE FOEREARFIE~DOEA

ZHET, James, Bull & DOWFHE DR ERIZE SO TR L TE 20, ARISHRTIE, A U@
EX TNV VL DX TNAFEMRENLEL 2D, 7TV BOBEENRX T Vo2 BigT+ LT,
VSR 2 BUKIEDTRIEA~ L BT 5 2 LIIRERV. I VoAl BNT, Au Ui o4 —L
[Z X DB e VBT AT MEBOSIIMD CHREEE 725 LHETE 5. 22T, ¥ 7 AFHERILA
AT LHRL, HTREFRFTINERTLE T vHRERXU AT LT E REAWDZ L TT I VDI
MEORENFEEE 72D LB T,

1.25.1. FHXITIATILTFE ROEE

INETORGHERND, pAiD 7 vFEL oMK T NFEEZ O ENBNWIT AT LA~ —D 50k
Z BFENMR 27 MU ETOEBIITEDIINETHLEEZEZOLND. £ T oA FEAT D
FTINATATE R da ORMEEZT-. ZOXTATILTE ROT XTI EE, 8K Bilhy 7V~
ZIWZRVEGIZERATRTH Y, PIHIRETE LT, £OEMITHETF LT (Scheme 2).

L LT, 4a 7 0%DILR TH L.

WIZ, B LTI 7 0T e NdaZHWT, (S)-1-phenylethylamine (2a)lZxt L C, #FHE A L2
BTz, L L7 b, fEFeE LTA I baa DAERIIME Sv7eh -7 (Scheme 3). Z iU, o-fflZE
B oI NEERTDHIEICL D VEREENRRELS RGP EE RV EBZ I LN,

CHO
O B(OH), Pd(OACc), (5 mol%) O
F

Na,CO3 (1.2 eq) O
H + -
OO DMF/H,0O
F Br O

r.t., overnight

4a (90% yield)

Scheme 2 Synthesis of 4-fluoro-2-(1-naphthyl)benzaldehyde (4a).

H Ph
O CHO
F _D (S)-2a
O CDCl3, MS4A, r.t.,10 min.

(rac)-4a (R, S)-5aa (S, S)-5aa

Scheme 3 Derivatization of (3=)-aldehyde 4a to (S)-1-phenylethylamine (2a).
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ZOZEND, MAFTIERLS, B AFRKFZLZ L OFTIAT AT ROFEHETo72. T
& LT, R ZMieTm ) ) = EaAVnWD 2 LEE R, Irl) =0t Fa X ERoSEIC &
HRPORISHEEZMZ D ORELEZFAT 2 2 & 28 Liksh L.

ISR FF L2 T 70T Rdb i L-7 1 U /) —/v0 TBS {4::#{A& & 2,4-difluorobenzaldehyde & @
CERBEDORISIC I VAR RE TdH o 72 (Scheme 4).

O
0]
1) K,COg3, DMF, H
H NH 120 °C, overnight
" OTBS F N
F F 2) TBS-CI, TEA,
DMF, r.t., overnight TBSO

4b (10% yield)

Scheme 4 Synthesis of 4-fluoro-2-{1-[2-(1-tert-butyldimethylsilyloxymethyl)pyrrolidinyl] }benzaldehyde (4b).

1.25.2. FAIFILTLATE ROFH

AR LT-EHX I LT AT R 4b 2T, (£)-1-phenylethylamine (2a), (=*)-phenylalanine methyl
ester hydrochloride (2b-HCI)IZxt L CRFtL7=. B, CDClzH, 747k Kd4b, 722, MSAA B X
ONTEA Nz, 10 908 L72%, HEB X YF-NMR Z W THM+ 52 & & L= (Scheme5, 6).

Z ORI, 2a TITULR 23% T Sba DA HER S, F-NMR A7 FL ETOfEY: v 7 MEDZE
1% 0.02 ppm TR OREIXINEETH - 7= (Figure 4). —J7, 2b TIE, BUGERHEA 10 43 TlL s Dt
TINALNT, RIS Z 24 BFFHICT 5 2 & TROGOEIT R HEGR S 4, IURIT 5% Th o7z, AR S
NizA I 5bb DT T AT LA~ —D PF-NMR A7 hL ETOIbEY 7 MEDZL0.05 ppm TH Y,
FDOVT AT VA~ —DIE 1:1.07 & Bif 72l %~ L7z (Figure 5).

ELRDMETE LT, B2 BUKMEREECH D CD0D ICEE L, [FEROKISEETHRATLZ. Lx
L7223 5, H-NMR A7 kL EvD 65%DILRTA < 2 5bb DAEIHER SN2 b DD, PF-NMR A
7 MV ETE, ABFY T MEOZENR SN2~ 7.

ZORER, BT AT T e N b TOBKMEER TOX T NAGHTIIEEL R o>Tob DD, Z
N FE T L FEED CDCly & AV 725551213 (% )-phenylalanine methyl ester hydrochloride (2b-HCI)®D — k53 T
DX T NVGHRARE T D &R S HL7z.
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O H Ph H Ph

X, SRS
OO ot A0 O
F ﬁ CDCls, MS4A, r.t.,10 min. F ﬁ F ﬁ
TBSO TBSO TBSO

4b (S, R)-5ba (S, S)-5ba

Scheme 5 Derivatization of chiralaldehyde 4b to (=£)-1-phenylethylamine (2a).

O.__OMe O.__OMe
I T L
2b-HCl N Ph ~ ..__Ph
/@\)LH TEA (L.0 eq) N N
F ﬁ CDCls, MS4A, rt., 24h,  F ﬁ F \/ND
TBSO TBSO TBSO
4b (S, R)-5bb (S, S)-5bb

Scheme 6 Derivatization of chiralaldehyde 4b to (=£)-phenylalanine methyl ester hydrochloride (2b-HCI).

e

121 —121.1 -121.2 -121.3 -121.4 -121.5 -121.6 -121.7 -121.8 -121.9 -122
&/ppm (19F)

Figure 4 ®F-NMR spectrum of imine 5ba.
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U\

1203 -120.4 -120.5 -120.6 -120.7 -120.8 -120.9 —121 —121.1 -121.2 -121.:
5/ ppm (19F)

Figure 5 °F-NMR spectrum of imine 5bb.
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13. £¢ 8

EEIL, TIUBIOT I B 2T UEEE O ¥F-NMR |2 X % 5-fluoro-2-formylphenylboronic acid (1c)
B LNS)-BINOL Z HIW T L E FIE DRSS LT, RFIEOFIEL LLFITRT.

i, XTATIVEBIOT X BT AT VO OPER

D CDClz (1 mL)IC HAA Y (0.03 mmol), MS4A B X Y TEA (05 eq) & M %, * 212,
5-fluoro-2-formylphenylboronic acid (1c, 1.1eq)& (S)-BINOL (1.5eq)Z Mz, 10 4 5.

@ FEELIIRARE Y TN T 2 —T 1B L, YF-NMR 579 5.

@ /Bod —ODY 7T NAOREG I D IFEMEZ RN T 5.

0. 73w AT L O JEEHE DO E 1

(D CDCl3(0.3 mL)(Z HBYAE R (0.03 mmol), 3 LT TEA (1.5 eq)Z M2 FHENCH#ET 5. £ 212, CDCls
(0.7 mL), MS4A. 5-fluoro-2-formylphenylboronic acid (1c, 1.1 eq)& (S)-BINOL (1.5 eq)Z i1z, 10 43fE+#E
T5.

@ RELERAKEY I NF2—T12B L, 9F-NMR 9T 5.

@ \{HiD ZHODY T FNORE NG FE AT 5.

Flo, KAFEICEY 3HDT X /T AT VO 2 YENMRIZ K > T EIZRET 5 Z L
AL 7eoTe. I BT, Bl X TN X7 )T R4b ZH\W\5 Z & C, phenylalanine methyl ester
hydrochloride (2b-HCI) & @ — k53 TO PF-NMRIZ K B F T VR ARETH H Z & & R L7z, F& 1T,
O BENMR (2K 57 X/ BROEAR M ORTELEDORFE~D R0 &7 % & Wi
5.
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1.4. EBRFIE
1.4.1. 3Hrkéss

(@) 7 — VU =B HARE R R AEE  (FT-NMR)
Bruker %,  AVANCE- III-HD %! (400 MHz)

(b) EHEIAs n~ N7 T 7 EESHE (HPLC)
i SaNEer S SR VA YUY I L) L-7000 >V —X
At X A 48 CHIRALCEL OJ-H

(©) B fREEE &oHTiE (FAB-HRMS)
JEOL #t JMS-700 Mstation

1.4.2. General method

TR R ORI, TN ENAUbR L, FOCHBE T, U747 27, Aldrich 2 BiEAL, FFIZ
BHEFlczoEEFEA L. YUV SAB T A 7a~ NI T 7 4 —1X, 300 mesh O U 50
(Wakogel C-300 Silicagel)Z W\ TiTo72. TLCIX, YU BNV 60Fuss 2T A —FDEIZT L a— |k
L7cb D% Merck fE2 DAL, ZOFEEMA L. H-NMR, BC-NMR, ¥F-NMR A7 hUid, %
N1 400 MHz, 100 MHz, 376 MHz CHlliE L7=. JlEHAOERE L LT CDCls, DMSO-ds, CD30D,
toluene-ds, CDCl, ZfH L, {b> 7 ME § 1% CDCl; TiX TMS (8 0.0 ppm for *H), CDCls (8 77.0 ppm
for'3C), DMSO-ds TiZ TMS (8 0.0 ppm for 'H), CD3OD i CHsOH (6 3.31 ppm for *H), toluene-ds Tl
TMS (5 0.0 ppm for 1H), CD2Cl, Tix CH.Cl, (8 5.3 ppm for tH) 2 FE#E & L, & OFFXHME CIRE L=, 7=,
BENMR OREIL, v M5BTy 7V o IEB IO FO/RT A—2 —% - (Table 4). EH&
ML, m-NBA Z~ kU w27 AL LT, PEG200, PEG400, W/L kT ~—7 1621 ZEEKIEME & L
THAL FAB-HRMS [Z X W IlE L=, =) > F A~ —iFE=RILHPLC ([ LV iE LTz,
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Table 4 Measurement parameters of 1°F-NMR.

F2 - Acquisition Parameters AQ 0.7340032 sec
INSTRUM spect RG 202.39
PROBHD 5 mmPABBO BB/ DW 5.600 usec
PULPROG zgfhiggn.2 DE 6.50 usec
TD 131072 TE 296.9 K
NS 16 D1 1.00000000 sec
DS 4 D11 0.03000000 sec
SWH 89285.711 Hz D12 0.00002000 sec
FIDRES 0.681196 Hz TDO 1
CHANNEL f1 PLW2 12.00000000 W
SFO1 376.4607164 MHz PLW12 0.34228000 W
NUC1 19F F2 - Processing parameters

P1 15.00 usec Sl 65536
PLW1 16.00000000 W SF 376.4977312 MHz
CHANNEL f2 WDW EM
SFO2 400.1316005 MHz SSB 0

NUC2 1H LB 0.30 Hz
CPDPRGJ2 waltz16 GB 0

PCPD2 90.00 usec PC 1.00

1.4.3. 3T FEDOHESL

ARFFCHWS 18D, 109, 198 L 2b- HCIOFREHR O AR FIEIC L D ARk L7z, F£72, 2b X 2b-
HCI % faF1 NaHCO3 /KIZHK TULFR-4 % = & TiE7-. MS4A (% 300°C T 3 s ST/ B L=,
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1431 7 vRo-HBILINTz=)vhu VBRORE

F A RFa2—7H, CDClzs(l mL)& o-7R/L L7 = =L 1 (0.03 mmol, 0.0050 g), (S)-BINOL
(0.03 mmol, 0.0087 g)¥ L UN(=)-1-phenylethylamine (2a) (0.03 mmol, 0.0038 g)% filz, =R T 10 /e
L7, TORAREEREZ HEBLOPYF-NMRIZX D 75Hr LT-.

(S, R)- 3aa IH-NMR : 5= 8.48 ppm (s, 1H, -N=CH).
F-NMR : §=-119.13 ppm (s, 1F, Ar-F).
(S, 9)- 3aa IH-NMR : 6=8.30 ppm (s, 1H, -N=CH).

F-NMR : §=-119.29 ppm (s, 1F, Ar-F).

(S, R)- 3ba IH-NMR : 6=8.23 ppm (s, 1H, -N=CH).
9F-NMR : §=-114.39 ppm (s, 1F, Ar-F).
(S, S)- 3ba IH-NMR : 5= 8.03 ppm (s, 1H, -N=CH).

F-NMR : §=-114.39 ppm (s, 1F, Ar-F).

(S, R)- 3ca IH-NMR : 5=8.23 ppm (s, 1H, -N=CH).
9F-NMR : §=-103.30 ppm (s, 1F, Ar-F).
S, 9)- 3ca IH-NMR : 5=8.03 ppm (s, 1H, -N=CH).

9F-NMR : §=-103.40 ppm (s, 1F, Ar-F).

1.4.3.2. 3H B OWRE

TANFa—TH, FZERE (1 mL) & 5-fluoro-2-formylphenylboronic acid (1c), (S)-BINOL, @it
X UY(=%)-phenylalanine methyl ester (2b) (0.03 mmol, 0.0054 g)Zh1%, =L T 10 L L%, FOERE
Wi %2 TH B8 LV F-NMR IZ X 0 5#T L7=.

1.4.3.3. 7 X )BT R T VAKERRE TORG

7 A KF =2—7H, CDCl; (1 mL) & 5-fluoro-2-formylphenylboronic acid (1c), (S)-BINOL, #-#sin®y,
MS4A F5 X UY(=)-phenylalanine methyl ester hydrochloride (2b+HCI) (0.03 mmol, 0.0065 @)% /il %, =& T
10 /3#E L7ztk, ZORBEIREY 'H B L OV F-NMR IZ LY T L7z,
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1.4.4. K7 X ) BB XA T )UK TOMST

AIRFTCTHWL T X/ T 27 VRIEREH 2c-n- HXWOIIRER O FIETER LT,

T A NF 2—7H, CDCls (1 mL) & 5-fluoro-2-formylphenylboronic acid (1c) (0.033 mmol, 0.0055 g),
(S)-BINOL (0.045 mmol, 0.0130 g), TEA (0.045 mmol, 6.23 uL), MS4A B LT 2 / e A7 VIR
5 2b-n-HX (0.03 mmol)Z il 2, 2R T 10 3fifk L7212, TOIREGERZ H B LV F-NMR (2L Y 4
Bri7z. 2d-HX, 2n-HX TOFEFTiX, TEA (0.015, 2.08 L) TiT o /2.

(S, R)- 3cb 9F-NMR : §=-102.20 ppm (s, 1F, Ar-F).
(S, S)- 3ch PE-NMR : §=-102.56 ppm (s, 1F, Ar-F).
(S, R)- 3cc PE-NMR : §=-102.22 ppm (s, 1F, Ar-F).
(S, S)- 3cc BE-NMR : 6=-102.63 ppm (s, 1F, Ar-F).
(S, R)- 3cd F-NMR : §=-102.18 ppm (s, 1F, Ar-F).
(S, S)- 3cd PE-NMR : §=-102.56 ppm (s, 1F, Ar-F).
(S, R)- 3ce 9F-NMR : §=-102.43 ppm (s, 1F, Ar-F).
(S, S)- 3ce BF-NMR : 6=-102.78 ppm (s, 1F, Ar-F).
(S, R)- 3cf PF-NMR : §=-102.71 ppm (s, 1F, Ar-F).
(S, S)- 3cf P¥F-NMR : §=-103.05 ppm (s, 1F, Ar-F).
(S, R)- 3cg 9F-NMR : §=-101.81 ppm (s, 1F, Ar-F).
(S, S)- 3cg P¥F-NMR : §=-101.93 ppm (s, 1F, Ar-F).
(S, R)- 3ch PFE-NMR : 6=-102.43 ppm (s, 1F, Ar-F).
(S, S)- 3ch 9E-NMR : §=-102.47 ppm (s, 1F, Ar-F).
(S, R)- 3ci P¥E-NMR : §=-102.40 ppm (s, 1F, Ar-F).
(S, 9)- 3ci E-NMR : 5=-102.48 ppm (s, 1F, Ar-F).
(S, R)- 3¢j E-NMR : 5=-102.29 ppm (s, 1F, Ar-F).
(S, S)- 3cj BF-NMR : 6=-102.30 ppm (s, 1F, Ar-F).
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(S, R)-3cj (CD.Cly) **F-NMR : 5=-103.46 ppm (s, 1F, Ar-F).
(S, S)- 3cj (CD.Cly) ¥F-NMR : 6=-103.53 ppm (s, 1F, Ar-F).

(S, R)- 3ck BE-NMR : 6=-102.26 ppm (s, 1F, Ar-F).
(S, S)- 3ck PE-NMR : §=-102.32 ppm (s, 1F, Ar-F).
(S, R)- 3cl P¥E-NMR : §=-102.00 ppm (s, 1F, Ar-F).
(S, 9)- 3cl PBE-NMR : §=-102.03 ppm (s, 1F, Ar-F).

(S, R)- 3¢l (CD2Cl,) **F-NMR : §=-103.09 ppm (s, 1F, Ar-F).
(S, S)- 3¢l (CD2Cly) 9F-NMR : 6= -103.09 ppm (s, 1F, Ar-F).

(S, R)- 3cm 9F-NMR : §=-102.01 ppm (s, 1F, Ar-F).
(S, S)- 3cm 9F-NMR : §=-102.04 ppm (s, 1F, Ar-F).
(S, R)- 3cn BE-NMR : 6=-102.00 ppm (s, 1F, Ar-F).
(S, S)- 3cn 9F-NMR : §=-102.00 ppm (s, 1F, Ar-F).

1.45. KFHEDOF T IIVHITREORKRET

TF T A~ —imEIRO R DY 7L L-tyrosine methyl ester hydrochloride (2e-HCI)$ X Y
D-tyrosine methy! ester hydrochloride (2e-HCI) & HWCFRHL L 7-.

7 A hFa—7H1, CDCl;s (1 mL) & 5-fluoro-2-formylphenylboronic acid (1c) (0.033 mmol, 0.0055 g),
(S)-BINOL (0.045 mmol, 0.0130 g), TEA (0.045 mmol, 6.23 uL), MS4A I3 L O T /L o %72 % tyrosine
methy!l ester hydrochloride (2e+HCI) (0.03 mmol, 0.0070 g)& %, =i T 10 DfEFR L7121, T ORARIK
ZHBLOEF-NMR LV oHr L7z,

X 7 VR D 72 % tyrosine methyl ester hydrochloride (2e+ HCI) % 31 NaHCOz /KA CHLEES 5 Z &
T1572 tyrosine methyl ester (2e)% HPLC Ti#lliE L 7= (column: OJ-H, eluent: Hexane / 2-propanol = 90/ 10,
0.5 mL/min., wave length: 220 nm, retention time: 23.4 min (L), 25.1 (D)).
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146. ¥FTGNLVT I B AT ILO—FIFEMEDORE

Tl T A —mEIEREDO R 5 Y7 LiE, D-phenylalanine methyl ester hydrochloride (2b-HCI),
DL-phenylalanine methyl ester hydrochloride (2e<HCI), L-tryptophan methyl ester hydrochloride (2f<HCI),
DL-tryptophan methyl ester hydrochloride (2f+-HCI)33 & T DL-alanine benzyl ester p-toluenesulfonic acid salt
(2k-PTSA)% VT CDCI IZIEE DR TN T Z & TRk L.

7 A FF2—7H, CDCl; (0.8 mL) & 5-fluoro-2-formylphenylboronic acid (1c) (0.066 mmol, 0.0110 g),
(S)-BINOL (0.09 mmol, 0.0260 g), TEA (0.09 mmol, 12.46 uL), MS4A 35 X OVUEIZHR%E L7-iA#K (0.2 mL)
ZINZ, =R TI10 o L72%, TORGHIEZ H B LT YF-NMR 2LV 7547 L.

(S, R)- 3ch E-NMR : §=-102.21 ppm (s, 1F, Ar-F).
(S, S)- 3ch PBE-NMR : §=-102.57 ppm (s, 1F, Ar-F).
(S, R)- 3cf 9F-NMR : §=-102.83 ppm (s, 1F, Ar-F).
(S, S)- 3cf 9F-NMR : §=-103.13 ppm (s, 1F, Ar-F).
(S, R)- 3ck BE-NMR : 6=-102.27 ppm (s, 1F, Ar-F).
(S, S)- 3ck PE-NMR : §=-102.33 ppm (s, 1F, Ar-F).

147. BHEIXSNATNLATE FOERK

1.4.7.1. 4-Fluoro-2-(1-naphthyl)benzaldehyde (4a) DA FL W

TNIL Oy 2L 7%, DMF (1.4 mL), H.0 (0.7 mL)H, 2-bromo-4-fluorobenzaldehyde (1.0 mmol,
0.2032 g), 1-naphthalene boronic acid (1.2 mmol, 0.2064 g), Pd(OAc); (0.05 mmol, 0.0112 g)35 & T Na,COs3
(1.2 mmol, 0.1272 Q)& iz, =BT WE#R+T 5. ZD%, BI74 FAEL, BONEEKI S EtLO
TAHAWNL, Huf NaHCO3 KA & brine THFT 5. AMEEZBITE L L%, BohmiREWmET Y
AN TI T A~ 27T 74— (Hexane : EtOAc = 9 1) CTHEiKH® L ZHIKAE TH 5
4-fluoro-2-(1-naphthyl)benzaldehyde (4a)%#%7= (0.2251 g, 90%). H-NMR (400 MHz, CDCls): 6=9.53 (s,
1H), 8.15(dd, J=8.8, 6.0Hz, 1H), 7.95(t, J=7.6 Hz, 2H), 7.58-7.40 (m, 5H), 7.30-7.25(m, 1H),
7.16 (dd, J=9.2, 2.4 Hz, 1H) ppm. BC-NMR (100 MHz, CDCls): §=190.39, 165.67 (d, Jcr= 255.7 Hz),
147.15 (d, Jer= 9.3 Hz), 134.18, 133.43, 132.38, 131.56 (d, Jcr= 2.8 Hz), 130.08 (d, Jcr= 10.0 Hz), 129.14,
128.49, 128.05, 127.08, 126.40, 125.44, 125.03, 118.53 (d, Jcr=21.7 Hz), 115.78 (d, Jcr= 21.8 Hz) ppm.
9F-NMR (376 MHz, CDCls): & = -103.56 (1F) ppm. HRMS: calcd. for Ci7HuFO ([M]*) 250.0794 ; found
250.0789.
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1.4.7.2. 4-Fluoro-2-{1-[2-(1-tert-butyldimethylsilyloxymethyl)pyrrolidinyl] }benz-
aldehyde (4b) DA ER

TN TFOY a2 b 7%, DMF (4 mL) ", 2.4-difluorobenzaldenyde (5 mmol, 0.7105 g),
(S)-2-[(tert-butydimethylsilyloxy)methyl]pyrrolidine!? (5.25 mmol, 1.1309 g)3 & O K2CO3(5.25 mmol, 0.7256
g)% 150°C CT—MefiHE L7, |IRIZHO L, W2 TR £ 5. 0% HO0 12XV 7 = F L, EtOAC
TAR L 721%, faf NaHCOs KIEIK CUei3 2. AHME 2B/ % L 7=, DMF (10 mL), TBDMS-CI (5.5
mmol, 0.8250 g), imidazole (22 mmol, 1.4960 @)% /1%, FEIR T BRI 5. WEZBIEE £ L%,
CH:Cly Tl L, fafn NaHCOs /K¥#E & brine TSI 2. AMEEZBIEREEL, HFonlcikiks V&
A4 7 JL GPC 2 LW HBEKERT S Z & T, RAWKIKTDH D 4fluoro-2-{1-[2-(1-tert-
butyldimethylsiloxymethyl)pyrrolidinyl]}benzaldehyde (4b)% %57- (0.1683 g, 10%). H-NMR (400 MHz,
CDCl3): §=10.04 (s, 1H), 7.69(t, J=8.6Hz, 1H), 6.43(dd, J=8.8, 2.0Hz, 1H), 6.23(dd, J=14.4,
2.0 Hz, 1H), 3.95-3.90 (m, 1H), 3.68 (dd, J=10.4, 4.0 Hz, 1H), 3.53(dd, J = 10.4, 3.2 Hz, 1H), 3.47-3.42
(m, 1H), 3.29-3.22 (m, 1H), 2.14-2.02 (m, 4H), 0.87 (s, 9H), 0.05 (s, 6H) ppm. C-NMR (100 MHz,
CDCls): §=185.26, 166.79 (d, Jcr=253.7 Hz), 153.59 (d, Jcr=12.8 Hz), 130.11(d, Jor= 4.6 Hz), 113.22
(d, Jcr=8.7 Hz), 108.56 (d, Jer=1.2Hz), 97.79 (d, Jer=25.0 Hz), 62.76, 60.38, 48.75, 28.21, 25.86,
23.03, 18.24, -5.43 ppm. °F-NMR (376 MHz, CDCls): 5= -120.47 (1F) ppm. HRMS: calcd. for C1gHzoFO2NSi
([M+H]*) 338.1951; found 338.1943.

1.48. FEHEXFINTILTE ROFIH

Scheme 3

7 A hF 2 —7H1, CDCls (1 mL) & 4-fluoro-2-(1-naphthyl)benzaldehyde (4a) (0.03 mmol, 0.0075 g), MS4A
B X UY(S)-1-phenylethylamine (2a) (0.03 mmol, 0.0038 g)Z Nz, =RIL T 10 W L7-1%, T DIRARIK
ZHBLOOE-NMRIZE 0 3T L.

Scheme 5

7 A b F a2 = T H CDCl; (1 mL) &  4-fluoro-2-{1-[2-(1-tert-
butyldimethylsiloxymethyl)pyrrolidinyl]}benzaldehyde (4b) (0.03 mmol, 0.0101 g), MS4A K L T
()-1-phenylethylamine (2a) (0.03 mmol, 0.0038 g)% %, ZEiRA T 10 Rk L7z, T ORAERE H
FBELOF-NMR 12 X0 55347 L7z,
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Scheme 6

7 A b F o — 7 H CDCls; (1 mL) & 4-fluoro-2-{1-[2-(1-tert-
butyldimethylsiloxymethyl)pyrrolidinyl]}benzaldehyde (4b) (0.03 mmol, 0.0101 g), MS4A I L O'(=*)-
phenylalanine methyl ester hydrochloride (2b+HCI) (0.03 mmol, 0.0065 g) % /il %, =ik T 24 By[E#E#: L 7= %%,
Z DOIRATRR % H 3 L OV F-NMR 12 X 0 4347 L7z,

1.5. &3k
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BE
BENMRIZEBE—RT I VEHO—FoHT
e

Y - AW E DT, IR AERNICHEET 27 I VEEERT I L. BERT I UI3E o
ENS, BT a—VEKELOITa—LT IV, S R—=VEKELOA LV R—=ALT IV, /7=
J—IVBELOT ) T2 ) =N T 2, FET 0 EETOUEL ORI T I AIGEENDS. LR
TIDELIE, MRBEME L LT, &HD5WIIMRETIC W S THRFRLE - & LT A 72481
BROREIZ )b o TWD. £, b MIRELT, AERNTELEINDERT I VIR OB
DFEEL L THRDLAHTET TR, TUVAT U E LTARIZEEZRTZEH D70, TNLOERN]
ST E IR ZER I HBEITEECTH L. — 5 T, EFEEEAEY O F-NMR 2 L 5 08 FIE T,
BRI LT, SERRTLEECO—F oA REE 225, L LR b, Wi STV 5 4ABEM:
LA D BF-NMR IZE D —F T FIEDIZ & A EIXEREERE AW T-TIETHS.

ARETIE, 20 X5 REili/e BB S BEEEREZ VR WARRKISH R T 7a—F & LTERKRT I VD
TR EEAI ERIIERT LB, TyREFEAT LI ETOMTY T MEOZE{LEFRIA L2
BENMR 2 & 2 —FEMESIT FIEL LO—FEESIT ~OEHIZOWTHET 5.

AT1E1E, 4-fluoro-2-hydroxybenzaldehyde % 7 v —=>7 /37 & L CHU, triethylamine 35 X O\WHEHEC
& % 4-bromofluorobenzene f77E T, %47 X L4 CD:OD 1, =iR T 15 KRG SB-%, ZDRE
WE PF-NMRIZE V0T 5. KRFEEZHND Z LT, 6 EOAKRT I &2 —EICEEMICHBIT5 2
ExAREE LT, 7o, MERSBOANRT I v OfEREZ TOMER L TH Z LTk y, BEWHh»rs
SHROERT I DERIMMTB AR THD Z LB LM L.



2.1. #&E

BART I ATAERP TR & 2B 248 O BHEL R TGk e Th 5. rim 2 BiThid~72L BV,
FRICHIRARTEME & L CO®REIZ RT- L, EERNOREA RERBIEIC Db o> T D V. S 5ICiTAE
RO OFEIR L 720 il ETOEERGITRGEME 0D 2. ZRETITEKRT I v 0—
FoHrFiEE UL, FimdfiC bR _7z LB, Mix 22 @ CEMANR FENRE SN TN,
L2 L7273 5, RP-HPLCIETIE, T 27 I/ BeCAKT X ORI LT & il 72 5y eGSRt & 7
DT LT ENRETH Y, HIET LT~V HPLCIETIE, ohrxtG b aW i+ 2 758 A bak 3 B 7
L8, BAEERT I O—FOF~OBEAITHE L E VS FREL D NS TEER TS, Lo
TRV EERATLEE T2 LB L LW T FEDORRE N EE L 25, — 5T, ABEME(LEH D
BE-NMR IC X 20 FiETIE, mBZLEE ST, BERFILE TORTRETH Y, LR Lz
AR L D D FEO—D>THDH. LML, Swager HDE L H—T Pd A 9% Z U E LT, MES
ATV D AEFIEMLAEM O BF-NMR IZ L2 —F 0 FEDIZ L A LT Bk E W FIETH S.

ZIT, 2O L) hElieBEBeRSRE VT b, SEAERKOGHNRT e —F Ik 0 AEERT
LVO—FONMEBLTE 0N B2, B—RICBWT, FEIL, T VBHEEROT I ErAa
IREITERT DL LB, Ty REEATHIETORENMR ICEBWWTEF Y 7 MEIZENAETLHZ &
DL E oo, ZORMRILT X BFHEEOHEEDOEWVZLY, AU TND Z &I2E ) RHUEZR <,
A UL D7 v FEOE NI BF-NMR I X5 —F 0 FIEOBRENAIRETH D LRIE X
A% (Scheme 1). F72, NMR IZEBWTHEEKREZ —FICEESHT 2T 5 ETHET NI ANRN D)
#Tons. OEKRENIKZ G-, BIREICHEKEOEEAF R T 20 ERH 5. @ 7 F LR
BERDLZ RGBT HMERD L. QFEESHT D5 ETIE, HOOFHLEERIE 100%HEIT St 5 0%
DD, THOEOREREMITHZ LT, L0 ERANRON FERHLISND.

INHDI L EERT, KETIE, 7 vHERXVATATE REZHW, &7 I 0125l I
FERAEENRN S 7 v R E2EANTHZ LT, BF-NMRICEDE T 2 VHHO —F NN HETH
HEMGL, RISRHEBEIOE 7 vBXUXT AT e ROBER EOEMRITEE, AET7 I Th
% tyramine O —FE BT ~DJEAIZ DOV THET 5 9.

19F.NMR analysis

O
A N R ! Detection by chemical shift |
Cw " R C}E:[\N : imi :
i N-R — P ! imine .
Z R R : aldehyde a b c |

aldehyde amine a.b..... imine a.b..... .

Scheme 1 Strategy of simultaneous analysis of amine by 1°F-NMR.
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22. MR LELE
2.2.1. FIEIRRET

FT, MIDICT I HEITH LT, KPTLRERA IVERKTHZENRMOLIALTND 0-FLVI VT =
=R UEREREATHE T v FELEWMTH D 4-fluoro-2-formylphenylboronic acid (la)x 7'm—7' &
LCHRIF L, HHiRE %7 2 Th D nbutylamine (2a)lB W CTORMER LY, ¥F-NMR (ZBI1T 5
b5y 7 MZHOWTHFT L7 (Scheme 2). EIH, DO HiZ 4-fluoro-2-formylphenylboronic acid (1a) &

n-butylamine (2a) % Nz, —BfEEEL, 50 N7TZIREREE H-NMR 8 XU °F-NMR 7347 L 7-.
O
F F X
oLy, o oo
B(OH), D50, r.t., overnight B(OH),
1a (3.0 eq) 2a 3aa

Scheme 2 Derivatization of 4-fluoro-2-formylphenylboronic acid (1a) to n-butylamine (2a).

HE)L 354 2 3aa 136K 11% TH 541, 4-fluoro-2-formylphenylboronic acid (1a) & A 2 > 3aa &
? VE-NMR (21T DL 7 MEDZEAS (51a-63aa)lE 3.31 ppm TH W HFFE Y, K& @iy 7 b
ZBAL 7.

WIZ, F—fkT 2 12 aniline (2b) & VT, JEIE & & RIERICHFT L 7= (Scheme 3).

X L L
F F N
N
D50, r.t., overnight B(OH),

B(OH),
1a (3.0 eq) 2b 3ab

Scheme 3 Derivatization of 4-fluoro-2-formylphenylboronic acid (1a) to aniline (2b).

HiNE 354 I 3ab i, BERITEHTE R0 H DD, H-NMR 27 b EIZA X 3ab DR
) 7e s 7 v s /L 6 j, 4-fluoro-2-formylphenylboronic acid (1a) & - X > 3ab & DAS (81a-83ab)i2.70 ppm
ThHY, £ I 3aa LA 2 3ab 2BV T, YF-NMR IZEITA{L5 7 MEIZ 0.61 ppm DOFERNA T
LHEEMR L. —FHT, EHLL0T I VERWEEA LB ERITEY. ZiE, BKEES A IUE
FRES & A 2 DIIKRSIRDTFHRIRAETH 5 Z LICERTHEEZOND. ZOZEMND, RHALEF
L, flix D7 I TOLFEY T MTOWTHRRIETITH 2 & & L.
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2.2.2. 4-Fluoro-2-formylphenylboronic acid (1a)iZ & 2 —#% 7 I VI TORE

R % D20 55 DMSO-dg & H0 DIRATR (VIv = 2/1)IZZ8 5 L, 4-fluoro-2-formylphenylboronic acid (1a)
ZHAWT, SESEREHRT I VEHTOAMEIZ OV TG LT- (Table 1). BiH, DMSO-dg/ H20 (viv =
2/1)H11Z 4-fluoro-2-formylphenylboronic acid (1a) & 5 —#k 7 I > 2 ZN%, —BREEEL, SONTZREGE
% H-NMR 3 L OV 9F-NMR 5341 L 7=,

HEWiR D% —Hk T 2 L ¥ETH 5 n-butylamine (2a), n-hexylamine (2c), n-octylamine (2d), isopropylamine
(2e)3 L O* cyclohexylamine (29) Ti, H-NMR A~X2 FL ETxfIind %A 2 2 3aa, 3ac-3ae, 3ag D7
FURHER S HL, BF-NMR A7 bV EIZIET VT b R la SI3B e 8770y 7 A nBini-. Z ok
DASEIT 3.60-3.61 ppm T, 1T & A CRBEDILES 7 MlZ R LT (entries 1-4, 6). — 1T, NEMHEDE
—#% T X HETH B tert-butylamine (2f) TIE, A > 3af DAERKITHER TE T, RS TH 72 (entry 5).
WIZ, BHEBEE T I TH D aniline (2b) TiX, 1 22 3ab OAEITAIEETH Y, IEMET I 48
LT D57 MEDZE (240 ppm) 2B L, FIHIRE (2.2.1.) T 3aa & 3ab DILFT 7 MED
7% (0.61ppm) L W K& 7275 ThH D 1.21 ppm 5272 (entry 7). Z O aniline (2b)IZEHIL A2 A L7245 —#k
T UHETIE, mAz, phLicZ v e EAE TS 2k, 20 TIEEAENRIGST D 3ak, 3al AL, ASHE
12 1.81, 211ppm &R B bFy 7 MEOZEEZ R LN, o-(ICE#ILEZ L >7 22 2h-j, 2n, 2m T
134 2 U DERITHET Leh > 7= (entries 8-14). Z 4L, tert-butylamine f) COFER L BET 5 &, &
PRI KD REMEORT LD &7 I HiEFONEREEFICLOBENREVWEHREIND. &KEIC
benzylamine (20)35 X NZE DR P IALIZ A F VI % AT 2 1-phenylethylamine (2p) & cumylamine (29)iC
OWTHFI LTz, ZOfER, SAEED/NEU 20, 2p TiEA 2 2 380, 3ap DEMRNATRETH Y, ASHE
IXZENZ43.35, 3.01lppm &7, RIGET X U EEFET I U OASEOR OfE%A 7~ L7z (entries 15,
16). —J7, 7 2/ ST SRR A - 72 cumylamine (20) Tl A8 © BUGSOEITIZ R B e
7= (entry 17).

KBEFNG, BT I VHOFEDE VT LY B2 0077 MEOZEEZ/{TD Z LR RETH -7
D8, SARFBEEIZ X D BOGSHEDAR FOMRIIE T I HAORIIRRICEREN R o7z, Ledi-> T, ROSHED
F <, A L UERRRIC BF-NMR A2 MV ETRWOBEREZ A LG 7 v #BRXU AT AT B FORERE
SRR DPEN LI L 725
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Table 1 Scope of primary of amine using 1a in DMSO-ds/H.0. 2

(0]
E F X, -R
B(OH), DMSO-dg / H,O (y Iv=2/1) B(OH),
1a 2a-q r.t., overnight 3aa-aq
entry amine 2 A3(81-33) imine on *H-NMRP
1 3.61 +
" NH,
2a
NN :
2 NH 3.60 +
2c
3 NH, 3.59 +
2d
4 )\NHZ 3.60 +
2e
5 NH; ;
2f
6 O\NHZ 3.60 +

29

@ Reaction Conditions: Amine 2 was treated with 1a (3.0 eq.), in DMSO-dg/ H,0 (v/v = 2/1)
at room temperature for overnight. The reaction mixture was analyzed by NMR.

b Determined by H-NMR (+ = Detected, - = Not detected)

40



Table 1 Scope of primary of amine using 1a in DMSO-de/H20. @ (continued)

E F \N,R
B(OH)2 DMSO-d5 / Hzo (V Iv=2]/ l) B(OH)2

r.t., overnight

la 2a-q

entry amine 2 A3(81-53) imine on H-NMRP

2.40 +

=

NH»

2b

H

H>
2h

9 - -
NH,

cl
. X - -
NH,
cl
11 @\ 1.81 +
NH,

@ Reaction Conditions: Amine 2 was treated with 1a (3.0 eq.), in DMSO-dg/ H,O (v/v = 2/1)
at room temperature for overnight. The reaction mixture was analyzed by NMR.
b Determined by 'H-NMR (+ = Detected, - = Not detected)
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Table 1 Scope of primary of amine using 1a in DMSO-de/H20. @ (continued)

E F \N,R
B(OH), DMSO-dg / H,O (v/v=2/1) B(OH),

r.t., overnight

la 2a-q 3aa-aq
entry amine 2 A3(51-83) imine on 'H-NMRP
Cl
12 \©\ 2.11 +
NH»
2l
Br
NH,
2m
|
14 @ - -
NH,
2n
NH,
15 3.35 +
20
NH,
16 3.01 +
2p
NH»
17
2q

@ Reaction Conditions: Amine 2 was treated with 1a (3.0 eq.), in DMSO-dg/ H,O (v/v = 2/1)
at room temperature for overnight. The reaction mixture was analyzed by NMR.
b Determined by *H-NMR (+ = Detected, - = Not detected)
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223. 7 yBRUATNVF e REOLBERE

2.2.3.1. n-Butylamine (2a) TS}

EVEBWBRENMR A7 ML ECOSEEAHIEL, 11 BORRDLE 7 v R AT VT B M lak
Z JAV, n-butylamine (2a) & DESICIIT B A X > 3aaka DILFT 7 MEDE (AS)ICHOWTHEE LT
(Table2). = 2T, XU X7 ATk K 1j, 1KIix DMSO-ts \Z RIE T o 7272, 4 TOLiIE CD;0D i
TiTo7=. BiB, CDOD HIZE 7 vHER X7 /5 b K1 & n-butylamine (2a)% Iz, —BufE#EL, 15
BITZIRAVER % TH-NMR 3 X OV 9F-NMR 4347 L 72

FEH & L C, 4-fluoro-2-formylphenylboronic acid (1a) CiZ, H-NMR A7 kL ETxI3 51 I 3aa
DY T FIVINHER S, YF-NMR A7 k)L ETO, ASfEIL 2.65 ppm TH-7=. la L1x7 v FEONE
ML 72 % 5-fluoro-2-formylphenylboronic acid (1b) TiZ, ASfEAS 2.88 ppm & 720 la LW/ b L k& 72%E% 5
Z72 (entry2). ZAUE, NUBUVEREDEFIRICEDEEZZILN, FINHEE T v ROMERGEN
b5y 7 MEOEICEEEY 525 LB Ins. £ THRAVINEIIK LT, o, m-, ppLiZENEN
TvFEEALTNDERU AT AT E R 1ce & AWt 27 /5%, 4-fluorobenzaldehyde (1e)iZ 350>
T, IKRDOASHE (6.14 ppm) 23 &1l = i, 2-fluorobenzaldehyde (1c, AS = 1.72 ppm), 3-fluorobenzaldehyde (1d,
A8 = 0.94 ppm)DJRIZALE Y 7 MEDZEIT/INE L 725 (entries 3-5). —FHFT7 v HP|E L THRY 741
AFNVEERNZGAE TCOREEOEMEZRL, p-fLIC M) 7 vF oA Frisdo
4-trifluoromethylbenzaldehyde (1h) 28 L 0 K & 72 AS i (1.49 ppm) % 5 % 7= (entries 6-8) .
4-Fluorobenzaldehyde (1e)D A /L I VHEIZxE L o2 7 rEH%EH T % 2-bromo-4-fluorobenzaldehyde (1i)
TIX, le ERIEEDASMEZ R L7= (entry 9). FIZIZHANLINIED o-(iiZxf LT Rex v kaHT 5
5-fluoro-2-hydroxybenzaldehyde (1j), 4-fluoro-2-hydroxybenzaldehyde (1k) TRt L7- & 2 A, ASMEIZZFNE
U244, 334 ppm E720, FAINKKITH L TpALc 7 v #FE DIk B LY K& 72bFy 7 MEDZE
%7~ L7 (entries 10, 11).

AWEFHZ LD, R INIICH LT pAALC 7 A a2 T 5 X7 0F b REN LY BUVOBERE
ZRTOTIERWNEEZZ NS, —FHT, o-fMOBEHENFIC OV TUMEF S 7 MEDZITHE L K
ETHDOD, SOLRLBFIVPLETHD.
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Table 2 Effect of fluorinated benzaldehyde 1a-k using 2a. @

f X | AN \N/\/\
= CD30D, r.t. overnight R
la-k 2a 3aa-ka
entry aldehyde 1 A3(81-83) entry aldehyde 1 AS(81-63)
o o]
F
1 \©\)‘\H 2.65 7 F3C\©)LH 0.15
B(OH),
la 19
0] O
2 /@\)‘\H 2.88 8 /©)LH 1.49
F B(OH), F3C
1b 1h
F O o
3 ©)J\H 1.72 9 /@\)‘\H 6.14
F Br
1c i
(@] O
4 F\©)J\H 0.94 10 F\©\)J\H 2.44
OH
1d 1j
O (0]
5 /©)J\H 6.14 11 /(ijm 3.34
F F OH
le 1k
CF3 O
6 0.32

“

1f

@ Reaction Conditions: n-Butylamine (2a) was treated with 1 (3.0 eq.) in CD3;0D
at room temperature for overnight. The reaction mixture was analyzed by NMR.
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2.2.3.2. Aniline (2b) Tt

—HoET 5 ETIE, 77— L TROINC AT AT REOY T TNV EGIRSGDOT I b
DA I VDV TFARERDZ EIFHF LN, TV REEFET T NEEEZ DRV AT ILT
b FEMGFE LY. £, ZOWELE EBITHMEDRRDT I VENPLKRDA I DY T I
SEETOMERDH D, LIEB-T, RIS, HERRIFEFS 7 MEDEER LI 5 O T VT
b R¥H 1la, 1b, 1le, 1i, 1k iZxF L C, aniline (2b) & OGNZIIT 51 I > 3ab, 3bb, 3eb, 3ib, 3kb @
by 7 MEDZE (AS)IZOW TG L7= (Table 3). EiH, CDOD H1i2E 7 vHEX X7 /LT K1 &
aniline 2b)Z Nz, —BEEEEL, 5 ONTIRATEIZ H-NMR 3 X OV °F-NMR 2341 L 7-.

4-Fluoro-2-formylphenylboronic acid (1a)l23 T, H-NMR A7 bV ETHIGT 54 > 3ab D7
FURHER S, YF-NMR A7 k)L ETOASMEIX 199 ppm TH - 7= (entry 1). — 5 T,
5-fluoro-2-formylphenylboronic acid (1b) Ci%, ASEIX 1.11 ppm & 720, lailtb~/hNE 7 b5y 7 MED
7% LT= (entry 2). kIZ 4-fluorobenzaldehyde (1e)3s & O 2-bromo-4-fluorobenzaldehyde (1i) % 7= 356
T, ASTEIXZZNZE 4 498, 492 ppm & [ OfE Z 5~ L7z (emtries 3, 4). % IZ,
4-fluoro-2-hydroxybenzaldehyde (1k)Z FWTHRiGI L7z & 2 A, BLEREW Z & (ZASMEIX 5.37 ppm & 72 1),
n-butylamine (2a)2>HFFE I N5 A 2 > 3ka LV @BHICT 7 b L7 (entry 5).

INDDORERNOLR AT VT v REEETTHZ LT, nbutylamine 2a)biFE s b A Ik
aniline (2b) & DAL L 7 MEDEIZB W TH LB MER IND Z ENDND.
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Table 3 Effect of fluorinated benzaldehyde 1a, b, e, i, k using 2b. 2

(@]
X X \N
T L X
= NH, CD30D, r.t. overnight Z

R R
la, b, e, i, k 2b 3ab, bb, eb, ib, kb
entry aldehyde 1 A3(81-63)

]
F
H
B(OH),
la
O
H
2 1.11
F B(OH),
1b
]
H
F
le
O
H
4 4.92
F Br
1i
O
H
5 5.37
F OH
1k

@ Reaction Conditions: Aniline (2b) was treated with 1 (3.0 eq.) in CD;0D at room
temperature for overnight. The reaction mixture was analyzed by NMR.



2233 DEEREDO LYW BWRUV AT /LT B ROREIR

n-Butylamine (2a)35 & OF aniline (2b) TOMEHER D, NS E 7 v EXU AT LTk REER IS
oA I EDRFEYT MEDOZEEED - (Figure 1). ZIZTIE, 87 v R XU AT T B Rk
LT R0 LIEEEDAEREND ZODA I DRFEY T MEZ R LT,

TP, BTCOERINDIA I VEET vERXVATATE REALVEEY 7 LTS Z Elbh
L. W, AV IVEITEEBCH LT, EFREIMEEZ R —F, OJRF NEFICEE D o721
I EBEARGIMEEZ ST, BEXREMEEIX OJRFOEN N FEFEIEWL. LER->T, XUXT L
TERTORVEVENOBFEELY A IV TOXRVEBEVRNOBFEEO NIV EW. A1h,
NPV EOTNAnRIT IV OEFEAGIEIALI LR LERY, @S Y T FERT.

WIZ, 1K ZFRW 2 4 DO X7 L7 b REETIE, aniline (2b)22HFFE X415 A X 2728 n-butylamine
QAN DLIFEINDA I LY BIERIGICY 7 5. ZORRIE, A EONRAIZEBRT L7 T
NHL T 2= VIICEER LSS, 7T AEIEIN A L CHWE G2 R T8 7 = = L TIEN
JRF ISR OB L Z T 7 = =V HTx L TRVWE it 2R3, LIeho T, ZAdniksfT
HRUB VR FEOBTHEEMET T2 LICER L CWD L8 shd. CnbalERsE, la & 1b
IZBWT, b ZHWEEHAIL, L0 o0 iy 7 MEDZE (176 ppm)B K& <725 Z L1

ZDOXHE %mﬁmﬁmiw XL pEN L VB EZ T H LR LTV,

F7o, AAINIED oL OBEHILHRIZONTIE, le BLO L IZBWTERINDL ZH>DA I D
b5 7 MEDOEIZBHERZENLONRZNZ &M D, HfliZRERIEOFED RO R EIIH E Y
ZFhnWeEZ NS, —HT, offilAa VEEE LD b ICBWTIERERLTFY 7 MEOEEZ 525
e, AIVONEFEDOHAEEMCERL TWD Z LRRBIND.

IHIZ, ZoDA I rDFEY 7 MEDZEN R H K E < 72572 4-fluoro-2-hydroxybenzaldehyde (1k)iZ
BWTOAH, aniline b)) HiBE X DA 22 3kh BNl b@kidsy 7 baE/R Lz, 2L, 1k @ o-frod
b R UL dkEMGARTHY, £ 22 3kb D NJFRFIIKBZEKTHD Z D, KEM-EEZEK
THZEILLDPRTHDLEBZLND. LL, KEMAE LI HIZE FX 0 HREZIZD &
B & 572, CD:OD HFCIFBLAITE /2. 22T, amb%mmfﬁ LT & A, KBRHEEGHED
H 2B Sz, ZORE, KE/HEIZKDIMEDLZERE TR , rBERES M B L7 &
RIS T,

AN G, AFECHWDE T vH#RX AT LT B KE LT 4-fluoro-2-hydroxybenzaldehyde (1k)%
HE L7z,
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5 0.66
3ab | <> 3aa
" ————+——
0 | -1.0 2.0 -3.0 -4.0 -5.0 -6.0
e
I 1.76
B(OH), 3bb|<=——>| 3ba
ot
0 5 1.0 -20 -3.0 40 5.0 -6.0
o
F 3eb 1.16 3ea
R S RS I B——
o ! 10 20 -30 40 50  -6.0
o
I _ 1.22 _
F Br ! 3ib | =—>] 3ia
1i | | | | | |
; | | | | | |
o) 5 1.0 -20 -3.0 -40  -5.0 -6.0
joad
F OH | 3ka =208 1,
B e e T A
0.0 10 20 30 -40 50  -6.0

Figure 1 Differences of chemical shift differences (A0) of imines.
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2.2.4. RIGERE ORE

4-Fluoro-2-hydroxybenzaldehyde (1k) & 7 X S FHOH T & RUSHEDIKL Y aniline (2b)Z FHVWT,  KUGRFH
DgEt&1To 7= (Figure 2). BIH, CDOD H1, 2b, 1k ZANZ 7=, AREIZIVT H-NMR 55479 %
T ETINEERE L.

ZORER, 6 IR aniline (20)D T 7 F TR L, BRRIICA T2 3kb BERARETH o2 —
F RIS ESES Z & T, mFZdH 5 4-fluoro-2-hydroxybenzaldehyde (1K) 23 A#E Td % CD30D & K
JGL, TeH—IEE 2D EPHEGRS .

8h (>99%)

5
-Jg

| 6h(>99%)

 ;

L

5h (96%)

4h (92%)

:

| 3h(90%) Il Gl

|} 2h (81%) l ||| ul ||| ||

| 1h(55%) | I

10 95 9 85 8 15
5/ppm ('H)

-
1
1
1
1
1
1
-

Figure 2 'H-NMR spectra of reaction mixture of aniline (2b) with baldehyde 1k.
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2.2.5. 4-Fluoro-2-hydroxybenzaldehyde (2k) TOE 7 X VEHOILFET 7 ME

4-Fluoro-2-hydroxybenzaldehyde (1k)%Z T, H—#k7 I $H 2a-B O bH 1 X > 3ka-kB @
BENMR (281 2{LFy 7 MEDZE (AS) & IFRIZ DWW THRGT L7- (Table 4). El%, CDsOD H1iZ
4-fluoro-2-hydroxybenzaldehyde (1k) & 55—k 7 2 > 2 2Nz, —BefEE L, S O5NTIRAEEE H-NMR
B L OF-NMR 5341 L 7=,

TVXILT 2 ¥ 2a, 2¢-2g TlE, tert-butylamine (2f) &R\ =2 TOT 2 VHETERMICH ST DA
S UDAERRMNA[EETH o 7= (entries 1, 3-7). L2 L722%5, n-butylamine (2a), n-hexylamine (2c),
n-octylamine (2d)33 & TF cyclohexylamine (2g) Tl [Fl— DA (3.35 ppm) Z &Ll L 7= (entries 1, 3, 4, 7).
Isopropylamine (2e)<° tert-butylamine (2f) i, ASMEIXZLZE4, 3.77, 241 ppm &R 7 M &R L
7= (entries 5, 6). 7 =Y 4 2b, 2h-n TIZ, aniline (2b) TIE ELAF 22 IR TRIGT B A 2 o 3kb DA
Roni=boo, o7 =Y 88 2h-n TIHICRIZIES > N R o172 (entries 2, 8-14). FFIZ o-fLIZE
IS 57 =V HEICERT S & 2,6-dimethylaniline (2i), 2-chloroaniline (2j), 2-bromoaniliene (2m)
DIRITE LK TFT 5 Z &23D0 52 o-toluidine (2h) TIXHFEEE DULER, 2-iodoaniline (2n) Tl ELiizaY
BIERTH Y, B REAITR O (entries8, 9, 10, 13, 14). ASfii% o-(iICEHEAL T 5T =
U UHHTHET D &, B G A AT D 2h, 2i TIEEREN 515, 538 ppm £ K& D —F, R
W TH L a2 Lz 2), 2m, 2n Tl 24 4.63, 4.66, 4.73 ppm & EXEMEE OV 2
— REIZEREL RN ST (entries 8-10, 13,14). & 5|2, 7nunlkzf457 =V VTl
45 &, 0, m-, pPDIEICKE 22754~ LT- (entries 10-12). Z D Xk 5%y 7 MEDOZEIZT =V
VEIZBWTE, BRIRMRNA I3 DT v RIFFICHBE G A0 I ENRBRESND. NUULT
TUH20-r T, BTOT I UVHTA LB RINERTAR S 41, AS{EIE benzylamine (20) T 4.50 ppm
L7, RV AT IVIEAE D 2p TIL 5.00 ppm, 7 ==/ LEAE D 2r TiX 5.60 ppm & X UL
NEDBEHIEI L 0 ENKRE L R AAMBE ST (entries 15, 16, 18). L2xLARANS, NP0
DD AFNIZEAET S cumylamine (29) TIE, ASfiE 3.38 ppm /NS < 72D (entry 17). Z D X 5 ZpfHH[AIE
isopropylamine (2e) & tert-butylamine f) TORERAEZE T2 &, 7/ Ha L ORBENFURIRFEIZ /2D
ZECERLTWS EEZXDLND. 7=V T AT I UM 25-u THE, A I UIIBREFICAER SN, AS
fE1X 2-phenylethylamine (2s)C 3.79 ppm Z R~ L, 7 = =/LH|ZH 725 EHILE S tyramine (2t) &
homoveratrylamine (2u)IZ3 T & ZiLZ41 3.46, 3.55 ppm & B/ AfE% 7K L7z (entries 19-21). Z DO#ER
X, 25, 2t EERT I THY, 2uld dopamine FFERTHD Z L &2 E 2 D L AEKT I U aHICmT -
RERAETHDH. 2T, RO TIEH DD, 7/ BERAWT-MREEITo72. #iR & LT, L-alanine
(2v), L-phenylalanine (2w) TIZHREEDILETILH LB HDOA I U OEMMPHER I, ASHEIZENE
A 4.27, 458 ppm EZEMNFA ST (entries 22, 23). —J5C, L-tyrosine (2x)i% CD30D (ZiAfi#EE 9 3 H7 A3
L, TOTZATIVHEIRTH D L-tyrosine methyl ester (2y)I BAFIZ S HEFT L, ASMEIE 5.32 ppm
Zox L7- (entries 24, 25). HZICS 54K T I LTHR Y T 2 UHH 22-2B TORGTERATZ. =
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NHEDORY T I TG FWNICA 2 VN[ — oD 7 X ) RE2GTH L6, BRAERME LT
T4 X UK 3kz-3kB ZHET 573, WL ONDRIERY HB 2 Hivsd (Figure 3). L LZRN6, &
TORY T I HH22-2B TRABRINBTIA I URKOBBAER S, RARDAMEZ T Z LN LINE
7¢ o 7= (entries 26-28).

AFEtn e, 4-fluoro-2-hydroxybenzaldehyde (1k)iE °F-NMR IZE D8k 7T I VHEO—FoMriEcE
WCTHICHEREZ 7T 2 B ARETH D LB 2 7.

H
NS ~ ~ _
/E:(\NMN/D\ /@\N/\/N\/\N/D\
F OH HO F E OH

HO F
3kz (n=4), 3KA (n=5) 3kB

by-products

E NS > E
| /(;CN(\)NHQ NH% ;
1 n 1
. F OH i

Figure 3 Chemical structure of diimine and by-product derived from amine 2z-B.
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Table 4 Scope of primary of amine using 1k in CD3;0OD. 2

O
X, -R
F OH CD30D, r.t.,,6h E OH
1k 2a-B 3ka-kB
entry amine 2 A8(81-83) yield (%)
1 3.35 >99
" NH,
2a
2 ©\ 5.42 >99
NH,
2b
3 PN 3.35 >99
NH,
2c
4 3.35 >99
NH,
2d

5 )\ 3.77 >99
NH,

6 : 241 71

NH,

2f

7 O\ 3.35 >99
NH; '

29

aReaction Conditions: Amine 2 was treated with 1k (3.0 eq.) in CD3;OD at room
temperature for 6 h. The reaction mixture was analyzed by NMR. ° For 24 h. ¢ Not dissolved.
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Table 4 Scope of primary of amine using 1k in CD30D. 2 (continued)

O
X, -R
F OH CD3OD, r.t.,6 h F OH
1k 2a-B 3ka-kB
entry amine 2 A5(81-83) yield (%)
8 ©\/NH2 5.15 46
2h
9 5.38 7
NH,
2i
Cl
10 ©: 4.63 16
NH,
2j
Cl
11 @\ 4.83 62
NH,
2k
Cl
12 \©\ 5.09 74
NH,
2|
Br
13 @[ 4.66 12
NH,
2m
|
14 ©i 4.73 71

NH»
2n

@Reaction Conditions: Amine 2 was treated with 1k (3.0 eq.) in CD3;OD at room
temperature for 6 h. The reaction mixture was analyzed by NMR. ? For 24 h. ¢ Not dissolved.
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Table 4 Scope of primary of amine using 1k in CD30D. 2 (continued)

(0]
X R
H R—NH, /@\/\N
F OH CD3OD, rt,6h F OH
1k 2a-B 3ka-kB
entry amine 2 A3(51-83) yield (%)
NH,
15 4.50 >99
20
NH,
16 5.00 >99
2p

NH,
17 3.38 >99

2q
18 5.60 >99
oL

19 ©\/\ 3.79 >99
NH

2
2s

HO
20 \©\/\ 3.46 >99
NH

2
2t

MeO
21 jg\/\ 3.55 >99
MeO NH

2

2u

@Reaction Conditions: Amine 2 was treated with 1k (3.0 eq.) in CD3;OD at room
temperature for 6 h. The reaction mixture was analyzed by NMR. b For 24 h. ©Not dissolved.
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Table 4 Scope of primary of amine using 1k in CD30D. 2 (continued)

o)
S
oy e o
1k 2a-B 3ka-kB
entry amine 2 A3(51-53) yield (%)
o)
22 \)\OH 427 43°
NH,
2v
o)
OH
23 NH, 458 63°
2w
o)
OH
24 NH, - n.d.c
HO
2x
o)
O/
25 NH 5.32 >99
HO 2
2y
26 HoN. o~~~ 3.90 >99
NH,
2z
27 PN 3.51 >99
H,N NH,
2A
28 H 4.05 >99
HN" " NH, '
2B

4Reaction Conditions: Amine 2 was treated with 1k (3.0 eq.) in CD3;OD at room
temperature for 6 h. The reaction mixture was analyzed by NMR. b For 24 h. ¢ Not dissolved.
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226, —BOWN~DTFTELV AR L—Y gy

6 D —ikT I VFHDRERMETIZBWT, FEIC-FOMN TR TH LT o2 L. 6
FEOFH T I VHFHOIRESM & LTI, mixture A [n-butylamine (2a), aniline (2b), cyclohexylamine (2g),
benzylamine (20), 2-phenylethylamine (2s), homoveratrylamne (2u)]3 & OF mixture B [2-phenylethylamine (2s),
tyramine (2t), homoveratrylamne (2u), L-tyrosine methyl ester (2y), putrescine (2z), cadaverine (2A)]% Fv»
THiRf L7= (Scheme 4).

0]
X, R
oy o,
F OH CD3;0D, r.t., 6 h F OH
1k Mixture A or B 3

A : (R = 2a, 2b, 2q, 20, 2s, 2u)
B : (R =2s, 2t, 2u, 2y, 2z, 2A)

Scheme 4 Derivatization of 1k to Mixture A and B.

Mixture A TiX ¥F-NMR A7 bV ET5 DOFT=/23 7 F AN HEGR S, FEOMmFHI L v EF o7z
KT IVTORRLEROL LADLELZ LT, H R IVHEEZFRE L. ZORE, n-butylamine (2a)
& cyclohexylamine (29)3[Fl—®D ¥ 7 F /& LTHELINTWA Z EBNH BN E 7 o7 (Figure 4). Mixture
B TILF-NMR A7 FL LT 6 DOHT-7ey 7R fER S, Lt ERROTFIEICLY, FH—%T
L VHEDRENFRHETH -~ 7= (Figure 5). Mixture B IZEBWTHEKRT I Th D 2t, 2z 35 LT 2A 2355
SN LITIARFIENERT IV O—F0TEHTEL LML T /MR THS.
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2a | i
2b | |
2g | J
20 | |
|

101 -102  -103  -104  -105  -106  -107  -108 109
8/ppm (*°F)

Figure 4 F-NMR spectra of reaction mixture of mixture A (2a, 2b, 2g, 20, 2s, 2u) with aldehyde 1k.

2s l
2t | |
|

2u
2y | |
2z
2A | !

. LUUL- )
~101 ~102 103 104 105 106 107 ~108 ~109
&/ppm (19F)

Figure 5 F-NMR spectra of reaction mixture of mixture A (2s, 2t, 2u, 2y, 2z, 2A) with aldehyde 1k.
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2.2.7. 4-Fluoro-2-hydroxybenzaldehyde TOA&EMAET 2 v DILET 7 ME

RFED, EET I O—FoHTICHEIE AR TH D Z EDVRB I NTTos, ART7 I 2t, 2z, 2A,
2C-FIZBIT Dby 7 MEDZE (AS)IZ DWW THEF L7z (Table 5). Z Z T, serotonin-hydrochloride (2C),
histamine - dihydrochloride (2D) I3 ifeHE & L Tt 9% Z & 287+ T triethylamine (TEA)Z ¥RAN L, HiEEREF
M2 15 R & L=, E7HAERMMZ X v, 4-fluoro-2-hydroxybenzaldehyde (1K) X5y FN D 7 = 7 — L4k
EReF v EoRBILD Y-NMR EofbFs 7 MER T 7 T 5720, WEERELSL LT
4-bromofluorobenzene % vy, Z D k& 7 b (-117 ppm) & FEHE L L CTASIE AR E L7-.

7R EBEOBUREEIZ LV AERNICRETSND T I TH D tyramine (2t), serotonin - hydrochloride
(2C)F L U histamine- dihydrochloride (2D) TiZ, RAFIZKIST 54 IV DERNBAETH Y, £-Z2Dfk
Fo 7 MEDOFEIETHERDEER LT (entries 1-3). RV 7 I ¥ TH D putrescine (2z) & cadaverine
(2A) TIL, JeOMFT & RFRICHRHET 2 A 2 208 99%LL EDIETHER S, ASIZENE 4 12.03, 12.29
ppm Z s L, 2t, 2C, 2D & HEMN A S (entries 4, 5). ki, 7V BHEFIKTH H0FHNICH
VAR VA LTz GABA (2E)R° A /LR = )L &4 L 7= taurine (2F) TOMFETTIX, BLREWZ L IC BT
7oA 22 3KE, 3kF OARRAHERR S417- (entries 6, 7). F 7= 3kF DASIE 11.20 ppm S D7 I L & 1%
70 DARKESGREIR I > 7 VSRR S 7=, — 5 C, 3KE (4 cadaverine (2A) & [RfE & /R L7=.

ARREHNT & 0, cadaverine (2A) & GABA (2E)IZ%F LTI, 9F-NMR Lo+ 7 iE i 2 =T H DD,
HERT I VOBINIHDIZARETH D Z Enbnd. Fiz, IVRFVERANVKR= VARG T HENR

WZBWTHA I VDAERNBABETH D Z &1, 7/ BO—F 0 m) CTHEREWERTH S.
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Table 5 Scope of biogenic amine using 1k in the presence of TEA in CD3OD. @

O
TEA (6.0 eq) ~ R
/@\)J\H + R—NH, 4-bromofluorobenzen=e /(;CN
E OH CD30D, r.t,1.5h F OH
1k (3.0 eq.) 2t, 2z, 2A, 2C-F 3kt, 3kz, 3kA, 3KC-kF
entry amine 2 ASP yield (%)
HO
1 \©\/\ 12.53 >99
NH»
2t
H
N HCl
2 l 13.01 >99
NH,
HO
2C
H{'B\AZHCI
N . >
3 N NH, 12.19 99
2D
4 HoN o~~~
NH, 12.03 >99
2z
5 HZN/\/\/\NHZ 12.29 >99
2A

HO
6 TN, 12.29 >99

7 d’s\/\NHz 11.20 >99

@ Reaction Conditions: Amine 2 was treated with 1k (3.0 eq.) in the presence of
TEA (6.0 eq) and 4-bromofluorobenzene (1.0 eq) in CD3;OD at room
temperature for 1.5 h. The reaction mixture was analyzed by NMR. P A8 = §; -

64-bromofluorobenzene-
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2.2.8. Tyramine DR EMR % AV e BEDHT ORRET

HRT I DO—FHTRARE Td D T & DRI SIT2 7o, EERIC YF-NMR I X 2 —F o LU0
BREHNDEESW R AR THLINERETT 22 L L. 22 T, EEIITOXGILEW % tyramine
& L, T PREMRAEIER L7z (Figure 6). BlH, CD;OD HIZHE A HHEE (20 mM, 40 mM, 60 mM) (2
FHHE L 7= tyramine (2t), 4-fluoro-2-hydroxybenzaldehyde (1k)¥s & TF triethylamine (TEA)% 10 mM DR (2
FHE Lo NEBIEYE T d 5 4-bromofluorobenzene f71E T 1.5 RFfEE#E L7z, PF-NMR 73615 607
4-bromofluorobenzene OFE/MEZ 1 & L= & X DA > 3kt OFEEZ AR, JRIEZH S LT, =K
D7y bl ZOEPER (y=4.9641x + 7.5348) M E LTI Z L & L.

70
60 //,\
50
T w0 %
S 30
S
20 O~ -
- y =4.9641x + 7.5348
R? =0.9754
0 L 1
0 2 4 6 8 10 12

integral value

Figure 6 The relationship between concentration (mM) and integral value of tyramine (2t).

WIZ, AET I RAERME T TO tyramine (2t) DR SR K D E RO 2372 (Figure 7). Al
CD3OD H{Z 30 mM [ZFH%& L7= tyramine (2t) & {TE DJRED serotonin-hydrochloride (2C), histamine-
dihydrochloride (2D), putrescine (2z), GABA (2E), taurine (2F)i(Z &% 4-fluoro-2-hydroxybenzaldehyde
(1k)F5 X Ot triethylamine (TEA) Z Il ., WEIEHE T & % 4-bromofluorobenzene 177E FC 1.5 BRI R L 7=,
15O IR AR A PF-NMR 24T L 7=,

FERE LT, RIIHBONTFERT I TOFET 7 MEOZEZFIAT2Z LT, 6 FOAKRT IV
DRENFEETH Y, IHIZ, NEIEEOTEMMEAL 1 & L7z & D tyramine 2O)IZkIET %A I & 3kt
D T F IO EEREARIANAT D2 LT, 27.14mM OREEFH L7z, Haxhidzs 2.86 mM, fHxt
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AL 953% E M oTa. DO EMD, IBAFRETICBWTY, BEMREZFAHAT S Z & THEEZEIT 10%
UNTHEUEAYOBREZEH 5 Z ENARETH D Z LAVRIBRENT-. HIEBRZEICEL T, NMR
DRV 2 BT D LIE R T A — X — Db S E L e b L EZ HNRD.

|

NH

[ 2

NH /\/E’
HzN/\/\/ 2 HoN N

OH
| o]
HaN HZN’\/S°3H
OH
\ \ 4
1035 -l4 045 05 -1055 -106
o ppm ("°F)
n
o

Figure 7 **F-NMR spectra of reaction mixture of 2t, 2z, 2C, 2D, 2E and 2F with benzaldehyde 1k.

23. £& ¥

RETHE, FHHRT IVBIOERT I VO YFNMRIZE DG 7 v FERXV AT AT E REfn—5F
SIHTIZE T, 4-fluoro-2-hydroxybenzaldehyde (1K) 73 B4 72 57 BifRES L OGS MHEZ R 2 E 2B 62 L
7=. F7=, 4-fluoro-2-hydroxybenzaldehyde (1k), triethylamine 35 & O'\NEEHE T 5 4-bromofluorobenzene
& 6 FRDOART I 4 CDsOD 1, =T 1.5 FFlfi¥4 2 2 & T, *hsd 24 I VEMRIRIAE
L, ZOREME YF-NMR XV 0322 LT, 6 FOFE 7T I > [2-phenylethylamine (2s),
tyramine (2t), homoveratrylamne (2u), L-tyrosine methyl ester (2y), putrescine (2z), cadaverine (2A)]% —
(ZEVERTRE L T D - A R EME TR 2 fESE LTe. ATEITAERT I U cx L CHEEiETH Y,
6 FEDAEMRT I L OFRIFEMITE & BT, T, MERZIENR L T 2 & T tyramine (2t) Z tHxIRE A
10%LUNTERT D Z LITHII LT,
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2.4. EBRFE
2.4.1. SHTHESE

(@) 7 — VU =B HARE R R AEE  (FT-NMR)
Bruker %,  AVANCE- III-HD %! (400 MHz)

2.4.2. General method

IR OGREEIE, 2N bk T, FObLMEBE T, F 7147 227, Aldrich HlEAL, FFIC
BREFICZOEEFEA L. YU BV T L rsa~ 7T 70—, 300 mesh U 70
(Wakogel C-300 Silicagel) = W TiT>7=. TLCIX, YU Z W 60Fms BT T7 AL — D EIZ7F L a—k
L7=b D% Merck fEBEEAL, ZOFEMHEHA L. H-NMR, BC-NMR, F-NMR A7 ki, %
ALZ4 400 MHz, 100 MHz, 376 MHz CHllE L7-=. MIEMOEELEL L LT CDCls, DMSO-ds, CDsOD,
toluene-ds, CDCl, ZfH L, 1k 7 ME § 1% CDCl; TiX TMS (8 0.0 ppm for *H), CDCls (8 77.0 ppm
for'3C), DMSO-ds Tl TMS (5 0.0 ppm for 'H), CDsOD T/ CH3OH (5 3.31 ppm for 'H), toluene-ds Tl
TMS (5 0.0 ppm for 1H), CD2Cl, Tix CH:Cl, (8 5.3 ppm for 1H)Z 5 & L, & OFXHME CIRE L=, £7=,
BE-NMR OREIE, H—F L RO FIETITo 7.

2.4.3. FIEARRET
AT, WA L7z 1a0 RO FRIC L AR LT

Scheme 2
TAKNFa2—7T, DO (1 mL)H, 4-fluoro-2-formylphenylboronic acid (1a) (0.03 mmol, 0.0050 g) &
n-butylamine (2a) (0.01 mmol, 0.0021 g)% =i C—Befi#R L7, T DOIRATREKZ H 3B LUV F-NMR (2

X0t Lie.

Scheme 3

TANF2—7T, DO (1 mL)H, 4-fluoro-2-formylphenylboronic acid (1a) (0.03 mmol, 0.0050 g) &
aniline (2b) (0.01 mmol, 0.0021 g)% =il C—Wufiifh L7=1%, £ DIRGEIRE *H B XN F-NMR IZ XV 43
Hritz.
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2.4.3. 4-Fluoro-2-formylphenylboronic acid (1a)iZ kX 25 —& 7 I VIE TORE

T A NF 2 —7C, DMSO-ds (0.6 mL) & H,0 (0.3 mL)H, 4-fluoro-2-formylphenylboronic acid (1a) (0.03
mmol, 0.0050 g) & & —#k7 I >4 2a-q (0.01 mmol) & =RiE T —Mafi ¥k L7=1%, TORAEKZ HB LU
BENMR 12XV b1 LTz,

imine 3aa 'H-NMR : 6=8.72 ppm (s, 1H, -N=CH).
PYE-NMR : §=-115.28 ppm (s, 1F, Ar-F).

imine 3ab 'H-NMR : 6=8.71 ppm (s, 1H, -N=CH).
F-NMR : 5= -114.05 ppm (s, 1F, Ar-F).

imine 3ac 'H-NMR : 6=8.31 ppm (s, 1H, -N=CH).
F-NMR : 5= -115.26 ppm (s, 1F, Ar-F).

imine 3ad 'H-NMR : 6=8.27 ppm (s, 1H, -N=CH).
F-NMR : 5= -115.26 ppm (s, 1F, Ar-F).

imine 3ae 'H-NMR : 6=8.61 ppm (s, 1H, -N=CH).
PYF-NMR : 6=-115.27 ppm (s, 1F, Ar-F).

imine 3ag 'H-NMR : 6=7.91 ppm (s, 1H, -N=CH).
PYF-NMR : 6=-115.28 ppm (s, 1F, Ar-F).

imine 3ak IH-NMR : §=8.72 ppm (s, 1H, -N=CH).
P¥F-NMR : 6=-113.52 ppm (s, 1F, Ar-F).

imine 3al 'H-NMR : 6=8.71 ppm (s, 1H, -N=CH).
YE-NMR : §=-113.76 ppm (s, 1F, Ar-F).

imine 3a0 'H-NMR : §=28.31 ppm (s, 1H, -N=CH).
YFE-NMR : §=-115.01 ppm (s, 1F, Ar-F).
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imine 3ap 'H-NMR : §=8.27 ppm (s, 1H, -N=CH).
19F-NMR : §=-114.67 ppm (s, 1F, Ar-F).

244. 57 9BRUAT VT e REOLSBERE

AT CHIIHEA LG 7 v FERX X7V b R 1b-k 1%, 1c, 1d, le, 1f, 1g, 1h, li 2B T
TR A2 VY, 11, 1512, IK¥IEBER O FIEIC L 0 ARk L7z,

2.4.4.1. n-Butylamine (2a) TS}

T A RF2—7T,CD0D (LOML)F, &7 v FE X7 /L7 & K la-k (0.03 mmol) & n-butylamine
(2a) (0.01 mmol, 0.0021 g) % =i T—BeiHE L7, € DRAER % H 3B L ONF-NMRIZ L 0 o4 L7z,

imine 3aa 'H-NMR : 6=8.72 ppm (s, 1H, -N=CH).
BF-NMR : §=-116.93 ppm (s, 1F, Ar-F).

imine 3ba 'H-NMR : 6§=8.71 ppm (s, 1H, -N=CH).
PBF-NMR : 6=-108.41 ppm (s, 1F, Ar-F).

imine 3ca 'H-NMR : §=7.91 ppm (s, 1H, -N=CH).
PBF-NMR : 6=-123.93 ppm (s, 1F, Ar-F).

imine 3da 'H-NMR : §=28.33 ppm (s, 1H, -N=CH).
BFE-NMR : 6=-114.92 ppm (s, 1F, Ar-CF3).

imine 3ea 'H-NMR : 6=28.34 ppm (s, 1H, -N=CH).
PFE-NMR : 6=-111.45 ppm (s, 1F, Ar-F).

imine 3fa 'H-NMR : 6=8.16 ppm (s, 1H, -N=CH).
BF-NMR : §=-59.55 ppm (s, 3F, Ar-CF3).

imine 3ga 'H-NMR : 6=8.23 ppm (s, 1H, -N=CH).
PF-NMR : 6=-64.45 ppm (s, 3F, Ar- CF3).
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imine 3ha 'H-NMR : §=8.13 ppm (s, 1H, -N=CH).
BF-NMR : 6= -64.69 ppm (s, 3F, Ar-CF3).

imine 3ia 'H-NMR : 6=8.65 ppm (s, 1H, -N=CH).
BE-NMR : §=-114.21 ppm (s, 1F, Ar-F).

imine 3ja 'H-NMR : 6=8.31 ppm (s, 1H, -N=CH).
E-NMR : §=-127.57 ppm (s, 1F, Ar-F).

imine 3ka 'H-NMR : §=28.27 ppm (s, 1H, -N=CH).
F-NMR : 5= -104.94 ppm (s, 1F, Ar-F).

2.4.4.2. Aniline (2b) TO#Et

7 ARNFa2—7 T, CDOD (L.OmML)H, &7 vHFE X7 /L7 & M 1a-k (0.03 mmol) & aniline (2b)
(0.01 mmol, 0.0028 g)% =EIL CHHE L, KM TEDORAERE HEB I OF-NMR (21D 581 L7z,

imine 3ab 'H-NMR : §=9.11 ppm (s, 1H, -N=CH).
BF-NMR : 6=-116.23 ppm (s, 1F, Ar-F).

imine 3bb *H-NMR : §=9.17 ppm (s, 1H, -N=CH).
BF-NMR : 6=-106.63 ppm (s, 1F, Ar-F).

imine 3eb 'H-NMR : 6= 8.63 ppm (s, 1H, -N=CH).
BF-NMR : 6=-110.27 ppm (s, 1F, Ar-F).

imine 3ib *H-NMR : §=8.26 ppm (s, 1H, -N=CH).
PF-NMR : 6=-108.66 ppm (s, 1F, Ar-F).

imine 3kb *H-NMR : §=8.71 ppm (s, 1H, -N=CH).
PF-NMR : 6=-106.96 ppm (s, 1F, Ar-F).
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2.45. ISR ORE

7 A NF2—7T, CDsOD (1.0 mL)H, 4-fluoro-2-hydroxybenzaldehyde 1k (0.03 mmol, 0.0042 g) &
aniline (2b) (0.01 mmol, 0.0028 g)% == CT—Mufiidl L7=1%, £ DOIREGEIEE H B XN F-NMR (2L 0 4

ML=,

2.4.6. 4-Fluoro-2-hydroxybenzaldehyde (2k) THOE7 X VEHDOILFET 7 ME

T A NF 2—7T, CDsOD (1.0 mL), 4-fluoro-2-hydroxybenzaldehyde 1k (0.03 mmol, 0.0042 g) & %
—ifk 7 I %8 2a-B (0.01 mmol) & =i T 6 FFEfii#: L 7=, £ DIRAWEH L H B L PF-NMR 12XV 5

Mrizz.

imine 3ka

imine 3kb

imine 3kc

imine 3kd

imine 3ke

imine 3kf

imine 3kg

IH-NMR
19F-NMR

H-NMR
19F-NMR

H-NMR
19F-NMR

H-NMR
19F-NMR

H-NMR
19F-NMR

IH-NMR
19F-NMR

IH-NMR
19F-NMR

: 6=8.27 ppm (s, 1H, -N=CH).
: §=-106.50 ppm (s, 1F, Ar-F).

1 6=8.27 ppm (s, 1H, -N=CH).
: §=-107.02 ppm (s, 1F, Ar-F).

1 6=8.61 ppm (s, 1H, -N=CH).
: §=-106.93 ppm (s, 1F, Ar-F).

1 0=8.41 ppm (s, 1H, -N=CH).
: 6=-106.94 ppm (s, 1F, Ar-F).

1 0=28.27 ppm (s, 1H, -N=CH).
: §=-106.95 ppm (s, 1F, Ar-F).

: 0=8.40 ppm (s, 1H, -N=CH).
: 6=-105.80 ppm (s, 1F, Ar-F).

: 6=28.37 ppm (s, 1H, -N=CH).
: 6=-104.96 ppm (s, 1F, Ar-F).
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imine 3kh

imine 3Ki

imine 3Kj

imine 3kk

imine 3kl

imine 3km

imine 3kn

imine 3ko

imine 3kp

imine 3kq

imine 3kr

IH-NMR : 5=8.47 ppm (s, 1H, -N=CH).
¥E-NMR : §=-108.54 ppm (s, 1F, Ar-F).

'H-NMR : 6=8.37 ppm (s, 1H, -N=CH).
E-NMR : §=-108.54 ppm (s, 1F, Ar-F).

'H-NMR : 6=8.27 ppm (s, 1H, -N=CH).
P¥E-NMR : §=-106.50 ppm (s, 1F, Ar-F).

IH-NMR : 5= 8.45 ppm (s, 1H, -N=CH).
PBE-NMR : §=-107.96 ppm (s, 1F, Ar-F).

IH-NMR : 5= 8.77 ppm (s, 1H, -N=CH).
PBE-NMR : §=-108.21 ppm (s, 1F, Ar-F).

'H-NMR : 6=8.69 ppm (s, 1H, -N=CH).
F-NMR : 5= -107.78 ppm (s, 1F, Ar-F).

'H-NMR : 6=8.71 ppm (s, 1H, -N=CH).
P¥F-NMR : §=-107.84 ppm (s, 1F, Ar-F).

IH-NMR : 5= 8.51 ppm (s, 1H, -N=CH).
P¥F-NMR : §=-106.12 ppm (s, 1F, Ar-F).

'H-NMR : 6= 8.47 ppm (s, 1H, -N=CH).
PBF-NMR : 6=-108.13 ppm (s, 1F, Ar-F).

'H-NMR : 6=8.83 ppm (s, 1H, -N=CH).
P¥E-NMR : §=-105.02 ppm (s, 1F, Ar-F).

'H-NMR : 6=8.47 ppm (s, 1H, -N=CH).
¥FE-NMR : §=-108.54 ppm (s, 1F, Ar-F).
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imine 3ks

imine 3kt

imine 3ku

imine 3kv

imine 3kw

imine 3ky

imine 3kz

imine 3kA

imine 3kB

IH-NMR : 5=8.15 ppm (s, 1H, -N=CH).
PYE-NMR : §=-106.93 ppm (s, 1F, Ar-F).

IH-NMR : 5= 8.12 ppm (s, 1H, -N=CH).
E-NMR : §=-105.06 ppm (s, 1F, Ar-F).

'H-NMR : 6=8.46 ppm (s, 1H, -N=CH).
P¥E-NMR : §=-106.69 ppm (s, 1F, Ar-F).

IH-NMR : 5= 8.35 ppm (s, 1H, -N=CH).
E-NMR : §=-105.86 ppm (s, 1F, Ar-F).

IH-NMR : 5= 7.89 ppm (s, 1H, -N=CH).
E-NMR : §=-106.16 ppm (s, 1F, Ar-F).

IH-NMR : 5= 8.03 ppm (s, 1H, -N=CH).
F-NMR : §=-106.93 ppm (s, 1F, Ar-F).

'H-NMR : 6=28.30 ppm (s, 1H, -N=CH).
BF-NMR : 6=-105.54 ppm (s, 1F, Ar-F).

'H-NMR : 6=8.39 ppm (s, 1H, -N=CH).
BF-NMR : 6=-105.24 ppm (s, 1F, Ar-F).

'H-NMR : 6=8.15 ppm (s, 1H, -N=CH).
PBF-NMR : 6=-105.83 ppm (s, 1F, Ar-F).
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247. — BN ~DTFTELV AL —Y gy

T A RNF2—7T, CDsOD (1.0 mL)H, 4-fluoro-2-hydroxybenzaldehyde 1k (0.10 mmol, 0.0140 g) &
Mixture A[2a, 2b, 2g, 20, 2s, 2u (0.01 mmol)]% L < i% Mixture B [2s, 2t, 2u, 2y, 2z, 2A(0.01 mmol)]
ZERT 6 BpHFHE L7k, TORAGWKZ H B LU F-NMR (2L Y ot L7z,

2.4.8. 4-Fluoro-2-hydroxybenzaldehyde TOAEET 2  DfbFET 7 ME

7 A NF 2—7T, CDsOD (1.0 mL), 4-fluoro-2-hydroxybenzaldehyde 1k (0.03 mmol, 0.0042g) , 4
K7 I > 2t, 2z, 2A, 2C-F (0.01 mmol), TEA (0.06 mmol, 8.3 uL)¥5 & TF 4-bromofluorobenzene (0.01 mmol,
11 pL)Z =R T 15 R L%, TOREEKEEY H BXLW YFNMR (2 XV oL 7.
4-bromofluorobenzene MfL5 7 b (-117 ppm) & JHE & L CASMEZ R E L 7-.

imine 3kt

imine 3kz

imine 3kA

imine 3kC

imine 3kD

imine 3kE

imine 3kF

IH-NMR : 5= 8.13 ppm (s, 1H, -N=CH).
YE-NMR : §=-104.47 ppm (s, 1F, Ar-F).

'H-NMR : 6=28.30 ppm (s, 1H, -N=CH).
P¥F-NMR : §=-104.97 ppm (s, 1F, Ar-F).

'H-NMR : 6= 8.36 ppm (s, 1H, -N=CH).
PFE-NMR : 6=-104.71 ppm (s, 1F, Ar-F).

'H-NMR : 6=8.01 ppm (s, 1H, -N=CH).
P¥F-NMR : 6=-103.99 ppm (s, 1F, Ar-F).

'H-NMR : 6=8.23 ppm (s, 1H, -N=CH).
PE-NMR : 6=-104.81 ppm (s, 1F, Ar-F).

'H-NMR : 6=8.39 ppm (s, 1H, -N=CH).
PE-NMR : 6=-104.71 ppm (s, 1F, Ar-F).

'H-NMR : 6=8.43 ppm (s, 1H, -N=CH).
PFE-NMR : 6=-105.80 ppm (s, 1F, Ar-F).
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2.4.9. Tyramine DR ERZ AV = BB SHT
2.4.9.1. BREFRDOIER

7 A NF2—7T, CDsOD (1.0 mL)*, 4-fluoro-2-hydroxybenzaldehyde 1k (0.10 mmol, 0.01409) , #
TR 2R L 7= tyramine (2t), TEA (0.20 mmol, 27.7 ul)¥ X O 4-bromofluorobenzene (0.01 mmol, 1.1 plL)
IR T 15 REREIBEEE L7otk, ZORAWKEZ *H B LUV OF-NMR IZE Y 57 L7z, S oni-finfis
M, € DORFOREE ZHedhic 7 > b L7z,

2492 —FEEDHT

7 A N F 2 —7T, CD30D (1.0 mL)H', 4-fluoro-2-hydroxybenzaldehyde 1k (0.10 mmol, 0.0140 g) , 30 mM
(2R L 7= tyramine (2t), fLOAKT 2 > 2z, 2C, 2D, 2E, 2F (4% 0.01 mmol), TEA (0.20 mmol, 27.7 L)
B L Ot 4-bromofluorobenzene (0.01 mmol, 1.1 pul)Z =R C 1.5 FFlHEE L721%, T ORAREE HEB X
OV9F-NMR (2 & 0 4347 L 7=,
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B

BENMRIZCE BT IV BO—FSOH
e

BRT I DL LIET7 X BAREE & T 2 RBRR AR CTERNTEESND. LIEK-T, &£
K7 2 OAEFEREDIRINITAERT S 02D HLOET TIEARL, ZTOREBMETHLT I /JBLED
Te—FoBRdbND. o, RPLMIETOREDT I/ BOERSITIX, 7 I/ BARHERFEEE
R EORYNEFRIEL ZENFRET, BEFONHTHLT X BOEESIIIIEFICEE /85,

ARETIE, HFoBEBTHE LEZFEOT IV BA~OEMAICOWTHET L. SOICEONHEEZ RS
REHICEEND T X VB EOEESHICBE L CHLRFT LD T, ZOMELADLE THRETS.

ARTFEIL, A& AR, 7 r—7% 1 To 5 4-fluoro-2-hydroxybenzaldehyde % triethylamine 35 & OY
WERIEERE T & % 4-bromofluorobenzene & 4 FED 7 X/ % CD3OD/NaHCO3-Na,COs A& % (pH 10.0)1Z 4
FE, IR T 15 RFMIREET 2 Exhs 3 54 I MR RIR K AR L, CsCl ZiNx 72, “F-NMR (Z
FOGT22LTAROT I/ Ed—EIZEMNT 22 Lamies Lo, £, RFETEERRELF
DD ET D Z L7 <A I VPR S, KFEZ WD 2 & T, taurine & A #CEHH @ taurine
DEMSIHTC GABA &AM D GABA O EMSIH &2 AlfE L L7z,






3.1. ¥%E

B E T, 4-f|uoro-2-hydroxybenzaldehyde ZHWTZ YF-NMR 2 X 5 6 FEOAEEKRT I v O—F 5
ARECTH -T2, Tz, BREVZ L12 GABA X° taurine &\ o 72y FINICERIME B RERS 2 9 DL A Wit
(2% LT, triethylamine ﬁbuxﬁﬁ BWTEIERRBLS A I 24K L, YF-NMR I X2 EMHSHICRES)
Liz. ZOZ &S, bW E FRRICEBREEREREZ S TNICET 27 2 /BB TCHEMA T
XL EMEEND. LvL, ZNHOT 2 ERIE, KEMENEL, GKREETODFENRAIRTH
5.

A TIE, 4-fluoro-2-hydroxybenzaldehyde % iV 7= 9F-NMR 12 L 2 &K TF TOAKRT 2 B LD
TRV BRO—FOICET TORRR & & I, Rdhdl KUHED b OEVEDH T ~DISAIZ W THRE
T5.

32. ERLBE

3.2.1. LGB DORE

FTHIDIT, W L OUSINY OB RSN TRE L7 (Table 1). BlH, &K IAMLIZ alanine (2a),
4-fluoro-2-hydroxybenzaldehyde (1), #hn#3 KO 4-bromofluorobenzene Z iM%, 1.5 BRI L7-D b,
H-NMR 73#71Z & 0 IR &2 RE L7z,

ZDOFER, I D0 s & LU triethylamine (TEA)Z I 2 72550 Tld, IR 87% & BAFTH
S72 (entry 1). —J5C, S HIZ TEA NS5 &, IWRITD UK TFT 5 (entry 2). WIZIRIN %
imidazole |2 L, a7 5 LUEIT 40%E 720, I E LTI TEA OFNRRWZ EMRfER ST
(entry 3). He\T, WA IMEOEEIRICTHZ LTI OLRIANEDOR ENR SN ML, 5
R CORF &R pH 10.0 OFEMEIR TIX, 89% & ZiLE TTHR S JWICERSGL, WHLs 9 /1
(2925 EIEIME T L7- (entries 4, 5). F7-iEEROEEMEZ SO TS L7220, & 575K
IR B2 o 7= (entry 6).

ZIVD DFEFRI DRI A CDsOD / NaHCO3-NaxCOs #% i (pH 10.0) (v/iv =4/1) & L, TEA (6.0 eq){F1E
T, L5WEICT I /ot aiTo5 2 & & L.
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Table 1 Optimization of analytical conditions for alanine (2a). 2

O -
fe) additive ~ R
H . 4-bromofluorobenzene N’
OH Ivent -
E OH solven F OH
NH2 rt,15h
1(3.0eq.) 2a 3a-x
entry solvent additive yield (%)
CD30D / D,O
1 (V/Vi 08/ 5.2) TEA (6.0 eq) 87
CD30OD / D,O
2 (VN3= 08/ 02.2) TEA (15 eq) 80
CD3z0OD / D,O
3 (v/v3: 0.8/ 52) imidazole (6.0 eq) 40
CD30D / pH 10.0 100 mM NaHCO3*Na,CO3 buffer
4
(viv=0.8/0.2) TEA(6.0eq) 96
CD3OD / pH 10.0 100 mM NaHCO3*Na,CO3 buffer
5 ’ (viv=0.9/0.1) T TEA (6.0 eq) 76
CD3OD / pH 10.6 100 mM NaHCO3*Na,CO3 buffer
6 ’ Wv=08102) TEA (6.0 eq) 8

@ Reaction Conditions: Alanine (2a) was treated with 1 (3.0 eq.) in the presence of additive
and  4-bromofluorobenzene (1.0 eq) in solvent (1.0 mL) at room
temperature for 1.5 h. The reaction mixture was analyzed by NMR. PA§ = §;-

64-bromoﬂuorobenzene-
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3.22. BEREASBRT COERTIVEBLIOT I JBBO/LFEY 7 ME

WIS, #Ex7RT 2 W 2a-q BLOERT 20 2rx ICBT 5 stE b3S 7 MEDZE (AS)IZOWT
#iEt L7 (Table2). A%, CDsOD/NaHCO3-Na,COs #EMEfi (pH 10.0) (viv=4/1)f, %7 I /BB L O
HART 2 22, 4-fluoro-2-hydroxybenzaldehyde (1), TEA 3 X O 4-bromofluorobenzene % iz, 1.5 [
L%, H-NMR 00T LILR A2 H L, F-NMR | TOWNERIERE) S Dby 7 MEDEZRE LT,

HeAlET X /B Cd 5 alanine (2a), valine (2b)35 L TN leucine (2¢) Tl, BAFIZA > 3a-c DA
PRI, ASEIZE N EF112.29, 12.36, 1229 ppm & 72V, 2a B L R 2c iIZFB W TIRMEA 7R L 72 (entries 1-3).
W, BALICE RrF v B XA VD 7 N EEHFT 5 serine (2d), cysteine (2e) CHFt L7=. 2d Ti3,
79%DULHET, e T DA 22 3d DA HER I, ASEIL 14.21 ppm L 72V HRIAE T X / Bk & 1357
A7 MRS 272 (entry 4). ZZC, WROIEKTIE, b X Eaphiiicad 25 LIk D]
RISHE 2 5508, H-NMR ST GEVERMIIHE SN TE LT, b ReX o8BIl 5b0
7ZEHERI L7, —5C, cysteine (2)IZBWVTiE, H-NMR A7 kv B2 A 2 v 3e OFHEH 72> 7
JTHER S 72\ DS, BIERI CTd 5 3N EERINZIF DAL, ZDASMHEIE, 2.35 ppm &2 07T I/
el 13 Bp 2k 7 MEZ R L7 (entry 5, Figurel: 3e’). WNTC, FEGREAETHT I /BT
& % 2-phenylglycine (2f), phenylalanine (2g), tyrosine (2h), tryptophan (2i)3 & O histidine (2j){Z-2V > Thi
ALz, 20 I2B W THE, BIFRIERTRIST 54 X 3g-) DEMRPHER SN, L LB 6, 2fIZ
BWTIEA I 3f ORI 7 VTR 6N b OD, okt EOHIXEE oK E &Y, JFHFRE
FORHIZL EWNEERED S T L ER D T2 OIEROIREITRNEETH > 72, ASfEIE 2f T 12.34 ppm T
HY 29, 2h, 2i, 2j TiL, TNFHIEIZ, 14.10, 14.18, 14.14, 14.09 ppm L 720 2f ZFR< FHEHET 2
JEETCIE, RBWIRET X VB LY ®lET 7 ISR ALD (entries 6-10). E&MET X/ B2 TdH 5 aspartic acid
(2k) , glutamic acid (21) Ti%, MOT I/ BRICTHANZDOIREK TAAR LN D05, A I 3k, 3l DA
MDAFETH Y, AMEITZNEN 14.09, 1421 ppm & A X / fEA D OB X Vb5 y 7 MER RS
AER A 1572 (entries 11, 12). 2K, 2i D A1)V AR F U HDN IV NE A VIEIT A D % asparagine (2m), glutamine
(2n)TiX, BAFRIETA I 3m, 3n 5%, ASMEIZ 2k, 2i L[AEROMEAZF L THDHR, Zhb &
D LSy 7 MEDO GRS 7 S MBI S 47z (entries 13, 14). & 7=, asparagine (2m)iZ B CTlEftho
T BEIIRELS B LFEY 7 MaDZEE 27, &I, JT7T =V EkEA7T 5 arginine (20)
THRERIS, BAICHNAERD P ER S, (b7 7 MEDZEEZHF G L7 (entry 15). Lysine-
dihydrochloride (2p)TiZ, H-NMR A7 kL EIZWK D00 A 2 O T IV ER I NT-. 2p K
X7 I ETHDZ s, HEORIERDOFEDN ONEZ L5 (Figure 1:3p?, 3p”, 3p™).
ZOZEMND, 3p ORIEITEHELLS, [EB L YF-NMR AX7 ML ETOA IOV T F IV ERET
o7 (entry 16) H%?&O)T 2 /gL LT glycine (20) TiE, BAF72INR THRW % 5 %, ASIEI 14.35
Th o7z (entry 17). ARG T X /7 <> 2-phenylglycine (2f) L (Ll7-ETH 2 Z 03D . KRIZ
HEART IV 2r-x “ﬂ‘ﬁﬂ L7z, 7 2V BBOBLRER LAY Td 2% tyramine (2r), serotonin-hydrochloride (2s),
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histamine (2t) CIEX7 X / B & [RERIC BAFICKHIET HA4 IV OERDBAIRETH Y, AMEZHEOLNTT
(entries 18-20). HIBKIAD T I /EE L i+ 5 &, 2h & 2p TO0.11 ppm, 2j & 2t T 0.04 ppm DAL
7= (entry 8 vs entry 18, entry 10 vs entry 20). R YU 7 X > T 5 putrescine 2u) Tik, ERT 514 I )
RIBHRICANETH O S TE RV DD, cadaverine QUICEBWTIZBAFICY A L AR L, ASEZ
5.2 7= (entries 21, 22). %2 GABA (2w) & taurine (2x)IZB W Cik, EH 6 HEBAFIZA 2 > 3w, 3Xx &4
%L, ASMEIZZNEI 14.14, 13.34 ppm T > 7= (entries 23, 24). Taurine )T EDT I /R LV L1k
F7 MEIZ/NS e ORI > 7T VR A LTV D Z ERNDD.

INOOREREMDL L, IFEAEDT I VBB I OERT I OASMEI, 14.05-14.37 ppm OISy
MLTHEY, 7 /BOEEICKA2EITR o, —F5 T, cysteine (28) CIx R 54 a5 Z
ElWZ LY RIDfbs> 7 R &R L, asparagine (2m), arginine (20), cadaverine (2v)3 X O taurine (2x) Tl
W77y 7 MEOZEEZ B2 5 Z EBbhd. ZUHORMEEZRIAL, KAFEEHWAZETT I
BED—F TN AIRE CTH D L RE IS,

F OH
S "
N
s o Z MOH
/H Nx
N
OH
H HO
F OH

N s e) HN NH OH
NH,
F F
3p 3p" 3p

Figure 1 Chemical structure of product and by-product derived from cysteine (2€) and lycine (2p).

75



Table 2 Scope of amino acid and biogenic amine using 1 in CD3;0D / buffer. 2

O
b TEA]:I(G.O lfq.) ~ R
H + R—NH, -bromofiuorobenzene /E:CN
E OH CD3OD / buffer F OH
Jrt,1.5h
1(3.0eq.) 2a-x 3a-x
entry amine 2 ASP yield (%)
(6]
1 \)J\OH 14.29 96
NH,
2a
o]
2 OH 14.36 >99
NH,
2b
(0]
3 NOH 14.29 >99
NH»
2c
(0]
NH,
2d
0]
5 HSﬁ)J\OH 2.35 >99
NH,
2e
(0]
6 OH 14.34 n.d.o
NH,

2f

@ Reaction Conditions: Amine 2 was treated with 1 (3.0 eq.) in the presence of
TEA (6.0 eq) and 4-bromofluorobenzene (1.0 eq) in CD3;0OD (0.8 mL) and
NaHCO3;*Na,CO, buffer (pH 10.0, 0.2 mL) at room
temperature for 1.5 h. The reaction mixture was analyzed by NMR. P A = &5 -
84-bromofiuorobenzene-  Not determined. Not dissolved.
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Table 2 Scope of amino acid and biogenic amine using 1 in CD30D / buffer. 2 (continued)
o)

TEA (6.0 eq.) s~ R
/(j\)J\H + R-NH, 4-bromofluorobenzene /E:CN'
F OH CD30D / buffer = OH
rt,1.5h
1(3.0eq.) 2a-x 3a.x
entry amine 2 ASP yield (%)
O
7 OH 14.10 >99
NH»
29
O
8 MOH 14.18 >99
NH
HO 2
2h
(0]
; W"” " .
N NH,
H 2i
O
N
HN NH,
2
(0]
11 OY\)J\OH 14.09 82
OH NH,
2k

O O
NH,
2l

@ Reaction Conditions: Amine 2 was treated with 1 (3.0 eq.) in the presence of
TEA (6.0 eq) and 4-bromofluorobenzene (1.0 eq) in CD;OD (0.8 mL) and
NaHCO3*Na,CO5 buffer (pH 10.0, 0.2 mL) at room
temperature for 1.5 h. The reaction mixture was analyzed by NMR. P A8 = &5 -
84-bromofluorobenzene- © Not determined. 9Not dissolved.
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Table 2 Scope of amino acid and biogenic amine using 1 in CD30D / buffer. 2 (continued)

@)
TEA (6.0 eq.) ~ R
H 4-bromofluorobenzene N
+ R_NH2 >
F OH CD30D / buffer E OH
Jrt,15h
1(3.0eq.) 2a-x 3a-x
entry amine 2 ASP yield (%)
(6]
13 OY\)J\OH 1351 95
NH, NH,
2m
O O
14 HzNwOH 14.10 >99
NH»
2n
NH»
20
o}
16 HaN OH n.d. n.d.
NH, 2HCI
2p
O
17 HZNJJ\ 14.35 >99
OH
2q
NH,
18 /@N 14.07 >99
HO
2r

a8 Reaction Conditions: Amine 2 was treated with 1 (3.0 eq.) in the presence of
TEA (6.0 eq) and 4-bromofluorobenzene (1.0 eq) in CD;OD (0.8 mL) and
NaHCO3;°*Na,CO4 buffer (pH 10.0, 0.2 mL) at room
temperature for 1.5 h. The reaction mixture was analyzed by NMR. ? A8 = O3 -
84-bromofiuorobenzene- © Not determined. 9Not dissolved.
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Table 2 Scope of amino acid and biogenic amine using 1 in CD30D / buffer. 2 (continued)

O
TEA (6.0 eq.) ~ R
4-bromofluorobenzene N~
/(jLH + R—NH, e /(:C
E OH CD30D / buffer F OH
,rt.,1.5h
1(3.0eq.) 2a-x 3a-x
entry amine 2 ASP yield (%)
HO
19 ‘ NHz 14.37 >99
N HCI
H 2s

N NH,
20 ¢ J/V 14.05 >99
N 2HCl
2t

NH
21 H2N/\/\/ 2 - n.d.d

2u

22 HaN _~_~_NH; 13.97 >99

2v

23 HOJJ\/\/ NH, 14.14 >99

2w

24 s NH 13.34 >99
HO™ 3,

2X

@ Reaction Conditions: Amine 2 was treated with 1 (3.0 eq.) in the presence of
TEA (6.0 eq) and 4-bromofluorobenzene (1.0 eq) in CD3;0D (0.8 mL) and
NaHCO3;°*Na,CO4 buffer (pH 10.0, 0.2 mL) at room
temperature for 1.5 h. The reaction mixture was analyzed by NMR. ? A8 = & -
8 4-bromofiuorobenzene- © NoOt determined. 9Not dissolved.
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3.2.3. B, SE~D)LH

FSEOMFHERZZT, B, BB OT XV BAERFIEIC IV EVERTH LI Mo L L L.
Z T, Ry 7 ViR Z A L CU =X arginine (20), taurine (2x) & A CEFS, GABA Qw)E A
i, BROSHOT IV BEAY 7V b OERSMr 21T 7.

3.2.3.1. fKEFCTORRES

77, taurine @) EAIELE L TALHBNTWNADKIEREED VR E # > D ¥ KM arginine (20)HF 7
5 UARE X D super TORETEAT-. BIH, CD3OD / NaHCO;-Na,COs #EfE#% (pH 10.0) (viv = 4/1)
o, Z3#rakEl, 4-fluoro-2-hydroxybenzaldehyde (1), TEA 35 XU 4-bromofluorobenzene % iz, 1.5 M¢fil$
L%, YF-NMR TOOHT&{T> 7= (Figure 2, 3).

ZORER, VAE X D T ¥F-NMR _EiZ 4-fluoro-2-hydroxybenzaldehyde (1) & 4-bromofluorobenzene
(-117 ppm)D > 7 F IV ERNTH Ty 7T DR S e, £ DT 7L L taurine (2x) TOfEF % Mg
T 5L 0.04ppm OENE LN, £ 2T, ZORATERICHEMAIC taurine )& Nz 5 LEIFEDY T
FAOBEREIMUT=. ZOFRERNG, Fiz/ey 7 M E@E D, taurine Q)N HAREIND A 2
X ThHHEEZEZLND.

YR E# > Dsuper TiZ, ®®F-NMR _{Z 4-fluoro-2-hydroxybenzaldehyde (1) & 4-bromofluorobenzene (-117

ppm)D > 7V ERNCH T2 72 — oD v T OV ER S L. Sl E L RIERIZ, taurine (2x) & arginine (20)
TORR LT 5 & ENZh, 012, 032 ppm & KX R2EEA U2, —J5T, T OIRAEIRICRET
(Z taurine (2x) & arginine (20)& N2 % & F =72 oD 7 F /L OFREE D HEN L, taurine (2x) & arginine (20)
MOERENDA I LDV TF A THoT-.

ZORERMND, B OT I BB L OVERT I U2 EICEMESHT N RE S D5 — T, SEf o
DRI L VAT 7 MEIZEDET 5 2 & AR S 7.
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+ taurine (2x)

+ Lipovitan D

.

-102 -102.5 -103 -103.5 104  -104.5 -105 -105.5 -106
ppm ('°F)

Figure 2 °F-NMR spectra of reaction mixture of Lipovitan D with 1.

+ taurine (2x)

+ arginine (20)

e

+ Lipovitan D Super

J .JUL.L

-102  -102.5  -103  -103.5  -104  -104.5  -105  -105.5  -106
&/ppm (19F)

Figure 3 1°F-NMR spectra of reaction mixture of Lipovitan D Super with 1.

81



3.2.3.2. &M TORE

WIZ, GABA BLEDERMTH DTG U adDA L HZNIINT U AF 3 aLb— bk GABA TOMat % ik
7o H0G, ATALER L LT MeOH (2 & 0 fliHH L 72 #h %12 CD3sOD / NaHCOs+-Na,CO3 #%7&#Z (pH 10.0) (viv
= 4/1), A4-fluoro-2-hydroxybenzaldehyde (1), TEA 35 X U' 4-bromofluorobenzene % Nz, 1.5 B§fE$EE L7=
%, YF-NMR CTOHT 54T > 7= (Figure 4). #5% & LT ¥F-NMR _EIZ 4-fluoro-2-hydroxybenzaldehyde (1)
& 4-bromofluorobenzene (-117 ppm) D > 7L RN =722 7 VSR Stz £72, =DV 7 I
& GABA (2w) CTORERZ T % & 0.02 ppm DZEN R STz, Z OIRATARIZEMAIIC GABA (2w) %
M B ERINFEDL T FIVDRENEIM LT, ZOFEREMNS, Bzl 7 VT E®E Y, GABA (2w)
MBAERSNDA I 3w Thote., ZO LX) ITHI DA O ERFLEETT X W% EMSITTE 5
ZEmHRRE o T

SLARBMEL LTIUROT 2 /B ETeII50 SUPER VAAM 2 — S— 7 7 — A ®Ef: 2 FI T
#FL7= (Figure 5). ZDO#EH, 1F-NMR _EiZ 4-fluoro-2-hydroxybenzaldehyde (1) & 4-bromofluorobenzene
(-117 ppm)D > 7 F IV E RN H 7272 WL FED S 7 IV B HER S -, OB THL MM ER->TNDET 2
JBESEIRIC S T AR LN Enn, T JBEKRDOT I FTATHEDL EBEZLNDD, KFIET
WERREZ2 T X/ BRIIAMEMIC 16 S ENTEY, W OPDOT I JBOY T FIVINERDZ LR
mh.

ZORRENG, RFECLDZEOT I/ BESFDREMIZBOTO—FENSITE, RETH 7203,
R 72 b2y 7 MEE AT 57 2V BICB O UL H IS EERETH D LR S LS.
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+ GABA (2w)

+ Mental Balance Chocolate

e

-102  -102.5  -103  -103.5  -104  -104.5  -105  -105.5  -106
ppm (19F)

Figure 4 °F-NMR spectra of reaction mixture of Mental Balance Chocolate with 1.

-102  -102.2 -102.4 -102.6 -102.8 -103 -103.2 -103.4 -103.6 -103.8 -104
&/ppm ('9F)

Figure 5 *F-NMR spectrum of reaction mixture of SUPER VAAM Super Vaam® Powder with 1.

83



3.24. HFF o MA F L DEMBE

FLOBFNG, FEOLTY T MEOEZ T T I JBEOITT5720120%, I 625575 8EDM
DUETHLZENEZOND. ERENDA I v OEEERTN, E e Eo0o I ko
NIZTTFAMA T EBNLTHZEDRARETHDL V. £T, BFFNMA T DRI OWTHRE
952 & & L7 (Figure6). HiIH, CDsOD/NaHCOs-NaCOs #EfEiE (pH 10.0) (v/iv=4/1)H, 4FEDT
/ [[alanine (2a), valine (2b), leucine (2c), 2-phenylglycine (2f)], 4-fluoro-2-hydroxybenzaldehyde (1), TEA
¥ L 4-bromofluorobenzene Z i %, 1.5 Wefifii#: L7z, WM Z Mz, EEAEZ PF-NMR 547 L
7.

ZORER, W7 LOFRHETIE, SO 7L ied-725, NaCl, KCI, CsCl #nz %
L TAREICHBERE L o7, T, BONTEIKICHEmANICE T I /e thEhnz T I/ Bo
FENFREL I oTe. ALFT T MEDOEIT/NE WS DD, KFEDSHREZ M LS5 S 672 5 &N
i TE DR &S

+ CsCl

+ KCI

+ NaCl

~102  -102.5  -103  -103.5  -104  -104.5  -105  -105.5 106
3/ppm (1°F)

Figure 6 ®F-NMR spectra of reaction mixture of 2a, 2b, 2¢ and 2f with 1.
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33. ¥&¥

ARETIE, 73 /BB LOEET 2 D 9F-NMR (2 & % 4-fluoro-2-hydroxybenzaldehyde (1) % V72—
FHHTIZE T, CD3OD /pH 10.0 100 MM NaHCO3+Na,COz aq. (VIV=4/1)Z iR L 55 2 & TRIF2H
LN RRETH H Z & & R L7-. ATFIETIE, cysteine (2e), asparagine (2m), arginine (20), cadaverine
(2v)F L W taurine (2x) CHRAEII ML 7 MED 2% H. 2 %. F72, CD30D/pH 10.0 100 mM NaHCOs-
Na;COz aq. (viv = 4/1) W, 5y #r %t 5% &  4-fluoro-2-hydroxybenzaldehyde (1), TEA £ X OV
4-bromofluorobenzene Z ANz, 1.5 REfIfE#E L721%, P¥F-NMR o83 2 FEIC LV, 8B @ taurine (2x)
R arginine (20)DEMEAAIREL 72, [AIARD FIETRALT O GABA QW)DEMDHTIC LRI L. &6
(2, o7 2 JEETH S alanine (2a), valine (2b), leucine (2¢), 2-phenylglycine (2f)iZ3V Ti%, CsCl
EWINT 5 Z L CThBfRe L ESE L Z EITRPILT.
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3.4. BB
3.4.1. SHTEEss

(@) 7 — VU =B HARE R R AEE  (FT-NMR)
Bruker %,  AVANCE- III-HD %! (400 MHz)

() B pH A —#
HORIBA #H F-71S %!

3.4.2. General method

IR OGREEIE, ZhEn o bk T, FObMEBE T, F 7147 227, Aldrich HlEAL, FFIC
BHEFlczoEEFEA L. YUV B T A 7a~ NI T 7 4 —1X, 300 mesh O U 5L
(Wakogel C-300 Silicagel) &= W TiT-7=. TLCIX, YU Z W 60Fms BT AL — D EIZ7F L a—k
L7=b D% Merck fEBEEAL, ZOFEMHEHA L. H-NMR, BC-NMR, F-NMR A7 ki, %
ALZ 4 400 MHz, 100 MHz, 376 MHz TllE L7-=. HIEMOEELEL L LT CDCls, DMSO-ds, CDsOD,
toluene-ds, CDCl, ZfH L, {b%> 7 ME § 1% CDCl; TiX TMS (8 0.0 ppm for *H), CDCl3 (8 77.0 ppm
for'3C), DMSO-ds TiZ TMS (8 0.0 ppm for 'H), CD3OD i CHsOH (6 3.31 ppm for *H), toluene-ds Tl
TMS (8 0.0 ppm for 1H), CD,Cl, Ti% CH2Cl, (8 5.3 ppm for IH) 2 JEHE L U, ZOAERHMETHIE LIz, £7-,
BE-NMR OREIL, #H—F L RROFIETITo 7.

3.4.3. RILFKMFORRE

4-Fluoro-2-hydoroxybenzaldehyde (1)iZREED FIEICHB W THEK LT 2.

3.4.3.1. FREVRDOFE

0.1 M NaHCO3 7Ki&i% & 0.1 M NaCOz /KA & AW T, B ER pH A —Z 2LV pHIE AT\ RN D,
NaHCO3-Na,COs #E ik = FHHE L7-.

3.4.3.2. RERE

TANF 2—7 T, KB (1.0 mL)H, 4-fluoro-2-hydroxybenzaldehyde (1) (0.03 mmol, 0.0042 g) , alanine
(2a), ¥INE KO8 4-bromofluorobenzene (0.01 mmol, 1.1 ul)Z =R T 1.5 FEHER L7121, Z DORAE
WA H B L OPOF-NMRIZ LY i L7z,
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344, BERESBHRT COERTIVBLIOT I JBROFEY 7 ME

7 A ~F 2 — 7 T, CDOD / NaHCOs-Na,COs; #% fff % (pH 10.0) (0.8 / 0.2 mL) ',
4-fluoro-2-hydroxybenzaldehyde (1) (0.03 mmol, 0.0042q) , 7 X / & 2a-q 35 KL OVAEKT I %4 2r-x, TEA
(0.06 mmol, 8.3 pL)¥s & O 4-bromofluorobenzene (0.01 mmol, 1.1 uL)% =R T 1.5 BEfEE L72%%, =D
RAWIEE HB X O F-NMR IZ L D T L7,

imine 3ka 'H-NMR : §=8.34 ppm (s, 1H, -N=CH).
E-NMR : §=-102.71 ppm (s, 1F, Ar-F).

imine 3kb 'H-NMR : 6=8.28 ppm (s, 1H, -N=CH).
BE-NMR : 6=-102.64 ppm (s, 1F, Ar-F).

imine 3kc 'H-NMR : 6=8.37 ppm (s, 1H, -N=CH).
YF-NMR : §=-102.71 ppm (s, 1F, Ar-F).

imine 3kd 'H-NMR : 6=8.29 ppm (s, 1H, -N=CH).
BF-NMR : 6=-102.79 ppm (s, 1F, Ar-F).

imine 3ke’ P¥F-NMR : §=-114.65 ppm (s, 1F, Ar-F).

imine 3kf 'H-NMR : 6=8.26 ppm (s, 1H, -N=CH).
PBF-NMR : 6=-102.66 ppm (s, 1F, Ar-F).

imine 3kg 'H-NMR : §=7.64 ppm (s, 1H, -N=CH).
PBF-NMR : 6=-102.90 ppm (s, 1F, Ar-F).

imine 3kh 'H-NMR : 6=7.63 ppm (s, 1H, -N=CH).
P¥E-NMR : §=-102.82 ppm (s, 1F, Ar-F).

imine 3Ki 'H-NMR : 6=7.36 ppm (s, 1H, -N=CH).
P¥E-NMR : §=-102.86 ppm (s, 1F, Ar-F).
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imine 3Kj 'H-NMR : 6=7.86 ppm (s, 1H, -N=CH).
PE-NMR : §=-102.91 ppm (s, 1F, Ar-F).

imine 3kk 'H-NMR : 6=8.33 ppm (s, 1H, -N=CH).
PBE-NMR : §=-102.91 ppm (s, 1F, Ar-F).

imine 3kl 'H-NMR : 6= 8.34 ppm (s, 1H, -N=CH).
PE-NMR : §=-102.79 ppm (s, 1F, Ar-F).

imine 3km 'H-NMR : 6=28.30 ppm (s, 1H, -N=CH).
PBE-NMR : §=-103.49 ppm (s, 1F, Ar-F).

imine 3kn 'H-NMR : 6=8.34 ppm (s, 1H, -N=CH).
PE-NMR : §=-102.90 ppm (s, 1F, Ar-F).

imine 3ko 'H-NMR : 6= 8.34 ppm (s, 1H, -N=CH).
PE-NMR : §=-103.09 ppm (s, 1F, Ar-F).

imine 3kq 'H-NMR : 6=8.26 ppm (s, 1H, -N=CH).
P¥F-NMR : §=-102.65 ppm (s, 1F, Ar-F).

imine 3kr 'H-NMR : 6=8.09 ppm (s, 1H, -N=CH).
P¥F-NMR : §=-102.93 ppm (s, 1F, Ar-F).

imine 3ks 'H-NMR : §=7.95 ppm (s, 1H, -N=CH).
P¥F-NMR : §=-102.63 ppm (s, 1F, Ar-F).

imine 3kt 'H-NMR : 6=8.19 ppm (s, 1H, -N=CH).
PYE-NMR : §=-102.95 ppm (s, 1F, Ar-F).

imine 3kv 'H-NMR : §=28.37 ppm (s, 1H, -N=CH).
PYE-NMR : §=-103.03 ppm (s, 1F, Ar-F).
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imine 3kw 'H-NMR : 6=28.38 ppm (s, 1H, -N=CH).
19F-NMR : §=-102.86 ppm (s, 1F, Ar-F).

imine 3kx 'H-NMR : 6= 8.40 ppm (s, 1H, -N=CH).
BFE-NMR : §=-103.66 ppm (5, 1F, Ar-F).

3.45. B, B ~DIHH
ARG AT 2 BB L OB T IR CA L7 b D Th 5.

3.4.5.1. KB CORRE

7 A NF = — 7 T, CD:OD / NaHCO3;Na,COz #% f #%Z (pH 10.0) (0.8 / 0.1 mL) *',
4-fluoro-2-hydroxybenzaldehyde (1) (0.03 mmol, 0.0042 g) , Zr#rxffckt (0.1 mL), TEA (0.06 mmol, 8.3
uL)F L Y 4-bromofluorobenzene (0.01 mmol, 1.1 pl)Z =6 C 1.5 FERIRER L=, TORARKEZ HEB
L OVF-NMR (2 L 0 o L7z,

3.45.2. & TORT

AVENNG v AF g al— bk GABA TOWRET

AVBENNRT AT aal—h GABARSQETVIELIZDDH, MeOH (50 mL) T 1 Kfiiflii L7=. =
Dk, N % 2B THY BR&, AR BITEE 5 L1-#%, 30 7y B28 ik S w7 15 5 - filiH#12 CDs0D
/ NaHCO3-Na,CO3 #%f##Z (pH 10.0) (1.6 / 0.4 mL), 4-fluoro-2-hydroxybenzaldehyde (1) (0.03 mmol, 0.0042
9) , TEA(0.12 mmol, 16.6 uL)F & O 4-bromofluorobenzene (0.02 mmol, 2.2 uL)Z %, 1.5 B # L,
LA A H B L OF-NMR IZ XV oHr L7z,

SUPER VAAM A —/3— 17 7 — L ORI T O MF}

7 A hF 2 — 7 T, CDOD / NaHCO3Na,COs #% fff #%% (pH 10.0) (0.8 / 0.2 mL) H#',
4-fluoro-2-hydroxybenzaldehyde (1) (0.15 mmol, 0.0210g) , Zr#r*f&E & (0.02g), TEA (0.30 mmol, 41.5
uL)F L U 4-bromofluorobenzene (0.01 mmol, 1.1 plL)%Z =E{EC 1.5 FERIRIE L7-t%, TORAREKZ H B
L OVOF-NMR (2 L 0 49 #r L7z
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3.5. &Ik

1. a) M. Kang, A. Sen, Organometallics 2005, 24, 3508-3515. b) F. M. G. Valle, R. Estivill, C. Gallegos, T.
Cuenca, M. E. G. Mosquera, V. Tabernero, J. Cano, Organometallics 2015, 34, 477.
2. W.Chen, Z. H. Zhou, H. B. Chen, Org. Biomol. Chem. 2017, 15, 1530.
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I E

BT I DRI —F LN
BE

BE-NMR (2L 5 —F 0 FEICBWTHWOLNS 7 v BHEEERREDO L T 7 v BRICKHHIEE A
LTWa. Ziux, Y7 FIAERC R DRNE S ICF US> 7 MEE 52, D oRRELZ R ESE5
72O THDH., —FHT, YF-NMRIZE DB WT O R 205y 7 MEE W -7 v FFER
ERIEZ VD HNRITE A . Fie, Fw, FEmTRE LEFETIIMRR 208 E R 5
e, RERT I VEO—FoITIC IR TEELZ L2 rE. 20—FT, HSROEMET
I VHHTH % n-butylamine & n-hexylamine @ X 5 IZHEEDIEFIC L ELTE Y, IO DT NREED
LMWL SR T I EHOMANIT 4 TIEARV. 20O NMR S THWS 7 a— 751 —fE Tl
R CHHOE T v R EESTHICHEL, £x0O7 v RFETNT I OEER RS E R 2 82D 2
EVRTERE, K VFEMAEERERPSE O, DT DREVDIEAOND EE X, 51T, ¥F-NMR
XD —FIFIET IO X DI RGN 7 7' a —F 2 D 2813 RE S TnZeu.

ARETIE, Bipp 7 vH#EIAE L O7 0 —T7 5570 YF-NMR A7 kLD IR ITTHIRIRHTIZ L - CTT 3
VOB ZAT O M B OATEIGIZES WG T v BN AT AT B ROGEE ZOFMIZ OV Tl
HT 5.

F9, “o0E7 vHELEEL ST r—741 & LT N-(5-fluoro-2-formylphenyl)trifluoroacetamide % 5
PA B LTz, T, TOTa—7 0577 I V8% CD:OD 1, =R T 6 REAUG S, it
TOHAIVENEERL, 6% PENMRIZEV T L7c. 5o/ ¥F-NMR > 7 hD ke’ =
v FERT S L, 7 IVEORENRESE EOREO L7 LT HEH, - HEBREOF R E 25
DIEFITFEMZR T 2 v OENFBF RS/ TE D 2 b, Zhc kY, FE, HomETHEL
TFETEOMARETH 72 ATEO T VX LT I VO ENATRETH - 72



4.1. ¥=

O, B EICBUWTC, 4-fluoro-2-hydroxybenzaldehyde % FU M7= F-NMR 12 X 2 4K7 I U HEEB K
U7 2V BO—FOIMEIZ O W TR L CERER, MRRI20HEZ R DT ORFIENRT I VHO— %
MR CE/SD 2 2T —F, HlziE, ESROBIET I VO X 5 ITEERIERIC
SETWL7 I VEOBRIEENR o TlEenga bl ani. 22 T,_@NMR\ﬁfﬁwé
FR—FETIIRL ZfEO 7 v RFEF 20 FPICA L, 107 v RIFFNT I OMIERN 2R %
MalZ 2T, K0 FEEERPI B OND EE 7. iDL, “HEoRL 57y 7 MERERT
% F-& CR-% 0 FNIC b oG 7 v BHERFEEZ AV, TIVHEIC o7 v HFREEZEAL, H515D
b5y 7 MEDOZEE “IRTHNIENT T2 2 & TTY X VO —F o nalie & 725 L WF53 % (Scheme
1). £/, ZOXSRTHOELR DT 7 MEEE W ZIRGTHI R T T e — X, ZhuE T
2372 <, NMR Z3#T & DT ZIROTHIEATIZ R 2 533 A H L, HBoh/e7 —ZIZES b DIZRS
nTns .

AETIE, “HOBRRHIFEY T MEKEBETH F-L CR-% & BT FHICHE DX XT LT B KO
ARk E TIRTTHIFRITIZEE DW= T 2 VDO —F OISOV TR 5 2,

O
+ _ _H
F j\H R—NH,  ——— = N
0~ CF3 O)\CF3
O
probe imine
H

C C
e prIZbO \ probe CiFrgine

Scheme 1 Strategy of 2D simultaneous analysis of amine by **F-NMR.
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42. FER LB

4.2.1. N-(5-Fluoro-2-formylphenyl)trifluoroacetamide (1) D% &t & & FRER K

ZNET, 4-fluoro-2-hydroxybenzaldehyde (25T, o X UIERFFO(LSEY 7 FEICRIF R ERN R
Hivlz. ZHUE, oDt Fr¥ RS I VOERFFLAKEFETLIETAIIVELELTVND
EEZLND. FDD, KRFHIAWSE 70 —7 T, AL I VRRHOKER- A DR TE 5
0-7 2 REZEAL, TOEMNICT v FEHILE > N-(5-fluoro-2-formylphenyl)trifluoroacetamide (1) %
A LT

CFs-& F-IX ¥WF-NMR ETOv 7 FENRKEL, ZOHBNIELG THLT-H, ThbikEbIZAET D
N-(5-fluoro-2-formylphenyl)trifluoroacetamide (1)% AV, FH—#k7 I VHHE IS SEHZ LT, b5
CFs-& F-Dfb 7y 7 MM D ZRGTTOIERBE S, PF-NMR &7 h O ZRje/N— 20— RERO 534723 7]
RBIZZ2 D EHIfFSNLD.

7 —7 1 O A ki, 2-amino-4-fluorobenzoic acid (2) % i £t & L €T, ®EL I kL v
2-amino-4-fluorobenzylalcohol ® % & B L 7 3 Kb i X b
N-[5-fluoro-2-(hydroxymethyl)phenyl]trifluoroacetamide (4), % IZEALIZ LY, BHIOT v —7 1 OAEK
DERL S5 (Scheme 2).

(0]
Reduction OH
OH
F NH,
F NH,
(0]
OH o
Amidation Oxidation H
F NH
)\ F NH
O~ "CF
s O)\CFg

Scheme 2 Synthesis plan of N-(5-fluoro-2-formylphenyl)trifluoroacetamide (1).
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4.2.2. N-(5-Fluoro-2-formylphenyl)trifluoroacetamide (1) D& f%

2-Amino-4-fluorobenzoic acid % Hi 75Uk L, N-(5-fluoro-2-formylphenyl)trifluoroacetamide (1) % — B[,
=R 47% CA R L 7= (Scheme 3).
H, 38C, YF-NMR 3 L TU'HRMS (2 X W N-(5-fluoro-2-formylphenyl)trifluoroacetamide (1) % [Fl & L 7=.

O
LiAIH, OH
OH
THF, r.t., overnight E NH,
F NH,
(77%)
O
1)TFAA, Et,0, OH
0°C, 10 min. DMP H
2)TEA, MeOH F I CH,Cly, r.t., 30 mi F NH
, MleOH, 2Cly, 1.t., min.
rt,1h. O~ CF
3 O)\CF3
(76%) 1 (80%)

47%_ Yield by 3steps

Scheme 3 Synthesis of N-(5-fluoro-2-formylphenyl)trifluoroacetamide (1).
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423. ZRIEFu—T 1L DBE—RT I VEOBAEORRET

4231 HEHE—HT I VEREICBITA(EEY 7 VNE{bORRE

N—(5—FIuoro—2—formylphenyl)trifluoroacetamide QZRWT, H—HT7 I M 2aw PbiFEIns A I
3a-w @ PYF-NMR (281 21577 MEDZE (AS) & NZEIZHOWTHET L 7= (Table 1). IS, &H—#k7
3 V¥ 2a-w & N-(5-fluoro-2-formylphenyl)trifluoroacetamide (1)% CDsCD H T 6 FReffii#E L, H-NMR,
F-NMR |2 X Y 4387 L 7= (Table 1).

T, BEHEHTALXLT U TH D n-butylamine (2a), n-hexylamine (2¢), n-oxtylamine (2d) Cixtisd
54 3> 3a, 3¢, 3dDEAFZAR S i, N-(5-fluoro-2-formylphenyltrifluoroacetamide (1) F-fH kDb
7 b7 (ASF)IZ 754 ~ 751 ppm LERNRLS RDIZ LR o TR > 7 F&8llT 5. —FT,
4 X 3 & N-(5-fluoro-2-formylphenyl)trifluoroacetamide (1) CFs-Hi kD57 7% (ASCFs)iX 0.44 ~
0.50 ppm D@k 7 S #8lHIT % (entries 1, 3, 4). AT X AT I UHH 2d-h I2BW T, BAFA
IR THRBD R S AL, EDASF, ASCR T #7225 = L A3 g8 S 4172 (entries 5-8). —J7, 7=V v
¥ 2b, 2i-n T, aniline (2b), p-methoxyaniline (2n) TIXLLERI BIFICHIID A 2 > DRI HEZR S D
HLOD, D oNICEBREEZETHT =V 2 2, 2j %K(ﬂ&b%% {7 = U v 2k-m TIRULER 1-22%
EE LUK T L (entries2, 9-14). Z Ui, o-pLONAKREE DR ERIEMNIIC L DT I 7 HDR
B TRER LTS EEZbND. 722115 DASF 11_ (X7 XTI IS, RS T
NEBIT D Z LD DD, ASCR EIZITFHEAY 2T R b, 7 ==L=F L7 I 4 2o,
ABLONRDAT I UM 2p-s T, 7AFAT I U ERBEICBFRIERTABOA I 2 3RS
A, ASFAEIXT AF LT I e T = VEHOMICHAT 5 2 L3R S 7z (entries 15-20). £727 =
U HARERIC ASCRs B I XFFEAY 2N L L v, RIS, R Y 7 I 4 2u-2w TIET R Tz
THAEBEROHTHAR O, ZOBEEKILENERDOT A I ETHY, CDOD ITIFRETHLZ &
M5 E 72572 (entries 21-23).

KT I I L, K7 BT RNANIA I AR L 2 ORI 5V T MEDEERD
DT LG, HYIOBE®RY ZIRTHIT~SETE 5 L HiIfF SN,
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Table 1 Scope of primary of amine using 1 in CD3s0D. 2

O

X R
H N
+  HN-R ———————
F NH CD30D, r.t.6 h F NH

0”7 "CFs 0”7 "CF3
1 2a-w 3
entry amine 2 ASCF5 (51-83) ASF (81-83) yield (%)
1 " NH, -0.44 7.54 >99
2a
2 @\ -0.44 5.84 >99
NH,
2b
3 g N[ -0.48 7.52 >99
2c
4 NH, -0.50 7.51 >99
2d

5 )\ -0.50 7.57 >99
NH,

2e

6 A( -0.71 7.66 92

NH,
2f

@ Reaction Conditions: Amine 2 was treated with 1 (3.0 eq.) in CD3;0OD at room
temperature for 6 h. The reaction mixture was analyzed by NMR. ® Not dissolved.
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Table 1 Scope of primary of amine using 1 in CD30D. 2 (continued)

0
N
H
+ HN-R ——
F NH CD;0D, rt.,6 h F NH
07 CF, 07 " CF,
1 2a-w 3
entry amine 2 ASCF3 (51-53) ASF (51-53) yield (%)
NH
7 Y 2 -0.57 7.43 >99
2g
[ j\ -0.67 7.62 >99
8 NH
2h
0. 5.75
9 ©\/NH2 0.74 14
2i
10 -0.51 5.49 2
NH,
2i
C
-0.54 483 1
11 NH, 0.5
2k
cl
12 ©\ -0.42 5.04 13

NH,

2|

@ Reaction Conditions: Amine 2 was treated with 1 (3.0 eq.) in CD;0D at room
temperature for 6 h. The reaction mixture was analyzed by NMR. ® Not dissolved.
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Table 1 Scope of primary of amine using 1 in CD30D. 2 (continued)

0
x. R
H N
+ H.N-R & —M >
F NH CDZ0D, rt.,6h F NH
0~ "CF,4 O)\CFg,
1 2a-w 3
entry amine 2 ASCF3 (81-83) ASF (51-83) yield (%)
cl
13 \©\ -0.45 5.34 22
NH,
2m
MeO
14 \©\ -0.60 -6.65 94
NH,
2n
15 ©\/\ -0.48 7.32 >99
NH,
20
16 ©/\NH2 -0.44 7.10 >99
2p
17 ©)\NH2 -0.74 7.08 >99
2q
18 -0.66 7.14 84

zZ
I
¥

2r

@ Reaction Conditions: Amine 2 was treated with 1 (3.0 eq.) in CD3;0D at room
temperature for 6 h. The reaction mixture was analyzed by NMR.  Not dissolved.
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Table 1 Scope of primary of amine using 1 in CD30D. 2 (continued)

(0]
X R
H N
+ HN-R —m—
F NH CD30D, r.t..6 h F NH
(@) CF; O)\CFa
1 2a-w 3
entry amine 2 A3CF3 (81-83) ASF (51-83) yield (%)
19 -0.96 6.49 >99

MeO
20 :@\/\ -0.51 7.26 >99
MeO NH

21 HoN _~_ - - n.d.
NH,

22 HoN™ " NH, - - n.d.

H
23 N - - n.d.
HoN™ > S NH,

2w

@ Reaction Conditions: Amine 2 was treated with 1 (3.0 eq.) in CD30OD at room
temperature for 6 h. The reaction mixture was analyzed by NMR. ® Not dissolved.
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4232 Wy M X A5

OB LV ELNIALF Y 7 MEDZETHDHASF, ASCR EZ AWV "kt e v N &R+ &
E L7z, B, BRERICASF s, HefliZASCFs OffaxME L L% FT— %% 71> kL7 (Figure 1).
ZORER, ASF EIZL T, TAXAT IV, 7=V TF AT I VABIONRC VLT I VA,
T2V CHEORBEICL Y EEFEVERTZENDND. —HTACREIL, TAX AT I DR
7R SRHEDOEWZ LD REL RDBEABH LN Lol F_U U7 I VHEICBWTH LR
H7emmE SIS KD BV DR S,

NS ORERND, TIRITHNTIRNT T D AREEIG X T X A OREEE A A IS U — AT Rk
2720 95 Z LR ENT.

1.00
([

0.90
_, 080
£
Q.
= ® A
E *
% 0.70
“ 2
0O [
O
o 060 A
N 2

A
050 aa ® A
m e
u ° A A
A
0.40
-8.00 -7.50 -7.00 -6.50 -6.00 -5.50 -5.00 -4.50
Ao of F signal [ppm]
Walkyl (linear) #®alkyl (branch) Aaniline ®others

Figure 1 Discrimination of various amines by 2D plot of 1°F NMR shifts.
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4.2.3.3. —FHr~DIH

FIROFERNG, K70 —7 OBV IEFIZE N EE X, BN KREETH > TfGMIGET I 8D
—F MOV TR L7= (Scheme 4). Ei%, n-butylamine (2a), n-hexylamine (2¢), n-octylamine (2d)35
X Ut cyclohexylamine (2h) DIRA#) & N-(5-fluoro-2-formylphenyl)trifluoroacetamide (1) Z CD3OD HC 6 FFfH]
L, BF-NMR (2L Y 9#r L7z (Figure 2, 3).

ZORER, FHBICHB WX IFOF =720 7V T ABHERSN, &7 I VETOMRE LTS &,
n-hexylamine (2c), n-octylamine (2d)?D > 7 F/WAZHE 72 D BELTTWDH Z ERDnD.  —F5 T, CRe-fiFlk
WZBWTIE, 40> 7T R S, n-butylamine (2a), n-hexylamine (2¢), n-octylamine (2d)# X8
cyclohexylamine (2h)Z [FIET 5 Z L BN AlHE L 72 o 72

X .R
F NH CD30D, r.t., 6 h E NH

1 Mixture A
A:(R=2a,2c, 2d, 2h)

Scheme 4 Derivatization of 1 to Mixture A.
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2a JL

2c i

2d I

2h e

_

2108 -108.05 ~108. 1 ~108. 15

-106  -106.5 -107  ~-107.5 -108  -108.5 -109
5/ppm ('°F)

Figure 2 °F-NMR spectra of reaction mixture of 2a, 2c, 2d and 2h with aldehyde 1 (F-region).

2a . J J\L
2c ) Jl
)

2d ;

A
A
2h A A

J

16 ~76.5 17 ~71.5 78 ~78.5 79
8/ppm ("°F)

Figure 3°F-NMR spectra of reaction mixture of 2a, 2c, 2d and 2h with aldehyde 1 (CFs-region).
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43. &9

ARETIE, H—RT I 2D PF-NMRIZ LD —FOT~OF 7272l & LT MORe 557 ME
WA e RGBT T 7 e —F H R R LTz, ZOMATICEE LT, “IRItiEmE 5 2 2 %5 245
7"v—7 43+ N-(5-fluoro-2-formylphenyltrifluoroacetamide (1) &k L7=. £/, A7 v —7 % HW, fEix
DF—HRT I FTO BE-NMR 73T 24T 9 Z & TRITNT 7 1 FOMERINATREE 72 0, 55—k T
VORI TR, TARAT I VHEONARR S S R OV & ORI G A 7k LR
ZA[fEL L7z, &I, AVu—T72Hn5 2t TinE THRETH > =IBIKRT 2 38 n-butylamine
(2a), n-hexylamine (2c), n-octylamine (2d)# X Of cyclohexylamine (2h)? 9F-NMR 12 & % — & &SI
pEh L7z

4.4, EBFIE
4.4.1. SyHTiEss

(@) 7 — VU = WARE IR B AEE  (FT-NMR)
Bruker 1%,  AVANCE- III-HD %! (400 MHz)

(b) B fRREE BT EEE (FAB-HRMS)
JEOL #HH JMS-700 Mstation

4.4.2. General method

IR OGREEIE, 2N ao bk T, FobMEBE T, F 747 227, Aldrich ) HHEAL, FFIC
BREFICEoEEERA L. VB FA BT A a~ T T 7 0 —i%, 300 mesh OV B 7L
(Wakogel C-300 Silicagel)Z W\ TiTo72. TLCIX, YU B Z IV 60Fuss 2T A —FDEIZT L a— |k
L7cb D% Merck fE DAL, ZOFEEMA L. H-NMR, BC-NMR, ¥F-NMR A7 hUiE, %
NZH 400 MHz, 100 MHz, 376 MHz CillliE L7=. JIEMH O EEEE L LT CDCl;, DMSO-ds, CDs0D,
toluene-ds, CD,Cl, Zf L, b~ M & 1% CDCl3 Tix TMS (5 0.0 ppm for 1H), CDCl; (5 77.0 ppm
for'3C), DMSO-ds Tl TMS (5 0.0 ppm for 'H), CDsOD T/ CHsOH (5 3.31 ppm for *H), toluene-ds Tl
TMS (8 0.0 ppm for H), CD.Cl, Ti% CH:Cly (5 5.3 ppm for H)Z FEE L L, Z OMXHMETIRE LT, 77,
BE-NMR ORENL, H—8 L [FAEO FIETIT o 72 HESHTIE, m-NBA #~ ~ U » 7 2 & LT, PEG200,
PEG400, WV KT ~—7 1621 ZEEIKIEWE L LT L FAB-HRMS IZ X W liE L7z, =) > F 4
~ —iEERIT HPLC IC X v & L 7=,
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4.4.3. N-(5-Fluoro-2-formylphenyl)trifluoroacetamide (1) D& f%

4.4.3.1. 2-Amino-4-fluorobenzylalcohol D& kL ¥

TNAIAFERRAT, = 0SSR 2-amino-4-fluorobenzoic acid (5.0 mmol, 0.7778g), THF (10 mL) %
Mz, 0°C{Z#m=eL, Lithium aluminium hydride (12.5 mmol, 0.4750 )%/ L9 oMz, =R T
L7z, BUSKETH, 0°Clzm=°L, H.0 (1 mL), 10% NaOHaq. (3mL), H.O (A mL) &z 7=. #HriiLi=
Bikzt 74 MEBICEZVREL, WEAZBIERHEL, BEGE L. 20%V I ATV T LI a~
N2 7 14— (hexane : EtOAc = 1 : 1)IT LV HEfRER 274, HWM Th 2 AR z2 57 (I
05423 g, I&E: 77%). H-NMR (400 MHz, CDCls): §=7.02(t, J=7.2Hz, 1H), 6.40 (m, 2H), 4.64 (d,
J=5.6 Hz, 1H),4.31 (brs, 2H), 1.48(t, J=5.6 Hz, 1H) ppm.

4.4.3.2. N-[5-Fluoro-2-(hydroxymethyl)phenyl]trifluoroacetamide ™ & k%

TNITERHKAT, v a b7 EIZ 2-amino-4-fluorobenzylalcohol (4.0 mmol, 0.5644 g), Et,0 (4 mL)%
Iz, 0°C 22 L7y, trifluoroacetic anhydride (12.0 mmol, 1.68 mL)% - < VW EshiL, #H#R L=,
10 537 TLCIZ X 0 Bt O L & i@ L, fidfn NaHCOszaq. (2L D 7EH 4, NaSOs 2 XV ik L, JEi
Uz, VRBEZRERE L Lct, BZ2mE L, 5072 E AR MeOH (5 mL), trimethylamine (1 mL)
Nz, 1 B L. 20%, W2 REER L, EtOAC ICFFEERME S, 1M HClaq., £2f1 NaHCO3
aq.\Z X B PR, NaSOs (X ik L, I8 L7z, WEARITRE L Liztk, HEGEL, B TH
LIS A 157 (I 0.7207 g, X 76%). 'H-NMR (400 MHz, CDCls): 6= 10.08 (brs, 1H), 8.05 (dd,
J=10.8, 2.4Hz, 1H), 7.16(dd, J=8.4, 6.0Hz, 1H), 6.87 (ddd, J=8.0, 8.0, 2.4Hz, 1H), 4.83(d, J
=52 Hz, 2H), 2.13 (t, J = 5.2 Hz, 1H) ppm. °F-NMR (376 MHz, CDCls): &= -76.19 (3F), -110.18 (1F) ppm.
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4.4.3.3. N-(5-Fluoro-2-formylphenyDtrifluoroacetamide (1) D& A%

TN FERRT, =2 ARGE T N-[5-fluoro-2-(hydroxymethyl)phenyl]trifluoroacetamide® (1.0 mmol,
0.2371g), dess-martin periodinane (DMP) (1.5 mmol, 0.6362 g), CH.Cl> (15 mL)% iz, =iE T 30 ZfH+k
L7=. ZD%%, NaS;06 (4.5 mmol, 0.7115g)& Mz, 7 = F L, fidfil NaHCOsz aq. (Z L Y P L, CH.Cl,
THIH L7, IR A BIER £ L, BEGRE L. 20% IV WSV T 57 u~ 757 ¢ — (hexane :
EtOAc =5 1)IT LV ARG R 237, HH9W CTdb 2 EaER 2157 (IE 0.1879 g, I 80%). tH-NMR
(400 MHz, CDCly): 5=12.39 (brs, 1H), 9.93 (s, 1H), 8.47 (dd, J=10.8, 2.4 Hz, 1H), 7.80 (dd, J=8.8,
6.0Hz, 1H), 7.09(ddd, J=8.0, 8.0, 2.4 Hz, 1H)ppm. BC-NMR (100 MHz, CDCls): 5= 194.11, 167.10
(d, Jor=257.5Hz), 156.04 (d, Jcr=38.6 Hz), 140.54 (d, Jor=12.9 Hz), 138.48 (d, Jor= 11.5Hz), 119.40
(d, Jor = 2.7 Hz), 115.34 (d, Jor = 286.7 Hz), 112.61 (d, Jor = 22.6 Hz), 108.49 (d, Jor = 28.7 Hz) ppm. 2°F-NMR
(376 MHz, CDCl3): 6=-76.21 (3F), -95.98 (1F) ppm. HRMS: calcd. for CoHsF4O2N ([M+H]*) 236.0334; found
236.0329.
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444, BE KT I VBT B{LFEY T N ELOKRES

7 A NF2—7T, CDsOD (1.0 mL)*', N-(5-fluoro-2-formylphenyl)trifluoroacetamide (1) (0.03 mmol,
0.0100 g) &% k7T I ¥ 2a-w (0.01 mmol) % =R C 6 FEfifiiEE L7-1%, TORAEWRE H BLO
BE-NMR (2 XV Z3#r L 7.

imine 3a 'H-NMR : 6= 8.47 ppm (s, 1H, -N=CH).
BE-NMR : §=-77.63 ppm (s, 3F, -CO-CF3).
6=-108.04 ppm (s, 1F, Ar-F).

imine 3b 'H-NMR : 6= 8.48 ppm (s, 1H, -N=CH).
BE-NMR : §=-79.09 ppm (s, 3F, -CO-CF3).
6=-109.56 ppm (s, 1F, Ar-F).

imine 3¢ BF-NMR : 6=-79.06 ppm (s, 3F, -CO-CF3).
6=-109.65 ppm (s, 1F, Ar-F).

imine 3d 'H-NMR : 6= 8.49 ppm (s, 1H, -N=CH).
BF-NMR : 6=-78.83 ppm (s, 3F, -CO-CF3).
6=-109.92 ppm (s, 1F, Ar-F).

imine 3e 'H-NMR : 6= 8.45 ppm (s, 1H, -N=CH).
BFE-NMR : 6=-77.50 ppm (s, 3F, -CO-CFs3).
6=-107.95 ppm (s, 1F, Ar-F).

imine 3f 'H-NMR : 6=28.52 ppm (s, 1H, -N=CH).
PFE-NMR : §=-77.39 ppm (s, 3F, -CO-CF3).
6=-108.13 ppm (s, 1F, Ar-F).

imine 3g 'H-NMR : 6=8.84 ppm (s, 1H, -N=CH).

PFE-NMR : §=-79.13 ppm (s, 3F, -CO-CF3).
6=-107.88 ppm (s, 1F, Ar-F).
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imine 3h

imine 3i

imine 3j

imine 3k

imine 3l

imine 3m

imine 3n

imine 30

imine 3p

'H-NMR : 6=8.45 ppm (s, 1H, -N=CH).
BE-NMR : §=-79.11 ppm (s, 3F, -CO-CFs3).
6=-109.56 ppm (s, 1F, Ar-F).

'H-NMR : §=8.84 ppm (s, 1H, -N=CH).
BE-NMR : §=-77.64 ppm (s, 3F, -CO-CF3).
6=-105.57 ppm (s, 1F, Ar-F).

'H-NMR : 6=28.79 ppm (s, 1H, -N=CH).
BE-NMR : §=-79.20 ppm (s, 3F, -CO-CF3).
6=-107.43 ppm (s, 1F, Ar-F).

'H-NMR : §=8.59 ppm (s, 1H, -N=CH).
BE-NMR : §=-77.33 ppm (s, 3F, -CO-CF3).
6=-106.26 ppm (s, 1F, Ar-F).

IH-NMR : 5= 8.45 ppm (s, 1H, -N=CH).
BF-NMR : 6=-78.07 ppm (s, 3F, -CO-CF3).
6=-106.00 ppm (s, 1F, Ar-F).

BE-NMR : 6=-79.01 ppm (s, 3F, -CO-CF3).
6=-108.69 ppm (s, 1F, Ar-F).

'H-NMR : 6= 8.85 ppm (s, 1H, -N=CH).
BF-NMR : 6=-79.62 ppm (s, 3F, -CO-CF3).
6=-106.92 ppm (s, 1F, Ar-F).

'H-NMR : 6=9.74 ppm (s, 1H, -N=CH).
PF-NMR : §=-78.92 ppm (s, 3F, -CO-CF3).
6=-109.49 ppm (s, 1F, Ar-F).

IH-NMR : §=9.72 ppm (s, 1H, -N=CH).

PFE-NMR : §=-77.59 ppm (s, 3F, -CO-CF3).
6=-107.84 ppm (s, 1F, Ar-F).
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imine 3q 'H-NMR : 6=8.58 ppm (s, 1H, -N=CH).
BE-NMR : §=-77.30 ppm (s, 3F, -CO-CF3).
6=-107.62 ppm (s, 1F, Ar-F).

imine 3r 'H-NMR : 6=8.62 ppm (s, 1H, -N=CH).
BE-NMR : §=-79.20 ppm (s, 3F, -CO-CF3).
6=-109.20 ppm (s, 1F, Ar-F).

imine 3s 'H-NMR : 6=8.70 ppm (s, 1H, -N=CH).
BE-NMR : §=-78.65 ppm (s, 3F, -CO-CF3).
5=-115.18 ppm (s, 1F, Ar-F).

imine 3t BF-NMR : 6= -77.55 ppm (s, 3F, -CO-CF3).
6=-107.79 ppm (s, 1F, Ar-F).

45, —F T ~DILH

7 A hF 2—7T, CDsOD (1.0 mL)*, N-(5-fluoro-2-formylphenyl)trifluoroacetamide (1) (0.03 mmol,

0.0100 g) & Mixture A[2a, 2c, 2d, 2h (0.01 mmol)]% =£iE. T 6 BRI L 7%, T OIRARKZ HEB X
OV IF-NMR 2 & 0 3 L7=.

4.6. 23 TR

1. J. Axthelm, H. Go rls, U. S. Schubert, A. Schiller, 3. Am. Chem. Soc. 2015, 137, 15402.

2. HLHEER, REERS53ER SC, 2017.

3. G. Zhan, M. L. Shi, Q. He, W. Du, Y. C. Chen, Org. Lett. 2015, 17, 4750.

4. Y. Q. Xie, Z. L. Huang, H. D. Yan, J. Li, L. Y. Ye, L. M. Che, S. Tu, Chem Biol Drug Des 2015, 85,

743.
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woIE

KRBT, BEEHEITE 7 vBZXU AT AT FEEZHWE YF-NMR ICEAEET I B LIOT 2
JEBEOXINAB I ON—FONFEORSICHET, BEtLe. UT, 824201545,

F—E

BE-NMR DIgIAVMESE S 7 ME & SBffEO R S B X OFHEML LB OHLO Y T ipy 7
ADPFENLREZAENL, T2 BHEIRO—F I FHEDOREITHRI LTc. KFEO T v FFEIR
{bREE & LTI 5-fluoro-2-formylphenylboronic acid 723 X 0 BWKGMEEZ R L, O L WO T AT LA~ —
D PYF-NMR 7 FZFFH LTz, 612, triethylamine Z i E LTINA 5 Z & TE LR 5 EZEE
i S B EEAIC HERY ~OF SR TZ D, ATECX Y, HERMNDEINSEZR T2 L7204,
BT X/ BEFHEREIC S LBEREAFREE 720, BRI FMEORENER SN, 51
BE-NMR DR EBRAIRIZAENL, YF-NMR 2L 5 3 FEOT 2/ BEFHERORIRDEFEHE R E k%
WO TEBL LT, KFETHREMRT IV HOF TN FiEL LTIHFEEICADTHY, HileT
L BOXF TN —FONTFIEORBE~OLE L2 5 LT 5.

B_E

FB—ETHROLNAMAZ S LIS, A IVBRICE D 7 v ROEAIZHES W BF-NMR 2 X2 —F 0
FEEAREL, BT I OEMESITE LOEERSITITEE LTz, RFEIHWD 7 v RFEMRLEEE
& LTI, 4-fluoro-2-hydroxybenzaldehyde 7% & ¥ B\ EUeESRS L OVERE T 2 58K 1°F-NMR T D4y
ez @b, iz, RPEEZHANDZET 6 FMOFE KT I VHOEESTZEKR L. 51T,
triethylamine Z S92 Z & C, EEMEERER A H 75 GABA <° taurine ~O#EHN AREL 720, Z D 2 Fl
oty 6 FOAEMRT I a2 —EIZEMET D Z LI L, PF-NMR 2 & D87 2@t FIE A s L7z,
ERHT & LTE, TOGHRZEEYOMEREZFER L T 2 LT 6 MOERT I VIREEIMFIC
BT, 1HEOERT I U REAZHXFAZE 10%L FCIRET 5 2 LA FEB L. KFETSES L H
WRVME I R N pr RIETH D & L bz, Dlis Mg P HERBECOEESTTFETH . £
7z, ZHETIZRWHTZ 2 —FERSTFIESORENY L7 LHEEL TV 5.

==
B THN LI FEAELEL, T /BB L, I VBRICL D 7 v EOBEANTRELE 2D,
T X BEOEMESHTR L OECEE, B TOEMRSITICHI) Le. RFETIE, FERIUSEE 4
CD3OD/NaHCO;3-Na,CO3 #E % (pH 10.0) & 45 Z & CEEMICHEMLITEI T T 2 RAH L. &
51T, cysteine, asparagine, arginine, putrescine 35 O taurine TIEFHEM /ML ¥> 7 MEAZ 525 Z &
A BT LT, AFETIEEE, AT OMOMSIZRIRBEE SN D 2 L 72  fEICFE SR ]
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RETHY, MRy o7 Ll d 5 2 & TEMSrRER Sz, £, RO 7 MEzor
T BIICBWTY, CCl Zind 5 Z & THBERREL 20, bk EFKO#EZ 52 L T4
DT I ) BOERZFER LTz, ZORMED, FlckT I ) B—F o FEOREO—B LR Lx
W9 5.

I

B, BomOMRAND, THETHOMRN RO RL H{EF T MR E Tz IR TR 2R T
T —FEREL, —HONMPRETH ST NENIET I v o—FEMSr &2 @Em Lic. KFETHW
HooDET7 vHFEEEL ST u—T4F L LT, N-(5-fluoro-2-formylphenyltrifluoroacetamide % & &t L,
ZOEMIZEH LTz, o7 v—75F% M52 & T, ¥F-NMR 7 b b7 7e ZIRGefifir 7 v >
FOERZFREE L, F—k7 I VHEOFEMRBENHERAMEcE s 2 /A L. £72, ThZE
T—FM D R#ET&H - 7= n-butylamine, n-hexylamine, n-octylamine 33 X O cyclohexylamine @ 4 F&D> 7
XTI VO —FEMSHICEE) LTz, RFEOHIZIX, NMR G470 6 OFHab E S H 7= 72—
e A T EII) 72 B T D, NMR T OEZ S HIZEH LD TH D LHEFEL TV D,

VLB, Bkx 7efiB 2 b oa 7 v BV AT LT REEZHAWD Z L TOR-NMRICEDAEKT I VB X

N7 2 BEOF T NG L O —F O FIENHENL S vz, RFEEE, AER7 I BT I
bl UTZBIAWFZE 0 B O 72 5 BICER D L DO TH D LHERFE LTV 5.
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EIfSE
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