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EI1H ZLoic

WA EZODTFICE LT, FVNMVRISEEARNHOEERMLEKICD 1 OTH 5,
Bz iE, EIEMSR EOGHRPEEE LTERARY = /7 — Vo TENELELRTH 2 7 X Vik
I, 7 AVHRORFEZ VAN EERAL ZLERIETH S, | T, ABBEDO 1 oTH
BERYVZRFLVIE, RAFLYEE)—ELEIVALVESKIGICE ) TEMICAREIN
TWw3,2 ZDX3ic, IV ANIGIETFRADEEEE Y 2 2 ECRPERVFED 1D
THbB, 20720, HEREBILFICEBWT I PAAKIGIEEL oI Tw3, Hilfy
ITIE, AR R CBRL 72 & D T 2 A NIEEIEF % F v 72 5 i gt o 4%
NG 2 LB e L2 FERET 515 (Scheme1.1), ° L2 L7a2d s, HIBRERERIC D -
TR TR BT O RIE AR b T w3 S HICE W T, MBIt *E T 2 &K
B D L EEE A RSSEA T2 b, HEORMERL TV 5, ¢

Radical initiator
(AIBN, BPO, Et3B etc...)

R—X » RO
Aor hv

- Stoichiometric radical initiators
- Potentially explosive & toxic reagents
- High temperatures

Scheme 1.1. Traditional radical reactions

O RBERERM2S, b b EHIERERIRICEL W2 Y — v T ¥ AIVRIG D BHFE A BIFE R
AMITTFEE N TV 5, FThH, RGBT 2 IR AR ORI = G Fike LT
FHEIN T2 CTh b, K AAF—HL T2 ERECIE. BEREEZA LAV AT X
X —=HREE e LIRS 720, FEEV ORI T % 2 5. HIWWE © &% 3Gk
TH 2 LI X BRIKICOMFLE T AL X —(LAT 2 2 87k &, BERE oK
Thd,° Fric, G T MEMBFR ORI — v r VGO NIEHE L ZER L L2 T
AN, BICHALEETH BIRET AN E AN FICERTE 32BN TET
HY. L DOWMEFIC Lo TR I N TV S, ¢ RN RHHS AFES RbAEWTH 2H
Wom 7 LAY, B4 R ERILAY GRS B0 & b —iki Ho A & EE
D12THb, TDX)RFEWE» LEREBILEICETHEMNRRET V72 i
ICAERATRE 2 FiE ORI IX. b P EHIREBEICE L W 7 YA A RISOETICTHF S TE 5, 7
RECTIE, B w7 VLAEYIRE T RE— v 7 viEGoEE LR e LzkE 7
CHANERGEICED K PSS ICBE L TR L, BRoBEEZ#E 2 - A 5 oWfgE H
BICDWTIR R 3,



F2Hi AT Y —FETORE - w7 G OWEIELE

el L7z X oic, BECERIELZE T 2 G4 alEE Clls 7 RIS 2 02 L Lk vk
RI7 7 AN OGIIE K HFER D SN T3, Z 0T h , EEE AL EL S E
ZRHT e B RE— 0T VG REELL, BRELERET S AVENHT 55
TEWRKIEORFEBEACTTbhT W3,

Bl 21X, 2008 SIS IZ. w4 7 v ISRSEAE T C©. KOBu % RUGHEER] & L THIw
28T, BETARAGERERRLAEM L F TR AT YD 7 v 7Y v 7 RIGHE)
RKINCHETT 5 2 & 2 B L7 (Scheme 1.2), 8 H&EFBE v v Le LCiza vy L v
FIATE Ry, —YoBEEEMEZH WS A, ¥y, vV y vYIYYy
7O A RERERRLAY L OMTE T ) ML EMER L LB TE D, TV AL
A 2 w2 Bahc s u o, KARIGIIE L A ST, BB EO Nk d o722 L
LIVANLRKIGEREAT 2D LEREINTVS,

KO’Bu

C-H + I—C c—C
50 °C
(Microwave)

Representatlve examples

EJ\© U\U @[“—@

98 % 71 % 75 % (2, 5 isomer)

Scheme 1.2. KO'Bu-promoted biaryl coupling of nitrogen heterocycles and haloarenes

¥ 72, 2010 FEICE)II 1%, NaO'Bu #3#f% e LCHw, Mo 7 =25 b v ) VEHIT
ARG DES LT, HARERE T ) AR EE L HF25 2 &Ik L7z (Scheme
1.3), * ARIGR. FEHE w7 A Lcavito sz s, B, ELW%Hv
2R TE, BTRIE, BETHEGREOWTNCH L CTORKICPETTT 2, £/, Ay T
Yy 7oRX—=+F—Th 2 A5HHEICEYD . ZOBETIREICEDLS T, RIFRINETHN D 2
y 7YV ITERBPELNE NMIED A=A L E L TIE, 7 xF v bu ) U2EHLL 72 NaO'Bu
O HEFEATT A ~DBEFBEBEZ D, TV ATV AINERERT ST & TR
JCEITT 2 EEZ LN TV



X
N B NaOBu Q_@
H—/ R|—/ > R1\ / R2

i
X =1,Br, Cl 19 examples

155 °C
R' = H, Me, OMe etc. 13-82 % yield
R2 = H, CN or OMe
Proposed mechanism
N\ Ar=X
N N .
N\ Ar=X ~
N + Nla X_/ l l X
a
OBu /\ “+
N\ /N Ar e
Nla
NaO'Bu O'Bu
N XD O
N N
% H
Na

BUO  + A;>@> —» BUOH + Ar—@

Scheme 1.3. NaO'Bu-mediated intermolecular arylation of unactivated arenes

HEBFEAYRICE T 20y 70 v I RISOMMIC, FEES Vv EO o fLicxd 3 )E
—RFEEETERIS D BRI 5, Flz X, 2015 I Taillefer © 1k, DMF &EH
KOBu 5% 2 &T, A&/GE a7 Ate =/ — AR S &IGES b YD o-7 Y
—MERIEDHEITS %5 2 & 2 R L 72 (Scheme 1.4), '© AFikiZ. DMF & KO'Bu 2 & Kt
FHCTERTD2HANANEANLT A VELPLO—ETHEICLOT Y — AT T AABEL,
DTV ANERL ) — MU LG EGET b vy o ZEES N 3 2 & TilEfTT %,



/[::] KOBu —R3
> ES
Rl—— DMF, 40-120°C  R'——
o

X =1, Br, Cl

Proposed initiation step for radical process

KOBu M ©/
o + BuOH

+ —_— Me. ): O tBU _> + Me. JI

N"=""H 'e + Mmi
DMF Ve

Scheme 1.4. Transition-metal-free a-arylation of enolizable aryl ketones

AERNRTE T I ANRIGIE, FEE w7 A OEWALICHES 7 —A T 0
DERPHE REIETH LD, TAFAL T AANEOREERN L 727 P ANVKIE D #
HINTWD, FlZiE, 2019 412 Mo i, LiBuO %3k e LCTHW, 5 1/ 52 %o
TaFx I AN 5 v TGRS L7 (Scheme 1.5), ' Z ORIGIE. TR W
HE#EA%AR L CH ., WAL T ot 2 v Rkt 52 %, $7. KbA 7=
Ane LT, HEE v FENEIEL oEEERrO T A F AL I VY ~D BT HHEC
D, TAINTIANEFAEIED L TRICDETT 5, RFEIF, BiliniERe v &R
RELHCCT, RiHOAFEGBRTAIAI VMG LT A IV T VAN EERT 25
LWITETH %,

. . : Me Me
B,pin,, Li'BUO i Me=\-O.  O<LMe
Rjii— X » R, —Bpin : B-B
al MeOH/H,0, 50 °C al 't Me—/~g ‘o:tMe
X =1, Br ! Me . Me
1° or 2° ' Bopiny

Scheme 1.5. Transition-metal-free borylation of alkyl iodides via a radical mechanism

¥ 720 2017 4EIC Walsh 513, BN —EFMHEGHETH 2 2.7 7 VAT =4 V% KOG
FHTHEIR, MADOEEA 0T VILEVIDOTAIAL T ANLLT V=V TF TV hN%E
AT 5 TR R L7 (Scheme 1.6), 2 AU 7ZRE TV HAFEIZ, —EBETHE5H%ZD 2-7
FTINTTHANE TV ANy T v TR &R T, RISIE, —YU)0EBSE Bl
7 VA NBIRAIE 3 WA ST ©L BRRESAR S FICLEATH LY T ) — A AT
LT IVRRVYINTAFAT I VEEBEICERT 220 TE 5,

Ar_ _N_ _Ph NaN(SiMej3), Ar_ _N_ _Ph
~ \\I/ +  Ray—X _— \r \\r
Ph MTBE, r.t. Ralkyl Ph

X=1,Br

Scheme 1.6. Radical C—C coupling enabled by 2-azaallyls as super-electron-donors



FHIHE LR L 2K - v T viliG oW LE

HIEiClE, X270 = TcoRF— v 7 VGG OEMALE /i L 7250 FARURS I
BAL Cib 7z, 2o D IGIE. AMRICEHERDBEEELE Lz 7 ¥ AV OGHGH % L
BBV 2 LERH 2 HMWAE T U HLKIEE KL T, —VYoESBRELERSE
fil 2 M IR FE 7 VAN AR T 2 BN TTERTH L, LA L, ZDIRLALEDR
RIS Y | EEAEHSRONTLE ) &) REMBFET %, %
To  MBGARICHR T 2B A X — 208 ) & L7z 503 % < BAUG IR AR = 4 L
F—a ARKREVE VSRR, TANF -G 2 720 OBUABLETH 5 i b, W
BORMDD B,

INHLOERNPL,H L HI TSI T2 7V ANVRIEB K E S EEL 72, BT
b, AMRICEERTEEZ T AL X —HE LRE— v 7 VS OEHLES S
FehF E N T B, il 21X, 2010 4£1C Stephenson H1E, HOBFEIC LT =V L2 HT 5K
L Py 7 2l x w724 v F =M ci 3 2 < v VEEGFER D 5 T IR )G % )5 L 72
(Scheme 1.7), " JEL F v 7 il & 1%, RIHOEESTHIC X o TR X h 2 e EHI o 1o
Thbh, ~ETBLL —ETEITOMGICNL CEEER T, * oG, i &z
filllii% 7 I v SEITIIC 2 v F L, Z0BAT =T LI X 2 T v B o —E
FEICDHETT 2, RIZRICERT =4 Vv OBEEHCENT A FA T AN EL, ETFEHER
A4 v F=ABRicfins 2 c L cHIYIREON S,

Blue LED

R Br Ru(bpy)sCls (cat.)

Pl | 5 N )\ amine (NRg)
Coget~x RO,C” ~CO,R DMF, r.t.

Proposed initiation step for radical process
[Ru(bpy)s*T* NR,

LED/ \%JE\TFB

Ru(bpy)s®* Ru(bpy)s*

0. CTNCOR |
RO,C” “NCO,R ROLC™ "COR

Br

Scheme 1.7. Visible light-mediated intermolecular C—H functionalization of heterocycles

¥ 7z, [FIFIC Gagne Sk, AIEZFAL 20T 7 A AMIKIG%EZERL T3
(Scheme 1.8), ° ZOKIGTIZ, AR ICE > T/ YV asv A nTFA FLOLTAFALT
CHNMEBEFRE IR, EH LI N T AT VIR LRI E ¥ 2 2 LT, o MLERI



HOT L FAMEPER TN TN D,

hv

[Ru(bpy)s](BF4)2 (cat.)
R? 'Pr,NEt, Hantzsch ester
+ >
R‘I CH20|2

Scheme 1.8. Intermolecular addition of glycosyl halides to alkenes mediated by visible light

Eo. mOETHEDO S & RE-IKFHEA LIRF— v T VGO % —EICTEEA]
HERFILTH 2R TBEN 7 A (ATRA) Kt iE, AEARILAICE W TEERKIG
D1ID2THS, Lo L7adofkE R, (LEEime o mthiEE @i 5 RISz 02 L L
7o 316 —77C, 2011 41T Stephenson © (%, RIFSEZERE 1 & L 7257 F[E] ATRA KIG % W)
TER LT3 (Scheme 1.9), 7 &b A v F—icxf 3 %~ v VEEFHERO IR )IED
BRICHOW T WBEEETTAI©H 2 7 I vz L EEmEH V2 LEIICBEITLTLE 5
D3, ARG A S = X LTI X 72 s 7 I v & OB P8 2 Rl 3, [EEAHEA
a7 AW E —ETRICT 5 ETEITLTW3, 72, KRIGIIERLY g 7 v ZLEY)®
BHELEWERT 20 T2AHAT 2 2 LT, EESCHMEEED 755 -Cf FiiiE o &
WEEERoTW 5,

Visible light
Ir[(dF(CF;;)-ppy)E_(gtbbpy)]PFe (cat.) X

" n A~ iBr .
RI=X Z R DMF/H,0 R‘\)\R
R'—X

EtOQCYCOZEt FYCOZEt

Br Br

R,_CO,Et :

F)( 2 :

Br F30_| C|3C_Br :

: F F

Ir[(dF(CF3)-ppy)2(dtobpy)]*

Scheme 1.9. Intermolecular atom transfer radical addition mediated by photoredox catalysis



T HIT, 2012 FFICA U < Stephenson & (E, ~¥— 7 A v TF LI v{LPD ATRA KI)G
ZEELTWD (Scheme1.10), ' ZOMIGIZ. TN TORICKR & 1387 | EITH &
I TV TR L CET L Tl Y., mAEAORAWEE AR AL b, TR
AN VEEF MY Y AR AREEEICH S L CHHTE 2 Z BRI N0, T 3
VHEIC X RIS O REL R X iz,

Visible light
Ru(bpy)sCl, (cat.)
Na ascorbate |

~R + CF,—l >
z mm MeCN/MeOH FrCn A_R

Scheme 1.10. Visible-light-induced iodoperfluoroalkylation
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FHAH Azxn7 Y ik 5 A gDEIREIR R R — o~ v 7 v RS O TE L

Hifficld, AR L ZRFE— w7 VEGOMEE AR E L2 7 VA A KIGICEI L
TihR7z, HTh, AEDEEEE ) Ic L, BEICHd 2 —EF ML & —EFEITomy 217
25NV Ny 7 ZfEA R L 727G ERFE I T2, L L, 2THbDFE
VT 7 B B R A A V2 BB D | BEERGE I IC B W T REEREIC X b #EE
HFOBSCLAR DI LBEEDORMDD 5,

cnsicntl, VYol z e, oA —2EH L ZKE— v 7 ViEH
AR O IEFEFH 2 £ T 5, il 21X, 2014 £4£1C Melchiorre © 1, p-7 = A
TATEe FOXS REMAERITEZICE > Tk 2 2T, TAFruiry
e AL 74 vEED ATRA RICHETT 5 2 L2 BRI L7 (Scheme 1.11), " ARG
. BAIARSME T, RIERABIRO G X - THEITL, B4 7 ATRA A% 525 C
LWL TWD, RIGEA A=A L LTiE, KRFIicX ol iz p-7 =27 AT
kF#%T»#w»vam%~®ziﬁlﬁw¥~%ﬁm;D\7w$w»ufvm%

SHIENIREEL 2D, B ARV P RICK o TCTAFA TS ANEEERT LT
@ﬁiéo

Visible light
o)
o
MeO (cat.)
fex 4 R2 2,6-lutidine X Ri
%Fﬂ MeCN, r.t. - R R2

Scheme 1.11. Photochemical ATRA catalyzed by a simple organic molecule

¥ 72, 2016 fFIC Konig b 13, AIFDEHST T, ARER TH % BosinY 2L L TH W
58T, N=TAFuTRET LV EHFEBILEVDON v 7Y v RIS ERTEL 72
(Scheme 1.12), 2 KRFiEix, EEZFAAT 2 &7 CIRMALEET. &FMED FVR Y
7ok TV —AREBFEICAKRTE 2, 2L, BN X = EIEEIREE~ L A h
72EosinY APV ZF AT I VICXoTEILEN, U7 EosinY DT Y ANT =4 VD
LbRX=T AT ueETL—V~—BIBEHIEID, R 79TV =TT hAhE
K5z & TEITT S,



535 nm I\\ : O
Br R Eosin Y (cat.) ' CO.H

Et:N H
|\+©m ’Br\Br

. eCN, 40° z :

X )

' HO o o

B )
@
=
[os]
=

Scheme 1.12. Eosin Y catalyzed direct C—H arylation of simple arenes

AT, 2019 4EIC Jiao B Id, Hx 2N ¥ —% W CAMEE R T HEECY 5 b FEFHRR
0 VRS FIEEZRIEL 72 (Scheme 1.13), 2! TORIS I, &7 H#ildE, miEk, vy v
VD 3 00 b RIGHF T kB EERE AR IS, 2z TiE LT e 5 C
LCHEBEEAMDP STV —A SO ANEEREL 345 L CETT 5,

i Ph Ph

400 nm : —H ".' —

4-Ph-pyridine (cat.) . 1
Cl' Bypin, NaOMe Bpin +\’,N\ _N Z
> ' .’ B
MeCN, r.t. : Na\*o’ "O

: Me~ , ‘ Me
: Me Me

i Super electron donor

Scheme 1.13. Transition-metal-free borylation of aryl chlorides under visible light



HS5ET AIHDL R RSN ) & L R ERN R R - v T Vil A oL

ZDXHIC, KFE— a7 UAEHOTWEENEIR, —VoEBRSEMEZH VI, Xtz ot
NF =R U CERRER TSmO A G SN TE 2, L L, WInoFED, HiGE
o oB#A a7 At~ —E#E (SET). » 2 Wiz a2 ¥ - (ET) @& %%
52 8T, MENICHIET 2RFET AN ERER S E2TTEREILEALETHDL, ZD7
O, XY EENEEEOEN L E BE L 2 FEDEFERLAFE LN TV S

Bl Z 1. 2017 4FIC Miyake & 13, AR T, A DF4 7 =/ —*/I/*E}:?‘i%?ﬁﬁ/‘ =
ALY & DR - TEAS GBS 2B L 72 (Scheme 1.14), 22 Z O KX, ESEEfil
BoL Ny 7 2R w5 2 & 7R < %mﬂkLTMKtﬁ%®&fﬁuxﬁy7)
v TIROGHHET S 2 o FEll e BRI SE 22 & | BERTAT— ]*@kﬁ%‘ﬁﬁf‘ﬂ7/ﬂ£%
& OEIC, Electron-donor-acceptor (EDA) fﬂﬁw)ﬂ/ﬁiﬁﬂ* $ XN T3, EDA #HifA & 1%

BELRETHGARLETAIRGZETZANE OB CEM OBHE) 2 éEL%fﬂ{Z’KOD%L\ﬂ%TEj—O
Z D EDA SR AIHNETINT 22 LT, FALTUANVET Y =N T VAADBERL .

INLRIANAyTY) v e T T, BNDODF AT —TA{KEH/LZZ LT
50

Visible light : S
X s D 2T
\ CS CO ~ ] -

R4 + ASH —28 p ) A :
¥ DMSO, r.t. 2 ' i
X =1, Br, Cl : EDA complex

Scheme 1.14. Visible-light-promoted C—S cross-coupling via intermolecular charge transfer

¥ 72, [A4EIC Chen H1E, N—7arFtuTrFaavitPerr 7z FALZFL VYT 2
v (TEEDA) 72 D7 I Vsl % THF i, SRS TG X & % © & T, bl %
—YIER L o—=7 4 a7 F ARG ZFFEL 72 (Scheme 1.15), 2 Z ORISIE. i
MAICH 27 I v, HEVIIEETH S THF L X—T7rFuaTrdraviilpayr v
AT X VEMARZIER L. Z s il S v & & CTRIGHHETS %, ﬂn7wnmcx
G~ a o AbEme 4 ZIGH L officl) <, IFER-GEHAEERO C L 2155,
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R Rf\/]\R

2
of Visible light o :
isible lig | : NEt
TEEDA BN~ R
R—l + N, ——» R A, |
R THF, 30 °C R TEEDA

or or

Proposed initiation step for radical process

[ Ry—l = NRy &  R—I| woee q:]]

Visible light

Rf—l

Scheme 1.15. Halogen-bond-promoted photoactivation of perfluoroalkyl iodides

Z OfticH ., 2019 FIC Czekelius H 13, RO TR 7 4 v B2\ I3HE Y VBT & Al
HIBHICE > T, 2AAVT7 ) —DX=T7Fu T A FAAKICEERL T 2% (Scheme
1.16), » RFiER. @ffizfr Py 7 28I 2 0 e &3, ISR DBl E
HMELEB L 722 B R 20 Lo, flifnFihkeE5x %, £/, =714 0w
TAFNATIANEDERIT, FR7 4 VEHEEHE LD n T VSRR L o T
%

461 nm LED
BugP (cat.)

|
RFRY + R—l ——»
CH,Cly, 30 °C R/i\VzRf

Scheme 1.16. Photocatalytic iodo perfluoroalkylation of alkenes using tri-fert-butylphosphine

ZDXHIT, A RF—~n T VvEEGOEELER N E TicHlE I N TS, T
b AN E T AAF —JHE L2 RIGIC & 2 TR EEREHIAZ Tnw b, & )b,
HL Ry 7 Rl & B EE ~D SET % ET & o 72 B0 20 G U < 13 7 < .EDA
ke u s v e LEENRRE — v 7 viiG oG ik o BT E T
HIN T35 Th 2, il % F v 7= BN G L 2 Bl 3 2 ki ic b~ <, A%
~ur v AbEEEEEE LS 2 HEATE I, EEE~o A X —(IIE oK %
XV AEIRZIENTE, TANF—DEEZHCI LB TE 2720, L) NEELSEE
LIEMALT 2 2 e A TEZAEEMZE LT3, LA L, 2o OEEN RS ZHE
B3P 7, XV ERZ KRS KD b T b

C@iiﬁ%%#%\ﬁ%iﬁ%%ﬁﬁkhtmﬁ_ﬂnfy B oEHEICHE S 55T
S DFAFE T2 IC B T U IR R TTAl A %2 R U 72 B Gt b o, e 7 v i

U>
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2RI L 2 EEN 2iE AL O 720 O 72 e Tk ObFEZ H & LTt 2T o 72 AT, %
noOWMENFICONTIER S,
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B2E
SBXAE LA L 2 KB 7 VNV DOER LK ATRA KGO BRFHF

FLE oL Fy 7 AT 54 L 7 4 R L PRALER TR OIS

B ES 3 iz ko, AL By 2 2 AE o v s LAY DR SE —
7 AR EERE HOWRANCEE L TR 2B TH 2, Lo L, IERDERERR
RHEMEE L2ZREL By 2 2, VT2V 204 VYV LREDLT A XL LT
NEEEBHEEZAALZDDOBECMEINTVWE, Tho LT X 20 ] 13, HEERD
L Tz 0% FEEDSE L ALEERYEIC B T 2 KBS EMEE LR oK
BEEE o T3, 72, LT A ZMT—RINICEM<cH b . X Y Zffi L 0Bk &5 7«
EEE AL LMoL LE T L Tnz, 2

Z DT, 2012 FFIT Reiser & 1d, FOEEICHZ WG ZREEL F oy 7 2l E &R L,
HxDRF Ly EPURALRSE & DM IIGS AR T, MRS T CclEfT+ 22 &
ZBHOHIC LT3 (Scheme 2.1), 27 Zofiilfix, koL T =T L4 ) Uy L% Kl
ELABDEL By 7 AL D & MBI R S RIERMNIC > 7 F L. 530 nm DifgEst
ZRAT 28 TE 5, 7, HBHEVETENZAL CH Y, BffitL 7 A XL —
ADAPFEL F oy 7 Al b 2t e 7 5 2 L BARF I T B,

LEDs30
B T+
Ar | S OMe
AI’ Ar: ©/
= N o
Nu,,, —
"CU/ Cl ;L"L
N\
-
Ar | P Br
L Ar m
C) R
R—:\ S + CBr, (0.3 mol%) > RL 1
Z CH,Cly, 20 h Z 3

Up to 92%

Scheme 2.1. Cu-based photoredox catalysis

T 7z, AL oy 2 2l IV B ECALF O A S DR TR % OEIEE ORI X -
<. filit o B LR ITTEMN CHARIEREZHECEZ 2 Z L 8HIbNTW S, flz X, v7 =
7 LDERY Y INEEERICEWT, A FVET EOE PG EEIE S 7 AL T &2
W3 Z T, BN FOBETHEESEML., ETEMNS ER T2 L8R5 T2 (Figure
2.1), *
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Me

Ru(dmb)s
Ereq=-1.45V

Ru(bpy)s
Ereg =-1.35V

NO,

mer-Ru(4-NO,-bpy)s

Ereq = -0.63 V

Figure 2.1. Ligand effects of photoredox catalysts (reduction potential)

¥l n BT ARROERE AT IR TF 22 2 8T, @ OOETHEEDY
L. BtEMr ERAT 22T (Figure 2.2),

.
o
K

L N -
Ru(bpy)2(pz)» Ru(bpy)s Ru(bpz)s
Eox = +0.30V Eox = +1.26V Eox = +1.86V

Figure 2.2. Ligand effects of photoredox catalysts (oxidation potential)

HTh, IV T7oF vl v EOERLZRDMNLT & . BINAP £ XantPhos 7x
EDFRRT 4 v FROBRMTZmITHEROA[ N L Fy 7 Zfitix, B FoFa—=v
THREG oA BIE~DIGHBIRHE I N TR 2 b, AR INL TV, filz
(X, 2018 4FIC Collins H X, EFRRDOBNI & L T29-YAF LT zFvibun) vE, KR
7 4 v RORSIF & LT BINAP Zff¢Fofloa[fibtL Fy 7 il 2 G L. 2z
W5 Z LT, TY MMEAEMO D FHNELEIS A, EiEE - FEREE H 2\ Al 7 5t CEfT 3 %
ZE®RHS T L7 (Scheme 2.2), 28
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450 nm LED light

P -
- BF,
N3 COQMe

L 4 ]\
| (1.0 mol%) N~ ~CO.Me
- H

CHCls, Ar, 20 h
99%

Scheme 2.2. Cu-based heteroleptic photoredox catalysis

INF T MEEBEL LARHDEL Fy 7 2 fldiic B3 2 0F981E. [H U O BAAL T &
WTEARENZD DRI L AL TH o7z, 2 D70, B 2MEORM T #HAEHLE - T
AR E N RARME OO AN L Ny 7 2B 4 207813, S RLic > TA
LI OMEINTELL, RECFHAHL 2 ICRsTouWnI b S\, 20 fFlz X,
WD Collins & DG TIZ, EHELRDENIT L F A7 4 VEORNLT D 2 EEAHAGDE
ORIV By o 2l ) 50 AR L. 2 ho KIS IEICBE 3 2 5t 2 1
FINCIT o C0ied, AT =Y ZOR[L F vy 7 Ao B TR O fEam & 132D |
FCO T & ROGHE - eE B 2 BRIz L A LB S W n b o 72, B

ok oic, LB Icilz ez ae L By 7 2o BT IR EA ICiTb LT
7o, B 2B T2 AWz IRAEMI O ORI L Py 7 2l B L <k,
KRR S 25% 0, —J7 T, b2 L T hTw3R#odic, IRABALE o il
L Fy 7 ZICFHIF SN AN 2 &R < 35 2 & T, RIREBIC 3515 2 Slfilut o i
DEHZMIHIL . IR IS5 2 89 FE O HHEIC X o TE L 3 TS ERE O KiE
EMz 2 EBTELZEPETOND, 2 T/, MDD Y v &2 —T =4 v % F|H
% C &, o ZEM R EPREEEEOIIE R IR TX 2720, TP 7 7 vt udk
VA A Y (BFy) o~FF74A4n ) VgL F v (PF) OFHABMRNTHES EE XS
N3, ZZCAIMFECTIZ, BEROMMLTIC29-PAFA7=zF v bul) vE FKAT4
v R DENLTFIC BINAP Z 2o o[ L Py 7 2tz & L, 20z flvi-fi4
DAV T 4 VEHEPURALR S & O IIGE FLICFEE2ITS & & T, forfxLr ¥y
7 AR D )G e W o fEBH & A 72, (Scheme 2.3),

-15 -



LED light Br

A Cu[(cup)(rac-BINAP)IPF¢ B
R+ + CBrn > RL
= = CBry

Ph
| Me Ph\ | OO
NI:,,'.. /P —-
/CU\P PFe

N
i Ph” |
Me Ph

Cul[(cup)(rac-BINAP)IPFg¢

7 \_{/ \

Scheme 2.3. This work
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1 OGS D Bl f OB E W G HE P O #RET

ZL®IC, AL ZZHDREN L F oy 7 2z FvC fix ot L7 4 v LR
F L oIRGB T 2 RSSO sl RT 21T 5 72, 0.1 mmol DPURALEFICH L,
1.0 mol% Dl — ¥ X F V7 =F v Fr U v —BINAP #§{K Cat-1 ZHWw, XFL vDYE,
BEchryr7mu X xvyor BT 2E0KE HEED 4 2IconTEREYTREL
7= (Table 2.1),

T BT 2 W RICET BT 21T o 7o EHATEBOER <7 P AHIEZRITo 72 &
ZAH -V AF A7 27 v ba ) v —BINAP #{k Cat-1 DK KA 392nm TH -
72o % T, ZDfHIC 400nm DFEREAHT S LED 74 FEflviz& 25, mbE0IERT
HiW %1325 2 B T&E 7 (entry2), & DfEHRIT. AALE O BATIGEE 2 392nm TH 5
bk, Bo—HERLTVD,

K, AFLvoOYRICEAT M 2T o7, HELRFBICHL, RFLVvOYEE 1.0
WEHD 30 YEFCHME L, IEREOM EEKHT, AF L v OYEBEIMT 512N T,
B OIS LR 2 LARE % L CTRRET L 7228, PUEALRFICH L 1.0 BEH W ZE
I, WD EWIEETHWIME bz (entry2) o RIGHE THROHAEBYIDO NMR ICEWT,
entry4, 5 ICBAL T, AF L VDXL ~—DT T F V%R TE 1z, BZHLL, AFL VD
HEMEMI 75X o T, WRALKE & MIIRICZE C FHiic, AF L vHETx 4 ~<—1t
NolERIIN-T-0EZOLND,

T/, BIECTHrY/nu XX voRICHET IR EITo7, Y7 uB ARV DER 0S5
mL 2*5 3.0 mL ¥ CZ{LE 8% 2 & T, RIGERICN T 2 o@E@EtEzmE ¢, ffion]
XL By 7 2o KGO EF %A 7, KIGRROREIMEL R 51220 T, Ko
FEEPEDS B LGRS 2 EREL TRETL &2, Y7 XX vO8% 1.0mL &L
BT, RABEOWINETHWYA SO N (entry 2), — /. BIEEZHME 2 L, R4
AT L 72 (entries4,5). T AL, BOGEROREKTIC X 0 LAY D EZE %
I U, KIGEHEREL 2ot E 26D, -, KIGHRROEE NS 27541
. PP L 72 (entry 6) TLIZ, KOF@EWEAMET L, SoA[EHL F vy 7 Zfilij
DN ER D -T2 L EZTnw5,

R, MEEZRINT 25217572, 2hE T, KRGO KIEK T . KIGERD 5 H
TED X IOV FRELTCHEZ 2 LIFLIIMHREL CTH 0, T/, KIS TROWME %
pHBRMKIC X VR L7z A, BMER RT3 o/z, THUHLDOHREELD, KIGHE
FIZEWTRIWKERREL T2 eE 2, FRESHE I L LT 2,6-lutidine % 1.0 24
BRML72E A, BERO\ EXHER S L (entry 9), ¥ 72, HHEATML Wik
BETCRAEL TOAAMED  HEOFINC X W HER I a2 0 i d i &R
3 LA pH aBRAKIC X D 932 5 720 DA EDORERTD S| entry 9 1078 356 % RIS D ol Sc
HE L7z,
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Table 2.1. Optimization of the reaction condition ¢

X nm LED light
B q+
=~ Me Ph\||3h OO
NS Nll, P -
....... /
Cu PF6
Sl
e PRI
- Cat-1 (1.0 mol%) - Br
Base (1.0 equiv
CH,Cl, (Z mL), Ar, 20 h CBr,
1a 2 3a
Y equiv. 0.1 mmol
entry X (nm) Y (equiv) Z (mL) Base yield (%)

| 380 1.0 1.0 - 51
2 400 1.0 1.0 - (77)
3 420 1.0 1.0 - 74
4 400 2.0 1.0 - (64)
5 400 3.0 1.0 - (67)
6 400 1.0 0.5 - 10
7 400 1.0 2.0 - 70
8 400 1.0 3.0 - 15
9 400 1.0 1.0 2,6-lutidine (90)

¢ 'H NMR yields. Number in parenthesis is isolated yield.

REEERE L 72D T, RICEADZAF L YR T AT VICHT 3 3HE Ko FHE %
7o 7z (Table2.2),

9. HERICATFAVEEZET 2 A5 L VEICBL Ta2fTo72 8 2 A, A FVE DAL
BICHA»DL T, WTNORE S RIFAICGECHMNYIA SO 7z (3b-3d), 7z, L&
WMERCTHZ + TIFNEEETE2AFLVICEHL TR Z2fTo72 8 25, BETOIEKT
EH 20D, RFAIERCTHIMBE N Be), fliicdh, 7 v &K, EHE, BRELLED
Aa T VEBEINEAF L VI L TR R fTo2 L 2, IR RFRIE THIY)
BgEbNn (3f-3h), $7-. BRI T o EEGTEIRAF LV ICBELTH, Th
¥ CLRBRICRIFARINE CHII RO N Bi),

Lol Aot nkad2H 32257 L VEICBIL TR 21T 72 & 2 A, HOY)
DERITIZE A ETERINRD o7z Bjk)o A FMFUHEEFTIAFLVICOWTIE,
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DEAEROE— 7 BRI N &b, il e SJOGT 2RNCH Y v — (LS EfT L 7 & ¥
EFINE, —f. = b2 HT3RFLVICOWTIE, = F AR -tz 7
VFT B ERHALILT T, MR NICHEREL o 27z b EZ T, 0

ZOMIC, 4 ZARYIAZ B F A VTV, fATFARFLVICEL TR 21T
2l Zh, WINOEE S RIFEICETCHIYI G b7z B183n). X bIc. T v PNk
T YN EDREWRIEIE T v v IcBI L THBRET 2T, WINORE S HRED S
RFHICRCHMM %S5 2 LIl L7 (30-3q).
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Table 2.2. Scope of substrates “

400 nm LED light

Ph
e I
X N'l,. /P -
/'Cu\ PFe
~ N /P
~ Ph” |
Me Ph
- Cat1 (1.0 mol%) Br
I 2,6-lutidine (1.0 equiv) XN
R +  CBr, > R
= CH,ClI, (1.0 mL), Ar, 20 h = CBrj
1 2 3
1.0 equiv 0.1 mmol
Br Br Br Me Br
Me
CBry Me CBry CBrj CBry
3a 3b 3c 3d
90% 77% 80% 72%
Br Br Br Br
CBr CBr. mBr
tBumBrs F/©)\ S s r 8
3e 3f 39 3h
61% 84% 72% 79%
Br Br Br Br
CBr. CBr. B
NcmBrs Meo/©)\ ® 0N 8 CBr
3i 3j 3k 3l
71% trace trace 71%
Br Br
Me
"'CBI’3 H
CBrs
3m 3n
61% 76%
dr>18:1 dr>18:1
Br MeO 0 Br Br
Me\/vM MeO Me\ﬂ/o\)ﬁ
CBry O CBry O CBry
30 3p 3q
76% 67% 56%
“Isolated yields.
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FH2H OO ER

T oIC, ARIEDOFHINIC DTG 5 720, fiA DM CRIGETT > 7 (Table2.3),
FOCHR 8 % EOCIRBEIC L= T3, HWPIOAERIZ 2R S Nk o7 (entry 1), %
7o BWAREED T F 50 °C ITMBAL 72541 ThH . 3a DER TR I LA o7 (entry
) TNLDFERDP S, RIGIZNEMAE L, DG BN &R E N, —T,
fliE 2 NN L 2 WSt Cld, S E2 2030 B D LA HER S L7z (entry 3), T D
REOARRIGE T A EEERIC XV ETL T A A[RERFE Z b b, 22T, b
Z 1 o, 14 FEESEIRBIC L 2 5:F CiT o 72 & T A, HIIAIEE 8% T3
U (entry4). 1 3EDEIRE L 22720 D& CORR L IZITED L b > 72 (entry5), 7.
bemont R & U<, 15 p[EDEIRES L 7256t Tld. BRYIAINE 74% TR 67z (entry 6), i€
2T, KARIGICE T 5 7 AV EEEBITEE ThirnZ LSRRI N,

Table 2.3. Evaluation of reaction mechanism ¢
400 nm LED light

Ph
e en I
Nu,

/C”\P PFg

7 \_{/ \

Br

— (1.0 mol%) -
S 2,6-lutidine (1.0 equiv.)
+ CBry >
CH,CI, (1.0 mL), Ar, 20 h CBrj

1a 0 Conditions 3a
1.0 equiv. 0.1 mmol
entry Condition yield (%)
1 Dark 0
2 Dark & 50 °C 0
3 Without catalyst 6
4 Irradiation for 1 min, then dark in 14 min 8
5 Irradiation for 1 min 6
6 Irradiation for 15 min 74

¢ 'H NMR yields.
D Eostns, MEINIARIGDA A=A LEZUTD L 51c# %22 (Scheme 2.4),

FF, - AFALT72F v Fr ) v —BINAP $EE25 400nm DYEHEEHT X - Tl X .
Jifke & N7 SR DS U RAL IR 2 — B EIL T b, RISV AL NI TuERXF AT VAL
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. AF LV EMMBIGZREZ L, XY O AR GO N5, Z OHfEiEss, 2
i DIFAFEARIC X o C—BF LA ZT 5 & CEAEA L, A4 vENMERINS,
®ic, BRET =AM Ts e cHMYREONS,

Flo, RV PN T I AhfERs MBEAURFEDO BB ERT 2 k< 2 & THIY &R A K
T3, 7Y ANEBEER O EE S NS, BRI X E, MEUREZEI Y ZFA_ v E
VORYYNTIHMED TR ECIEICEM A A L Twa 2 e BBICAISNTE Y (Figure
23), TOIERH, FYHNVEBEEBOREE TR ICEL O NS, T Ly
L. () B OHO RN L Fy 7 Zflich 28— TV -7 2 F v Fr ) VKo
LML, TFARVEVYDORYIALTIAMELY HEWZ &, 73 (2) —%IIC 2 flio
HEEAR L 0 b 1 OHERD TR L VRETH L Z &, (3) EXRIREICEH T 2 HWY D AERK
DER I N b o 72 45E (Table 2.3, entries 4-6) D 3 5225, RRIGICTEH T 7 ¥ A LEEH
B IIEE CurnweFEZ T3 (Figure 2.3),

400 nm LED *
[Cu(cup)(BINAP)]*
CBr4
[Cu(cup)(BINAP)]*
+ (.:BI’3 + Br
Ph/\/CBr3
[Cu(cup)(BINAP)2*
Br-
Y
Br
~€-----szeszze-- s
Ph CBrs ,"
' 1]
CBry CBry

Radical propagation

Scheme 2.4. Proposed mechanism
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Reduction potential

CBr, Ph” " Me

-0.48V -1.60V

Oxidation potential

+ OMe
A | N Ar= )(©/
Ar
= N
New i 7 cr
<—~Ar [ +0.62V
L Ar Z (Cu"to Cu")
Ph” Me

Figure 2.3. Reduction and oxidation potential of intermediates

SEEHIL, BREROMMTELT29-YAFA7cF v r ) vE, FA7 4 VRO
fF & LCTBINAP # W7z, RABNMHOHFHO L Fy 7 2D G EZ T 72, &
B LMoL By 2 2R v Al o4 L7 4 v EURALERSR & o
FG~DEH G L 72, 2 OFER, 400nm DR % F5> LED OIS R, 0.1 mmol @ PY
BALRFRICH L, 1.0 mol%DHF OR[N L Fy 7 2 il 1.0 YmDOXFL v, BHEE LT
vrmuARXv% 1.0mL w3 &T, B ZHEHIEE 90% TS5 2 &3 T& 7, b
I, AFL VSN ofiL AL 7 4 VEICH L CO BT Z 1T\, AEF 16 OB TR L
THPRED S BIFRINEKECHWM RS2 2 LB TE 2,
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BIE
BEOLAIEZ A L 2 IRE T P VDA & K ATRA Rt D FAFEZE

I v VEAEFE LAY 7 4 v NBEALIRE O YN

B EF S fichibRzp, RE— v T viiGomtE ke LT, —VoEBEE
WAEHWT, kAL X—Jie L CERRERTEmA ARG S hC& 2z, L2l »
ThoFES . KiEEEr O GE a7 U ~0—FBTHE (SET). H20»iFzr L ¥
—B# (ET) @fE%%2 L C, BENICNIGT 2KE 7 VAR ERE ¥ 5 BN
LAY THD, 2D GEE XY EENAEE O E BIE L 2 FRICBELATE LN
T, 20X BEROP, F2ETIY EF7ZHon[ gty Fy 7 2fillic X 2 ATRA
SIS DFIFMZE % 1T 9 @R T, MOl T LCRHAL Cwize e Y A% fillftE A
W3 ZET, AF LV EPBALERE & D ATRA KIGHEFTT 5 2 L #RH L7 (Scheme
3.1),

Br
2,2’-bipyridyl (5.0 mol%)
Ph& + CBry > Ph
DCM CBrs
400 nm LED, Ar, 20 h
1a 2 53% yield 3a
1a 2a bipy
Amax (NM) <250 <250 281

Scheme 3.1. Preliminary results for the ATRA reaction between styrene and CBry

ARSI R U 72 SR I AT RIS 35 1 2 IR I FEE L R v & 0 b, B
YU NBALIRFE R v 7 VAEEIC X o TR A RINATRE R E AR A TER L, 34 S
BENIC X > TRIGDSET L 2D Tld R wd b F 2, RIFFEICETF L 72 (Scheme3.2), LAF.
SEIC O WTIRR B,

7N+ x-y = = { “Nex—v

X = halogen
Y = halogen or alkane

@ in situ-formed C-T complex through halogen bonding
@ new absoprtion respective CT band generated
@ visible light responsive

Scheme 3.2. In situ-formed CT complex via halogen bonding interaction
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55 1 RISAPE & BOEAL S O EDE I R o Hiat

IZU®IT, 3W @ LED JEJIC X 2 MR T, ~m T viGT7 72 72— LT~7T 0I5
EEACED 2 MR V. X5 L v 1a LTURALRSR 2 & D ATRA RGO ol {URES %2 17 -
7z (Table3.1), 450nm @ LED HH T, v v ) ARSI Lz 2 A, RT3
AR 3a B3 1% DINETH LN (entry 1) —J7. 7 xF v r ) vifil#iie L Cflifd
e, IWEIT 2% E L7z (entry 2), &5, 2 o v ) YA H b I HE
DV VvERAWS L, FRREOICKT 1a 205 3a ~OEREHEAZERXNT L B8 TE

(entries2vs3), RiC, vV ¥ VB FOEREMREZTAEL 72, €V YV VERICNN-V X F L
T HOX) REFHGHERLAZEAT S L, 3a BMEICKRTHLNZ (entryd), LD
Lo, T 7T F LD X 5 BT RIIFRICER L 28546, EFRYONEEL H L
L7z (entries5,6), CNOHDFERLL, BIARRERLEEZH T ) Y VI, KRICE
RET 2HALRH L BEZOND, T/, 47 =) YV IiFRiRofite L CEh
TR A R Uy ST%DYCRCEBI % G- 2 7223, 2-7 = = e ) ¥ v Rl e U -CHw
725 A IR KIRICAK T L7z (entries 7, 8), & 51T, LED RO RICEAL CHEL
720 5.0 mol%D filillt % F v 72 \ il T T 400~500 nm DOFk 4 IR ARG L 72, % Off
B, 400~420 nm D X 9 EHE CHET L 72BR. 3a OUERE TR T T2 L300 o7

(entries9-11), L22L. XV REECTHET$ 2 &, PERIZKIBICIET L7z (entries 12,13),
BRASIICIE, AT L v 1a DEMEE 150 mol% I3 & T, IEEAUE L 7= (entry 14)
Z Ofth DI IRFEER D D13, ARRISICIEOLIRE & v ) PV ERMHATH L T o T

(entries 15,16).
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Table 3.1. Optimization of the ATRA reaction between styrene and CBr4 ¢

o+ OB, cat. (5.0 mol%) - g
X n?ncli\lﬂflgo,.,lr',vlz)o h CBrs
1a 2 3a
0.1 mmol
entry 1a (mol %) cat. LED (nm) yield (%)

1 100 2,2-bipyridyl 450 1

2 100 phenanthroline 450 42
3 100 pyridine 450 42
4 100 DMAP 450 23
5 100 4-CN-pyridine 450 48
6 100 4-Ac-pyridine 450 49
7 100 2-Ph-pyridine 450 25
8 100 4-Ph-pyridine 450 57
9 100 4-Ph-pyridine 400 47
10 100 4-Ph-pyridine 410 51
11 100 4-Ph-pyridine 420 53
12 100 4-Ph-pyridine 470 20
13 100 4-Ph-pyridine 500 2
14 150 4-Ph-pyridine 450 70 (62)
15 150 4-Ph-pyridine dark NR
16 150 none 450 NR

“ Yields were determined via 'H NMR analysis of the crude reaction mixture using 1,1,2,2-

tetrachloroethane as an internal standard. The values in parentheses are the isolated yields.

RIT, Bl T NSt EIic, BaoA L 7 4 VEICET 2 HE R0 HE 21T
> 7z (Table 3.2), Z DAER, KRS TV F vEE (1b-1e). 17 v (1f-1h), > 7 / 3 (1k)
FHTAWANCATF L VHEIGHRATE 2 230 o7, L2 L. AN FUEEET LT
LY liZHvws e, RFLvoEARKLAEL, BRI LA BN R o7z, 32 4
VFEY In RAFARY 1p BEDOHNEAL 7 4 vEBHT 2 LICRIZET L, g-AFL 2
FL v 1o TlREL HWIAE LN R 5 72,
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Table 3.2. Substrate scope for the ATRA of styrenes and CBr4“
Br

450 nm LED
o A DRy
./\ + CBr, 5 mol% 4-Ph-pyridine . .)\/CBrS

DCM (0.1 M), Ar, 20 h

1 2 3
150 mol% 0.1 mmol
Br Br Br Me Br
©)\/CB|'3 /@)\/CBrS Me\©)\/CBr3 ©)\/CBI‘3
Me
3a, 62% 3b, 42% 3c, 34% 3d, 29%
Br Br Br Br
/©)\/CBr3 /@)\/CBFS /@)\/CB% /©)\/CBV3
Bu F Cl Br
3e, 61% 3f, 33% 39, 66% 3h, 30%
Br
CBry CBry CBry CBry
Cl
3i, trace 29% 3k, 36% 3l, 45%
Br Br Br Br
CBr3 CBr3 "\CBrs
-«CB
OO r3 Me Ph
3m, 66% 3n, 30% 30, trace 3p, 23%

79:21 d.r. (from Z isomer)

“Isolated yields. The diastereomeric ratio was determined via 'H NMR analysis of the

crude reaction mixture.

Tz, BEDO AV 7 4 VIHICBI L COMET L 72 (Table3.3), Z DR, fElilEA L 7 4
/éux%vxE;D%wfi<ﬁm#Lﬁ?5:k#b#otoéwq1q®77Ax
TF—nToRI T, KIS %E 40 FICER 32 2 & T, WG 2 E8 % 78%DICE
TfH7z, HEHEOTATZ VICEWT, REI TRV T ra—v 1s, T FAA#ELL
RE 1t X 1, TIPS REINZTra— 1y, 7V IwBLUPT AT 1aa 138
TARBISSEMICHEIE T E | FRRE D O BIFRINECHIGT 5 B % 5 2 7, BIRE W C &
I, B IR T F AR Ix 2 72ER, RE - BB ER0HT 5 Z L 72 88% DI

RCEBNZ /T, TINVRYEY Iy T LTHAT 2 LICEMET § 22, 7=
NT TV 1z ZECRCER % 5272, /2. JAVRALL Y 1ab D X ) REBRIRT L7 v %
BRI L7z e 25, En@ERER > EINE CEBM E R 72, —J7. v 7 ax 77V lac &
FUE L L CRICERITo728 250 1,2-(011K 3ac 5 L O 1L4-FII01K 3ac’ % 2 112 41 64%.
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20% Tz, Y7 uAt 7w EMRALEKFED ATRA MG B3 2 Al <ix, 1 4-fHinko4
IE T Y ANDE Ty TINBHENCHFNT LS IKEBE 2R CHETT 2 2 L I
ENT03, BHE TV THEA Y T L v lad B ICHERAT S &, 3ad & 3ad’ &\ ) 2
D DNLE YR 88:12 DI, PREOICKTHON, 7. lae L TURLKHE 2 DK
JGIZ X Y . HIOY) 3ae 23 15%DIGE, @Y T AT LAERECHE O Lz, 2 DifET s
5 ATRA KGR AL 7 4 v ~D P HAFEDMINC X > ChRE N2 Z L SO L 7o
776

Table 3.3. Substrate scope for the ATRA of olefins and CBr4“

450 nm LED Br B
% 4-Ph-pyridi r
./% + CBr, 5 mol% 4-Ph-pyridine - .)\/ 3
3

DCM (0.1 M), Ar, 20 h

1 2
150 mol% 0.1 mmol
Br Br Br Br
MeﬁJ\/CBrS MeﬁJ\/CBre, HOQJ\/CB@, AcO.__ CBr,
7 9 4
3q, 82% (78%)P 3r, 83% 3s, 84% 3t, 72%
AGO B cB Br Br Br
¢ \H\/ s 1pso. L cBr BocHN.___CBr, BFH)\/CB%
Me 4
3u, 42%; 55:45 d.r. 3v, 32% 3w, 52% 3x, 88%

Br Br MeO,C  Br Lb/CBra
PR 0B o~ A CB o, A A B f
r

3y, 30% 3z, 84% 3aa, 43% 3ab, 90%; 94:6 d.r.
Br
Br ‘.\CBra OCBF3 Br N Me Br3C\/§[Me
CBry Br
3ac, 64%; 58:42 d.r. 3ac’, 20%; 55:45 d.r. 3ad 3ad’
(from 1-octene) (from 1-octene) 48%: 3ad:3ad’ = 88:12
(from isoprene)
MeO,C_ _CO,Me MeO,C.__CO,Me
Br CBr, 7 N\
3ae, 73%; 92:8 d.r. 1ae
(from 1ae)

“Tsolated yields. The diastereomeric ratio was determined via '"H NMR analysis of the crude

reaction mixture. ® 4 mmol of 2 was used.
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H2IE IO D&%

ARBIED A A =X L H TR MToEREE{To7%, £9. 4-7z2=1t)
VY AFLY, MBALIRFEDREZ RIS R 72 ZNTNOERE ., T b 3 DDEFEE VRS
B DEHNAEBINA = 27 PV MIE L 28R 2T, 4-7 ==Y vy XFL v, I
BALRFE T2 NZ N BRI B 2R S e o 7o — T 47 2 =AY UV
& RALEFE D VREY O LI AR A~ 7 P v iTid, 444 nm ITHT L IR 2342
LTk, vY vy eNB KRBT r T Vit Z i L CEMBEIEHATEA S T
W3 Z PRI (Figure 3.1),

3 I
I -2 CBr,
~b_ styrene
—<— 4-ph-py
| 4-ph-py + CBr, (1.0 equiv)
2 |
o
o
C
©
g —a b —d
(2] \
2 ‘
T 1
444 (nm)
0 I I I I I I
200 250 350 400 450 500 550 600

wavelength (nm)

Figure 3.1. Study of the halogen bond adduct. UV—vis spectra of styrene (1a), CBr4 (2), 4-ph-py, and
a 1:1 mixture of 2 with 4-ph-py. The concentration of 1a, 2, and 4-ph-py in DCM was 1.0 mM each,
whereas the mixture of 2 and 4-ph-py was 0.1 M.

THIC 47 2= )V A DREOMEALKZZHCCTHE L& 25, #ifzic
AR L 72 MR D WO S 13 Y RAL B 38 DIRFEARFFRVICEE R L, v Y & v L THRAL SR D ]
WKHEE a7 VIEEOHABERZE S 5 Z L BRB I N, Mol erb, IV VE
PEALEK R & O CEMBEEERBTER X 11, Z D%, JEEIC X o TEMWESAER L, AR
ROGDSFERS % ATREME A3 2 & 117z (Figure 3.2),
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0.500

b 4-ph-py

4-ph-py + CBr, (0.1 equiv)
4-ph-py + CBr,4 (0.2 equiv)
4-ph-py + CBr4 (0.3 equiv)
2 4-ph-py + CBr, (0.5 equiv)
\ |== 4-ph-py + CBr,4 (1.0 equiv)
\  |=— 4-ph-py + CBr, (5.0 equiv)

o.lolc‘m

0.400

Q -

0.300f

absorbance

e
0.200

coa

0.100

0.000 — =
350 400 450 500

wavelength (nm)

Figure 3.2. Study of the halogen bond adduct. UV—vis spectra of 4-ph-py (0.1 M in DCM) with
different equivalents of CBr4 in DCM after irradiation at 450 nm for 1 h.

T/, REEIETT 1a & 2 2BEFHAATCRIGEE 2 &, HIYZE om0 o7
(Scheme 33,eq.1)o ZOFERIT, EEEESZHEEHBERIC >/ vFaIn %
RLTWwW3, ¥ X512, TEMPO, galvinoxyl, DMPO IZ X % 7% Mﬁb@%@ﬁ%ﬁo e
5. HE IR A ERbRTuR W L2 b, RRIGIE 7 VA bR Z A4 L CEfTL T
Wb ZEREZLNS (Scheme3.3,eq.2), 72, TEMPO % F\»72&Cix. TEMPO ik
3af |3 ESI-MS T L T3, ¥5ic, 2FLvlat Tty 1q 2 HW=5sFEREET-
722 2Ah, 3aDFH3q L0 BUPCERE L 7o 7= (scheme 3.3, eq.3), Z DFERIF. ETAR

DT ANMIMEHELY b RF L vEERLIRICT 2D 585 O LRROFER & —
L7,
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450 nm LED Br

4-Ph-pyridine (5.0 mol%)
Ph& + CBry > Ph (1)
DCM (0.1 M), Ar, 20 h CBr
under oxygen 8
1a 2 3a
100 mol% no reaction
450 nm LED Br
4-Ph-pyridine (5.0 mol%)
Ph/\ + CBry » Ph (2)
DCM (0.1 M), Ar, 20 h CBr,
with
1a 2 TEMPO, galvinoxyl, DMPO 3a
100 mol% trace

Me | | Me HRMS m/z (ESI)
N calcd for C1gHp7Bra0;Ny (M+H)* 509.9637

1
found 509.9617
Oj/\CBrs
Ph
3af
PR
1a 450 nm LED 3a
4-Ph-pyridine (5.0 mol%
. CBr py ( 0) . 55% (3)
Me 4
(\%’7\ DCM (0.1 M), Ar, 20 h
1q 2a 3q
100 mol% 10%

Scheme 3.3. Experiments for mechanistic studies

DEZBF 2 A0 HZGI AL ARRICDOIEE A 7 =X L% AT IR (Scheme 3.4),
TP, WRLKFEE 47 2= v )P vidn s viaE N L, BaEEIEE 1 2K
L. 450nm @ LED IC X 2 XIS X o Tl X 2, G ERE P o R FE — BRGSO -
TYTAPRIY, FVALNME ) TRERATFATIIAHNIPHERT 2, BHoNRE
SUANIPIRAL 74 VERIGLTIYAARRIE I #4EK L, 2hd I & GLTH
D ATRA B %152 (route I)o F 72, AL 72 T 2XPURALK % & ]G L T ATRA 4
BY#w 5 2. IPeFET 279 HE#ELZ 25135 (route ID),
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98[’3 * CBr3
Br 450 nm LED E:r
H —_— H
N | N

CBry N S |
R R
| I
Br

route Il

Scheme 3.4. Possible mechanism for the ATRA reaction of olefins
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Foffi ~m T UG ERIFA LA L 7 4 vEE v v VIERERO SATINRIG

%1 TR X i, FFEI A v VEEGENHALEAL 7 4 v v v v IREEER
DN ATRA RIGZFAFE L7z, Lo Lad s, WRLRE» LFONLERYIL, © 7 —
N EDEEFREFRR AN T 200 BEHELPHEEL 2 VE2 b 00, Z DA RIA
ELCOMNAERFLTLDEL X%\ (Scheme 3.5), 277

DBU (2.0 v) Dess-Martin

Uequiv eriodinane

Br H20 (10 equiv) OH Br p(1.1 equiv) o Br
SR QLR

O)\/ " THE rt. Z B CH,Cly it Br

1) RNHNH, (2.0 equiv) R
ArB(OH), (2.0 equiv N’N'

2) Pd(PPhs), (5.0 mol%) ./L/)‘Ar
K3PO4 (3.0 equiv)

THF, reflux

Scheme 3.5. Synthetic utility of the CBrs adducts

Z T, ZORIGDE S ML A 2R EXR 2, MR LREZEOR DY ICT
nE~n VEERWEMGOME 21T > 72 (Scheme 3.6), VA FICEEMZRT,

380 nm LED
7N\
X + Br > .)\/k
EWG EWG

Scheme 3.6. This work
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ZU®»Ic, MIGEHT DL %17 > 72 (Table3.4), Yeii, ABICEI U CREMNICHGT L 72 4%
RB.oYrZourzvh FRAMEELELTO0Immol DT VARV EY 4a & T ut~vn Vi
CAFNSa G, RO 47 2= v ) PV DEE T, 380 nm DR EH T 5 LED
DHEWGTF 2 2 & T, WIET % ATRA £ 6a % T7%DIHE TRz (entry 1), 7z, &
MELTT7E2F=FYUA (MeCN), NN-Y AFALFALLT I F (DMF), BXUF T
17 7 v (THF) 7& & DA ZERMEEEZ 728613, 5a LR e offlcom 7 v ik
AEEPIER T, IEPME T LZEEZ 55 (entries2—4), *® RiT, HDPFRICDONWT
Pl L7z & 2 A, 380nm X D bEHE T ZIREFREOERE L TGS 5A, 6a D
IEIIE T L7z (entries 5-7). % Z T, 380 nm Z ARG DB R ACIRE L7z, Z OFEE
X, 380 nm KEZH T 22 WINATRE = AR RIGHE R THEKL TV E 2 L EZRBLT
W 503, HAEROPIN A2 bV ClE YRR ORI T BIZE S g, 2 A nvEtili3f5 o
NTWHZ, BEIC, 4a DY EX 175mol%ICEM X &, WIHEZ 05mLIc L& 25, &
b B BEENCK 78% THMNIAMF vz (entry 8),

Table 3.4. Optimization of ATRA reaction conditions ¢

X nm LE_D_
COMe (70 50 moloe B COMe
Ph XN t+ b —> pj
CO.Me solvent (1.0 mL) CO,Me
4a 5a Ar, 20 h 6a
100 mol% 0.1 mmol
entry Solvent X (nm) 6a (%)
1 CH2Cl 380 77
2 MeCN 380 38
3 DMF 380 21
4 THF 380 0
5 CH2Cl 370 65
6 CH:CL, 390 62
7 CH2Cl 400 61
8’ CH,CL, 380 90 (78)

“Yields were determined through "H NMR analyses of the crude reaction
mixture using 1,1,2,2-tetrachloroethane as an internal standard. The number in
parenthesis is the isolated yield. ® The reaction was performed using 175 mol%
of 4a in CH,ClI, (0.5 mL).
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I/, "u T viEEoT 2T x - LCoREEET A ) Y VOB 2T 72
(Table 3.5), FEARMIC, EFREIMEREEZHFE T2 VY -7 EHWZZ5E, Ta &t
L CUCEBME T3 2 AR R bW, ~ar VAR EZ TR T 285 Vv vyor—
VRTBABT VD 6 F—AERIGT B0, BT AROEY P vz OMEER %R
T, RICHEZET IS T2 eHEML 7z, —T7 A FFHT, 7375 Tk-Tn, T ¥
AT R OBEBFAEGHEEZHET 2 ) v Cld, WREDINEE R L, BFHL, &
P OB TGz v F VEETERICES L, YY) Y VBRE D v S VEFETZ % [H
ELTCWREREDELERLZ, 7Tadfbhice )Yy TmBX YN Tn DFEE FCRIGX ¢ 72
LA, PEMOEMIER L 72, CORVEBPIZIFRIETE TWARWVA, XL RKLEOHED
eI T ORI TH 2 LHRL T, UErD, 7Ta BARKIGRICRE L BT v
AT 7T R—=ThHDT ERah o7,

Table 3.5. Screening of halogen-bonding acceptors ¢

380 nm LED
COMe  (Eprooepior Br  CO,Me
Ph Br ;»
>~ ¢t Ph
CO,Me  DCM (1.0 mL) CO,Me
4a 5a Ar, 20 h 6a
100 mol% 0.1 mmol
CN CN
I\Ph I\CN N NCI\ NCI\
N~ N~ N .~ N~ N~
7a: 77% 7b: 23% 7c: 16% 7d: 18% 7e:3%
0 OMe
FI\ Cl A Br N 5 Ve N
N2 N 2 N2 N2 N 2
7. 18% 79: 0% 7h: 0% 7i: 53% 7j: 17%
NH NMe MeHN
| N 2 | A 2 | N | N none
N N~ N_ CN Noz
7k: 30% 71: 16% 7m: 45% 7n: 68% 0%

“Yields were determined through "H NMR analyses of the crude reaction

mixture using 1,1,2,2-tetrachloroethane as an internal standard.

ZORGESGMEIIC, KRERICOFRE Bt %FHE L 72 (Table 3.6), 4-7 = =N-1-7 TV
4b L7 uE~u VEEY AT Sa DRIETIINIGT B ERKY) 6b EIGE TS L Lz A3, 1-
@A FFo 72227 By de b 5a D ATRA RIG I 6 ZARIGETH 2 2 ICH % - 72,
T de 2T 2 &, FICEARIGKETT 220 E2oN5, oI, ElEAL
74 VICBALTHRET L7z ESEHT AT VYO T2 dd. FT AV de. YT AT ARA 1T
N RSUSICET 5 & 25T &, IHET 2 R % PR D b BAF IR T 7, BB



WZEiT, B IMTAFARY) 4g BX N 4h ZH B, RE-BEEAVPORT S C
& 7s S HIREE D b REF IR T ATRA A %2 1S 72, 7 IATAa—L 4i 5 X URET Y
AT 4 ZHEE L L THORGEIRINEMEG A, ~F 2/ —v 4k [FEIEETE
B % 5z 7z,

Table 3.6. Photoinduced ATRA reaction using various types of 4 with 5a ¢

380 nm LED
(i)OZMe 4-Ph-pyridine (5.0 mol%) Br CIEOZMe
I NCO,Me  CH,Cl, (0.5 mL) > R)\/ ~Cco,Me
4 5a Ar,20 h 6
175 mol% 0.1 mmol
Br (IJOZMe Br (IJOQMe Br (IJOZMe
Ph ~CO,Me Ph 2 ~CO,Me PMP\)\/ ~CO,Me
6a, 78% 6b, 90% 6¢c, 32%
Br CIJOZMe Br ?OzMe MeO,C  Br C|202Me
Me\(v)g\/ ~co,Me Meﬂg\/ ~co,Me MeOZC)\)\/ ~Cco,Me
6d, 79% 6e, 73% 6f, 80%
Br ?OzMe Br (IDOQMe Br ?OzMe
Br\Hg\/ ~CO,Me Br\Hg\/ ~Co,Me HoA ~Co,Me
69, 55% 6h, 81% 6i, 18%
Br CIIOQMe Br (IZOZMe
AcO ~co,Me MOty ~Co,Me
6j, 20% 6k, 95%
“Isolated yields.
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K, BADT e~ vBS LT INARVYE Y da DRGIEZR S L 72 (Table3.7), &
HelT7une~vu vy sh ZHGEZEE, RIGT 5 ATRA TNk 61 % FFEEE D IY
KTz, LL, TATAERT FVICEEHZ - 13- 7 b vk se zBH L L72BGH.
WSS 2 A Y 6m (Z{RIGE R b7z, FFRIC, 7 uE~a YIEOEME X F L VLI A
FAIESd, n-T RN Se, VT T FAIS R EDT A FAIEELEAL ZREE AW
G b RIELRB O RISIFHET Lz, —H T, RN Sg 7 22 FAE 5h 2 H T 5
Zoxvnt— FEEEL LTHO A, KIGIRETL R - 72,

Table 3.7. Photoinduced ATRA using various 5 with 4a *

380 nm LED

R. CO,R’  4-Ph-pyridine (5.0 mol%) Br R R’
4a + P 4 , L Ph\)\/l<002 ,
Br™ "CO.R CH,Cl, (0.5 mL), Ar, 20 h CO.R
5 6
175 mol% 0.1 mmol
Br (IDOZEt Br ?OPh Br CO'Bu
1
Ph Ph Ph
~CO,Et ~COPh \)\/ ~CO'Bu
6l, 54% 6m, 22% 6n, 25%
NC
Br Me Br "Pr
|/CO2Me |/CO2Me Br I
Ph CO,Me
Ph\)\/ \Cone \)\/ \CO2Me Ph\)\/ < 2
COzMe
60, 9% 6p, 22% 6q, 18%
Ph
Ph
i k CO,Me B \_co,Me
Ph <SG Ph -2
\v/l\v/ ~CO,Me \v/l\v/ ~CO,Me
6r, 0% 6s, 0%
“Isolated yields.
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X BT, RECHME % fRIH 3~ <, fl 4 0 FBE% 1T 5 72 (Scheme 3.7), B ¥ 72 1322555
PR T DTl 4a & Sa 13X L 7d> > 72 (Scheme3.7,a), Z DffiS L. GRS
SHEEBRBICL T/ IV FINTNE T ERRKBRLTWS, ¥ 7, BDERMAT. 20
FHEE L 722035 60°C ICHIBA L 72 5:F FCIlE L 72 & 2 A, A2 MG b e\ 2 & A3 2
572 (Scheme3.7,b), T DFERD S, KRIGCITIIARHATD V., 5 FOBGEEIZL
TN ERRBEINT, T, MBEEZHWFICRIGZITo72 8 25, BRSO s
277D, 4-7 2 =AY VYRR OMIEEE L CTHEREL T\ 3 Z & 2R S 7z (Scheme
37,¢)0 MAT, TEMPO IZ X % 7 ¥ Witz {To7z L 25, YRR ONT, 7
¥ H NWAEIRAITH 5 TEMPO DfHINAK 7a 2343 5372 (Scheme 3.7,d), L7223> T, ARG
X7 VAN E R L THEITL TW 5 2 LRI,

m a. Reaction under O, or air atmosphere condition

380 nm LED
4-Ph-pyridine (5.0 mol%) Br  CO.Me
4a + 5a - Ph
CH,Cl, (0.5 mL), 20 h COzMe
Under O, or Air 6a
175 mol% 0%
mb. Reaction under dark or dark with thermal condition
4-Ph-pyridine (5.0 mol%)
4a + 5a . 6a
CH,CI, (0.5 mL), Ar, 20 h
Dark or
175 mol% Dark & 60 °C 0%
u c. Reaction with out 4-Ph pyridine
380 nm LED
4a + 5a ’ o 6a
CH,CI, (0.5 mL), Ar, 20 h
Without cat.
175 mol% 0%
md. Radical trapping experiment
380 nm LED
4-Ph-pyridine (5.0 mol%) CO,Me
4a + b5a >  6a N.
CH,CI, (0.5 mL), Ar, 20 h 0~ “CO,Me
With TEMPO 7a
175 mol% 0% 20%

Scheme 3.7. Evaluation of the reaction mechanism

UEofERzlE 2, BEOXREZGIH L, HMESINIARIED A A=A L2 LIRS

(Scheme 3.8), £3. 7uE~vu vty v nar viEGICX VIR A ZRL.
HINERIC X o TR ER B 234 U 2 G5B 13 FE —REMAEOFEY v A% L,
RUVETIANC LT VANED BERT B, AL v VEET AL ClEAL T 4 v
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CRIGL I VAN E &), 2RIV AAED &G L THRD ATRA 4 K53

Bond (outel), 7. R LETUAHLVFRHRAE 2352 G L T 6a 4K L., w8
VERZ VAN C EFAET D 7V VEEEEDE 2 55 (route 2),

MeOZC COzMe — - %
Y 380 nmLED [MeO.C._COMe
Br Y
: Br
N :
| N
MeOchCOZMe Q | N
Br Z
Ph homolysis
5a A L Ph -
B
Na Br COZMe Br
| Ph N
Cone MeO2C COQMe U
P
Ph
route 1 route 2
COZMe
. Ph
* CO,Me
E
Ph
D

Scheme 3.8. Plausible reaction mechanism
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FIHE v UG ERIAL 2 2 v 7 ZEDEA I - BRAEROG

HATIN —BRALRIG X, B eEz BE e 3 2L F oy 7 Ao G RO AR 2 F v
T FEIE A HE ST (Scheme3.9), il 21X, 2012 4EIC Stephenson & (¥, H.L4B)E
KNV T =y LB FGT 508060 Fy 7 2tz w2 2 & T, o —BRIURIG %
FAFEL T2, 8 2otk EReEzEike 57208y Vv 7 2% R L 7201,
I T DN — BSOS 3B S S T w b, ¥ X 5, BEAEZ v WEEOL
B X 2 FED L2 HEIN TS, HlZIE, 2019 4FIC Zhu & i, AIHDEHST T, 7
VAN %3 V- R G = = I R P % = P a2 (SN S O/ = B = B 7= R =
Fafbrun Y Py, RIS vBLIRYZuy XY ERRE E LA - BLNG B
ER L Twd, VI TS IE, AIEDEIRST T, Eosin Y 2 /KREF BBl L LCHWV 3
T &T, aFT Y ANBURIGIC X 2 EREABEZRFIEL T b, Y L LA b,
FREDEAHIN — B OG I & 2 BRIRMLEY O A BGE IR 7ZMER 2D < KvERLHL
WITEDORFEA KD b T3

visible light

//' photocatalyst //' , -
4 —_— Z _—
SKRXAan |52R

R X RR
[Ru(bpy)s]Cl2 Ir(ppy)3 [Ir(ppy)2(dtbbpy)]PFg
Stephenson et al. 2012 Li and Yao et al. 2013 Martin et al. 2017
[Ir(ppy)2(dtbbpy)IPFg Mes-Acr* ClO4” Eosin Y
Hou, Yao, Zhu et al. 2018 Houm Chen, Zhu et al. 2019 Zhu et al. 2020

Scheme 3.9. The developed photochemical ATRC reaction
Z ZCEFIL, B 1L B2 HiTBRRCE o w T VARV ATRA KIG % G

L. TINEZETEZ7Tuxe~av/iBerTrxy, TAZ VEEDZ YT LB BAIN-
BAL G DFAFITZEICE T L7z (Scheme 3.10), AT, SRl #iR~ 3

visible light
. N amine source
'%\R + RR O

Scheme 3.10. This work: ATRC reaction mediated by halogen bonding complex
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U wic, RISEH O &E{L%ZfT > 72 (Table 3.8) 0.1 mmol DZF =L+ (8a)
L, 258D 2-T Y V2-TuE~vR VIEY AT 9a M, 5.0 mol%dD 4-7 = =)v
YV VEED., BT 2 0BRICBEL CRELZ, ZoME. 420 nm DHEEBHR LR
RIITH Y, 50%DHEENFETHRID 10a 2137 (entries 1-4), RIT, BHIRE 5 2 % K
JG~DOZNRICBAL CGRELZL 24, BIEEZ 20 mL AT 2fFICHARLZE 25, &K
JOHHEIT Lo 72 (entry3,5), £72, 47 2 =AY P v/OR =Y RT B BT VDo 7+
—VEMAERL T n T VSR ZTERT 2 2 b, EFHGETLFLT IV
BEYBCHEERZSR L, RICHED R LT 2D TldZnwh LRSI E LTz, E@D . 1.0
WEDONN-Y AV 7uvrTF LT v (DIPEA) 2T % &, B O BEECR A 75%
Il B L7 (entry8), HUEKEERE LT 4-7 2= A Y PV DHFEFICB TR L &
A, HIWIONRICZLRRON T, 4-7 2= A ) PV BBERNT EBHL 2 E o
7z (entry9), 7 I VRRIFh v r VEET 7272 - LTHILNTE Y, DIPEA D X
IRETEERTAIATIVEHVWSZ LT, AiffloXsice ) Vv 2T ICKIGH
HEAT L. ST 2B 10a 35N EHEMIL 72, 51, 9a &% 3.0 YEICHIME ¢
% &L 79%D HEENECTNIG T 2 BUIAEZ1G5 2 LA TE - (entries 10,11),

Table 3.8. Optimization of reaction conditions
MeO,C CO,Me X nm 3W LED

Ph Catalyst (0.05 equiv) Br CO,Me
/ + Br Amine (1.0 equiv) COM
H > Ph 2ne
A AcOEt (Y mL), Ar, 20 h
8a 9a 10a
0.1 mmol Z equiv
Entry Catalyst Amine X (nm) Y (mL) Z (equiv) 10a (%)*
1 4-Ph-pyridine 380 1.0 2.5 53
2 4-Ph-pyridine 400 1.0 2.5 32
3 4-Ph-pyridine 420 1.0 2.5 57 (50)
4 4-Ph-pyridine 450 1.0 2.5 0
5 4-Ph-pyridine 420 2.0 2.5 0
6 4-Ph-pyridine 420 0.75 2.5 60 (62)
7 4-Ph-pyridine 420 0.25 2.5 47
8 DIPEA 420 0.75 2.5 89 (75)
9 4-Ph-pyridine DIPEA 420 0.75 2.5 79 (71)
10 DIPEA 420 0.75 2.0 69
11 DIPEA 420 0.75 3.0 88 (79)

¢ 'TH NMR yields. Numbers in parentheses are isolated yields.
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BOBSAEDPRIE TN DT, RICKRRIGOHE —MIEICBI L CH#&E L7z (Table 3.9), ~
VE VR EORR A B EBIE A MR L AR, 13 A COBRESIARRKICEFICHETTE 2
DD 0Tz, TAFAEMNELL 28 Tk, R X G ET L., 65-84%D LK
THY 10b-10d 2157z, HHEER LD 7 v R HHR BRELR LD v r vET I, REMIC
3B Z T3, MG 5 HIVY 10e-10i % FFRED S RIFRIGECTH X 72, $72. BT K
FIEAETZHEICOWTHHEI L, WIhd BIFRIE CEBRILAE 10j-1p 25272, &6
Iy 4-7 2= HE 2-F 7 F 0 Y UNREB I3 F I EEFETETAF D 9a
R I A KIG L. HWY 10g-10t % BAT R ICRTH 2 7=,

Table 3.9. Scope of alkynes ¢

MeO,C_CO,Me 420 nm 3W LED 5
A i r
/ rogy Br DIPEA (1.0 equiv) . /I><002Me
H s AcOEt(0.75 mL), Ar, 20 h Ar CO,Me
8 9a 10
0.1 mmol 3.0 equiv
O OF O O OF
Me Bu F
10a 79% 10b 84% 10c 65% 10d 81% 10e 78%
cl
o TOF oy O LOF
F.C
cl Br 3
10f 57% 10g 35% 10h 54% 10i 71% 10j 51%
F,C %
» o O O OF
CF; NC Ac MeO,C AcHN
10k 31% 101 37% 10m 65% 10n 56% 100 88%
s s v N ONK
T
BocHN Ph MeO N S
10p 91% 109 70% 10r 64% 10s 50% 10t 68% 10u 64%
“Isolated yields.

Ric, BADHEEBET V7 VICB L CHE L7 (Table3.10), v VB EICT L F K
DSEHA L 72 HE 2 72 550 d. RIS RIGSEST L. R QI CHY) 12a-12d
ERH N TE, T2, APFUREPEBRLEZRAFL Y e EHVE &, EENICHW
Yi12e GO N7, $7o. HFHER LD 7 vR HER BREL LD w7 VETIT KRGS
T CELZ T, WET 24589 12(-12h 2 PRREOIRTCE 272, £7-, 4-7 =1
B 2-F 7 FNE 2 ) OB R T ALEYD 9a & R A —XICKIG L. HY 12i-12k
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ERIFRINECTE 272, —J/ Ty B-AFARFLY M DX5HBNET AT v E2FGHT 2
&L HY 121 IR IZE L 7o 72,

Table 3.10. Scope of alkenes *

MeOZC COgMe
SliOET(]ﬁgv eIaEiB) Br CO.Me
%\Ar + BI’ b CO Me
. AcOEt (0.75 mL), Ar, 20 h Ar 2
1 9%a 12
0.1 mmol 3.0 equiv

Me

e e - / *e
JITTO oy WO

12a, 47%; 59 : 41 d.r.  12b, 33%; 74 :26d.r.  12c, 40%; 62 :38 d.r.  12d, 46%; 56 : 44 d.r.

& & & &

12e, quant.; 63 : 37 d.r.  12f, 52%;58 : 42d.r.  12g,29%;72:28 d.r. 12h, 43%; 56 : 44 d.r.

‘57_/ ‘777_/ N ‘71'_/ Br CO2Me
I COzMe
Ph ~-N Ph
Me
12i, 55%; 54 : 46 d.r. 12, 38%; 57 :43d.r. 12k, 67%; 70 : 30 d.r. 121, 26%; 59 : 41 d.r.

“Tsolated yields. The diastereomeric ratio was determined via '"H NMR analysis of the crude

reaction mixture.

T, BADORfAM a-~a 7 v AR AALEY 9 ICBI LTI L 72 (Table3.11), 2-
TIN2-TuEewa VY TF Lo 9p BILUR2-TIL2-Tue~wu VEEY [V 7o 9
ZHALZEEE. PREOICET13b B X N 13 2872, /2. B ZEHEO I LR L
HrfTs7ne~n vBbFAIHATE, 13d BRFAIGETHEO Lz, MA T, 2-7 Y L-2-
A—Fwvu Vg AFr9ex hnR mr ALREEE L CEFH S 2L, I vENPEAX
N7z 13e BHBREOIETH LN, ZOficd, 9a DD VIC 2-2-AF LT VY L)-T 1
ERR VBRI ATV ZH VB L 4 RETLEED Y 7 n v T VBRLEY) 13f 21K
IWNELERO/EI LN TER, IHIC, FETIAEEET 298 x5 &, KIVETH
¥ 13g % 5 2 72, wiRIC, 7a XA XAEEFET L2 ~vn VBT X7V 9h &\ TG L
e A ER L=V UANETAF VIR R T L, MG3 % 824k
v = HH 13h Z{RINETH 272, (LAY 13h © —FEFEA O IRIZ T RIT NMR D fi#fric X
DERTHDEZ ERDHho>T 035,
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Table 3.11. Scope of unsaturated a-halogenocarbonyls ¢
R! R?

420 nm 3W LED X ;
P " X DIPEA (1.0 equiv) R
/ ' R2
H ~ AcOEt (0.75 mL), Ar, 20 h Ph

8a 9 13

0.1 mmol 3.0equiv  R', R?=CO,Me, CO,Et, CO,iPr, Ac
X=1,Br
Br/j;><COZEt /I><C021Pr /j;><coza |/I><002Me
CO,Et P Ac CO,Me

Ph 2 COPr Ph Ph 2

13b, 51% 13c, 65% 13d, 78%; 57 : 43 d.r. 13e, 73%4

Me MeOQC C MeOQC COQMe

Br COzMe Br Br
CO2Me COzMe

Ph Ph CO,Me |

13f, 18% 13g, 23% 9g

Br
N MeOQC COzMe
CO,Me Br
CO,Me
Ph | |
13h, 34% oh

“Tsolated yields. The diastereomeric ratio was determined via '"H NMR analysis of the crude

reaction mixture.
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X, RRIGD A =X L EFEIHT XL, A DN CRIC%TT > 72 (Scheme 3.11),
st LEERSEHA T ORILE /2L 2 A, HIIWISE SN rd > 72 (Scheme 3.11,
a), ZOMIRIE, EEEESZEHEREIC L > T/ Ty FINEI EERBLTHS,
T 72, BT H 2 WIEN L7855 60°C ITENL 725&Fic BT, MG d 2 Bk
355N h o7 (Scheme 3.11, b)) T O DFEED S ARICITIT IR BZHETH O,
ROBAE RN B EZ LN S, AT, DIPEA OIEFEFCHELZE 2 A, HWY
BEoNRro/zl b, TIvEnuTr ViEET 772 — LTHEEL TS L
23R N7z (Scheme 3.11,¢), & 51T, TEMPO, galvinoxyl IZ X % 7 ¥ 1 VIR EER % 1T -
e ZAh, BSOS L7x0> > 7= (Scheme 3.11, d), FfiC, TEMPO % F\» 72 KIG T U,
TEMPO fihfRiIzfFon s, WIS 2L T VK 14a e, @BEORELZHE R 5 L.
9a b4 U B~u VT Y A A D TEMPO ICHlife & b [EifE B % 4B L . Il TEMPO
I X o CTHIEE B 2> 5 TEMPO 23l L . 2L 14a BB L 72 b o L HERI I %, #
PEDFR» 6. RKROGIE 7 ARzl L CTETL Cn 3 2 LRk Insg,

a) Reaction under oxygen atmosphere

MeO,C CO,Me
: DIPEA (1.0 equiv Br CO-Me
= Br (1.0 equiv)
/ + CO,Me

Ph «  ACOEt(075mL),20h  ph
8a 9a under oxygen 10a
0.1 mmol 3.0 equiv 0%

b) Reaction under dark condition
DIPEA (1.0 equiv)

8a + 9a > 10a
0.1 mmol 3.0 equiv AcOEt (0.75 mL), Ar, 20 h 0%
Dark or Dark & 60 °C
c) Reaction without amine
420 nm 3W LED
8a + 9a - 10a
0.1 mmol 3.0 equiv AcOEt (0.75 mL), Ar,20 h 0%
without DIPEA
d) Radical trapping experiments
) PRINg exp 420 nm 3W LED
DIPEA (1.0 equiv)
8a + 9a - 10a
0.1 mmol 3.0 equiv AcOEt (0.75 mL), Ar, 20 h 0%
with
TEMPO, galvinoxyl
420 nm LED MeOZC COQMe MEOZC COZMe CO.Me
DIPEA . TEMPO TEMPO 2
8a ——> —» TEMPO y > o
2
A B Y TEMPOH 144

TEMPO trace

Scheme 3.11. Experiments for mechanistic studies

BWEOMEN L o DFEFRRZIE 2T, ARICOBEINDE AN =X L %I
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~T (Scheme 3.12), T 3. 9a & DIPEA i a7 VG IC X o TEEA T 4R L. Seidst
I X o TG 234 U %, RiC, IFORF - REHEVBFE) VA2 L, vr YV
o hnne 7Y ANhRIPBERT 5, 2Dk, ELTREFFVALINIET L F v
ERIGL, ZYANFREEIN 235605, 207K X, TN Y ALER
fRick v L AApRKR IV ~Efa X, IPERIGT 5 2 & THINOBR{LESSE LS, %
Dfich, KFEZ Y ANIVH 9a L KIET 25 7 AV EEEEOREM D BETE v,

MeO,C CO,Me

Br MeO,C CO,Me o5 bon
—Br bon
. N"Pr 9 ipre. BN 4%_%Bm homolysis CO.Me
] ‘ —_— |*
Py Et,"{i N N A coMe
Pr : iPI’\ /BI’ . Il H
N Z
N Z4
Et” ipr Ph/
r 8a
I (route 1) . intramolecular A
-
Br/j;><COzMe j;><COZMe cyclization \/:><002Me
. _—
Ph COMe 94 (route 2) Ph CO,Me Ph 7=/ ~CO,Me
1
10a v I

Scheme 3.12. Possible reaction mechanism

Pl Xsic, EHiInr vii&ZFH LK ATRA KIG%E 3 fIFE L2, chbo
FOGIE, ~a 7 VG e v o FRIEAER ZEH L7287 L IROSHEES CHETT L. Imfll o
| BERE CIRFE—RFHEG, REFE— v r Vi e —5UCHET 22 R TE 5, £/, AF
KOBRBER T I vEE v VG T 72 72— LCHHTE 2200 b,
JRFE— a7 VEEEITN T 2 IEE R0 FiE L L CH%RoICHREIR I NS,

- 46 -



BAE
~a T VS EFIRALERR I VANVDER L BEREEEBIE ORISR

B 7/ —nNFEEARAL =25 EE v 7 Ao+ v BLG

HEGER o vIBRLAYT. HR-BRHosue 2y T v ORIGERET S, 4L DiRE—
BRGSO ICIRIA K M, BEEHILAICECHEERARTHEED 1 5TH
5, B A ET RN ATEE LT, FRE v e L, AR 2 E
&g, WIET 2 5 v FREFHANZ RS 2 57E0ET O 205, BREHETFAMEME | B
BIRBKGM R BB L T 5, 4 2T LIESF T, 4 0EBEEAE % F s 72 InEGe
TICBT2HERE a7 AW F v FRICHFHFE SN TE D, BIE M T HRE ik
HICENLTH 2800, JIAEOREWERZERE LTETONE, 55 LA LA,
Z D% Btz B @ & SRS S E L T AHEEZ A L T b,

FemE TR, Rz AT -G L2 &R v 7 AL 3 2 & v FURIG D B
FINTHY, ECRECEDLIRREAMMOTFTHRE LCGEHZED TW L, flziE. 4V
VU LT LRLDEL Vy 2 R R R U 72 b v BRGNS AEE 7
Tt 7 v AL, A 75 & ORALERRE AL IC X 2 FiERHE S T 3 08, Fd e Efit
PO =R ORI 2 N EE L § 2 FNEEE T 5, 52

CAGICK L, 813 58T L 205 2019 4E1C Jiao & 13, KIGRPOHRE &4
e —ETGAREFIAT 2 2 & T, HEBEEAY O Y RIS ZEK L T3 (Scheme
1.13), 2 REOGIE, BEEOFIFICHE S HWE MO X BFETIE D 5 23, AT
TICHB W THEREY) 2 A0 TR ciE L T g 2Pl omEHITH 5, 2D X H I, )X
(L2200 & 7 BACBS X S X 7 il & 5 &~ v 7 ALY~ —E T8 (SET).
ol A ¥ —BH) (ET) @R 2T, BENOEEC I ¢ 5 2 & ClfT3 225, iRAl
BT R v 7 ALY D EER 7 G LB 2 R 7 & v RSOGO E LR
7247y (Scheme 4.1),

@ H/X Borylation ©/ B
—>

Halogen-metal TM catalyzed Photolysis of
d

exchange strategy C-X/H borylation C-X bond
* Harsh reaction condition | |+ Expensive TM require » UV light required
« Pyrophobic reagents « Strong base

Scheme 4.1. Traditional borylation technology

INLOBHEBRDL &, FEHIIE 3 BCRRTE A v VALK BRE—uF v
HEOMIEHACERICH L. i TV — L5 AN EREE . FNICtES kv E LG O R
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FWFgeicEF L7z (Scheme 4.2), AT, ZoiElZ R~ 3,

visible light
Halogen-bonding acceptor

©/ X Boron source

Scheme 4.2. This work: photo-induced C-X borylation
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I RSSO ol CERE E O O BET

RIFFEE ZER T, FEFRHEHEI 7Y 1 2 AVeE Y RSO T
RulgDd 7, vy RFEL L CRZMH Bk WA e (¢¥FaJ—1) YFray (2a)
EFROTHRET Lz, E72. Seibiiiic X 280m At s e 7R 43— F 7= —
v (1a) 2T Y =7 Y HAFIERE UGER L, RIGEFOR#EL % T > 72 (Table4.1),
A DEME A7) —= v 7 LAER, 2-NpOH (3a) 776 T, JGIHIC 3W @ 420 nm LED,
BT 2 =PI ARG TATVYHRAFRAT, ERCTRIGZITo728 25, HEEIX
% THM L 357 RERY (4a) HE SN (entry 1), HFEER 7YV —=v 7L
72 A KEEEF MU T L KB LA Y T LSRN Y FERICEETS 2 2 L0
537> o 7z (entry 1 vs entries 2-5), ¥ 7z, THF, X X/ —)\ DMF 7 £ O 7% v C
Et L 72356011, BIYIOICRIKT %8 L 72 (entries 6-8), Iz T, fH4 DI IRFER %
fTo72& ZA, KoCOs. 2-NpOH I X UK A KIGIC B W THEARFRTH 5 Z & 1357
o7z (entries9-11), F 72, MBEFHRQ T CRIG ¥ 56, IREFETELS 20D,
Hiy e 257 BERY) (4a) PEKL 72 (entry12), X 6iC, fillftE D 2-NpOH % i\
725613, BHYMOIEIZMET T % d 0k v RBCRICIT AR IC D HETST 2 2 & 21300
> 72 (entry 13),
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Table 4.1. Optimization study for C—I borylation reaction of 1a ¢
420 nm LED Me

| K,COj3 (3.0 equiv) Me
N B(6in) 2-NpOH (3a) (1.0 equiv) 0 Me
n -
Ve 2Pin2 MeCN (1.0 mL) B~o” "Me
e Ar, rt, 20 h
MeO

1a 2a 4a
0.1 mmol 3.0 equiv

Entry Changed from standard conditions 4a (%)
1 - 95(92)
2 Na>CO; instead of K2CO3 10
3 Cs2CO:s instead of KoCO3 87
4 NaOH instead of K,CO3 94
5 KOH instead of K2CO; 93
6 THF instead of MeCN 10
7 MeOH instead of MeCN 29
8 DMF instead of MeCN 50
9 w/o K2COs 3
10 w/o 2-NpOH (3a) 10
11 dark or dark at 50 °C trace
12 under O> 64
13 3a (0.1 equiv) 64

“Yield was determined by "H NMR analysis of crude reaction mixture using 1,1,2,2-tetrachloroethane

as an internal standard. The number in parenthesis is isolated yield.

KT, Fdfl & Wi OGS AT KRGO G — D HE %17 o 72 (Table4.2),
nE, TNTNOHEICH L, TTFTAREETH 2 4a ZHFFRIE LGB W TREFIC
T ECERES S /2L D7 = 7 — 8 (1-NpOH, 2-NpOH. 2,6-ClL-C¢H3;0H, 4-Ph-
CeHsOH) Z MWV THEI 21T\, Id ROIGECTHWYI S b N7 R 2 RICEH L 72, &
TG EZFT2HEFRI VA G2 2 A, 2 DEBRAECED LT, DREER S
RIFICECTHIC T 2 A ERAR D VBT ATV dadg %135 LR TE 2, EHIC, AT —
ATy TR ATV, WG T 2R e Vg 4a 23 81%DICKR TR L iz, AR ENE L 55
H1lh X0 BERIFCKIGL, BY 4h 5L 0 4i 2P RREDOINEKCHL Z &8 TE 2,
WEBOFERI VAL MERRIG L, T 2EBY 4 ol S bic, Ak
ALY 1j-Br distERE 2z M2 2 LT, HFREDOIE TR VEZ ATV 4f 135 L
BTES, /2, 7vFE ik EHE U BE1m, T 7H In PEHE X T ICB L Ot
L7z Zh . "uT v ¥ —L L CORRERH VT v RE2ET 5 HE X, tItd 5+v
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FE ak BRIFRIGE TR Oz, — /AT, R BRER, 2RI E2ET2EEH B
TiE EE LW R ) MO HET L, PERIFFEL KT Lk, £/, PY 74w
AFNEED XS B ETRIEE2 BT LH5EBEI 7Y 40 X 4p lEIRIF R uF v
AP F—e L THbNT VS0, KRIGSEH T CIIRIFRHERZGS L1 TE o
Too IoIC, HWEMFHTTALERT Y, TAT R, ZATAL, YT = FhEDAL
RN HTEHERE 0T AW 1g-1t 2722 25, WTFhOKIBEFITE N TY
EEFICHM D R Y Bk dq—at 2152 2 L B TE -, FTL T AT e FEHDOEA, 1
FUREBT 77 2= LT 7/ —NMEERMLELS CORICHPETT 2200, &
DIETIHIRFE — v 7 VG EERZR T 2 tho KGR CHEITL Tw»w 5 2 & 2RE &
niz, 3

T, RED D ITEAREKEEEE, T EE AT A B ICEL ChmETL., T 5k
v FALA W) du—dai ICEIRR S EfI Nz, 2o DEE lu-1ai 1307 VSO %
PHET 22 H 2 28, RIS TEHICEMET T2 2 R AT e TER, %
Too BREDO 7 = 7 —VH, T2 ) VHIRER R VBRI AT UVICETE 3 2 LT, fho
F 7RIS E L CHAMEOENC E A RBL TS, AT €7 z=ndtlF 7
FEE 1aj-1al 2 H 3 2 HE P, FEGEFIRE lam-1au 1[0 LT, RRIGEAIEH AT
RECHolz, IDIC, K VBEORERLTHIYFa— L2 T I/ F7X2L v T I FTR
I NI AV FECEE 1av B X law b RRIGSAICEATTRETH O, RIFRIGEE TG
T 55 dav B X N daw 2155 Z L B TE T,

— 5T ARG EEEEYE O BRERLIC D EHTE 2 2 L8300 o7z, Bz, A v
F =V HKROFEFRE I VLY 1ax RHRE SN2 a — K0T ER I 7L 1ay ikt
L, BB TR YN REAZEATLZENTER, LI, ER (AARVYFATY) 3T —
F) YR Y 2D, ER (~FyLyZ)ad—1) VRV 2k, fhor v RFICTOW
THBET L7z Z OFER, WMIGT 27 RIEKY 5a 5 X O 5b ZRIERICEWIE TR S
TENTES, LALASSL, T FuxsdRuvyzHuizgs (5e) 1ZRIGHMET
Lidodz, TiE, vARvu v RO KISHET L2720 Ll TN,
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Table 4.2. Substrate scope for C—I borylation reaction

420 nm LED
X 2-NpOH (3a) (1.0 equiv)
N B,(0R), KaCOs (30 equiv)
MeCN, Ar, r.t., 20 h
1 X=I,Br,Cl 2
0.1 mmol 3.0 equiv
OMe SMe
/©/Bp|n Me0\©/Bp|n ©/Bp|n Bpin
4c 4d
92% X I 71% X I 39% X =1 33% X =1
81% (5mmol scale)
Me
\©/Bp|n ©/Bp|n C[Bpln Bpin
Me Me
4g 4i
9%X I 86%X | 40%X | 41% X =1
O/Bpin /©/Bpin /©/Bpin /©/Bpin
F Cl Br |
4m 4n
87% X =1 46%2 X = | 30%2 X = | 23%X =

F;C Bpin Bpin Bpin Bpin
SNV OAN OGNS
CF; OMe Me H NC

4p 4q 4r 4s
22%C X = Br 75%2 X = | 80%7X = | 84%IX =1
81% X = Br 77%% X = Br
/©/Bp|n Bpin Bpin
TMSO TIPSO/E ) \/\O/E )
4u
ey _ 4v aw
95%° X =1 91% X = | 86% X = |

b

.

‘/B(OR)Z

4-5

&)

Bpin

e
81% X =1

©/Bpin

96%2 X = |
59%P X = Br

F3C

40
24%2 X = Br
15%2 X = Cl
Bpin
4t
79%° X =1
37%2 X =Br
Bpin

4x
50% X =1

Bpin  HO Bpin Bpin Bpin
/©/ \©/ TMSO\/©/ TIPSO\/©/

4z 4aa
87% X =1 74% X = | 43%2 X = |

Bpin Bpin Bpin
T T T e
BocHN MsHN H,N

4ad 4ae 4af
91% X =1 47%2 X = | 82%2 X = |
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61% X

4ag
85% X =1



Bpin Bpin Bpin
Bpin
MsHN TsHN

4ah 4ai 4aj 4ak
85% X = 53% X =1 81% X =1 95%9 X = |
Heteroarenes
Bpln Bpin Bpin Bpin (\/@/Bpin Bpin
~
SO T
4al 4am 4an 4ao 4aq
89%° X = | 60%°X =1 55% X =Br 61% X =Br 5%x_| 43% X = |
Bpin Bpin
Bpin p Bpin
T
[
4ar 4as 4at 4au
27%C X = | 60% X = Br 95%f X = Br 91%f X = Br
Borylated substrate
Bpln

OAc

O,(()\
OAc

Bpin
Bpin O NH /©/

MeU
'l

4av daw 4ax 433!
92%°C X = | 60%° X = | Me 94%° 66%
Other boron sources

Me
Me

Y e 0 OH
~ Me

B B\ B\

MeO MeO MeO
5a 5b 5c4
97%9 94%" n.dJ

Reaction conditions: 1 (0.1 mmol, 1.0 equiv), diboron reagents 2 (3.0 equiv), K,CO, (3.0 equiv), 2-
NpOH 3a (1.0 equiv) in 1.0 mL of MeCN, irradiated under 420 nm LED at room temperature for 20

h. Yields of isolated products are reported. ¢ 1-NpOH (1.0 equiv) was used instead of 2-NpOH. ®
KO'Bu (1.0 equiv) was used instead of K,CO,. ¢ 2,6-CL,-C H,OH (1.0 equiv) was used instead of 2-

NpOH. ¢ Without 2-NpOH. ¢ After column chromatography, the deprotected product was isolated.?*/
4-Ph-C H,OH (1.0 equiv) was used instead of 2-NpOH. ¢ Bis (neopentyl glycolato) diboron was

used instead of bis (pinacolato) diboron. ” Bis (hexylene glycolato) diboron was used instead of

bis (pinacolato) diboron. ’ Tetrahydroxydiboron was used instead of bis (pinacolato) diboron.
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FH2H OO ER

KIEDFEM 72 A 7 = X L% 3~ A DS CRIGZFT -5 72 (Scheme 4.3), AKX
JCOFEE BT ) =TV AhANDFREKNE L. EDA $5ADEAL L photoinduced electron
transfer (PET) 1€ X 2 Aa[iily niEABHZIC X > TR Z % EEE NS (Scheme4.3,a), %
NxtEdH 5~ TR 7 =/ —AMKERIEDOFE 2 BRET L 72 (Scheme 4.3, b), Jlli&H
BL7eAY Y L2-F77FF2F 3b VTG L 28551013, WSS 28 v VERIE 4a 2315
LTz, =TT, AFNREENL 72 2-F 7 F = EHAWEHEIR. RRICITHETL 22>
Too TNHOFERIT, RICHERFPOEILE 2-F 7 =2 bERLZF 7 P X2 F 2RI
X ¢ 2 A[REEZ R L T\ B,

a. Plausible mechanism for aryl radical generation

S .
o © o
O O, e O
! S
donor ] or ©/ PEL - @' +I
[~
n-m interaction  halogen-bonding | BET 1 J aryl radical
@/I interaction generation
EDA-complex
acceptor
b. Effect of phenol moiety
o Me
. , Me
Meo—©—| + By(pin), 420nmLED MeO—@—B
MeCN (1.0 mL) be) Me
1a 2a Ar, rt., 20 h 4a Me
3.0 equiv Additive: 2-NpOK (3b); 52% yield

2-NpOMe, K,COj3 ; trace

Scheme 4.3. Experiments for mechanistic studies

T 72, EHARBINA RS P VRIERTTo 728 25, 3b BV L, 400nm DA O R
FHNCIAE VIR BSEC B 2 e B30 h o7z, L L, FEEI v WEGHRML TH . BINH
ICELIZTR SN h o7 (Scheme4.4,a), X HIC, Liang D F77E> 22 L <, 'HNMR
WEE L job’s 7uy MEFEZFH L, 1a & 3b OEERHEROREZIT- 72, EEBRNA
& L CIlE, Figure 4.1 ICFEHL TV 2T 2 X 9 IC 1a 3 XU 3b % DMSO-ds 1A
f & &, Fif T ¢ 'HNMR HIE % 1TV (Figure4.1). 3b @ 1 fiZicH4 4 2L 7 + o4k
LIREREOLE A E 7T 7t L7z (Figure 42), Z DGR, BXZ 111 O T 1a & 3b
HEARERL T3 2 L 393 - 72 (Scheme 4.4,b),

=54 -



a. UV-Vis spectrum
2

—

absorbance (a. u.)

o

300 350

b. Binding stoichiometry and
association constant
Ar-1
2-NpOH —
2-NpOK KO Ka =0.49 M
Ar-l + 2-NpOK ——
1a +
3b
o
- —0
400 450
wavelength (nm) 1:1 complex formed

Scheme 4.4. Experiments for mechanistic studies

abundance

[1a] : [3b] = 0.20 : 0.00
[1a]: [3b] =0.18:0.02
[1a] : [3b] = 0.16 : 0.04
[1a] : [3b] = 0.14 : 0.06
[a] :[8b] =0.12:0.08

[1a] : [8b] = 0.10:0.10 /

[1a] : [3b] = 0.08 : 0.12

[a] : [3b] = 0.06 : 0.14

[1a] : [3b] = 0.04: 0.16

[1a] : [3b] = 0.02: 0.18

[1a] : [3b] = 0.00 : 0.20

T
6.8 6.7

X : parts per Million : Proton

6.6 6.5

6.4 6.3 6.2 6.1 6.0

Figure 4.1. '"H NMR shift of mixture of 3b with 1a

The binding stoichiometry between potassium 2-naphtoxide (3b) and 4-iodoanisole (1a) were

evaluated using Job’s plot analysis. "H NMR spectra of seven samples of mixtures of 3b and 1a in

DMSO-ds were recorded at 298 K. The total volume of the mixture was 0.5 mL, and the total

amount of 3b and 1a was kept constant at 0.1 mmol (0.2 M), while the amount of 3b was varied
from 0 to 0.1 mmol (0 - 0.2 M). The molar ratios of 3b/(3b + 1a) were 0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,
0.7,0.8,0.9, 1.0. "H NMR for each sample was recorded and the chemical shifts differences (A3) for

a-position of 3b were used to draw the plot.
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[potassium phenoxide (3b)] (M) AS (ppm) [Bb)/[1a + 3b] (M) [Bb] x A

1 0 0 0 0
2 0.02 0.071 0.1 0.00142
3 0.04 0.076 0.2 0.00304
4 0.06 0.069 0.3 0.00414
5 0.08 0.055 0.4 0.00440
6 0.10 0.048 0.5 0.00480
7 0.12 0.038 0.6 0.00456
8 0.14 0.026 0.7 0.00364
9 0.16 0.016 0.8 0.00256
10 0.18 0.009 0.9 0.00162
11 0.2 0 1.0 0
0.0055
0.0045 LN v
. "y -0.019x2 + 0.0188x - 3E-05
.. R?=0.9887
0.0035 S
7o)
Q
X 0.0025 L -
= ;
)
0.0015 , .
0.0005
6 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 ."1
-0.0005
[3b]/[1a + 3b]

Figure 4.2. Job’s plot analysis
y=-0.019x> + 0.0188x — 3E — 05, Xmax = 0.0188/(-2%x(-0.019)) = 0.4947
The stoichiometry was determined by plotting ratios of [3b] x A against ratios of [3b]/[1a + 3b] to

afford a maximum at ratio [3b]/[ 1a + 3b] = 0.5, which meant a 1:1 complex ratio between 3b and 1a.

oI, ZOWMEOSAERZFMEL 72, FERNAE L L Tld. DMSO-ds TH# L 72 3b @
A (0.05M) % NMR F = — 7l A, Figure 43 ICFCE L TV 3 REICAR S L HIC1a %
BEAFML 72285, 235 N © 'HNMR HIE 21T - 72 (Figure4.3), Z L C. 3b @ 1 fizIcHHY
T2y 7 b oL L IEROBE KR OZE LR 77 7t L7z (Figure4.4), % DFER. 15
5 722> & Benesi-Hildebrand D%k, ZofEE ., UK 2 5 G EE 0.49/M H3iE
FH XN, RBOSEAERROMEREE GbE T, BLZ 1:1 DK T 1a & 3b 8 ETE
L TWwaZEhnnd o7 (Scheme 4.4,b),
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|
/ “ i N /©/
4 || | N, OZ . S [1a]=1.0M

\H
[

|

1

M ta . [a] = 0.95 M
=1/ ‘ "M‘L\\ AN oK 2 - [1a] =0.90 M
2V ‘;\:\k\g_ﬁﬂf\/\;mmﬁ ] o [1a]=0.85M

s 3 AL [1a] = 0.80 M

- BV NN A [Ma]=0.75 M

=} A o pa=070M
=3 , ” /’.,, [1a] = 0.65 M

o] BAYVALNE = [1a] = 0.60 M

- EAYYA N VAN [1a] = 0.55 M

3 N A [1a] = 0.50 M

o A °

=7 EEEEA A A B [1a] =0.45 M

- A [1a]=0.40M

[1a]=0.35 M
AN S 7 - 7 B [1a]=0.30 M
MA_ L ) /. [1a]=025M

S _ | S5— = -
\ ) I\ 7 1. B [1a]=0.20 M
34‘ N N N [1a]=0.15M
\ [ d
s o] N N e N R N [1a]=0.10 M
g [ ]
t_] o - N [1a]=0M
617 616 6‘.5 614 6.‘3 612 651 610 519

X : parts per Million : Proton

Figure 4.3. '"H NMR shift of mixture of 3b with 1a

In an NMR tube, a DMSO-d;s solution of potassium naphtoxide (3b) (0.05 M, 0.6 mL, 0.03 mmol)
was added at 298 K. To the tube, 4-iodoanisole 1a was added from 0.06 to 0.6 mmol. "H NMR for
each sample was recorded to measure the change in chemical shift for the a-position of 2-naphtoxide

3b. DMSO was used as internal standard and 6 = 2.50 ppm.
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entry [1a] (mol/L) 1/[1a] AS (ppm) 1/A6
1 1.00 1.00 0.235 4.26
2 0.95 1.05 0.224 4.46
3 0.90 1.11 0.214 4.67
4 0.85 1.18 0.203 4.93
5 0.80 1.25 0.194 5.15
6 0.75 1.33 0.184 5.43
7 0.70 1.43 0.173 5.78
8 0.65 1.54 0.163 6.13
9 0.60 1.67 0.151 6.62
10 0.55 1.82 0.140 714
11 0.50 2.00 0.129 7.75
12 0.45 2.22 0.117 8.55
13 0.40 2.50 0.107 9.35
14 0.35 2.86 0.093 10.8
15 0.30 3.33 0.079 12.7
16 0.25 4.00 0.067 14.9
17 0.20 5.00 0.055 18.2
18 0.15 6.67 0.045 22.2
19 0.10 10.0 0.032 31.3

50

45

a5 1a 3b
y = 3.0834x + 1.5804
R? =0.9943 JRREIEY

30
o ol e
B
— L

I R R

o e
15 ot
o ettt
10 —
o
.o
5 a".‘.‘
0
0.5 1.5 25 35 45 5.5 6.5 7.5 85 9.5 10.5
1/[1a]
intercept 1.5084 -
Ka = = = 049 M

slope ~ 3.0834

Figure 4.4. Association constant determination

The association constant between of 3b and 1a was calculated to be 0.49 M! in DMSO-ds.

X 5T, TD-DFT 5HE%Z T 1a & 3b 2> 6 K 2 SR O IR K I IREE IC 1) 5 &%
REWERFLE L 72 (Figure4.5), Z DR, 300N AME2%HL 2Lz, 10H
X, 1a D3 v EFT & 3b ORI T & O TR GEERRE 1 2.702A, FhteREE : 2.755
A) 28, 77 v FAT =2 REOH 3.50A) LY bEVETH S, COMEIX. chbd

- 58 -



2ODRFRICHAFERBEH WL L ZRKBLTWwE, 2D0HIE, 1a & 3b 2 LK 58
RofEEf GLERE : £L0-1-C?=177.9°, JIIAIREE 1 £L0-1-C?=177.1°) 23#Y 180° IC 72 % 5,
THbd, ZOFERIT. e T VIEAGHAERORHED 1 oTh 2 H D X & [FERO R
ML TWw5, 32HIE, 1a & 3b » 5K 5 ko “THfA (GLEREE © 20-1-C? = 94.5°, i
HCIRFE @ 20-1-C2 = 174.7°) 25, FEEREICH W TFETL W3 ik L, kg ics
WTIEPHICR > TR ETH 5, 2O HADELIL. FIEIKEEIC I W CHRMICE T
FEELIEL DL EEZLND,

EERRE RhEIR ARG

#BA&R C'—0:1.269A #EeR C'—0:1272A
O0—1:2.702 A O—1:2.755 A
C2—1:2.103 A c2—1:2.102 A

BeA  ,0—-1—-C2:177.9° b=y 20—|—C2:177.1°

“HA  20—-1—C2:94.5° —EfA 20—1—C2:174.7°

O—HEBIKBIFIB T 7Y TIVT—ILAEEDH : 3.50 A

Figure 4.5. The optimized structure of 1a and 3b adduct; Optimization of the molecules was calculated
at the M06-2X/def2-TZVP/LANL2DZ level.

U EofERiz, HEHE A w7 vt s+ 7 -1t bofick L s n 7 viGzMAL
Te N OGICBE S 2 BER D K5 R > L [FIERTH Y. Miyake  *° £ Melchiorre & ¢ @ DFT &5
WCHED R D X 5 7 nn M EAER £ 721 nn*HEEH IC X % EDA RO CTld 7 < .
~ur viEGHEAEERIC X %2 EDA RO RIGHGEREO# TH 2 L HEH L 72

(Scheme 4.3,4.5),
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Miyake et al. (r—11*)
OH 2= 4R ‘
R © Blue LED 2 R R

CSQCO3 (0] H (N
[ g T O ——> | _ TN
Z MeCN, 25 °C R L o
H

Melchiorre et al. (n—1r*)

hv(@3 WOFL) .(Nj
O EWG aminocatalyst Br
B 4 2 6-lutidine EWG %Hb‘
H 12 MTBE. 25°C I 7 3 AR
,25° y
R Z R Z —~EWG

Scheme 4.5. Miyake’s work and Melchiorre’s work

¥/~ m s EEAHIEIFIC & % EDA SSTURED PET ICX 2 7 ) — A 5 ¥ A
CoWT, FAKRE Lz 27 VAT —FAEAET 2 HE laz AW, 9970
BULSOGRIC & v FCSOGHSHEAT Ly I 39% Tl s % 4 ¥) daz %1372 (Scheme 4.6,
eq. Do ZORERIZ. RRICFEHTICENT, TV —AIFIANVDERERBE LTS,
7ol 2PLIC A F NI AT NEEH T 2 HE 1ba #7286 13, HVE 350 7 #LEKIEE
LT, W7z ICHRE — RER A B X ORE - R TR L 72BHRERY 6 28I0GE 1%
TfF b7z (Schemed.6,eq.2). T DREIEMDIIE. Miyake © 1T X 2 & Ak D R TR
L7ebDeEZoNS, Y Lt > T PETRICEK LT U —A 7 A hfifks 7 =/
FORTIANERIGL TRK - IRFEMO L, KpfrEIhs e TcenEL 2, 7
CORERDPO, TV —AFZVANDOERKEIIC, 2-F77 + F 2 V2 OLOBEFHBEFEL T
BTEDNRBING, &b, ARIGIC T ¥ A & LT TEMPO ¥ L CHEf L 72
LA, HWYIOERDZE LI Eh, ROV ICT Y =17 7LD TEMPO ik 7a
2557 (Scheme4,6,eq.3). [MFIC, ZHTELEZT7 =/ FL F IV AN L o Tl
TH2Z7T b= b AhbKERTIEDNTE U7z TEMPO fHIIA b 03B & N7z, C
NoHDERIT, ARIGH T ANEREEZN L GEITLTWE I 2 RBLT WS,
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Radical trraping experiment

o 420 nm LED o Me
K2CO3 (30 eqUiV) M
_\= 2-NpOH (1.0 equiv) Gl/ p—il\j
2a > e 1
! + MeCN (1.0 mL) B Vo (1)
1az Ar,rt., 20 h daz @
0.1 mmol 3.0 equiv 39 %
420 nm LED Q
COzMe K,COj3 (3.0 equiv) COzMe
2-NpOH (1.0 equiv)
bt 22 TN GomD Bpin + O O
1ba Ar,rt., 20 h 4ba
0.1 mmol 3.0 equiv trace 11%
detected by 'H NMR
420 nm LED
K2003 (30 eqUiV)
TEMPO (3.0 equiv) Me Me Me Me
] 1-NpOH (1.0 equiv) A Me”™ "N™ "Me Me" "N” Me
9 +2a MeCN (1.0 mL) 9 Ar,O CN_O ©)
3.0equiv Anrt,20h 7a? 7b
21% 36% 28%

NMR yield Ar=4-MeO,CCgH, NMR yield
Scheme 4.6. Intermolecular and intramolecular radical trapping experiments for mechanistic studies

“Isolated yield.

o R e BEOEHE LSO, RANICDOEEINDE X 1= X L% LATICRT (Scheme
4.7), 33545558 97 420 nm © LED W5 T T v 7 VA TESEA A 2R L, BhEikeE
B 2 ER I 5 2 L RGBT 2, R, HHEEI VLY~ ETFHEHEZ Y., 7Y
— AT HANT A VEC L F 7 FFE TVMADBERT B, T, FVANLT =F
FCoRF— v T VIEEDPHE L, EL72T V= F7 YA D ERICEFTELZFL
—FELRIGL. TV —AFRu Vg4 LRI NAVTVANVT =4V F ZERT 5,8 RiZIC
FlZF7 X FIVMMICEoTLE N, FL—F G 2T LExONE, AKX
S iZ ., —EB DR I 5> T 2-NpOH 23l i D K¢ b T % & & 2 EZ S L CH Y (Table
4.1), WIZICELEFT 7 b FFE n 7 VEEGEWEEE A OTRBICHURASI NS L E X
b b,
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2-NpOH o O *

I KyCOs 1--0 O 420 nm LED 1--9
— o Gt
B

1 A
2-NpOH
3 Me OR Me
B2(p'”)2—>Me [ B8l e BET || ET
‘ e
%9 ¢ 9o
Bpin
g S @
fragmenration
4
e— 2-NpO’ -
[(pin)BOR] —p> [(pin)BOR] + 2-NpO
F G (OR = 2-NpO or COz2)

Scheme 4.7. Plausible reaction mechanism for photo-induced borylation reaction aryl halide

TDXSC, SEEFT7 =/ —AiFERIC Lo TREI NS, ~a T VG EN LS
Hlir a7 AN F 7 BACSICERET L 720 420 nm OIS & v 5~ A L R dffo
bl FRED O RIFRINE TR A nd v FBAERY 2155 2 L3 TE -, BIETED> S
X, HEBE v T AL 7 =) %2 FED EDA #5625, % 0% OB EHEEICE T 2
HELPRRTHY, TV ATV ANDERICER L Z L BHL Loz, 72, N1
TURGDT 772 — LT 7/ = EERVLRIGE LTHHIOEFIL 2 o7, K
FiEE. KO REEREEE v 7 A RERIGE v 7 A7 & fhoos v 7L~
DIGHER NS,
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Yt =
AR

AWP5E %@ U CEEDHAEMIT L T2 ICEUTICE LD B,

1) DL Py 7 22 FHS 2 4L 7 4 v & UEALE S D MG

CBr4

7 \_{/ \

400 nm LED light

Me

(1.0 mol%) -

2,6-lutidine (1.0 equiv)

PFq

Br

CH,Cl, (1.0 mL), Ar, 20 h

CBrj
up to 90%

R

2) ~Nu T VG EFBALEAL 7 4 VL URALEKR R O ARG

R/\ + CBr4

450 nm LED light
4-Ph-pyridine (0.05 equiv)

L

Br

CH,Cl, (1.0 mL), Ar, 20 h

-

CBrs
up to 90%

R

3) "a T VEEGEFIFL AL 7 4 v L < r VEEFFERDSATINSOG

CO,R!
R +
Br R2002R1

380 nm LED light
4-Ph-pyridine (0.05 equiv)

Br  CO,R!

L

CH,Cl, (0.5mL),Ar,20h R

§) NSRRI LT & v F LIS — BRI

CO.R!
R// + xTcon!

CO,R!
R + X

CO,R!

420 nm LED light
DIPEA (1.0 equiv)

h

EtOAc (0.75 mL), Ar, 20

420 nm LED light
DIPEA (1.0 equiv)

h

EtOAc (0.75 mL), Ar, 20
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up to 95%

X C02R1
CO,R!
R
up to 91%

X CO2F{1
/ﬁCOQFU
R
up to 99%



5) 7=/ —nFHENMALEGER w7 Ao+ v FURIE

420 nm LED
2-NpOH (1.0 equiv)

| i B(OR)
+ B,(OR), K2CO3 (3.0 equiv) ‘/ »
MeCN (1.0 mL) @

Ar,rt., 20 h
0.1 mmol 3.0 equiv " T up to 97%

PEokdicgEgid, RiESAFEG A w7 ALEVBHET 2Kz —~n 7 v
fhi e ORACAIITEEA R R & L bk 4 ey FABAR IS Z FFETE L 72, 2 b ORIG IR
EfliZe il 2 B & Lo b R & IR L CFEEY 23D 70 < L IR WG 7o R R
2 DAl RS T IC B W CEAFRNICHWY ZAKTE 2, £, & 3,4 ECTihx7zm
FUREEEMALZRICIE, TNETCHEINTCELATI AN KICE 3R RE A H=X
LTHEITT 23D TH Y, HMLEDBTFOH L WM ZU VB —Blic a2 b ot E 2
5, LI, GBIV RISEICENZ 0T VG Y F—%FET 2 2 LT, X 0iEMLs
Wit F a7 VLAY E R 7 Y A~ 25 L A O T2 H G~ &t
TEZHREMZAL T2, IO OWEZE L TR O NARIX., SR H BB A M o
BRWEREZREST 250 TH Y, b P EHIERBRTEICEL I AN RICDOEBRICEHS T
E2bDEEZD,
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mEB. IO DFFER IR AT OAiTHEEE IC S L 72,

EUNT S

+ K. Matsuo, E. Yamaguchi, A. Itoh, Asian J. Org. Chem. 2018, 7, 2435-2438.

+ K. Matsuo, E. Yamaguchi, A. Itoh, J. Org. Chem. 2020, 85, 10574—-10583.

+ K. Matsuo, T. Kondo, E. Yamaguchi, A. Itoh, Chem. Pharm. Bull. 2021, 69, 796-801.
+ K. Matsuo, T. Yoshitake, E. Yamaguchi. A. Itoh, Molecules 2021, 26, 6781-6789.

ZEWX
+ K. Matsuo, E. Yamaguchi, A. Itoh, ChemRxiv. 2022, preprint, DOI:10.26434/chemrxiv-2022-glvkg
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AT

Kb D ICHiA, ARBFFRICHEE L TR IS ARG S DIERIC & 72 Y AR IR 72 2 {55
LAHEEREE B 0 % U 7 BRI AR A R MG AR E - PRI BUIR ISR R %
BHOBEZRLE T,

FHR 4 AR D O R ZICh 72 Y AW QBT IS ARG AF RIS & 72 b EEHTEE. ]
Wb, fEVET AR, HN 2 TH E £ L 22 R EERER A A SR ST IEE - 1D SRR R
s #oEeRLET,

RTEDOHEAEIC B 7= ) AR AN S BIET G I 2 TH 2 £ L 2R ERRE S
JREEBLEAITEE - % HBAEHEANICRE 2 2 OB 2R L 5

FERICER U ). BETERTE % £ L2, (ORI, et REEAEL, F
e AR, AEME L, RGeS, REERKY L, RREER L ARt
PRRNAIE L AR A, ATERE L, AR E L AHEEE L mE et
LR, O E AL WAL R L, AL e L, HHEICH
REL, AL, BEVEY L, Hhf 2t mIRYEL, apstist, Hil
EXZEF Lo, WIFEEHKICEHERL £,

B, FRERIE? S 6 FERFE % —DIcETCI b0k, e 2 ICKKDOT 2 D
BrFTT, OLXEEHEL T,
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FRERRWIRY . Hilko @3 LR T2, BELy) 2Hwi, #7467 m~<
N2 T 74 =My U AT AMIIE, Silica Gel 60N (BIH{L2E, 40-50 pm, ERIR, thik) %
72o BT X o T, MM % Recycling Preparative HPLC LC-9201 (Japan Analytical Industry,
Co, Ltd.) F 72 13 Ffd dtic X W R L 72, TLC 43#H71C 13 silica gel 60 Fass (Merck, 0.25 mm) %
Fivs72, 'THNMR, BCNMR K& OF YENMR (% JEOL ECA 500 spectrometer (500 MHz for '"HNMR,
125 MHz for '*C NMR, 470 MHz for "YFNMR). X U* JEOL ECZ 400 spectrometer (400 MHz for
'H NMR, 100 MHz for *C NMR) THliE L7z, 'HNMR Oft¥> 7 MEIZEZ v ok L
IZBWTIE MesSi (0.00 ppm) %, E DMSO HIZ 35\ TIFFETE DMSO (2.5 ppm) % PR
HEMPE & LT ppm B THER L7, PC NMR T3 EAE S O MR R A ORI (77.0
ppm/CDCls, 39.5 ppm/DMSO-ds) % WEMEHEY)E & L C ppm HAI CTHRFL L /2o <A A7 b
NI E SR~ 2 A7 R Vi3 JEOL JMS-T100TD CTHIE L 7z, @l 13 Yanaco e @l s il
EREE (FHIEEE L) CHIE L 72, IR 2272 b Vi Perkin Elmer Spectrum 100 FTIR spectrometer
ZHWTHE L 72, TCHESITIZBCRIERIRER AR £ v 2 — I L 72, SO AIEDERIN R ~
7 P VAGEL UV-3600 (Erd8ERT) % v CRIE L 72,

FOGD I I TR D H AT H 5 I3 LED iz, 72720, NS S DHoss & i
L CIEFEZRMEDSHIE S N T iz, MIGICHE R T 4L X — DR R fHIZR L Tn
W
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Yavaxd

FH2E 1 ENCB Y 5 KR

HARTFNE
77 v 1 (1.0equiv, 0.1 mmol), PURALIKFE 2 (1.0 equiv, 0.1 mmol). [Cu(cup)(BINAP)]PFs
(0.01 equiv, 0.001 mmol) % Pyrex®ikERE (12.5cmX1.6cm) ICAI, YZumXxy (1.0
mL) %Y VY TATR, 20k, #fElKz 3 EfTV», TAT VY HXICERRL 72, 20D
SGERHICRT U 2> e 39T IGf S 3 X 51, LED (400nm,3 W) % #%i& L 7z (LED &
KIGAROMIIEIE 0.5cm) ., Fill FICE T 20 FEFHE#RE, £ 74 MEREZ{TW, ZrBak
NLTHH LRI TAAFEL — X — I X o TIE Tz x ¢ 3 2 & CHAERY 2157,
Ihx, LI22-7 b7 7maxx v eEAEL, 'HNMR #TicE )% 7' e b v HEh H NMR
ICRAZEH L 72, gic, HAESMZS VAT AT L a<t 757 4 — (n-hexane) I
ORI L, WS d 2 ATRA £ 3 %1572,

(1,3,3,3-Tetrabromopropyl)benzene (3a)*’ (Table 2.2)
EARFIAIC X 0 & HEEAR, I 93%, Re= 0.54 (n-hexane), 'H NMR (500 MHz, CDCls) §
7.49 (d, J =17.5 Hz, 2H), 7.37 (t, J = 7.5 Hz, 2H), 7.31 (t, /= 7.5 Hz, 1H), 5.33 (dd, /= 8.0 Hz, 4.0
Hz, 1H), 4.12 (dd, J = 15.5 Hz, 4.0 Hz, 1H), 4.06 (dd, J = 15.5 Hz, 8.0 Hz, 1H); 3*C NMR (125 MHz,
CDCls) 6 140.7, 128.94, 128.87, 128.1, 66.4, 50.0, 35.0.

1-Methyl-4-(1,3,3,3-tetrabromopropyl)benzene (3b)*** (Table 2.2)

FEARFMAIC X 0 AR BEREAR, I 77%, Re= 0.59 (n-hexane), '"H NMR (500 MHz, CDCls) §
7.38 (d,J=8.0 Hz, 2H), 7.17 (d, J = 8.0 Hz, 2H), 5.33 (dd, /= 4.0 Hz, 7.5 Hz, 1H), 4.11 (dd, J = 4.0
Hz, 15.5 Hz, 1H), 4.05 (dd, J = 7.5 Hz, 15.5 Hz, 1H), 2.35 (s, 3H); *C NMR (125 MHz, CDCl;) &
139.0, 137.8, 129.6, 128.0, 66.4, 50.3, 35.2, 21.3.

1-Methyl-3-(1,3,3,3-tetrabromopropyl)benzene (3c) (Table 2.2)

FEARFIAIC X 0 AR BEREAR, I 80%, Re= 0.59 (n-hexane), '"H NMR (500 MHz, CDCls) §
7.29-7.23 (m, 3H), 7.12 (d, J = 7.5 Hz, 1H), 5.29 (dd, J = 4.0 Hz, 7.5 Hz, 1H), 4.11 (dd, J = 4.0 Hz,
15.5 Hz, 1H), 4.05 (dd, J = 7.5 Hz, 15.5 Hz, 1H), 2.36 (s, 3H); *C NMR (125 MHz, CDCl3) § 140.7,
138.6, 129.7, 128.74, 128.72, 125.2, 66.4, 50.2, 35.2, 21.4. HRMS m/z (DART) calcd for CioH10Br3
[M-Br]" 366.8327, found 366.8336. FTIR (ATR): 3023, 2921, 1724, 1606, 1489, 1456, 1416, 1378,
1314, 1241, 1206, 1162, 1095, 1047, 1000, 965, 904, 881, 790, 746, 723, 695 (cm™).

1-Methyl-2-(1,3,3,3-tetrabromopropyl)benzene (3d) (Table 2.2)

FEARFMAIC X 0 AR BEREAR, I 72%, Re= 0.57 (n-hexane), '"H NMR (500 MHz, CDCl3) §
7.53 (d,J=8.0 Hz, 1H), 7.26 (t,J = 7.5 Hz, 1H), 7.20 (dt, /= 7.5 Hz, 14.9 Hz, 1H), 7.15 (d,J=7.5
Hz, 1H), 5.59 (dd, J=4.6 Hz, 6.9 Hz, 1H), 4.19 (dd, J = 6.9 Hz, 15.5 Hz, 1H), 4.14 (dd, J = 4.6 Hz,
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15.5 Hz, 1H), 2.50 (s, 3H); *C NMR (125 MHz, CDCl3) § 139.2, 135.4, 130.9, 128.7, 128.1, 126.9,
66.2, 35.3. HRMS m/z (DART) caled for CioHioBr3 [M-Br]” 366.8327, found 366.8330. FTIR (ATR):
3066, 3022, 2923, 2852, 1918, 1724, 1605, 1491, 1463, 1417, 1380, 1307, 1291, 1206, 1184, 1159,
1108, 1047, 1001, 958, 863, 843, 821, 780, 760, 746, 730, 714, 624 (cm™).

1-(1,1-Dimethylethyl)-4-(1,3,3,3-tetrabromopropyl)benzene (3e) (Table 2.2)

HEARFIAIC X 0 &R #EEAR, I 61%, Re=0.61 (n-hexane), '"H NMR (500 MHz, CDCl3) §
7.41 (d,J=8.3 Hz, 2H), 7.37 (d, J= 8.3 Hz, 2H), 5.32 (dd, /= 4.0 Hz, 7.5 Hz, 1H), 4.12 (dd, /= 4.0
Hz, 15.5 Hz, 1H), 4.04 (dd, J = 7.5 Hz, 15.5 Hz, 1H), 1.31 (s, 9H); *C NMR (125 MHz, CDCl;) &
152.2,137.8, 127.7, 125.8, 66.6, 50.2, 35.2, 34.7, 31.2. HRMS m/z (DART) calcd for Ci13H16Br3 [M-
Br]" 408.8797, found 408.8811. FTIR (ATR): 2963, 2904, 2868, 1611, 1509, 1464, 1417, 1363, 1269,
1207, 1159, 1109, 1051, 1018, 1001, 961, 836, 760, 727, 655 (cm™). m.p.: 99.4-101.4 °C.

1-Fluoro-4-(1,3,3,3-tetrabromopropyl)benzene (3f) (Table 2.2)

FEARFMAIC X 0 AR BEREAR, I 84%, Re= 0.56 (n-hexane), 'H NMR (500 MHz, CDCls) §
7.43 (d,J=6.3 Hz, 2H), 7.34 (d, J= 6.3 Hz, 2H), 5.31 (dd, J = 3.7 Hz, 8.6 Hz, 1H), 4.10 (dd, J = 3.7
Hz, 15.5 Hz, 1H), 4.01 (dd, J = 8.6 Hz, 15.5 Hz, 1H); '*C NMR (125 MHz, CDCl;) & 163.7, 161.8,
136.54, 136.51, 130.1, 130.0, 116.0, 115.8, 66.4, 49.1, 34.7. ’F NMR (470 MHz, CDCl3) & -111.8.
HRMS m/z (DART) calcd for CoH7Br3F [M-Br]”370.8076, found 370.8070. FTIR (ATR): 2924, 2851,
1887, 1738, 1648, 1603, 1509, 1417, 1358, 1297, 1228, 1156, 1099, 1049, 1014, 999, 960, 835, 787,
756, 728, 707, 652 (cm™).

1-Chloro-4-(1,3,3,3-tetrabromopropyl)benzene (3g) (Table 2.2)

EARFIAIC X 0 & HEEAR, IEE 72%, Re=0.61 (n-hexane), 'H NMR (500 MHz, CDCl3) §
7.48 (dd, J = 5.2 Hz, 8.6 Hz, 2H), 7.06 (t, J = 8.6 Hz, 2H), 5.34 (dd, J = 8.6 Hz, 12.3 Hz, 1H), 4.10
(dd, J = 12.3 Hz, 15.5 Hz, 1H), 4.01 (dd, J = 8.6 Hz, 15.5 Hz, 1H); *C NMR (125 MHz, CDCl3) §
139.2, 134.8, 129.5, 129.1, 66.2, 48.9, 34.6. HRMS m/z (DART) calcd for CoH7Br3Cl [M-Br]"
386.7781, found 386.7797. FTIR (ATR): 3030, 2927, 1896, 1774, 1650, 1596, 1492, 1413, 1358, 1313,
1284, 1209, 1198, 1180, 1160, 1092, 1048, 1014, 1000, 959, 831, 749, 707, 655 (cm™). m.p.: 69.6—
71.8 °C.

1-Bromo-4-(1,3,3,3-tetrabromopropyl)benzene (3h) (Table 2.2)

EARFIAIC X 0 & HEEAR, IEE 79%, Re= 0.57 (n-hexane), '"H NMR (500 MHz, CDCl3) §
7.50 (d, J = 8.3 Hz, 2H), 7.37 (d, J= 8.3 Hz, 2H), 5.29 (dd, J = 4.0 Hz, 8.0 Hz, 1H), 4.10 (dd, J=4.0
Hz, 15.5 Hz, 1H), 4.01 (dd, J = 8.0 Hz, 15.5 Hz, 1H); '*C NMR (125 MHz, CDCl;) § 139.7, 132.1,
129.8, 122.9, 66.2, 48.9, 34.6. HRMS m/z (DART) caled for CoH7Brs [M-Br]" 430.7276, found
430.7283. FTIR (ATR): 3027, 2971, 2927, 1896, 1739, 1648, 1591, 1489, 1409, 1356, 1311, 1283,
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1209, 1198, 1160, 1116, 1104, 1072, 1049, 1011, 959, 828, 783, 747, 706 (cm™"). m.p.: 95.0-97.0 °C.

1-Cyano-4-(1,3,3,3-tetrabromopropyl)benzene (3i)**® (Table 2.2)

FEARFMAIC X 0 AR BEREAR, I 71%, Re=0.10 (n-hexane), '"H NMR (500 MHz, CDCl3) §
7.68 (d,J = 8.3 Hz, 2H), 7.62 (d, J = 8.3 Hz, 2H), 5.33 (dd, J = 4.0 Hz, 8.6 Hz, 1H), 4.12 (dd, J = 4.0
Hz, 15.5 Hz, 1H), 4.02 (dd, J = 8.0 Hz, 15.5 Hz, 1H); '>C NMR (125 MHz, CDCl;) § 145.6, 132.7,
129.0, 118.2, 112.7, 65.9, 47.9, 34.1.

1-Chloromethyl-4-(1,3,3,3-tetrabromopropyl)benzene (31) (Table 2.2)

FEARFMAIC X 0 AR BEREAR, I 63%, Re= 0.26 (n-hexane), 'H NMR (500 MHz, CDCl3) §
7.49 (d, J=8.0 Hz, 2H), 7.39 (d, /= 8.0 Hz, 2H), 5.32 (dd, J=4.0 Hz, 8.0 Hz, 1H), 4.57 (s, 2H), 4.12
(dd, J = 4.0 Hz, 15.5 Hz, 1H), 4.04 (dd, J = 8.0 Hz, 15.5 Hz, 1H); *C NMR (125 MHz, CDCl3) §
140.9, 138.2, 129.0, 128.5, 66.3, 49.3, 45.5, 34.8. HRMS m/z (DART) calcd for CioH;oBrsCl [M+H]"
480.7199, found 480.7191. FTIR (ATR): 3397,2925, 1708, 1513, 1417, 1360, 1318, 1266, 1220, 1159,
1113, 1090, 1049, 1020, 1000, 960, 830, 791, 763, 722, 675 (cm™).

1-Bromo-2-tetrabromomethyl-2,3-dihydro-1H-inden (3m) (Table 2.2)

HAFNEIC X 0 E R AR, I 61% (d.r.>18: 1), Re=0.55 (n-hexane), 'HNMR (500 MHz,
CDCl3) 6 7.44 (dd, J=3.4 Hz, 8.6 Hz, 1H), 7.30 (dd, J = 5.7 Hz, 8.6 Hz, 2H), 7.23 (dd, J = 3.4 Hz,
5.7 Hz, 2H), 5.65 (d, J=3.4 Hz, 1H), 5.65 (d, /= 3.4 Hz, 1H), 4.20 (ddd, /= 3.2 Hz, 4.0 Hz, 9.2 Hz,
1H), 3.60 (dd, J = 9.2 Hz, 17.8 Hz, 1H), 3.25 (dd, J = 4.0 Hz, 17.8 Hz, 1H); *C NMR (125 MHz,
CDCls) 6 142.0, 140.6, 129.5, 127.9, 126.0, 124.5, 71.7, 55.1, 45.5, 38.3. HRMS m/z (DART) calcd
for C1oHsBr3 [M-Br]" 364.8171, found 364.8181. FTIR (ATR): 3030, 2923, 1607, 1482, 1463, 1433,
1301, 1263, 1204, 1183, 1153, 1035, 962, 877, 861, 811, 784, 747, 725, 696, 667 (cm™).

(1,3,3,3-Tetrabromo-2-methylpropyl)benzene (3n)>’ (Table 2.2)

FEARFIEIC X 0 AR, EARR, IR 76% (d.r>18 : 1), Re=0.59 (n-hexane), '"H NMR (500 MHz,
CDCl3) & 7.51-7.49 (m, 2H), 7.39-7.29 (m, 3H), 5.87 (d, J=1.7 Hz, 1H), 2.93 (qd, /= 1.7 Hz, 6.3 Hz,
1H), 1.61 (d, J= 6.3 Hz, 3H); '*C NMR (125 MHz, CDCl3) § 141.6, 128.8, 128.3, 127.6, 61.5, 55.8,
48.7, 16.9.

1,3,3,3-Tetrabromoundecane (30) (Table 2.2)

FEARFIAIC X 0 AR BEREAR, INZE 76%, Re= 0.64 (n-hexane), '"H NMR (500 MHz, CDCl3) §
4.21 (dt, J=4.6 Hz, 9.2 Hz, 1H), 3.84 (dd, J = 4.6 Hz, 16.0 Hz, 1H), 3.55 (dd, /= 4.6 Hz, 16.0 Hz,
1H), 2.11-1.93 (m, 2H), 1.63-1.47 (m, 2H), 1.35-1.26 (m, 11H), 0.89 (t, J = 6.9 Hz, 3H); *C NMR
(125 MHz, CDCl3) 6 66.9, 52.1,39.7,36.3,31.8,29.4,29.2,28.7,27.3,22.6, 14.1. HRMS m/z (DART)
caled for Ci1HzoBrs [M-Br]" 388.9110, found 388.9125. FTIR (ATR): 2954, 2923, 2854, 1465, 1418,
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1377, 1183, 1113, 1047, 940, 720 (cm™).

1,1,1,3-Tetrabromo-4,4-bis(carboxymethoxy)butane (3p) (Table 2.2)

FEARFMAIC X 0 AR BEREAR, I 67%, Re=0.24 (n-hexane : EtOAc=10: 1), '"H NMR (500
MHz, CDCl3) 6 4.27-4.22 (m, 1H), 3.91 (dd, J = 4.0 Hz, 12.0 Hz, 1H), 3.86 (dd, J = 4.0 Hz, 6.9 Hz,
1H), 3.80 (s, 1H), 3.77 (s, 1H), 3.59 (dd, J = 5.2 Hz, 1H), 2.89-2.83 (m, 1H), 2.44-2.38 (m, 1H); *C
NMR (125 MHz, CDCls) 8 168.9, 168.3, 67.0, 52.94, 52.88, 50.3, 48.7, 38.4, 35.0. HRMS m/z
(DART) caled for CoH 3BrsO4 [M+H]™ 500.7542, found 500.7546. FTIR (ATR): 2954, 1734, 1436,
1349, 1267, 1199, 1151, 1070, 1018, 979, 922, 843, 719 (cm™).

1,1,1,3-Tetrabromo-4-acetoxybutane (3q) (Table 2.2)

FEARFMAIC X 0 AR BEREAR, I 56%, Re= 0.06 (n-hexane), 'H NMR (500 MHz, CDCls) §
4.55 (dd, J=4.5 Hz, 11.5 Hz, 1H), 4.41 (dd, J = 5.7 Hz, 6.3 Hz, 1H), 4.37-4.33 (m, 1H), 3.76 (dd, J
=4.6 Hz, 5.2 Hz, 1H), 3.71 (dd, J = 4.6 Hz, 12.0 Hz, 1H), 2.15 (s, 3H); *C NMR (125 MHz, CDCl5)
5 170.3, 66.8, 63.1, 45.5, 35.1, 20.8. HRMS m/z (DART) caled for CsHoBrsO> [M+H]" 428.7331,
found 428.7331. FTIR (ATR): 2962, 1744, 1420, 1382, 1365, 1219, 1183, 1033, 977, 948, 902, 731

(cm™).

Cu[(cup)(rac-BINAP)]PFs (Cat-1) 28

FTEFIFA(TR =PI VEADO~FY 74 R R 77—+ (0.3mmol) & rac-BINAP (0.3
mmol) ZFiff&F 27723 (10mL) KA, ¥YZ7uBr ARy 3.0mL) Z¥Y v Tl
R Tze Z DJOGIEIR%Z 10 FEMMBGER L 72, 20, YZ7um XXy (3.0mL) K> L
72V AFA72Fvbu )y (03mmol) RRZEAME 77 2aMicy ) v Two-L D &
AL, 10 RefEMEGER L 7z, BiRE Tl LAKIGERICT L, ~FFvzwosL{ )
WML, PO X DRSS R 2T & 72, 22 WAIEERIC X > T L, ~F % v Tt
Hih, BEEECHBEIE 2T, HNOM—Y AF L7 25 v b a ) v —BINAP #i{k
Cat-1 %37, FEQEE, 1K 65%, 'HNMR (500 MHz, CDCL3) & 8.64 (d, J = 8.0 Hz, 2H), 8.16
(s, 2H), 7.91 (d, J = 8.0 Hz, 2H), 7.69 (dd, J = 4.0 Hz, 8.0 Hz, 4H), 7.48-7.43 (m, 4H), 7.30-7.27 (m,
2H), 7.24-7.21 (m, 4H), 7.17-7.14 (m, 4H), 7.04-6.99 (m, 8H), 6.74 (t, J = 7.5 Hz, 2H), 6.52 (t, J =
8.0 Hz, 4H), 2.76 (s, 6H); *C NMR (125 MHz, CDCl3) § 159.6, 157.7, 143.2, 143.0, 139.7, 138.8,
137.2, 134.4, 134.3, 134.2, 133.7, 133.6, 133.4, 132.0, 131.92, 131.85, 131.5, 130.8, 129.1, 129.0,
128.9, 128.6, 128.5, 128.3, 128.2, 127.6, 127.2, 127.1, 126.8, 126.5, 126.1, 125.6, 30.4. XA max
(CH,Cl>) 392 nm.
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T v 1 (1.5equiv,0.15mmol), PURALIKFE 2 (1.0equiv,0.1mmol), 4-7 =z =) ¥ v
(0.05 equiv, 0.005 mmol) % Pyrex®ikB&%E (12.5cmX1.6cm) KA, ¥ZmrBu X%y (10
mL) %Y VY TATR, 20k, #fElKz 3 EfTV», TAT VY HXICERRL 72, 20D
SGERHICRT LI 2> D e300 IGf 3 X 51, LED (450nm,3 W) % #%i& L 7z (LED &
KIGAROMIIEIE 0.5cm) ., Fill FICE T 20 FEFHE#RE, £ 74 MEREZ{TW, ZrBak
NLTHEH LRI T KL — X — Ik o TIE Pz s ¢ 3 2 & CHAERY 257,
Ik, LI22-7 b7 7unx 2 v eREA&L, 'THNMR #TIcE 1T % 7' a b v 65 NMR
ICRAZEH L 72, gic, HAESMZS VAT AT L a<t 757 4 — (n-hexane) I
ORI L, WS d 2 ATRA £ 3 %1572,

(1,3,3,3-Tetrabromopropyl)benzene (3a) (Table 3.2)
HAFNEIC X b A, AEER, I 62%, LT, 52 EDH 1 fii. Table2.2,3a S,

1-Methyl-4-(1,3,3,3-tetrabromopropyl)benzene (3b) (Table 3.2)
HAFMEIC X b A, MERR, 1K 42%, DUT, 52 O 1 i, Table2.2,3b 2,

1-Methyl-3-(1,3,3,3-tetrabromopropyl)benzene (3c) (Table 3.2)
HEARFMEIC XY AR MO, IE34%, LUT, 552 EoH 1 fi, Table 2.2,3¢ ZH,

1-Methyl-2-(1,3,3,3-tetrabromopropyl)benzene (3d) (Table 3.2)
HAFMEIC X0 A, MERR, I 29%, DU, 52 o8 1 fii. Table2.2,3d &,

1-(1,1-Dimethylethyl)-4-(1,3,3,3-tetrabromopropyl)benzene (3e) (Table 3.2)
HARTFNEIC X0 Ak, BEER, IE61%, AT, 2 E0H 1 fii, Table2.2,3e S,

1-Fluoro-4-(1,3,3,3-tetrabromopropyl)benzene (3f) (Table 3.2)
HARFNEIC X 0 A ORI, I 33%, AT, 552 HoH 1 i, Table2.2, 3f 2,

1-Chloro-4-(1,3,3,3-tetrabromopropyl)benzene (3g) (Table 3.2)
FEARFINEIC X 0 &K, HEFEER, I 66%, AT, 5527 DH 1 fii, Table2.2,3g 2,

1-Bromo-4-(1,3,3,3-tetrabromopropyl)benzene (3h) (Table 3.2)
HAFIMEIC XY &M HEBER, IE30%, UTF. %2 #0581 i, Table2.2,3h S,
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1-Cyano-4-(1,3,3,3-tetrabromopropyl)benzene (3k) (Table 3.2)
HAFIMEIC X0 A, MO, 1K 36%, LT, #5280 1 i, Table2.2,3i S,

1-Chloromethyl-4-(1,3,3,3-tetrabromopropyl)benzene (31) (Table 3.2)
HARFNEIC X b AR HEaA, I 45%, DUTF. 52 Z0H 1 i, Table2.2,31 5,

2-(1,3,3,3-tetrabromopropyl)naphthalene (3m) (Table 3.2)

EARFIAIC X 0 & BEEAR, IEE 37%, Re=0.51 (n-hexane), '"H NMR (500 MHz, CDCl3) §
7.90-7.88 (m, 2H), 7.85-7.82 (m, 2H), 7.63 (d, J = 8.6 Hz, 1H), 7.53-7.50 (m, 2H), 5.54 (t,J= 5.2 Hz,
1H), 4.18 (d, J= 5.2 Hz, 2H); *C NMR (125 MHz, CDCl5) § 137.7, 133.3, 132.9, 129.1, 128.2, 127.7,
127.3, 126.9, 126.7, 125.4, 66.1, 50.7, 35.0. HRMS m/z (DART) calcd for Ci3HyBrs™ (M+H)",
482.7589, found 482.7612. FTIR (ATR): 3391, 3054, 3024, 2928, 2163, 1913, 1709, 1632, 1600, 1509,
1470, 1440, 1416, 1371, 1271, 1220, 1201, 1174, 1158, 1126, 1089, 1050, 1018, 1002, 986, 964, 942,
907, 892, 857, 816, 772, 756, 737, 703, 660 (cm™). m.p.: 84.2-86.2 °C.

1-Bromo-2-tetrabromomethyl-2,3-dihydro-1H-inden (3n) (Table 3.2)
FEARFIEIC X &k, HEERR, INE58% (dr=15:1), LT, F 2= 1 fi. Table 2.2,

3m &0,

(1,3,3,3-Tetrabromo-2-phenylpropyl)benzene (3p) (Table 3.2)

HARFNEIC X AR, AR, 1K 23% (d.r. =79 : 21, from the Z isomer), R¢=0.19 (n-hexane),
"H NMR (500 MHz, CDCl3) § 7.59 (br, 1H), 7.47-7.37 (m, 5H), 7.32-7.21 (m, 4H), 5.94 (d, J = 5.8
Hz, 1H), 4.38 (d,J= 5.8 Hz, 1H); 3*C NMR (125 MHz, CDCl;) & 140.7, 138.1, 128.9, 128.71, 128.68,
128.4, 127.7, 71.9, 55.0, 42.9. HRMS m/z (DART) calcd for Ci5H;2Br; (M-Br)*, 428.8484, found
428.8479. FTIR (ATR): 3062, 3030, 1601, 1496, 1453, 1339, 1185, 1157, 177, 1033, 977, 915, 853,
825, 778, 761, 725, 698 (cm™).

1,3,3,3-Tetrabromoundecane (3q) (Table 3.2)
BEARFMEIC XY AR, MEOREIAR, IGE 82%, LAT., #2 BEoH 1 fii. Table 2.2,30 i,

1,1,1,3-Tetrabromotridecane (3r)*°* (Table 3.2)

FEARFMAIC X 0 AR BEREAR, I 83%, Re= 0.64 (n-hexane), '"H NMR (500 MHz, CDCls) §
4.20 (dt, J = 4.6 Hz, 4.0 Hz, 1H), 3.84 (dd, J = 16.0 Hz, 4.0 Hz, 1H), 3.55 (dd, /= 16.0 Hz, 4.6 Hz,
1H), 2.11-1.93 (m, 2H), 1.63-1.56 (m, 1H), 1.54-1.47 (m, 1H), 1.37-1.27 (m, 14H), 0.88 (t,J=5.7 Hz,
3H); '*C NMR (125 MHz, CDCl3) § 66.9, 52.1, 39.7, 36.4, 31.9, 29.6, 29.5, 29.4, 29.3, 28.7, 27.3,
22.7,14.1.
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5,7,7,7-Tetrabromoheptan-1-ol (3s)°° (Table 3.2)

FEARFMAIC X 0 AR HEREAR, I 84%, Re= 0.40 (n-hexane : EtOAc =2 : 1), '"H NMR (500
MHz, CDCls) & 4.22 (dq, J = 4.6 Hz, 4.0 Hz, 1H), 3.85 (dd, J = 16.0 Hz, 4.0 Hz, 1H), 3.70 (t, J=5.2
Hz, 2H), 3.56 (dd, J = 16.0 Hz, 4.6 Hz, 1H), 2.16-1.99 (m, 2H), 1.75-1.60 (m, 4H), 1.40 (s, 1H); '*C
NMR (125 MHz, CDCls) § 66.8, 62.6, 51.7,39.4, 36.2, 31.7, 23.7.

1,1,1,3-Tetrabromo-4-acetoxybutane (3t) (Table 3.2)
BAFNC X0 Al MEmR, I 72%, BUT, %2 =% 1 i, Table2.2,3q M,

1,1,1,3-Tetrabromo-4-acetoxy-4-methylbutane (3u) (Table 3.2)

BEARFINEIC X &Rk, HEERER, K 42% (d.r =55 :45), Rr=0.25 (n-hexane : EtOAc=10: 1),
"H NMR (500 MHz, CDCl3) & 5.20 (dq, J = 9.2 Hz, 6.3 Hz, 1H), 4.23 (ddd, J = 9.2 Hz, 5.5 Hz, 3.7
Hz, 1H), 3.68 (dd, J=16.3 Hz, 3.7 Hz, 1H), 3.63 (dd, J=16.3 Hz, 5.5 Hz, 1H), 2.11 (s, 3H), 1.43 (d,
3H); '*C NMR (125 MHz, CDCl3) § 170.1, 71.7, 62.3, 51.1, 35.9, 21.2, 17.2. HRMS m/z (DART)
caled for C7H1 1 BrsO," (M+H)", 442.7487, found 442.7471. FTIR (ATR): 2927, 2847, 1742, 1372,
1231, 1058, 946 (cm™).

1,1,1,3-Tetrabromo-4-| (triisopropylsilyl)oxy|butane (3v) (Table 3.2)

FEARFMAIC X 0 AR BEREAR, I 32%, Re= 0.60 (n-hexane), 'H NMR (500 MHz, CDCls) §
4.23-4.19 (m, 1H), 4.10 (dd, J=10.9 Hz, 5.7 Hz, 1H), 3.95 (dd, J = 10.9 Hz, 5.7 Hz, 1H), 3.91 (dd, J
=10.9 Hz, 2.9 Hz, 1H), 3.58 (dd,J = 10.9 Hz, 5.7 Hz, 1H), 1.13-1.07 (m, 21H); 3*C NMR (125 MHz,
CDCls) 6 67.2, 62.6, 50.2, 36.4, 18.0, 12.0. HRMS m/z (DART) caled for Ci3H»7BrsOSi" (M+H)",
542.8559, found 542.8555. FTIR (ATR): 2943, 2866, 1740, 1462, 1370, 1229, 1217, 1111, 1065, 999,
945, 882, 791, 685 (cm™).

1,1,1,3-Tetrabromo-4-{(zert-butoxycarbonyl)amino}butane (3w) (Table 3.2)

FEARFMAIC X 0 AR BEREAR, INEE 52%, Re=0.22 (n-hexane : EtOAc=10: 1), '"H NMR (500
MHz, CDCl3) § 5.03 (br, 1H), 4.29-4.28 (m, 1H), 3.78-3.57 (m, 1H), 1.46 (s, 9H); '*C NMR (125
MHz, CDCl3) 6 155.6, 80.2, 63.9, 50.4, 47.5, 35.5, 28.3. HRMS m/z (DART) calcd for CoH;6BraNO;"
(M+H)", 485.7909, found 485.7923. FTIR (ATR): 3348, 2977, 1694, 1511, 1392, 1367, 1252, 1166,
1076, 942, 720 (cm™).

1,1,1,3,7-Pentabromoheptane (3x) (Table 3.2)

FEARFMAIC X 0 AR HEREAR, I 88%, Re= 0.35 (n-hexane), 'H NMR (500 MHz, CDCl3) §
4.21 (dq, J = 4.6 Hz, 4.0 Hz, 1H), 3.85 (dd, J = 16.0 Hz, 4.0 Hz, 1H), 3.55 (dd, /= 16.0 Hz, 4.6 Hz,
1H), 3.44 (t,J= 6.3 Hz, 2H), 2.17-2.10 (m, 1H), 2.05-1.87 (m, 3H), 1.84-1.76 (m, 1H), 1.73-1.64 (m,
1H); *C NMR (125 MHz, CDCl3) § 66.7, 51.3,38.7, 36.0, 33.1, 31.7, 26.0. HRMS m/z (DART) calcd
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for C7H;1Bry" (M-Br)", 410.7589, found 410.7574. FTIR (ATR): 2940, 2864, 1733, 1455, 1430, 1248,
1187, 1005, 939, 721 (cm™).

(2,4,4,4-Tetrabromobutyl)benzene (3y)°® (Table 3.2)

FEARFMAIC X 0 AR BEREAR, I 30%, Re= 0.38 (n-hexane), 'H NMR (500 MHz, CDCls) §
7.34-7.26 (m, 5H), 4.39-4.35 (m, 1H), 3.85 (dd, J = 4.6 Hz, 4.0 Hz, 1H), 3.67 (dd, J=11.5 Hz, 4.6
Hz, 1H), 3.53 (dd, J = 9.2 Hz, 5.2 Hz, 1H), 3.23 (dd, J = 9.2 Hz, 5.2 Hz, 1H); '*C NMR (125 MHz,
CDCl3) 6 137.4,129.4, 128.6, 127.3, 65.8, 51.5, 46.0, 35.9.

(3,5,5,5-Tetrabromopentyl)benzene (3z)°° (Table 3.2)

FEARFMAIC X 0 AR BEREAR, I 84%, Re= 0.40 (n-hexane), 'H NMR (500 MHz, CDCls) §
7.32-7.20 (m, 5H), 4.18 (ddt, J = 9.7 Hz, 4.6 Hz, 4.0 Hz, 1H), 3.88 (dd, J = 16.0 Hz, 4.0 Hz, 1H), 3.57
(dd,J=16.0 Hz, 4.6 Hz, 1H), 2.98 (ddd, /= 13.8 Hz, 9.2 Hz, 4.6 Hz, 1H), 2.82 (ddd, /= 13.8 Hz, 8.0
Hz, 5.7 Hz, 1H), 2.44 (dddd, J = 13.8 Hz, 9.2 Hz, 6.9 Hz, 4.0 Hz, 1H), 2.28 (dddd, J = 14.3 Hz, 9.7
Hz, 5.2 Hz, 4.6 Hz, 1H); '3C NMR (125 MHz, CDCls) § 140.2, 128.6, 126.3, 66.8, 51.3, 41.1, 35.9,
33.6.

1,1,1,3-Tetrabromo-4,4-bis(carboxymethoxy)butane (3aa) (Table 3.2)
FERFMEIC X Y AR AR, I 43%, AT, B2 o 1 i, Table 2.2,3p 2,

2-Bromo-3-(tribromomethyl)bicyclo[2.2.1]heptane (3ab)?’ (Table 3.2)

FEARFIAIC X 0 AR BEREAR, I 90%, Re= 0.50 (n-hexane), '"H NMR (500 MHz, CDCls) §
4.11 (ddd, J=9.7 Hz, 5.7 Hz, 1.2 Hz, 1H), 2.88 (d, J=5.7 Hz, 1H), 2.67 (d, /= 1.2 Hz, 2H), 2.34 (d,
=10.9 Hz, 1H), 2.09 (dd, J=12.6 Hz, 10.9 Hz, 1H), 1.63 (dd, J=12.6 Hz, 9.2 Hz, 2H), 1.44 (t,J =
10.9 Hz, 1H), 1.34 (d, J = 10.9 Hz, 1H); *C NMR (125 MHz, CDCl;) § 74.0, 56.7, 46.0, 44.2, 44.1,
35.3,30.2, 24.2.

1-Bromo-4-(tribromomethyl)cyclooctane (3ac)**® (Table 3.2)

FEARFIEIC X &Rk, HEERR, 1K 64% (d.r =58 : 42, from 1-octene), Rr = 0.49 (n-hexane),
'"H NMR (500 MHz, CDCl;) & 4.49-4.44 [m, 1H, H; (trans)], 4.42-4.37 [m, 1H, H; (cis)], 2.75-2.70
(m, 1H), 2.66-2.54 (m, 2H), 2.49-2.32 (m, 5H), 2.25-2.12 (m, 4H), 2.09-1.96 (m, 3H), 1.93-1.88 (m,
1H), 1.86-1.56 (m, 8H), 1.53-1.38 (m, 2H); *C NMR (125 MHz, CDCl3) § 60.4, 60.2, 55.8, 55.7, 55.3,
54.9,37.9, 36.5,34.8,33.0, 32.13,32.07, 31.3, 29.8, 28.3, 27.8, 25.6, 23.0. HRMS m/z (DART) calcd
for CoH14Br3" (M-Br)" 358.8640, found 358.8627. FTIR (ATR): 3412, 2963, 2921, 2849, 2695, 2163,
1981, 1721, 1460, 1443, 1436, 1423, 1373, 1361, 1347, 1328, 1281, 1245, 1229, 1208, 1175, 1155,
1119, 1099, 1073, 1043, 1005, 975, 944, 913, 856, 833, 820, 774, 762, 697, 673 (cm™).
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1,1,1,5-Tetrabromo-3-methyl-3-pentene (3ad, 3ad’) (Table 3.2)

HARFNEIC X 0 &R, BEERA, UL 48% (3ad : 3ad’ = 88 : 12, from isoprene), Ry = 0.44 (n-
hexane), '"H NMR (500 MHz, CDCl3) § 5.97 (t,J = 8.6 Hz, 1H), 4.04 (d, J= 8.6 Hz, 2H), 3.82 (s, 2H),
2.08 (s, 3H); *C NMR (125 MHz, CDCl3) § 137.1, 130.3, 67.0, 39.2, 27.5, 17.8. HRMS m/z (DART)
caled for CeHoBr™ (M+H)" 396.7432, found 396.7443. FTIR (ATR): 2922, 2853, 1736, 1650, 1437,
1377, 1306, 1229, 1203, 1090, 1020, 981, 935, 871, 788, 700 (cm™).

3-(Bromomethyl)-4-(2,2,2-tribromoethyl)-dimethylcyclopentene-1,1-carboxylate (3ae)

(Table 3.2)

FEARFNEIC X 0 Ak, BEREER, I 75% (d.r =92 : 8, from 1ae), Rr=0.11 (n-hexane : EtOAc
=10:1), "HNMR (500 MHz, CDCl3) & 3.77 (s, 6H), 3.57 (dd, J= 5.7 Hz, 4.6 Hz, 1H), 3.35 (dd, J =
10.9 Hz, 4.6 Hz, 1H), 3.30 (dd, /= 10.3 Hz, 9.5 Hz, 1H), 3.09 (dd, /= 9.5 Hz, 6.3 Hz, 1H), 2.80-2.74
(m, 2H), 2.61 (dd, J=7.5 Hz, 6.9 Hz, 1H), 2.57-2.51 (m, 1H), 2.40 (dd, J = 14.3 Hz, 9.2 Hz, 1H), 2.37
(dd, J = 14.3 Hz, 5.7 Hz, 1H); 3*C NMR (125 MHz, CDCl3) § 172.6, 172.5, 58.6, 57.8, 53.1, 44.4,
43.3,39.5, 39.4, 38.3, 33.6. HRMS m/z (DART) calcd for C12Hi7BrsOs" (M+H)" 540.7855, found
540.7861. FTIR (ATR): 3461, 3001, 2952, 2844, 1727, 1434, 1369, 1257, 1244, 1199, 1165, 1111,
1068, 1028, 964, 937, 912, 875, 854, 822, 722, 690, 669 (cm™).
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Dimethyl 2-(2-Bromo-3-phenylpropyl)malonate (6a) (Table 3.6)

FEARFMAIC X 0 AR BEREAR, IUZE 78%, Re=0.47 (n-hexane : EtOAc=10: 1), '"H NMR (500
MHz, CDCl3) 6 7.33 (t,J = 7.5 Hz, 2H), 7.27 (t, J = 7.5 Hz, 1H), 7.21 (d, J = 6.9 Hz, 2H), 4.24-4.18
(m, 1H), 3.87-3.82 (dd, J = 6.3, 4.0Hz, 1H), 3.741 (s, 3H), 3.738 (s, 3H), 3.25-3.17 (m, 2H), 2.53 (td,
J=17.5,3.7,2.9 Hz, 1H), 2.24 (td, J = 6.9, 4.0, 4.0 Hz, 1H); '3C NMR (125 MHz, CDCl;) § 169.3,
169.0, 137.6, 129.2, 128.5, 127.0, 54.0, 52.8, 52.7, 50.2, 45.7, 37.2. HRMS m/z (DART) calcd for
Ci4HisBrOs" (M+H)" 329.0383, found 329.0379. FTIR (ATR): 3030, 2954, 2848, 1750, 1735, 1603,
1497, 1455, 1436, 1347, 1274, 1257, 1201, 1152, 1104, 1082, 1059, 1030, 1008, 975, 911, 845, 752,
701 (cm™).

Dimethyl 2-(2-Bromo-4-phenylbutyl)malonate (6b) (Table 3.6)

FEARFMAIC X 0 AR AR, IEE 90%, Re=0.21 (n-hexane : EtOAc=10: 1), '"H NMR (500
MHz, CDCl3) 6 7.33 (t, J=7.7 Hz, 2H), 7.22-7.19 (m, 3H), 3.97-3.92 (m, 1H), 3.85-3.83 (dd, /= 5.7,
4.6 Hz, 1H), 3.74 (s, 3H), 3.73 (s, 3H), 2.94-2.88 (m, 1H), 2.79-2.73 (m, 1H), 2.50 (td, J = 8.0, 6.9,
4.0 Hz, 1H), 2.33 (td, J = 6.3, 4.6, 4.0 Hz, 1H), 2.20-2.11 (m, 2H); *C NMR (125 MHz, CDCl;) §
169.3, 169.1, 140.5, 128.50, 128.46, 126.2, 53.9, 52.8, 52.7, 50.2, 40.9, 37.9, 33.6. HRMS m/z
(DART) calcd for CisH20BrOs" (M+H)" 343.0540, found 343.0537. FTIR (ATR): 3063, 3028, 3004,
2954, 2857, 1949, 1750, 1734, 1603, 1584, 1497, 1454, 1435, 1342, 1260, 1242, 1201, 1151, 1069,
1016, 963, 906, 846, 749, 700, 655 (cm™).

Dimethyl 2-[2-bromo-3-(4-methoxyphenyl)propyljmalonate (6¢) (Table 3.6)

FEARFIAIC X 0 AR BEREAR, INZE 32%, Re=0.23 (n-hexane : EtOAc=10: 1), '"H NMR (500
MHz, CDCl3) & 7.13 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H), 4.19-4.14 (m, 1H), 3.85 (dd, J =
6.9, 4.0 Hz, 1H), 3.80 (s, 3H), 3.74 (s, 6H), 3.19-3.11 (m, 2H), 2.79-2.71 (m, 1H), 2.52 (td, J = 8.0,
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6.9, 4.0, Hz, 1H), 2.22 (td, J = 8.0, 6.9, 4.0 Hz, 1H), 2.18-2.11 (m, 2H); 3C NMR (125 MHz, CDCl;)
§169.3,169.0, 158.5, 130.2, 129.7, 113.8, 5.2, 54.6, 52.8, 52.7, 50.2, 44.9, 37.1. HRMS m/z (DART)
caled for C1sHaoBrOs (M+H)" 359.0489, found 359.0494. FTIR (ATR): 3003, 2955, 2838, 1750, 1736,
1613, 1585, 1514, 1437, 1302, 1249, 1202, 1179, 1152, 1111, 1034, 975, 906, 832, 819, 759 (cm™).

Dimethyl 2-(2-bromodecyl)malonate (6d) (Table 3.6)

FEARFMAIC X 0 AR BEREAR, INEE 79%, Re=0.64 (n-hexane : EtOAc=10: 1), '"H NMR (500
MHz, CDCls) & 4.00-3.95 (m, 1H), 3.84 (dd, /= 6.3, 4.0 Hz, 1H), 3.78 (s, 3H), 3.75 (s, 3H), 2.48 (td,
J=15,4.6,2.9 Hz, 1H), 2.26 (td, J = 8.0, 6.9, 4.0 Hz, 1H), 1.89-1.80 (m, 2H), 1.55-1.51 (m, 1H),
1.49-1.38 (m, 1H), 1.31-1.25 (m, 10H), 0.88 (t,J= 6.9 Hz, 3H); '*C NMR (125 MHz, CDCl3) § 169.4,
169.2, 55.0, 52.8, 52.7, 50.2, 39.4, 37.9, 31.8, 29.4, 29.2, 28.9, 27.4, 22.6, 14.1. HRMS m/z (DART)
caled for CisHx70" (M-Br)™ 271.1904, found 271.1909. FTIR (ATR): 3299, 2127, 1640, 1452, 1111,
1016 (cm™).

Dimethyl 2-(2-bromododecyl)malonate (6¢) (Table 3.6)

FEARFMAIC X 0 AR BEREAR, INEE 73%, Re= 0.64 (n-hexane : EtOAc=10: 1), '"H NMR (500
MHz, CDCls) & 4.00-3.95 (m, 1H), 3.85 (dd, /= 6.3, 4.0 Hz, 1H), 3.78 (s, 3H), 3.76 (s, 3H), 2.48 (td,
J=15,4.6,3.4Hz, 1H), 2.26 (td, J = 8.6, 6.3, 4.6 Hz, 1H), 1.89-1.80 (m, 2H), 1.55-1.50 (m, 1H),
1.47-1.38 (m, 1H), 1.30-1.26 (m, 14H), 0.88 (t, /= 6.9 Hz, 3H); *C NMR (125 MHz, CDCl3) 5 169.4,
169.2, 55.0, 52.8, 52.7, 50.2, 39.4, 37.9, 31.9, 29.54, 29.51, 29.4, 29.3, 28.9, 27.4, 22.7, 14.1. HRMS
m/z (DART) calcd for Ci7H3BrOs" (M+H)" 379.1479, found 379.1490. FTIR (ATR): 2924, 2854,
1743, 1463 (cm™).

Tetramethyl-1,1,5,5-(3-bromopentane)tetracarboxylate (6f) (Table 3.6)

FEARFMAIC X 0 AR BEEREAR, I 80%, Re= 0.24 (n-hexane : EtOAc =5 : 1), 'TH NMR (500
MHz, CDCls) & 4.04-3.99 (m, 1H), 3.80 (dd, J = 5.2, 4.6 Hz, 2H), 3.77 (s, 6H), 3.76 (s, 6H), 2.51 (td,
J=9.2,5.7,4.0 Hz, 2H), 2.33 (td, J = 9.2, 5.7, 4.6 Hz, 2H); '3C NMR (125 MHz, CDCl;) & 169.1,
168.8, 52.9, 52.8, 51.1, 50.0, 37.9. HRMS m/z (DART) calcd for Ci3H190s (M-Br)* 303.1074, found
303.1076. FTIR (ATR): 3306, 2952, 2840, 2523, 2147, 1649, 1450, 1410, 1113, 1014 (cm™).

Dimethyl 2-(2,4-dibromobutyl)malonate (6g) (Table 3.6)

FEARFMAIC X 0 AR BEREAR, INEE 55%, Re=0.56 (n-hexane : EtOAc=10: 1), '"H NMR (500
MHz, CDCl3) § 4.22-4.14 (m, 1H), 3.84 (dd, J = 5.7, 4.0Hz, 1H), 3.79 (s, 3H), 3.77 (s, 3H), 3.62-3.54
(m, 2H), 2.51 (td, J= 6.9, 5.2, 2.9 Hz, 1H), 2.37-2.29 (m, 3H); '3*C NMR (125 MHz, CDCl3) § 169.1,
168.9,52.9, 51.8, 50.0, 41.5, 37.6, 30.5. HRMS m/z (DART) calcd for CoH;sBr,04 (M+H)* 344.9332,
found 344.9336. FTIR (ATR): 2955, 1736, 1436, 1270, 1249, 1207, 1156, 1019, 844 (cm™).
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Dimethyl 2-(2,5-dibromopentyl)malonate (6h) (Table 3.6)

FEARFMAIC X 0 AR BEREAR, I 81%, Re=0.53 (n-hexane : EtOAc=10: 1), '"H NMR (500
MHz, CDCls) & 4.03-3.98 (m, 1H), 3.84 (dd, /= 6.3, 4.0 Hz, 1H), 3.78 (s, 3H), 3.76 (s, 3H), 3.44 (t, J
=5.7Hz, 2H), 2.49 (td, /= 8.0, 6.9, 3.4 Hz, 1H), 2.29 (td, J= 8.6, 6.3, 4.6 Hz, 1H), 2.22-2.14 (m, 1H),
2.09-1.96 (m, 3H); '*C NMR (125 MHz, CDCl3) § 169.2, 169.1, 53.3, 52.9, 52.8, 50.1, 37.9, 37.7,
32.6, 30.4. HRMS m/z (DART) caled for CioHi7Br2Os" (M+H)" 358.9488, found 358.9488. FTIR
(ATR): 2955, 1736, 1437, 1263, 1242, 1205, 1155, 1016 (cm™).

Dimethyl 2-(2-bromo-3-hydroxypropyl)malonate (6i) (Table 3.6)

FEARFMAIC X 0 AR HEREAR, I 18%, Re= 0.30 (n-hexane : EtOAc =2 : 1), 'TH NMR (500
MHz, CDCl3) 6 4.19-4.14 (m, 1H), 3.87-3.80 (m, 3H), 3.78 (s, 3H), 3.77 (s, 3H), 2.52 (td, J=9.2, 5.7,
4.0 Hz, 1H), 2.37 (td, J=9.7, 5.2, 5.2 Hz, 1H), 2.27 (t,J = 6.9 Hz, 1H); 3*C NMR (125 MHz, CDCl;)
8 169.3, 169.0, 66.9, 55.4, 52.92, 52.86, 49.6, 33.7. HRMS m/z (DART) calcd for CsH4BrOs (M+H)"
269.0019, found 269.0025. FTIR (ATR): 3479, 2956, 2051, 1730, 1436, 1342, 1258, 1201, 1152, 1114,
1068, 1022, 921, 844, 702 (cm™).

Dimethyl 2-(3-acetyloxy-2-bromo-propyl)malonate (6j) (Table 3.6)

FEARFMAIC X 0 AR BEREAR, INZE 20%, Re=0.21 (n-hexane : EtOAc=10: 1), '"H NMR (500
MHz, CDCl3) 6 4.41-4.37 (m, 1H), 4.29-4.25 (m, 1H), 4.17-4.12 (m, 1H), 3.82-3.80 (m, 1H), 3.78 (s,
3H), 3.77 (s, 3H), 2.57 (td, J = 6.9, 3.4, 2.9 Hz, 1H), 2.26 (td, J = 8.0, 4.0, 4.0 Hz, 1H), 2.12 (s, 3H);
3C NMR (125 MHz, CDCls) § 170.3, 169.0, 168.8, 67.4, 52.94, 52.89, 49.7, 48.0, 34.3, 29.7, 20.7.
HRMS m/z (DART) caled for CioH16BrOs" (M+H)" 311.0125, found 311.0121. FTIR (ATR): 2956,
1730, 1436, 1368, 1345, 1214, 1151, 1061, 1030, 897, 844, 733, 702 (cm™).

Dimethyl 2-(3-acetyloxy-2-bromo-propyl)malonate (6k)°® (Table 3.6)

FEARFMAIC X 0 AR BEREAR, I 95%, Re=0.21 (n-hexane : EtOAc =2 : 1), 'TH NMR (500
MHz, CDCls) & 4.02-3.98 (m, 1H), 3.84 (dd, /= 5.7, 4.6 Hz, 1H), 3.78 (s, 3H), 3.76 (s, 3H), 3.66 (t, J
=6.3 Hz, 2H), 2.49 (td, /= 7.5, 4.6, 3.4 Hz, 1H), 2.27 (td, /= 8.0, 6.9, 4.6 Hz, 1H), 1.94-1.86 (m, 2H),
1.69-1.49 (m, 5H); '*C NMR (125 MHz, CDCl3) § 169.3, 169.2, 62.5, 54.6, 52.82, 52.76, 50.2, 39.1,
37.8,31.8,23.7.

Diethyl 2-(2-bromo-3-phenylpropyl)malonate (61)°'* (Table 3.7)

EARFIAIC X 0 AR BEREAR, INEE 54%, Re=0.50 (n-hexane : EtOAc=10: 1), '"H NMR (500
MHz, CDCl3) 6 7.34-7.31 (m, 2H), 7.29-7.28 (m, 1H), 7.22-7.21 (m, 2H), 4.25-4.15 (m, 5H), 3.81 (dd,
J=6.3,4.0 Hz, 1H), 3.25-3.17 (m, 2H), 2.52 (td, /= 6.9, 4.0, 2.9 Hz, 1H), 2.24 (td, J = 8.0, 4.0, 4.0
Hz, 1H), 1.28-1.23 (m, 6H); *C NMR (125 MHz, CDCl3) § 168.9, 168.6, 137.7, 129.2, 128.5, 127.0,
61.7,61.6, 54.1, 50.6, 45.8, 37.1, 14.0.
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1,3-Diphenyl-2-(2-bromo-3-phenylpropyl)-1,3-propanedione (6m) (Table 3.7)

FEARFMAIC X 0 AR BEREAR, INZE 22%, Re=0.41 (n-hexane : EtOAc=10: 1), '"H NMR (500
MHz, CDCl3) 6 8.13 (d, J = 7.5 Hz, 2H), 7.91 (d, J = 7.5 Hz, 2H), 7.64 (t,J= 6.3 Hz, 1H), 7.53 (t,J
=7.5Hz, 3H), 7.40 (t,J=7.5 Hz, 2H), 7.32-7.29 (m, 2H), 7.26-7.25 (m, 1H), 7.23-7.21 (m, 2H), 5.83
(d,/=10.9 Hz 1H), 4.41-4.37 (m, 1H), 3.31-3.19 (m, 2H), 2.88 (td, /= 10.9, 4.0, 2.3 Hz, 1H), 2.27-
2.22 (m, 1H); '*C NMR (125 MHz, CDCl3) § 195.9, 195.0, 137.6, 136.1, 134.8, 134.0, 133.5, 129.2,
129.1, 128.9, 128.8, 128.4, 128.3, 127.0, 56.8, 54.9, 46.0, 37.9. HRMS m/z (DART) calcd for
CosH22BrO," (M+H)"™ 421.0798, found 421.0801. FTIR (ATR): 3086, 3062, 3029, 2921, 2253, 1965,
1814, 1693, 1673, 1596, 1580, 1495, 1448, 1432, 1344, 1321, 1304, 1257, 1219, 1194, 1181, 1158,
1102, 1076, 1054, 1029, 990, 969, 943, 911, 887, 857, 822, 809, 786, 749, 734, 694, 652 (cm™).

1,3-Di-tert-butyl-2-(2-bromo-3-phenylpropyl)-1,3-propanedione (6n) (Table 3.7)

FEARFMAIC X 0 AR HEREAR, INZE 25%, Re= 0.44 (n-hexane : EtOAc=10: 1), '"H NMR (500
MHz, CDCl3) 6 7.32 (t, J= 6.9 Hz, 2H), 7.273-7.271 (m, 1H), 7.20 (d, /= 6.9 Hz, 1H), 4.94 (dd, J =
8.6, 2.3 Hz, 1H), 3.95-3.90 (m, 1H), 3.23-3.11 (m, 2H), 2.52 (td, /= 5.7, 3.4, 2.3 Hz, 1H), 2.01 (td, J
=9.6,5.2,2.3 Hz, 1H), 1.28 (s, 9H), 1.11 (s, 9H); '*C NMR (125 MHz, CDCl3) § 211.7, 209.8, 137.5,
129.2, 128.4, 127.0, 56.4, 54.7, 45.9, 44.9, 44.4, 37.9, 28.3, 26.6. HRMS m/z (DART) caled for
C20H30BrO," (M+H)" 381.1424, found 382.1478. FTIR (ATR): 3778, 3064, 3030, 2966, 2910, 2872,
1715, 1692, 1604, 1497, 1479, 1456, 1421, 1395, 1367, 1338, 1286, 1227, 1193, 1156, 1098, 1057,
1006, 975, 942, 914, 864, 830, 801, 749, 699 (cm™).

Dimethyl 2-(2-bromo-3-phenylpropyl)-2-methylmalonate (60) (Table 3.7)

FEARFMAIC X 0 AR BEREAR, I 9%, Rr=0.18 (n-hexane : EtOAc =10 : 1), '"H NMR (500
MHz, CDCls) & 7.34-7.31 (t, J= 6.9 Hz, 2H), 7.28-7.26 (m, 1H), 7.22-7.20 (d, J = 7.8 Hz, 2H), 4.25-
4.16 (m, 1H), 3.70 (s, 3H), 3.67 (s, 3H), 3.23-3.13 (m, 2H), 2.60 (d, J = 5.5 Hz, 2H), 1.46 (s, 3H); *C
NMR (125 MHz, CDCls) 6 172.11, 172.06, 138.0, 129.3, 128.5, 127.0, 52.9, 52.8, 52.7, 50.7, 46.8,
43.5, 19.9. HRMS m/z (DART) calcd for CisHxBrOs"™ (M+H)" 343.0540, found 343.0556. FTIR
(ATR): 3029, 3000, 2953, 1733, 1603, 1497, 1455, 1435, 1381, 1315, 1257, 1201, 1167, 1116, 1030,
982, 928, 887, 850, 749, 701 (cm™).

Dimethyl 2-(2-bromo-3-phenylpropyl)-2-propylmalonate (6p) (Table 3.7)

FEARFMAIC X 0 AR BEREAR, INEE 22%, Re=0.18 (n-hexane : EtOAc=10: 1), '"H NMR (500
MHz, CDCl3) 6 7.32 (t, J = 6.9 Hz, 2H), 7.29-7.27 (m, 1H), 7.20 (d, J = 7.5 Hz, 2H), 4.13-4.08 (m,
1H), 3.72 (s, 3H), 3.64 (s, 3H), 3.25-3.10 (m, 2H), 2.63-2.53 (m, 2H), 1.97 (td, J = 8.0, 4.6, 2.9 Hz,
1H), 1.79 (td, J=9.7, 4.6, 4.0 Hz, 1H), 1.08-0.98 (m, 1H), 0.83 (t,J= 6.9 Hz, 3H), 0.78-0.68 (m, 1H);
3C NMR (125 MHz, CDCl3) § 171.6, 171.5, 138.0, 129.3, 128.5, 127.0, 56.6, 52.6, 52.5, 50.0, 47.0,
40.1,34.3,17.1, 14.2. HRMS m/z (DART) calcd for C17H24BrO4 (M+H)" 371.0853, found 371.0857.
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FTIR (ATR): 3029, 2958, 2875, 1734, 1497, 1455, 1435, 1284, 1231, 1213, 1162, 1124, 1044, 937,
846, 750, 702 (cm’™).

Dimethyl 2-(2-bromo-3-phenylpropyl)-2-cyanoethylmalonate (6q) (Table 3.7)

FEARFMAIC X 0 AR BEREAR, I 18%, Re= 0.46 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCl3) & 7.38-7.34 (m, 2H), 7.30-7.29 (m, 1H), 7.21 (d, J = 7.5 Hz, 2H), 4.07-4.00 (m, 1H),
3.75 (s, 3H), 3.65 (s, 3H), 3.31-3.25 (m, 1H), 3.14-3.08 (m, 1H), 2.62-2.54 (m, 2H), 2.42-2.40 (m,
1H), 2.26-2.14 (m, 2H), 2.01-1.94 (m, 1H); *C NMR (125 MHz, CDCl3) § 170.1, 170.0, 137.6, 129.3,
128.8, 127.3, 118.6, 55.6, 53.1, 53.0, 48.7, 47.0, 40.1, 28.2, 12.6. HRMS m/z (DART) caled for
C17H21BrNO4 (M+H)" 382.0649, found 382.0661. FTIR (ATR): 2956, 2254, 1732, 1437, 1378, 1206,
1093, 904, 726 (cm™).

Dimethyl 2-[(2,2,6,6-Tetramethylpiperidin-1-yl)oxy]malonate (7a)°'° (Scheme 3.7)

FEARFMAIC X 0 AR BEREAR, INZE 20%, Re=0.40 (n-hexane : EtOAc=10: 1), '"H NMR (500
MHz, CDCl3) & 4.97 (s, 1H), 3.79 (s, 6H), 1.51-1.25 (m, 6H), 1.20 (s, 6H), 1.06 (s, 6H); '*C NMR
(125 MHz, CDCls) 8 167.7, 86.5, 60.4, 52.6, 40.1, 32.5, 20.1, 17.0.
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Dimethyl 4-(bromomethyl)-3-phenylcyclopent-2-ene-1,1-dicarboxylate (10a) (Table 3.9)
FEARFMAIC X 0 AR BEREAR, I 79%, Re= 0.40 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCl3) 8 7.42-7.32 (m, 5H), 6.19 (s, 1H), 3.80-3.75 (m, 7H), 3.59 (dd, J = 10.3, 2.9 Hz, 1H),
3.31 (dd, J=10.3,9.2 Hz, 1H), 2.93 (dd, J = 13.8, 8.0 Hz, 1H), 2.63 (dd, J = 13.8, 4.0 Hz, 1H); '*C
NMR (125 MHz, CDCl3) 6 171.26, 171.20, 147.8, 133.7, 128.8, 128.5, 126.6, 125.8, 65.1, 53.0, 47 .4,
36.7, 36.4. HRMS m/z (DART) calcd for CisHisBrOs" (M+H)" 353.0383, found 353.0390. FTIR
(ATR): 2954, 2924, 2851, 1734, 1599, 1576, 1496, 1447, 1434, 1247, 1205, 1141, 1080, 1047, 1013,
947, 849, 766, 697 (cm™).

Dimethyl 4-(bromomethyl)-3-(p-tolyl)cyclopent-2-ene-1,1-dicarboxylate (10b)®** (Table 3.9)
FEARFMAIC X 0 AR BEEREAR, I 84%, Re= 0.40 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCl3) 8 7.42-7.32 (m, 5H), 6.19 (s, 1H), 3.80-3.75 (m, 7H), 3.59 (dd, J = 10.3, 2.9 Hz, 1H),
3.31(dd, J=10.3,9.2 Hz, 1H), 2.93 (dd, J = 13.8, 8.0 Hz, 1H), 2.63 (dd, J = 13.8, 4.0 Hz, 1H); '*C
NMR (125 MHz, CDCl3) 6 171.4,171.3, 147.7, 138.5, 130.8, 129.4, 126.5, 124.8, 65.0, 52.98, 52.95,
47.4,36.7,36.6,21.2.

Dimethyl 4-(bromomethyl)-3-(m-tolyl)cyclopent-2-ene-1,1-dicarboxylate (10c) (Table 3.9)
FEARFIAIC X 0 AR BEREAR, I 65%, Re= 0.40 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCls) & 7.27-7.22 (m, 2H), 7.19 (d, J = 7.5 Hz, 1H), 7.13 (d, J=7.5 Hz, 1H), 6.16 (d,J=1.2
Hz, 1H), 3.80-3.74 (m ,7H), 3.60 (dd, J = 10.3, 2.9 Hz, 1H), 3.30 (t, /= 9.7 Hz, 1H), 2.93 (dd, J =
13.8, 8.6 Hz, 1H), 2.63 (dd, J = 13.8, 4.0 Hz, 1H), 2.26 (s, 3H); '*C NMR (125 MHz, CDCl3) § 171.3,
171.2,147.9,138.4,133.7,129.3, 128.6, 127.2, 125.6, 123.6, 65.0, 52.98, 52.95,47.4, 36.7, 36.6, 21 4.
HRMS m/z (DART) caled for Ci7H20BrOs" (M+H)" 367.0540, found 367.0542. FTIR (ATR): 2954,
1735, 1435, 1251, 1141, 1081, 846, 788, 701 (cm™).
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Dimethyl 4-(bromomethyl)-3-[4-(zert-butyl)phenyl]cyclopent-2-ene-1,1-dicarboxylate (10d)
(Table 3.9)

FEARFMAIC X 0 AR BEREAR, I 81%, Re= 0.40 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCl3) 6 7.39-7.33 (m, 4H), 6.15 (d, /= 1.1 Hz, 1H), 3.83-3.73 (m, 7H), 3.62 (dd, /=10.3, 2.9
Hz, 1H), 3.30 (t,J=9.7 Hz, 1H), 2.91 (dd, J=13.8, 8.0 Hz, 1H), 2.63 (dd, J=13.8, 4.0 Hz, 1H), 1.32
(s, 9H); *C NMR (125 MHz, CDCl5) § 171.4, 171.3, 151.7, 147.5, 130.8, 126.2, 125.7, 124.9, 65.0,
52.96, 52.92, 47.4, 36.71, 36.66, 34.6, 31.2. HRMS m/z (DART) calcd for CoHz6BrOs" (M+H)",
409.1009, found 409.1000. FTIR (ATR): 3484, 2957,2869, 1734, 1608, 1513, 1434, 1407, 1365, 1250,
1205, 1142, 1080, 1022, 948, 838, 744, 671 (cm™).

Dimethyl 4-(bromomethyl)-3-(4-fluorophenyl)cyclopent-2-ene-1,1-dicarboxylate (10e)

(Table 3.9)

EARFIAIC X 0 & HEEAR, INEE 78%, Re= 0.40 (n-hexane : EtOAc =4 : 1), 'TH NMR (500
MHz, CDCl3) & 7.39-7.37 (m, 2H), 7.08-7.04 (m, 2H), 6.13 (s, 1H), 3.80-3.75 (m ,7H), 3.54 (d, J =
9.2 Hz, 1H), 3.30 (dd, /=9.7,9.2 Hz, 1H), 2.92 (dd, J=14.3, 8.6 Hz, 1H), 2.63 (dd, /= 14.3, 3.4 Hz,
1H); 3C NMR (125 MHz, CDCl3) § 171.2, 171.1, 162.7 (d, Jc_r = 249.5 Hz), 146.7, 129.9, 128.3 (d,
Jer=12Hz), 125.7, 115.7 (d, Jcr = 21.6 Hz), 65.0, 53.0, 47.4, 36.7, 36.2. "’F NMR (470 MHz,
CDCl3) 8 -112.5. HRMS m/z (DART) calcd for CisHi7BrFO4" (M+H)" 371.0289, found 371.0276.
FTIR (ATR): 3002, 2954, 2923, 2850, 2031, 1732, 1602, 1509, 1434, 1339, 1298, 1236, 1206, 1161,
1141, 1080, 1047, 1013, 947, 834, 756, 719, 667 (cm™). m.p.: 89.7-91.0 °C.

Dimethyl 4-(bromomethyl)-3-(4-chlorophenyl)cyclopent-2-ene-1,1-dicarboxylate (10f)

(Table 3.9)

EARFIAIC X 0 & BEEAR, I 57%, Re= 0.30 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCl3) 6 7.39-7.34 (m, 4H), 6.18 (d, /= 1.7 Hz, 1H), 3.80-3.74 (m, 7H), 3.53 (dd, /=10.3, 2.9
Hz, 1H), 3.30 (dd, /= 10.3, 9.2 Hz, 1H), 2.90 (dd, J = 14.3, 8.6 Hz, 1H), 2.63 (dd, J = 14.3, 4.0 Hz,
1H); 3*C NMR (125 MHz, CDCl3) § 171.1, 171.0, 146.7, 134.3, 132.2, 128.9, 127.9, 126.4, 65.0, 53.0,
47.3, 36.6, 36.0. HRMS m/z (DART) calcd for CisH17BrClO4"™ (M+H)" 386.9993, found 387.0008.
FTIR (ATR): 3631, 3597, 3579, 3023, 2955, 2923, 2852, 1979, 1890, 1731, 1595, 1492, 1434, 1403,
1339, 1297, 1236, 1216, 1141, 1093, 1080, 1046, 1013, 973, 946, 929, 908, 894, 857, 826 (cm™"). m.p.:
74.0-75.3 °C.

Dimethyl 4-(bromomethyl)-3-(3-chlorophenyl)cyclopent-2-ene-1,1-dicarboxylate (10g)

(Table 3.9)

FEARFIAIC X 0 AR BEEREAR, I 35%, Re= 0.40 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCl3) 6 7.39 (s ,1H), 7.30-7.26 (m, 3H), 6.20 (d, J= 1.7 Hz, 1H), 3.80-3.74 (m, 7H), 3.54 (dd,
J=10.3,2.9 Hz, 1H), 3.31 (dd, J=10.3, 9.2 Hz, 1H), 2.92 (dd, J = 14.3, 8.6 Hz, 1H), 2.63 (dd, J =
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14.3, 4.6 Hz, 1H); '*C NMR (125 MHz, CDCl3) § 171.0, 170.9, 146.6, 135.7, 134.7, 130.0, 128.5,
127.3,126.7,124.7,65.1,53.1,47.2,36.6, 36.0. HRMS m/z (DART) calcd for C1sHi7BrC104" (M+H)"
386.9993, found 386.9985. FTIR (ATR): 2954,2923,2852, 1734, 1594, 1564, 1434, 1248, 1206, 1143,
1079, 1048, 1019, 948, 849, 788, 734, 695, 671 (cm™).

Dimethyl 4-(bromomethyl)-3-(2-chlorophenyl)cyclopent-2-ene-1,1-dicarboxylate (10h)

(Table 3.9)

FEARFMAIC X 0 AR BEREAR, I 54%, Re= 0.30 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCl3) 8 7.39-7.25 (m, 4H), 6.07 (s, 1H), 4.02-3.99 (m, 1H), 3.81-3.76 (m, 6H), 3.40 (dd, J =
10.3, 2.9 Hz, 1H), 3.27 (dd, J=9.7, 9.2 Hz, 1H), 2.98 (dd, J = 13.8, 8.0 Hz, 1H), 2.47 (dd, J = 13.8,
6.3 Hz, 1H); '*C NMR (125 MHz, CDCl5) § 171.1, 170.8, 147.1, 133.7, 132.3, 131.0, 130.4, 129.9,
129.4, 126.8, 65.0, 53.0, 52.9, 48.1, 36.7, 36.3. HRMS m/z (DART) calcd for Ci6H;7BrClO4" (M+H)"
386.9993, found 386.9988. FTIR (ATR): 3020, 2874, 2401, 1732, 1436, 1215, 1141, 929, 852, 750,
669 (cm™).

Dimethyl 4-(bromomethyl)-3-(4-bromophenyl)cyclopent-2-ene-1,1-dicarboxylate (10i)%*

(Table 3.9)

FEARFIAIC X 0 AR BEREAR, I 71%, Re= 0.40 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCl3) & 7.49 (d, J = 8.0 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 6.19 (s, 1H), 3.80-3.73 (m, 7H),
3.53(dd, J=9.7,2.9 Hz, 1H), 3.30 (t, /= 9.7 Hz, 1H), 2.92 (dd, /= 14.3, 8.6 Hz, 1H), 2.62 (dd, J =
14.3, 4.0 Hz, 1H); *C NMR (125 MHz, CDCl3) § 171.02, 170.99, 146.7, 132.7, 131.9, 128.2, 126.6,
122.5,65.1, 53.0,47.2, 36.6, 36.0.

Dimethyl 4-(bromomethyl)-3-[4-(trifluoromethyl)phenyl]cyclopent-2-ene-1,1-dicarboxylate
(10j) (Table 3.9)

EARFIAIC X 0 & BEEAR, I 51%, Re= 0.30 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCl3) & 7.62 (d, J = 8.0 Hz, 2H), 7.51 (d, J = 8.0 Hz, 2H), 6.28 (s, 1H), 3.85-3.74 (m ,7H),
3.53(dd, J=10.3, 2.3 Hz, 1H), 3.32 (dd, J = 9.7, 9.2 Hz, 1H), 2.97 (dd, J = 14.3, 8.6 Hz, 1H), 2.64
(dd,J = 14.3,4.0 Hz, 1H); *C NMR (125 MHz, CDCl;) 5 170.89, 170.85, 146.6, 137.4, 130.4 (q, Jc-
r=31.8Hz), 128.2,126.9, 125.7 (q, Jc r= 3.9 Hz), 123.9 (q, Jc r = 272.6 Hz), 65.1, 53.1, 47.2, 36.6,
35.8."F NMR (470 MHz, CDCl3) § -62.6. HRMS m/z (DART) calcd for C17H17BrF;04" (M+H)*
421.0257, found, 421.0269. FTIR (ATR): 2956, 2923, 2851, 1735, 1617, 1575, 1435, 1412, 1326,
1250, 1207, 1167, 1125, 1082, 1067, 1016, 948, 839, 684 (cm™). m.p.:82.0-84.0.

Dimethyl 4-(bromomethyl)-3-[3,5-bis(trifluoromethyl)phenyl]cyclopent-2-ene-1,1-

dicarboxylate (10k) (Table 3.9)
FEARFMAIC X 0 AR BEREAR, I 31%, Re= 0.40 (n-hexane : EtOAc =4 : 1), '"H NMR (500
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MHz, CDCLs) & 7.83 (s, 1H), 7.81 (s, 2H), 6.34 (d, J = 1.7 Hz, 1H), 3.86-3.77 (m, 7H), 3.50 (dd, J =
10.3, 2.9 Hz, 1H), 3.35 (dd, J = 10.3, 9.5 Hz, 1H), 2.98 (dd, J = 14.3, 8.6 Hz, 1H), 2.66 (dd, J = 14.3,
5.2 Hz, 1H); '*C NMR (125 MHz, CDCL) § 170.6, 145.4, 136.2, 132.2 (q, Jor = 31.8 Hz), 130.0,
126.6, 123.1 (q, Jor=272.6 Hz), 122.1 (m), 65.2, 53.2, 47.0, 36.5, 35.3. °F NMR (470 MHz, CDCl)
5 -62.8. HRMS m/z (DART) caled for CisH eBrFeOs" (M+H)" 489.0131, found 489.0148. FTIR
(ATR): 2930, 2255, 2020, 1734, 1436, 1384, 1280, 1184, 1143, 1088, 904, 846, 805, 726, 683 (cm™).

Dimethyl 4-(bromomethyl)-3-(4-cyanophenyl)cyclopent-2-ene-1,1-dicarboxylate (101)

(Table 3.9)

FEARFMAIC X 0 AR BEREAR, I 34%, Re=0.10 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCls) & 7.67 (d, J= 8.0 Hz, 2H), 7.50 (d, J = 8.0 Hz, 2H), 6.31 (d, /= 1.7 Hz, 1H), 3.81-3.76
(m, 7H), 3.51 (dd, J=10.3, 2.9 Hz, 1H), 3.32 (dd, /= 10.9, 8.6 Hz, 1H), 2.95 (dd, J = 14.3, 8.6 Hz,
1H), 2.64 (dd,J = 14.3, 4.6 Hz, 1H); *C NMR (125 MHz, CDCl3) § 170.7, 146.3, 138.4, 132.6, 129.4,
127.2,118.5,112.0, 65.2, 53.2, 47.0, 36.5, 35.6. HRMS m/z (DART) calcd for Ci7H;7BrNO4" (M+H)"
378.0335, found 378.0321. FTIR (ATR): 2956, 2229, 1734, 1607, 1435, 1368, 1248, 1144, 1081, 838

(cm™).

Dimethyl 3-(4-acetylphenyl)-4-(bromomethyl)-cyclopent-2-ene-1,1-dicarboxylate (10m)

(Table 3.9)

EARFIAIC X 0 & HEEAR, I 65%, Re=0.10 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCls) & 7.96 (d, J = 8.6 Hz, 2H), 7.50 (d, J = 8.6 Hz, 2H), 6.30 (d, /= 1.2 Hz, 1H), 3.81-3.74
(m, 7H), 3.54 (dd, J = 10.3, 2.9 Hz, 1H), 3.33 (dd, /= 10.3, 9.2 Hz, 1H), 2.95 (dd, J = 14.3, 8.6 Hz,
1H), 2.63 (dd, J = 14.3, 4.6 Hz, 1H), 2.61 (s, 3H); *C NMR (125 MHz, CDCl3) § 197.4, 170.9, 170.8,
146.9, 138.4, 136.8, 128.8, 128.4, 126.7, 65.2, 53.1, 47.2, 36.6, 36.0, 26.6. HRMS m/z (DART) calcd
for CigH0BrOs™ (M+H)" 395.0489, found 395.0507. FTIR (ATR): 3003, 2955, 2923, 2852, 1733,
1682, 1604, 1561, 1434, 1407, 1359, 1258, 1206, 1143, 1074, 1048, 1014, 958, 834, 720, 668 (cm™).
m.p.: 116.0-118.7 °C.

Dimethyl 4-(bromomethyl)-3-[4-(methoxycarbonyl)phenyl]cyclopent-2-ene-1,1-dicarboxylate
(10n) (Table 3.9)

FEARFIAIC X 0 AR BEREAR, I 56%, Re=0.20 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCls) & 8.03 (d, J = 8.0 Hz, 2H), 7.47 (d, J = 8.0 Hz, 2H), 6.30 (d, J = 1.7 Hz, 1H), 3.93
(s ,3H), 3.85-3.73 (m, 7H), 3.55 (dd, J=10.3, 2.9 Hz, 1H), 3.32 (dd, J = 10.3, 9.2 Hz, 1H), 2.94 (dd,
J=14.3,8.6 Hz, 1H), 2.64 (dd, J= 14.3, 4.6 Hz, 1H); '*C NMR (125 MHz, CDCl3) § 170.91, 170.89,
166.5, 147.0, 138.2, 130.0, 129.9, 128.0, 126.5, 65.2, 53.1,52.2, 47.2, 36.6, 36.0. HRMS m/z (DART)
calced for C1sH20BrOs™ (M+H)"395.0489, found 395.0507. FTIR (ATR): 3001, 2954, 2848, 1935, 1725,
1609, 1567, 1434, 1409, 1279, 1253, 1206, 1191, 1142, 1110, 1080, 1048, 1017, 966, 948, 847, 827,
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774, 707, 666 (cm!).

Dimethyl 3-[4-(acetamide)phenyl]-4-(bromomethyl)-cyclopent-2-ene-1,1-dicarboxylate (100)
(Table 3.9)

FEARFMAIC X 0 AR HEREAR, I 88%, Rr=0.20 (n-hexane : EtOAc =1 : 1), '"H NMR (500
MHz, CDCls) & 7.74 (brs, 1H), 7.53 (d, J = 8.6 Hz, 2H), 7.33 (d, /= 8.6 Hz, 2H), 6.12 (d, /= 1.2 Hz,
1H), 3.80-3.73 (m, 7H), 3.55 (dd, J = 10.3, 2.9 Hz, 1H), 3.30 (dd, /=9.7,9.2 Hz, 1H), 2.89 (dd, J =
14.3, 8.6 Hz, 1H), 2.65 (dd, J = 14.3, 4.6 Hz, 1H), 2.19 (s, 3H); '*C NMR (125 MHz, CDCl3) § 171.3,
168.5, 147.1, 138.2, 129.4, 127.2, 124.8, 119.8, 65.1, 53.0, 47.3, 36.6, 36.4, 36.4, 24.5. HRMS m/z
(DART) caled for C13H2 BrNOs* (M+H) " 410.0598, found 410.0578. FTIR (ATR): 3308, 3182, 3108,
3014, 2956, 2848, 2433, 2028, 1729, 1673, 1595, 1520, 1434, 1408, 1371, 1318, 1296, 1253, 1217,
1142, 1080, 1045, 1010, 965, 947, 833, 753, 667 (cm™).

Dimethyl  3-[4-(/V-tert-butoxycarbonyl)aminophenyl]-4-(bromomethyl)-cyclopent-2-ene-1,1-
dicarboxylate (10p) (Table 3.9)

EARFIAIC X 0 & HEEAR, I 91%, Re= 0.20 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCl3) 8 7.38-7.32 (m, 4H), 6.57 (brs, 1H), 6.11 (d, /= 1.7 Hz, 1H), 3.79-3.73 (m, 7H), 3.57
(dd, J=10.3,2.9 Hz, 1H), 3.30 (t, /J=9.7 Hz, 1H), 2.88 (dd, J = 14.3, 8.6 Hz, 1H), 2.64 (dd, /= 13.8,
4.0 Hz, 1H), 1.52 (s, 9H); *C NMR (125 MHz, CDCl3) § 171.4, 171.3, 152.5, 147.1, 138.6, 128.3,
127.3, 124.4, 118.4, 80.8, 65.0, 53.0, 47.4, 36.6, 36.5, 28.3. HRMS m/z (DART) calcd for
C21H27BrNOg" (M+H) " 468.1017, found 468.1001. FTIR (ATR): 3436, 3020, 2957, 2929, 2401, 1729,
1611, 1586, 1520, 1502, 1435, 1410, 1317, 1215, 1156, 1082, 1053, 1028, 929, 903, 834, 749, 668
(cm™). m.p.: 52.7-55.7 °C.

Dimethyl-3-[(1,1'-biphenyl)-4-yl]4-(bromomethyl)-cyclopent-2-ene-1,1-dicarboxylate

(10q) (Table 3.9)

EARFIAIC X 0 & BEEAR, IEE 70%, Re= 0.20 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCl3) & 7.60-7.59 (m, 4H), 7.49-7.43 (m, 4H), 7.36 (t, J = 13.8 Hz, 1H), 6.24 (s, 1H), 3.81-
3.75 (m, 7H), 3.63 (d, /= 9.2 Hz, 1H), 3.35 (dd, J=9.7,9.2 Hz, 1H), 2.94 (dd, J = 13.8, 8.6 Hz, 1H),
2.66 (dd, J = 14.3, 4.0 Hz, 1H); '*C NMR (125 MHz, CDCl3) § 171.25, 171.17, 147.3, 141.3, 140.3,
132.6, 128.8, 127.5, 127.4, 126.97, 126.95, 125.8, 65.1, 53.0, 47.4, 36.7, 36.4. HRMS m/z (DART)
caled for C2oH2oBrO4" (M+H) " 429.0696, found 429.0714. FTIR (ATR): 3030, 2953, 2924, 2853, 1732,
1599, 1580, 1510, 1488, 1433, 1405, 1339, 1300, 1247, 1205, 1141, 1080, 1046, 1007, 970, 836, 767,
731, 698, 670 (cm™). m.p.: 205.3-210.0 °C.

Dimethyl 4-(bromomethyl)-3-(naphthalen-2-yl)cyclopent-2-ene-1,1-dicarboxylate (10r)
(Table 3.9)
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EARFIAIC X 0 & HEEAR, IEE 64%, Re= 0.20 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCls) & 7.85-7.80 (m, 4H), 7.57 (dd, J = 6.9, 1.7 Hz, 1H), 7.50-7.48 (m, 2H), 6.32 (d, J=1.2
Hz, 1H), 3.94-3.88 (m, 1H), 3.82 (s, 3H), 3.76 (s, 3H), 3.66 (dd, /= 10.3, 2.9 Hz, 1H), 3.38 (t,/=9.7
Hz, 1H), 2.96 (dd, J=13.8, 8.0 Hz, 1H), 2.70 (dd, J= 14.3, 4.0 Hz, I H); 3C NMR (125 MHz, CDCl;)
8 171.3, 171.2, 147.7,133.25, 133.19, 131.1, 128.5, 128.2, 127.7, 126.6, 126.5, 126.3, 125.6, 124.5,
65.2, 53.05, 53.01, 47.5, 36.7, 36.5. HRMS m/z (DART) calcd for CooH20BrOs* (M+H)" 403.0539,
found 403.0535. FTIR (ATR): 3650, 3021, 2954, 2925, 2852, 2345, 1731, 1626, 1597, 1504, 1434,
1356, 1249, 1216, 1140, 1078, 1046, 1020, 948, 930, 897, 845, 819, 751, 684, 688 (cm™"). m.p.: 92.3—
94.3 °C.

Dimethyl 4-(bromomethyl)-3-[(6-methoxy)naphthalen-2-yl]cyclopent-2-ene-1,1-dicarboxylate
(10s) (Table 3.9)

EARFIAIC X 0 & HEEAR, IEE 50%, Re=0.10 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCl) 8 7.74-7.71 (m, 3H), 7.53 (dd, J=6.9, 1.7 Hz, 1H), 7.16 (dd, J= 6.3, 2.3 Hz, 1H), 7.12
(d,J=2.3Hz 1H), 6.27 (d,J=1.7 Hz, 1H), 3.93 (s, 3H), 3.93-3.87 (m, 1H), 3.82 (s ,3H), 3.76 (s ,3H),
3.66 (dd, J=10.3, 3.4 Hz, 1H), 3.37 (dd, J = 10.3, 9.7 Hz, 1H), 2.96 (dd, J = 14.3, 8.6 Hz, 1H), 2.70
(dd, J = 14.3, 4.0 Hz, 1H); *C NMR (125 MHz, CDCl5) § 171.4, 171.3, 158.2, 147.7, 134.4, 129.7,
128.9, 128.6, 127.3, 125.4, 125.2, 125.0, 119.3, 105.7, 65.1, 55.3, 53.02, 52.97, 47.5, 36.7, 36.6.
HRMS m/z (DART) caled for C21H2:BrOs™ (M+H)"™ 433.0645, found 433.0667. FTIR (ATR): 3003,
2954, 2849, 1918, 1732, 1629, 1601, 1506, 1485, 1434, 1391, 1346, 1235, 1201, 1165, 1140, 1124,
1079, 1032, 947, 895, 848, 809, 756, 721, 699, 653 (cm™). m.p.: 139.7-141.7 °C.

Dimethyl 4-(bromomethyl)-3-(pyridine-3-yl)cyclopent-2-ene-1,1-dicarboxylate (10t) (Table 3.9)
FEARFMAIC X 0 AR BEREAR, I 68%, Re=0.20 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCl3) 6 8.67 (s, 1H), 8.57 (s, 1H), 7.71 (d, /= 8.0 Hz, 1H), 7.32 (brs, 1H), 6.27 (d, /= 1.8 Hz,
1H), 3.81-3.74 (m, 7H), 3.54 (dd, J = 10.3, 2.9 Hz, 1H), 3.34 (dd, J=10.3, 8.0 Hz, 1H), 2.94 (dd, J =
14.3, 8.6 Hz, 1H), 2.65 (dd, J = 14.3, 4.6 Hz, 1H); *C NMR (125 MHz, CDCl3) § 170.8, 149.5, 147.7,
144.8, 133.9, 129.7, 1279, 123.6, 65.2, 53.1, 47.1, 36.5, 35.7. HRMS m/z (DART) caled for
CisHi7BrNO4" (M+H)" 354.0335, found 354.0331. FTIR (ATR): 3004, 2954, 2921, 2850, 1958, 1730,
1587, 1568, 1475, 1434, 1415, 1248, 1142, 1083, 1047, 1025, 1013, 969, 946, 852, 809, 756, 711, 666

(cm™).

Dimethyl 4-(bromomethyl)-3-(thiophen-3-yl)cyclopent-2-ene-1,1-dicarboxylate (10u)®*

(Table 3.9)

FEARFMAIC X 0 AR BEREAR, I 64%, Re= 0.40 (n-hexane : EtOAc =4 : 1), 'TH NMR (500
MHz, CDCl3) 6 7.32 (dd, J = 2.9, 2.3 Hz, 1H), 7.26 (s, 1H), 7.22-7.21 (m, 1H), 6.12 (d, J = 1.2 Hz,
1H), 3.79 (s ,3H), 3.75 (s ,3H), 3.68-3.64 (m ,2H), 3.36 (t,J = 9.7 Hz, 1H), 2.84 (dd, /= 14.3, 9.2 Hz,
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1H), 2.68 (dd,J = 14.3, 3.4 Hz, 1H); *C NMR (125 MHz, CDCl3) § 171.3,171.2, 142.6, 135.4, 126.4,
126.2, 124.8, 122.4, 65.0, 53.01, 52.98, 48.5, 36.7, 36.5.

Dimethyl 4-(bromomethyl)-3-(p-tolyl)-1,1-cyclopentanedicarboxylate (12a) (Table 3.10)
FEARFIEIC X &k, HEERER, 1K 47% (d.r =59 : 41), Rr=0.40 (n-hexane : EtOAc =4 : 1),
"H NMR (500 MHz, CDCl3) § 7.13-7.06 (m, 4H), 3.80-3.77 (m, 6H), 3.49-3.39 (m, 1H), 3.21 (dd, J
=10.4, 7.5 Hz, 0.41H), 2.95-2.86 (m, 1.50H), 2.78-2.70 (m, 2.49H), 2.58 (dd, J = 13.8, 10.9 Hz,
0.56H), 2.40-2.32 (m, 4.43H), 2.24 (dd, J = 13.8, 10.9 Hz, 0.41H); *C NMR (125 MHz, CDCl3) §
172.86, 172.71, 172.66, 172.58, 137.5, 136.7, 136.5, 136.1, 129.4, 129.2, 128.0, 127.3, 58.6, 57.6,
53.09, 52.96, 52.93, 52.92, 49.0, 48.4, 46.7, 45.6, 42.4, 38.93, 38.87, 38.1, 35.6, 35.5, 21.01, 20.97.
HRMS m/z (DART) caled for Ci7H22BrOs" (M+H)"™ 369.0696, found 369.0698. FTIR (ATR): 2953,
1905, 1730, 1516, 1434, 1350, 1252, 1197, 1164, 1095, 1067, 1027, 1005, 936, 865, 844, 812, 759,
720, 699, 674 (cm™").

Dimethyl 4-(bromomethyl)-3-(m-tolyl)-1,1-cyclopentanedicarboxylate (12b) (Table 3.10)
FEARFIEIC X &Rk, HEERER, K 33% (d.r =74 26), Rr=0.40 (n-hexane : EtOAc =4 : 1),
"H NMR (500 MHz, CDCl3) § 7.23-7.19 (m, 1H), 7.06-6.99 (m, 3H), 3.79-3.77 (m, 6 H), 3.47-3.40
(m, 1H), 3.22 (dd, J = 10.3, 7.5 Hz, 0.74H), 2.95-2.85 (m, 1H), 2.81-2.71 (m, 2H), 2.63-2.59 (m,
0.22H), 2.45-2.18 (m, 6H); *C NMR (125 MHz, CDCls) § 172.85, 172.75, 172.65, 172.59, 140.5,
139.1,138.4,138.1,128.9, 128.6, 128.4, 128.2, 127.8, 127.6, 125.1, 124.5, 58.5, 57.6, 52.9 (4C), 49.4,
48.4, 47.1, 45.5, 42.4, 38.91, 38.85, 37.8, 35.6, 35.5, 21.44, 21.36. HRMS m/z (DART) calcd for
C17H2BrO4" (M+H)" 369.0696, found 369.0698. FTIR (ATR): 2953, 2924, 2853, 1733, 1607, 1589,
1491, 1435, 1259, 1200, 1163, 1096, 937, 866, 786, 704 (cm™").

Dimethyl 4-(bromomethyl)-3-(o-tolyl)-1,1-cyclopentanedicarboxylate (12¢) (Table 3.10)
FEARFIEIC X &Rk, AR, 1K 40% (d.r =62 : 38), Rr=0.40 (n-hexane : EtOAc =4 : 1),
"HNMR (500 MHz, CDCl3) § 7.24-7.11 (m, 4H), 3.80-3.76 (m, 6H), 3.56-3.53 (m, 0.60H), 3.45- 3.42
(m, 0.34H), 3.25-3.21 (m, 0.63H), 2.91-2.58 (m, 5H), 2.37-2.32 (m, 3.60H), 2.24-2.14 (m, 0.61H);
3C NMR (125 MHz, CDCls) & 172.8, 172.7, 172.6, 172.5, 138.8, 136.8, 136.7, 136.5, 130.7 (2C),
130.5, 126.8, 126.6, 126.5, 126.0, 125.4, 58.2, 53.0, 52.9,47.4, 44.5, 43.6, 42.6, 42.4, 39.1, 38.8, 37.6,
36.4,35.5,19.9, 19.8. HRMS m/z (DART) calcd for C17H2:BrOs™ (M+H)" 369.0696, found 369.0705.
FTIR (ATR): 3021, 2953, 2924, 2850, 1918, 1730, 1604, 1492, 1458, 1434, 1380, 1257, 1198, 1170,
1122, 1095, 1048, 1031, 1004, 938, 865, 946, 820, 903, 758, 727, 705, 676 (cm™).

Dimethyl 4-(bromomethyl)-3-[4-(zert-butyl)phenyl]-1,1-cyclopentanedicarboxylate (12d)

(Table 3.10)
FEARFINEIC X 0 Ak, BEREER, I 46% (d.r = 56 : 44), Rr=0.40 (n-hexane : EtOAc =4 : 1),
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"HNMR (500 MHz, CDCl3) § 7.34-7.32 (m, 2H), 7.16 (d, J= 8.0 Hz, 1.1H), 7.11 (d,J= 8.6 Hz, 0.9H),
3.79-3.73 (m, 6H), 3.46-3.41 (m, 1H), 3.22 (dd, J =10.5, 7.5 Hz, 0.41H), 2.97-2.68 (m, 4H), 2.61 (dd,
J=13.8,10.9 Hz, 0.51H), 2.41-2.36 (m, 1.45H), 2.24 (dd, J = 13.8, 10.9 Hz, 0.43H), 1.30 (s, 9H); *C
NMR (125 MHz, CDCls) § 172.9, 172.72, 172.67, 172.6, 149.9, 149.7, 137.4, 136.1, 127.8, 127.1,
125.6,125.4,58.6,57.6, 53.0,52.9, 52.8,48.9, 48.4,46.7,45.6,42.3,39.0, 38.8,38.0, 35.7,35.6, 34 4,
31.3. *Carbon signal of 'Bu was overlapped with each diastereomers. HRMS m/z (DART) calcd for
C2oHasBrO4" (M+H)" 411.1165, found 411.1168. FTIR (ATR): 2955, 2905, 2869, 1910, 1731, 1511,
1458, 1434, 1394, 1363, 1254, 1199, 1165, 1096, 1067, 1023, 937, 866, 832, 802, 761, 745, 703, 680

(cm™).

Dimethyl 4-(bromomethyl)-3-(4-methoxyphenyl)-1,1-cyclopentanedicarboxylate (12¢)

(Table 3.10)

FEARFIEIC X » &k, AR, Qunat. (dr =63 :37), Re=0.20 (n-hexane : EtOAc =4 : 1), 'H
NMR (500 MHz, CDCl3) 6 7.34-7.32 (m, 2H), 7.16 (d, J = 8.0 Hz, 1.1H), 7.11 (d, J = 8.6 Hz, 0.9H),
3.79-3.73 (m, 6H), 3.46-3.41 (m, 1H), 3.22 (dd, J =10.5, 7.5 Hz, 0.41H), 2.97-2.68 (m, 4H), 2.61 (dd,
J=13.8,10.9 Hz, 0.51H), 2.41-2.36 (m, 1.45H), 2.24 (dd, J = 13.8, 10.9 Hz, 0.43H), 1.30 (s, 9H); *C
NMR (125 MHz, CDCl3) 6 172.9, 172.72, 172.67, 172.6, 149.9, 149.7, 137.4, 136.1, 127.8, 127.1,
125.6,125.4,58.6,57.6,53.0,52.9,52.8,48.9, 48.4,46.7,45.6,42.3, 39.0, 38.8, 38.0, 35.7, 35.6, 34.4,
31.3. *Carbon signal of 'Bu was overlapped with each diastereomers. HRMS m/z (DART) calcd for
C2oHasBrOs" (M+H)" 411.1165, found 411.1168. FTIR (ATR): 2955, 2905, 2869, 1910, 1731, 1511,
1458, 1434, 1394, 1363, 1254, 1199, 1165, 1096, 1067, 1023, 937, 866, 832, 802, 761, 745, 703, 680

(cm™).

Dimethyl 4-(bromomethyl)-3-(4-fluorophenyl)-1,1-cyclopentanedicarboxylate (12f)

(Table 3.10)

FEARFIEIC X &Rk, HEERER, 1K 52% (d.r =58 : 42), Rr=0.40 (n-hexane : EtOAc =4 : 1),
"H NMR (500 MHz, CDCl3) § 7.22-7.15 (m, 2H), 7.03-6.97 (m, 2H), 3.81-3.73 (m, 6H), 3.47 (ddd, J
=10.3, 8.0, 7.5 Hz, 0.58H), 3.40 (dd, J = 10.3, 3.4 Hz, 0.42H), 3.20 (dd, J = 10.3, 6.9 Hz, 0.42H),
2.96-2.868 (m, 4H), 2.57 (dd, J = 13.8, 10.3 Hz, 0.60H), 2.38-2.23 (m, 1.83H); '*C NMR (125 MHz,
CDCl) 6 172.8, 172.6, 172.50, 172.47, 161.8 (d, Jc-r=245.6 Hz), 161.7 (d, Jc.r = 245.6 Hz), 136.3,
135.0, 129.6 (d, Jc-r = 7.7 Hz), 128.9 (d, Jc_r = 6.7 Hz), 115.6 (d, Jc.r=22.2 Hz), 115.4 (d, Jc.Fr =
22.2 Hz), 58.5,57.5,53.1, 53.0, 52.9, 52.8, 48.52, 48.46, 46.3, 45.6, 42.3, 38.8, 38.2, 35.2, 34.8. *One
carbon signal was overlapped. HRMS m/z (DART) calcd for Ci6H19BrFO4* (M+H)" 373.0445, found
373.0445. FTIR (ATR): 2955, 2851, 1731, 1606, 1512, 1435, 1261, 1226, 1200, 1162, 1094, 1067,
1027, 1016, 939, 866, 837, 817, 762 (cm™).

Dimethyl 4-(bromomethyl)-3-(4-chlorophenyl)-1,1-cyclopentanedicarboxylate (12g)
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(Table 3.10)

FEARFIEIC X ARk, HEEORER, 1K 29% (d.r =72 : 28), Rr=0.40 (n-hexane : EtOAc =4 : 1),
"H NMR (500 MHz, CDCl3) § 7.30-7.28 (m, 2H), 7.19-7.13 (m, 2H), 3.82-3.73 (m, 6H), 3.46 (ddd, J
=10.3, 8.0, 7.5 Hz, 0.72H), 3.40 (dd, J = 10.3, 2.9 Hz, 0.26H), 3.20 (dd, J = 10.3, 6.9 Hz, 0.27H),
2.96-2.53 (m, 5H), 2.38-2.33 (m, 1.32H), 2.26 (dd, J = 14.3, 10.9 Hz, 0.28H); '3C NMR (125 MHz,
CDCl3) 6 172.8, 172.6, 172.5, 172.4, 139.2, 137.9, 132.8, 132.7, 129.5, 128.92, 128.86, 128.7, 58.6,
57.6, 53.08, 53.05, 53.02, 52.97, 48.6, 48.4, 46.4, 45.6, 42.2, 38.8, 38.1, 35.1, 34.7. *One carbon
signal was overlapped. HRMS m/z (DART) calcd for CigHi9BrClOs" (M+H)" 389.0150, found
389.0158. FTIR (ATR): 2954, 2850, 1731, 1597, 1494, 1435, 1414, 1347, 1266, 1200, 1168, 1093,
1066, 1027, 1014, 937, 866, 830, 801, 762, 719 (cm™).

Dimethyl 4-(bromomethyl)-3-(4-bromophenyl)-1,1-cyclopentanedicarboxylate (12h)

(Table 3.10)

FEARFIEIC X &k, HEERER, 1K 43% (d.r =56 : 44), Rr=0.40 (n-hexane : EtOAc =4 : 1),
"H NMR (500 MHz, CDCls) & 7.45-7.44 (m, 2H), 7.14-7.07 (m, 2H), 3.81-3.73 (m, 6H), 3.43 (ddd, J
=10.3, 8.0, 7.5 Hz, 0.56H), 3.38 (dd, J = 10.3, 2.9 Hz, 0.42H), 3.20 (dd, J = 10.3, 6.9 Hz, 0.44H),
2.96-2.67 (m, 4H), 2.55 (dd, J = 13.8, 10.3 Hz, 0.63H), 2.38-2.33 (m, 1.41H), 2.25 (dd, ] =10.3, 3.4
Hz, 0.47H); *C NMR (125 MHz, CDCl3) § 172.7, 172.5, 172.43, 172.39, 139.7, 138.4, 131.9, 131.6,
129.9, 129.2, 120.81, 120.76, 58.5, 57.6, 53.1, 53.04, 53.00, 52.96, 48.7, 48.3, 46.5, 45.5, 42.1, 38.8,
38.0, 35.1, 34.6. *One carbon signal was overlapped. HRMS m/z (DART) calcd for Ci¢Hi9Br2O4"
(M+H)" 432.9645, found 432.9661. FTIR (ATR): 2952, 2924, 2849, 1905, 1730, 1591, 1490, 1434,
1410, 1347, 1259, 1200, 1166, 1096, 1073, 1027, 1010, 936, 865, 825, 759, 717, 676 (cm™).

Dimethyl-3-[(1,1'-biphenyl)-4-yl]-4-(bromomethyl)-1,1-cyclopentanedicarboxylate (12i)

(Table 3.10)

FEARFIEIC X &Rk, HEEORER, 1K 55% (d.r =54 : 46), Rr=0.20 (n-hexane : EtOAc =4 : 1),
"H NMR (500 MHz, CDCl3) § 7.59-7.54 (m, 4H), 7.45-7.42 (m, 2H), 7.36-7.27 (m, 3H), 3.83-3.74
(m, 6H), 3.53 (ddd, J = 10.3, 8.0, 7.5 Hz, 0.58H), 3.46 (dd, J = 10.3, 7.5 Hz, 0.42H), 3.26 (dd, J =
10.3, 6.9 Hz, 0.44H), 3.02-2.96 (m, 1.58H), 2.86-2.65 (m, 3.10H), 2.49- 2.39 (m, 1.34H), 2.28 (dd, J
=13.8, 10.3 Hz, 0.44H); *C NMR (125 MHz, CDCl3) § 172.8, 172.7, 172.61, 172.56, 140.7, 140.6,
140.0, 139.8, 139.7, 138.4, 128.8, 128.6, 127.9,127.5,127.3,127.25, 127.19, 127.0, 126.9, 58.6, 57.6,
53.05, 53.02, 52.98, 52.95, 49.0, 48.4, 46.8, 45.7, 42.3, 38.94, 38.88, 38.1, 35.5, 35.3. *One carbon
signal was overlapped. HRMS m/z (DART) caled for CoH24BrO4™ (M+H) ™ 431.0852, found 431.0874.
FTIR (ATR): 3029, 2953, 2925, 2852, 1732, 1600, 1522, 1488, 1435, 1263, 1200, 1167, 1097, 1008,
937, 839, 766, 736, 699 (cm™).

Dimethyl-4-(bromomethyl)-3-(naphthalen-2-yl)-1,1-cyclopentanedicarboxylate (12j)
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(Table 3.10)

FEARFIEIC X &Rk, HEEORR, K 38% (d.r =57 : 43), Rr=0.50 (n-hexane : EtOAc =4 : 1),
'H NMR (500 MHz, CDCls) & 7.83-7.79 (m, 3H), 7.68-7.63 (m, 1H), 7.49-7.45 (m, 2H), 7.39-7.31
(m, 1H), 3.84-3.74 (m, 6H), 3.68-3.63 (m, 0.58H), 3.44 (dd, J = 10.3, 3.4 Hz, 0.41H), 3.25 (dd, J =
10.3,6.9 Hz, 0.42H), 3.14-3.08 (m, 0.47H), 2.96-2.44 (m, 5.39H), 2.31 (dd, J=13.8, 10.9 Hz, 0.43H),
BCNMR (125 MHz, CDCl3) § 172.9, 172.7, 172.62, 172.60, 138.0, 136.7, 133.5, 133.3, 132.6, 132.3,
128.6, 128.2, 127.7, 127.62, 127.58, 126.6, 126.5, 126.4, 126.30, 126.28, 125.8, 125.7, 125.2, 58.6,
57.7,53.07, 53.05, 53.01, 52.97,49.5, 48.3,47.2,45.5,42.3, 39.0, 38.9, 37.8, 35.5, 35.4. *One carbon
signal was overlapped. HRMS m/z (DART) caled for C2oH22BrO4" (M+H) ™ 405.0696, found 405.0704.
FTIR (ATR): 3054, 2953, 4731, 1633, 1601, 1508, 1435, 1377, 1260, 1227, 1200, 1166, 1127, 1097,
1069, 1027, 959, 892, 858, 820, 751, 703 (cm™).

Dimethyl-4-(bromomethyl)-3-(pyridine-2-yl)-1,1-cyclopentanedicarboxylate (12k)

(Table 3.10)

FEARFIEIC X » &k, HEEREER, 1K 67% (d.r =70 : 30), Rr=0.20 (n-hexane : EtOAc =4 : 1),
"H NMR (500 MHz, CDCl;) § 8.56-8.55 (m, 1H), 7.64-7.60 (m, 1H), 7.21-7.14 (m, 2H), 3.82-3.76
(m, 6H), 3.48 (dd, /= 10.3, 3.4 Hz, 0.72H), 3.30 (dd, /J=10.3, 6.3 Hz, 0.71H), 3.18-3.12 (m, 0.73H),
3.04-2.53 (m, 4.23H), 2.25-2.05 (m, 1.59H); 3C NMR (125 MHz, CDCls) & (Major diastereomer)
172.8,172.4,160.1, 149.7, 136.5, 123.2, 122.0, 58.0, 53.85, 52.89, 50.9, 46.9, 41.1, 38.6, 36.0. HRMS
m/z (DART) calcd for CisHioBrNO4" (M+H)" 356.0492, found 356.0494. FTIR (ATR): 3458, 3004,
2955, 2894, 2844, 1730, 1591, 1571, 1435, 1254, 1202, 1166, 964, 864, 753, 729 (cm™).

Dimethyl 4-(bromomethyl)-2-methyl-3-phenyl-1,1-cyclopentanedicarboxylate (12I)

(Table 3.10)

FEARFIEIC X &Rk, AR, 1K 26% (d.r =59 : 41), Rr=0.60 (n-hexane : EtOAc =4 : 1),
"HNMR (500 MHz, CDCl3) (Major) & 7.34-7.31 (m, 2H), 7.26-7.23 (m, 1H), 7.16 (d, J = 7.5 Hz, 2H),
3.80 (s, 3H), 3.77 (s, 3H), 3.18 (dd, /= 12.6, 7.5 Hz, 1H), 3.11 (dd, J = 12.6, 6.9 Hz, 1H), 2.96-2.85
(m, 2H), 2.58-2.49 (m, 2H), 2.09-2.04 (m, 1H), 0.98 (d, J = 6.3 Hz, 3H); (Minor) 6 7.34-7.31 (m,
2H), 7.26-7.23 (m, 1H), 7.20 (d, J=7.5 Hz, 2H), 3.79 (s, 3H), 3.76 (s, 3H), 3.36 (dd, /= 10.3, 3.4 Hz,
1H), 3.30 (dd, J=10.3, 8.6 Hz, 1H), 2.96-2.85 (m, 4H), 2.43-2.37 (m, 1H), 0.86 (d, /= 6.9 Hz, 3H);
BCNMR (125 MHz, CDCl3) & (Major) 172.5, 171.9, 138.0, 128.7, 128.6, 127.0, 62.0, 54.0, 52.7, 52.3,
47.6, 43.5, 40.0, 37.7, 30.9. (Minor) 172.8, 172.1, 140.1, 128.8, 127.9, 127.2, 61.6, 56.6, 52.7, 52.3,
47.9, 43.0, 38.7, 35.9, 29.7. HRMS m/z (DART) calcd for Ci7H2BrOs" (M+H)" 369.0696, found
369.0709. FTIR (ATR): 2954, 1729, 1602, 1497, 1455, 1435, 1380, 1261, 1206, 1157, 1157, 1071,
1013, 803, 778, 749, 702 (cm™).

Diethyl 4-(bromomethyl)-3-phenylcyclopent-2-ene-1,1-dicarboxylate (13b)°** (Table 3.11)
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FEARFMAIC X 0 AR BEREAR, I 51%, Re= 0.40 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCl3) § 7.42-7.30 (m, 5H), 6.20 (d, J = 1.2 Hz, 1H), 4.27-4.19 (m ,4H), 3.80-3.72 (m, 1H),
3.58 (d,J=10.3 Hz, 1H), 3.31 (dd, J = 10.3, 9.7 Hz, 1H), 2.89 (dd, J = 13.8, 8.0 Hz, 1H), 2.63 (dd, J
=13.8, 4.0 Hz, 1H), 1.32-1.25 (m, 6H); *C NMR (125 MHz, CDCl;) & 170.84, 170.77, 147.6, 133.8,
128.7, 128.5, 126.6, 126.0, 65.3, 61.8, 47.5, 36.5, 14.1, 14.0.

Dimethyl-4-(bromomethyl)-3-(naphthalen-2-yl)-1,1-cyclopentanedicarboxylate (13c)

(Table 3.11)

FEARFMAIC X 0 AR BEREAR, I 65%, Re= 0.40 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCl3) & 7.42-7.29 (m, 5H), 6.18 (d, J = 1.8 Hz, 1H), 5.11-5.02 (m ,2H), 3.77-3.75 (m, 1H),
3.57 (dd, J=10.3, 3.4 Hz, 1H), 3.32 (dd, J=10.3, 9.7 Hz, 1H), 2.85 (dd, J = 13.8, 8.6 Hz, 1H), 2.63
(dd, J=13.8, 3.4 Hz, 1H), 1.29-1.21 (m, 12H); 3C NMR (125 MHz, CDCl3) § 170.4, 170.3, 147.5,
133.9,128.7,128.4, 126.6, 126.2, 69.2, 65.4, 47.6, 36.5, 36.3, 47.6, 36.5, 36.3, 21.6, 21.5. HRMS m/z
(DART) caled for CooHz6BrOs™ (M+H)"™ 409.1009, found 409.1007. FTIR (ATR): 3 3059, 2981, 2935,
1724, 1600, 1576, 1497, 1467, 1448, 1387, 1375, 1348, 1298, 1248, 1204, 1182, 1145, 1103, 1076,
1040, 1002, 962, 913, 855, 828, 765, 696, 673 (cm™).

Ethyl 1-acetyl-4-(bromomethyl)-3-phenylcyclopent-2-enecarboxylate (13d)°** (Table 3.11)

FEARFIEIC X &k, HEERER, 1K 51% (dr =57 : 43), Rr=0.20 (n-hexane : EtOAc =4 : 1),
"H NMR (500 MHz, CDCl3) & 7.41-7.32 (m, 5H), 6.23-6.22 (m, 1H), 4.20-4.19 (m, 2H), 3.78-3.72
(m, 1H), 3.60-3.54 (m, 1H), 3.31-3.23 (m, 1H), 2.92 (dd, J= 14.3, 8.6 Hz, 0.44H), 2.80 (dd, J = 14.3,
8.6 Hz, 0.54H), 2.61 (dd, J=14.3, 4.6 Hz, 0.53H), 2.53 (dd, J= 14.3, 4.6 Hz, 0.43H), 2.31 (s, 1.30H),
2.27 (s, 1.58H), 1.32 (t,J=13.8 Hz, 1.71H), 1.26 (t,J= 13.8 Hz, 1.29H); '*C NMR (125 MHz, CDCl5)
0 203.5,202.8, 171.2, 171.1, 148.1, 148.0, 133.9, 133.8, 128.7, 128.5, 126.51, 126.48, 126.0, 125.8,
72.1 (2C), 61.9 (2C), 47.3, 47.1, 36.5 (2C), 35.1, 35.0, 27.0, 26.5, 14.1, 14.0. *Two carbon signals

were overlapped.

Dimethyl 4-(iodomethyl)-3-phenylcyclopent-2-ene-1,1-dicarboxylate (13e) (Table 3.11)
FEARFMAIC X 0 AR BEREAR, I 38%, Re= 0.40 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCls) & 7.41-7.32 (m, 5H), 6.23 (d, /= 1.2 Hz, 1H), 3.80 (s ,3H), 3.74 (s ,3H), 3.70-3.65 (m,
1H), 3.42 (dd, J=9.5,2.9 Hz, 1H), 3.10 (t, /= 9.5 Hz, 1H), 2.94 (dd, /= 14.3, 8.0 Hz, 1H), 2.51 (dd,
J =143, 4.6 Hz, 1H); 3C NMR (125 MHz, CDCl3) & 171.13, 171.10, 148.8, 133.8, 128.7, 128.5,
126.6, 125.3, 64.8, 52.99, 52.97, 47.4, 38.5, 11.3. HRMS m/z (DART) calcd for CisHisIO4" (M+H)"
401.0244, found 401.0236. FTIR (ATR): 3026, 2953,2923, 2850, 1733, 1599, 1576, 1495, 1446, 1444,
1247, 1209, 1176, 1134, 1076, 1042, 1007, 966, 947, 922, 850, 765, 697 (cm™).

Dimethyl 4-(bromomethyl)-4-methyl-3-phenylcyclopent-2-ene-1,1-dicarboxylate (13f)
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(Table 3.11)

FEARFMAIC X 0 AR HEREAR, I 18%, Re= 0.40 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCls) 8 7.37-7.29 (m, 5H), 5.90 (s, 1H), 3.79 (s, 3H), 3.78 (s, 3H), 3.45 (s, 2H), 2.88 (d, /=
13.8 Hz, 1H), 2.53 (d, J = 13.8 Hz, 1H), 1.41 (s, 3H); °C NMR (125 MHz, CDCL3) 5 171.4, 171.3,
152.2, 135.0, 128.2, 128.0, 127.3, 63.6, 53.0, 52.9, 52.3, 44.0, 43.1, 25.6. *One carbon signal was
overlapped. HRMS m/z (DART) caled for C17H20BrOs" (M+H)* 367.0539, found 367.0535. FTIR
(ATR): 2955,2926, 2852, 1734, 1494, 1434, 1376, 1288, 1243, 1146, 1107, 1072, 1032, 960, 848, 766,
700 (cm™t).

Dimethyl 4-(bromomethyl)-3-phenylcyclohex-2-ene-1,1-dicarboxylate (13g) (Table 3.11)
FEARFMAIC X 0 AR BEREAR, I 23%, Re= 0.30 (n-hexane : EtOAc =4 : 1), '"H NMR (500
MHz, CDCl3) 8 7.36-7.30 (m, 5H), 6.18 (d, J = 1.2 Hz, 1H), 3.80 (s, 3H), 3.72 (s, 3H), 3.34 (dd, J =
10.3,2.9 Hz, 1H), 3.19 (dd, /= 10.3, 9.7 Hz, 1H), 3.17-3.10 (m, 1H), 2.32- 2.27 (m, 1H), 2.16-2.10
(m, 2H), 2.06-2.00 (m, 1H); *C NMR (125 MHz, CDCl3) § 171.1, 170.7, 142.1, 139.8, 128.6, 128.0,
126.6, 124.7, 55.5, 53.0, 52.9, 38.0, 35.5, 24.9, 23.2. HRMS m/z (DART) calcd for Ci7H20BrO4"
(M+H)" 367.0539, found 367.0533. FTIR (ATR): 2954, 2926, 2853, 1734, 1600, 1576, 1493, 1446,
1434, 1362, 1264, 1236, 1218, 1172, 1146, 1079, 1062, 1015, 967, 917, 865, 762, 700, 676 (cm™).

(E)-Dimethyl 4-(bromomethylene)-3-phenylcyclopent-2-ene-1,1-dicarboxylate (13h)

(Table 3.11)

FEARFIEIC X &Rk, HEEORER, K 34% (E/Z=95:5), Rr=0.30 (n-hexane : EtOAc =4 : 1),
'H NMR (500 MHz, CDCls) § 7.39-7.33 (m, 5H), 6.29 (s, 1H), 6.25 (t, J = 2.3 Hz, 1H), 3.79 (s, 6H),
3.39 (d, J=2.3 Hz, 1H); *C NMR (125 MHz, CDCl3) § 170.3, 147.2, 147.0, 133.2, 133.1, 128.63,
128.57, 128.1, 101.5, 63.1, 53.2, 39.4. HRMS m/z (DART) calcd for CisH16BrOs" (M+H)" 351.0226,
found 351.0214. FTIR (ATR): 3084, 2954, 2847, 1736, 1672, 1622, 1494, 1435, 1259, 1198, 1170,
1119, 1064, 956, 845, 802, 759, 700 (cm™). —XJC NMR ('H-'H NOESY) #HIE DfEFR 15, §
3.79 (s, 6H) & 6.29 (s, IH)DAHES. 6.29 (s, IH)& 7.39-7.33 (m, SH)DHHEE. 6.25 (t, J= 2.3 Hz,
1H) & 7.39-7.33 (m, SH)DOFIEA 238 < 7z,

Dimethyl 2-allylidene malonate (142)°*® (Scheme 3.11)

FARFNEIC X Y & TEMPO (3.0 24&) %l MERA, Trace, Rr=0.50 (n-hexane : EtOAc
= 4: 1), "H NMR (500 MHz, CDCl3) § 7.36 (d, 7= 11.5 Hz, 1H), 6.80-6.73 (m, 1H), 5.80 (d, /= 17.2
Hz, 1H), 5.69 (d, J = 10.9 Hz, 1H), 3.86 (s, 3H), 3.81 (s, 3H): '>C NMR (125 MHz, CDCl;) 5 165.4,
164.8, 145.2,131.7, 130.0, 125.8, 52.5, 52.4.
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FHEEA~ a7 1 (1.0 equiv, 0.1 mmol), ¥F v~ 2 (3.0 equiv, 0.3 mmol). KEEH V¥
2 (3.0 equiv, 0.3 mmol), 7 = / —FFER (1.0 equiv, 0.1 mmol) %S4 7 AN (1.4 cmX
45cm) AN, T b=FI AV (1.omL) 2>V v TMRZ, ZDH, BFEHA%E 3 [H
T, TAay FRCERR L 72, Z ORIGHIRICH L 25 LED (420 nm, 3 W) Y &AM
B L7 (LED & RISEZRDOMIEIL 1.0 cm), i T IC 3T 20 R, ROSER %
INFL =R =Ko TIRIE TS 2 2 L CHEBY 2872, 2hEk, 1,122-7 77
neIX Y EREALIHNMR OHFICE T3 7 b v S5 NMRINEKZEH L 72, &%,
MAEBRME LV AT A7 L7ua~ bt 2T 74— (n-hexane/EtOAc = 50 : 1 to 20 : 1,
CHCI3/MeOH=100: 1), &1 X - T, Recycling Preparative HPLC LC-9201 (Japan Analytical
Industry, Co, Ltd.) F 7z I3 PSS IC X VISR L . W3 2+ v Rtk 4,5 2157,

2-(4-methoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4a)*** (Table 4.2)

FEARFIEIC X v &k, AR, K 92% (X =1), Rr= 0.51 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCls) 6 7.75 (d, J = 8.0 Hz, 2H), 6.90 (d, J = 8.0 Hz, 2H), 3.82 (s, 3H), 1.33 (s,
12H); *C NMR (125 MHz, CDCl3) § 162.1, 136.5, 113.3, 83.5, 55.1, 24.8. The carbon directly
attached to the boron atom was not detected, likely due to quadrupolar relaxation.%*® m.p.: 25.7-27.1
°C.

2-(3-methoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4b)**° (Table 4.2)

BEARFIEIC X &Rk, AR, K 71% (X = 1), Rr = 0.47 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCls) § 7.40 (d, J = 7.5 Hz, 1H), 7.33-7.28 (m, 2H), 7.02-7.00 (m, 1H), 3.84 (s,
3H), 1.35 (s, 12H); '*C NMR (125 MHz, CDCl3) § 159.0, 128.9, 127.1, 118.6, 117.9, 83.8, 55.2, 24.8.
The carbon directly attached to the boron atom was not detected, likely due to quadrupolar

relaxation.®*®

2-(2-methoxyphenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4¢)**° (Table 4.2)

HAFNEIC X v & BB, IX#E 39% (X =1), Re = 0.28 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCls) 6 7.68-7.67 (m, 1H), 7.41-7.38 (m, 1H), 6.94 (t, J = 7.5 Hz, 1H), 6.86 (d, J
= 8.0 Hz, 1H), 3.83 (s, 3H), 1.35 (s, 12H); *C NMR (125 MHz, CDCl;) § 164.1, 136.7, 132.4, 120.2,
110.4, 83.4, 55.8, 24.8. The carbon directly attached to the boron atom was not detected, likely due to
quadrupolar relaxation.®*® m.p.: 82.2-83.8 °C.

4,4,5,5-tetramethyl-2-{2-(methylthio)phenyl}-1,3,2-dioxaborolane (4d)**¢ (Table 4.2)
HAFNEIC X v &R, #ERA, ILE 33% (X =1), Re = 0.50 (n-hexane : EtOAc = 10 : 1), 'H
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NMR (500 MHz, CDCl3) 6 7.69 (d, J= 7.5 Hz, 1H), 7.37 (t, J= 8.0 Hz, 1H), 7.16 (d, /= 8.0 Hz, 1H),
7.10 (t, J = 7.5 Hz, 1H), 2.45 (s, 3H), 1.37 (s, 12H); *C NMR (125 MHz, CDCl3) § 145.2, 135.9,
131.2,123.7,123.6, 84.0, 24.8, 15.6. The carbon directly attached to the boron atom was not detected,

likely due to quadrupolar relaxation.5*

4,4,5,5-Tetramethyl-2-p-tolyl-1,3,2-dioxaborolane (4e)*>° (Table 4.2)

FEARFIEIC X v &k, AR, K 81% (X =1), Rr = 0.53 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCl3) 6 7.70 (d, J = 7.8 Hz, 2H), 7.19 (d, J = 7.8 Hz, 2H), 2.37 (s, 3H), 1.34 (s,
12H); *C NMR (125 MHz, CDCl3) & 141.4, 134.8, 128.5, 83.6, 24.8, 21.7. The carbon directly
attached to the boron atom was not detected, likely due to quadrupolar relaxation.*® m.p.: 44.8-46.3
°C.

4,4,5,5-Tetramethyl-2-m-tolyl-1,3,2-dioxaborolane (4f)*° (Table 4.2)

HAFNEIC X 0 &R BEERA, I 79% (X =1), Re = 0.53 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCL3) 8 7.64 (s, 1H), 7.62-7.59 (m, 1H), 7.29-7.27 (m, 2H), 2.36 (s, 3H), 1.35 (s,
12H); *C NMR (125 MHz, CDCl;) § 141.4, 134.8, 128.5, 83.6, 24.8, 21.7. The carbon directly

attached to the boron atom was not detected, likely due to quadrupolar relaxation.®*®

4,4,5,5-Tetramethyl-2-o-tolyl-1,3,2-dioxaborolane (4g)%*¢ (Table 4.2)

HAFNEIC X 0 &R BEERA, I 86% (X =1), Re = 0.56 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCl3) § 7.76 (d, J = 6.9 Hz, 1H), 7.32 (d, /= 7.5 Hz, 1H), 7.17-7.15 (m, 2H), 2.54
(s, 3H), 1.34 (s, 12H); *C NMR (125 MHz, CDCls) & 144.8, 135.8, 130.8, 129.8, 124.7, 83.4, 24.9,
22.2. The carbon directly attached to the boron atom was not detected, likely due to quadrupolar

relaxation.®*®

4,4,5,5-Tetramethyl-2-(2,6-dimethylphenyl)-1,3,2-dioxaborolane (4h)** (Table 4.2)

BEARFIEIC X v &k, AR, K 40% (X = 1), Rr = 0.50 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCl3) 6 7.12 (t, J = 8.0 Hz, 1H), 6.94 (d, J = 7.5 Hz, 2H), 2.40 (s, 6H), 1.39 (s,
12H); *C NMR (125 MHz, CDCl;) § 141.7, 129.1, 126.4, 83.6, 24.9, 22.2. The carbon directly
attached to the boron atom was not detected, likely due to quadrupolar relaxation.’*® m.p.: 48.9-50.1
°C.

2-Mesityl-4,4,5,5-tetramethyl-2-phenyl-1,3,2-dioxaborolane (4i)°* (Table 4.2)

FEARFIEIC X b &Rk, @ik, INE 41% (X =1), Rr = 0.47 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCl5) § 6.77 (s, 2H), 2.36 (s, 6H), 2.24 (s, 3H), 1.37 (s, 12H); *C NMR (125 MHz,
CDCls) 6 142.1, 138.9, 127.4, 83.4, 24.9, 22.2, 21.2. The carbon directly attached to the boron atom

was not detected, likely due to quadrupolar relaxation.®*®
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4,4,5,5-Tetramethyl-2-phenyl-1,3,2-dioxaborolane (4j)%*¢ (Table 4.2)

BEARFIEIC X v &k, AEEER, K 96% (X =1); 12% (X = Br), Rr= 0.51 (n-hexane : EtOAc
=10:1), '"HNMR (500 MHz, CDCl3) § 7.82 (d, J = 7.2 Hz, 2H), 7.47 (t, J= 7.5 Hz, 1H), 7.35-7.38
(m, 2H), 1.35 (s, 12H); '*C NMR (125 MHz, CDCl3) § 134.7, 131.2, 127.7, 83.7, 24.8. The carbon
directly attached to the boron atom was not detected, likely due to quadrupolar relaxation.®*® m.p.:
26.6-27.5 °C.

2-(4-Fluorophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4k)*** (Table 4.2)

FEARFIEIC X &Rk, iR, 1K 87% (X =1), Rr = 0.45 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCls) § 7.81-7.78 (m, 2H), 7.07-7.03 (m, 2H), 1.34 (s, 12H); *C NMR (125 MHz,
CDCl3) § 166.1, 164.1, 137.0, 136.9, 114.9, 114.8, 83.9, 24.8. '°F NMR (470 MHz, CDCl;) § -108.3.
The carbon directly attached to the boron atom was not detected, likely due to quadrupolar

relaxation.®*®

2-(4-Chlorophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (41)%*? (Table 4.2)

FEARFIEIC X » &Rk, HEAFEAK, K 46% (X =1), Rr = 0.68 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCl3) § 7.73 (d, J = 8.6 Hz, 2H), 7.35 (d, J = 6.3, 2H), 1.34 (s, 12H); '*C NMR
(125 MHz, CDCl3) 6 137.5, 136.1, 128.0, 84.0, 24.8. The carbon directly attached to the boron atom

was not detected, likely due to quadrupolar relaxation.’*® m.p.: 32.1-34.0 °C.

2-(4-Bromophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4m)®*? (Table 4.2)

HAFNEIC X v & BEBERER, IX#E 30% (X =1), Re = 0.64 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCls) 5 7.66 (d, J = 8.0 Hz, 2H), 7.51 (d, J = 8.0, 2H), 1.34 (s, 12H); 13C NMR
(125 MHz, CDCl3) 6 136.3, 130.9, 126.2, 84.0, 24.8. The carbon directly attached to the boron atom

was not detected, likely due to quadrupolar relaxation.’*® m.p.: 82.1-83.8 °C.

2-(4-Iodophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4n)%*¢ (Table 4.2)

FEARFIEIC X b &k, Bk ERE, ICK 23% (X =1), Rr=0.64 (n-hexane : EtOAc=10: 1), 'H
NMR (500 MHz, CDCl3) § 7.72 (d, J = 8.0 Hz, 2H), 7.51 (d, J = 8.0, 2H), 1.33 (s, 12H); '*C NMR
(125 MHz, CDCl3) 6 136.9, 136.3, 98.8, 84.0, 24.8. The carbon directly attached to the boron atom
was not detected, likely due to quadrupolar relaxation.*® m.p.: 99.4-101.2 °C.

4,4,5,5-Tetramethyl-2-{4-(trifluoromethyl)phenyl}-1,3,2-dioxaborolane (40)**° (Table 4.2)

BEARFIEIC X v &k, HEEAR, I 23% (X =Br); K 15% (X = Cl), Re= 0.55 (n-hexane :
EtOAc = 10 : 1), "H NMR (500 MHz, CDCL3) § 7.92 (d, J = 7.5 Hz, 2H), 7.61 (d, J = 8.0, 2H), 1.36
(s, 12H); °C NMR (125 MHz, CDCl:) § 135.0, 132.8 (q, J = 32.4 Hz), 124.3 (q, J = 4.8 Hz), 84.3,
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24.8. "F NMR (470 MHz, CDCl;) § -62.9. The carbon directly attached to the boron atom was not
detected, likely due to quadrupolar relaxation.®® m.p.: 71.6-73.3 °C.

1,3-Ditrifluoromethyl-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzene (4p)®*’ (Table 4.2)
FEARFIEIC X » &k, AR, K 22% (X = Br), Re=0.51 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCl3) § 8.24 (s, 2H), 7.95 (s, 1H), 1.37 (s, 12H); '*C NMR (125 MHz, CDCl;) &
134.6,130.9 (q,J=33.6 Hz), 124.7 (q,J = 3.6 Hz), 123.4 (q, J=273.5 Hz), 84.8, 24.8. '’F NMR (470
MHz, CDCl3) & -62.7. The carbon directly attached to the boron atom was not detected, likely due to

quadrupolar relaxation.®*® m.p.: 71.4-72.9 °C.

Methyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (4q)**¢ (Table 4.2)

FEARFIEIC X &Rk, HEAFEAK, K 75% (X = 1), Re = 0.35 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCls) 6 8.02 (d, J = 8.2 Hz, 2H), 7.87 (d, J = 8.2 Hz, 2H), 3.92 (s, 3H), 1.36 (s,
12H); '*C NMR (125 MHz, CDCl3) § 167.1, 134.6, 132.2, 128.6, 84.2, 52.2, 24.9. The carbon directly
attached to the boron atom was not detected, likely due to quadrupolar relaxation.’*® m.p.: 76.0-77.9

°C.

1-{4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl}ethanone (4r)*** (Table 4.2)
FEARFIEIC X &k, BT, K 80% (X =1), 81% (X = Br), Rr= 0.35 (n-hexane : EtOAc
=10:1), '"HNMR (500 MHz, CDCl3) § 7.95-7.89 (m, 4H), 2.62 (s, 3H), 1.36 (s, 12H); *C NMR (125
MHz, CDCl3) 6 158.4, 136.7, 114.8, 83.6, 24.8. The carbon directly attached to the boron atom was
not detected, likely due to quadrupolar relaxation.®*® m.p.: 70.1-71.7 °C.

1-{4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl}ethanone (4s)**" (Table 4.2)

FEARFIEIC X v &k, AR, K 84% (X =1); 77% (X = Br), Ry = 0.33 (n-hexane : EtOAc
=10: 1), "H NMR (500 MHz, CDCl3) § 10.07 (s, 1H), 7.99 (d, J = 8.2 Hz, 2H), 7.89 (d, J = 8.2 Hz,
2H), 1.39 (s, 12H); '*C NMR (125 MHz, CDCl5) § 192.7, 138.0, 135.2, 128.7, 84.3, 24.8. The carbon
directly attached to the boron atom was not detected, likely due to quadrupolar relaxation.®*® m.p.:

58.0-59.5 °C.

4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)benzonitrile (4t)°** (Table 4.2)

FEARFIEIC X &k, #EEER, K 79% (X =1); 37% (X = Br), Ry = 0.22 (n-hexane : EtOAc
=10: 1), '"H NMR (500 MHz, CDCl3) & 7.89 (d, J = 8.0 Hz, 2H), 7.64 (d, J = 8.0 Hz, 2H), 1.35 (s,
12H); '*C NMR (125 MHz, CDCl3) § 135.1, 131.1, 118.9, 114.5, 84.5, 24.8. The carbon directly
attached to the boron atom was not detected, likely due to quadrupolar relaxation.**® m.p.: 98.7-100.3

°C.
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4,4,5,5-Tetramethyl-2-[4-{(trimethylsilyl)oxy}phenyl]-1,3,2-dioxaborolane (4u)®*' (Table 4.2)
FEARTFIMEIC X b &K, HERER, IR 95% (NMR yield, ArO-TMS) — 91% (Isolated yield,
ArO-H) (X =), Rr= 0.18 (n-hexane : EtOAc = 10 : 1), 'H NMR (500 MHz, CDCl;) 6 7.72 (d, J =
8.3 Hz, 2H), 6.83 (d, J = 8.3 Hz, 2H), 4.85 (s, 1H), 1.33 (s, 12H); *C NMR (125 MHz, CDCl;) &
158.4,136.7, 114.8, 83.6, 24.8. The carbon directly attached to the boron atom was not detected, likely
due to quadrupolar relaxation.® m.p.: 109.8-110.7 °C. 4u was deprotected via column
chromatography. Eventually, phenol derivative was obtained.®”
1-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-4-{(triisopropylsilyl)oxy}benzene (4v)***

(Table 4.2)

FEARFIEIC X &Rk, AR, K 91% (X =1), Rr = 0.52 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCl3) 8 7.68 (d, J= 8.0 Hz, 2H), 6.86 (d, J= 7.5 Hz, 2H), 1.33 (s, 12H), 1.29-1.22
(m, 3H), 1.09 (d, J = 7.5 Hz, 18H); '3C NMR (125 MHz, CDCls) § 158.9, 136.4, 119.4, 83.5, 24.9,
17.9, 12.7. The carbon directly attached to the boron atom was not detected, likely due to quadrupolar

relaxation.®*®

2-{4-(allyloxy)phenyl}-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4w)*’' (Table 4.2)

HAFNEIC X 0 &R BEERA, I 86% (X =1), Re = 0.49 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCls) & 7.74 (d, J = 8.6 Hz, 2H), 6.91 (d, J = 9.2 Hz, 2H) ,6.06 (ddt, J = 16.0, 6.9,
4.0 Hz, 1H), 5.41 (dd, J = 15.5, 1.7 Hz, 1H), 5.29 (dd, J=9.2, 1.7 Hz, 1H), 4.56 (dt, J = 6.3, 1.7 Hz.
2H), 1.33 (s, 12H); 3C NMR (125 MHz, CDCl3) 8 161.1, 136.5, 133.0, 117.7, 114.0, 83.5, 68.5, 24.8.
The carbon directly attached to the boron atom was not detected, likely due to quadrupolar

relaxation.®*®

4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl acetate (4x)*** (Table 4.2)

HAFNEIC X v &R EEEAR, I 50% (X =1), Re = 0.46 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCls) 8 7.83 (d, J = 8.6 Hz, 2H), 7.09 (d, J = 8.6 Hz, 2H), 2.29 (s, 3H), 1.33 (s,
12H); 3C NMR (125 MHz, CDCl3) § 169.2, 153.2, 136.2, 120.9, 83.9, 24.8, 21.1. The carbon directly
attached to the boron atom was not detected, likely due to quadrupolar relaxation.*® m.p.: 61.1-62.8
°C.

4-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)phenol (4y)**' (Table 4.2)

BEARFIEIC X &R, AtER, IR 87% (X =1), Rr=0.17 (CHCI3), '"H NMR (500 MHz, CDCl)
87.71 (d, J = 8.6 Hz, 2H), 6.82 (d, J = 8.6 Hz, 2H), 5.43 (s, 1H), 1.33 (s, 12H); *C NMR (125 MHz,
CDCls) & 158.3, 136.8, 114.8, 83.7, 24.8. The carbon directly attached to the boron atom was not
detected, likely due to quadrupolar relaxation.®*® m.p.: 107.5-108.2 °C.
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3-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)phenol (4z)**™ (Table 4.2)

FEARFINEIC X 0 AR, EARR, IR 74% (X =1), Rr=0.23 (CHCI3), '"H NMR (500 MHz, CDCls)
$ 7.38 (d, J = 6.9 Hz, 1H), 7.29-7.25 (m, 2H), 6.96 (d, J = 8.0 Hz, 1H), 4.98 (s, 1H), 1.34 (s, 12H);
3C NMR (125 MHz, CDCl3) § 155.0, 129.3, 127.1, 121.0, 118.3, 83.9, 24.8. The carbon directly

attached to the boron atom was not detected, likely due to quadrupolar relaxation.®*®

3-(4,4,5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)phenol (4aa) (Table 4.2)

FEARFIEIC X &Rk, HEEOER, K 43% (X =1), Rr = 0.57 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCl3) ¢ 7.78 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.6 Hz, 2H), 4.72 (s, 2H), 1.34 (s,
12H), 0.15 (s, 9H); '3C NMR (125 MHz, CDCl3) § 144.2, 134.8, 125.7, 83.7, 64.6, 24.8, -0.39. The
carbon directly attached to the boron atom was not detected, likely due to quadrupolar relaxation.®®
HRMS m/z (DART) calcd for Ci16H2sBO3Si™ (M+H)" 307.18953, found 307.19057. FTIR (ATR): 3402,
2978, 2925, 1614, 1517, 1456, 1400, 1361, 1320, 1273, 1214, 1145, 1088, 1019, 963, 859, 726, 657.

(cm™).

4,4,5,5-Tetramethyl-2-(4-[ {(triisopropylsilyl)oxy}methyl] phenyl)-1,3,2-dioxaborolane

(4ab) (Table 4.2)

FEARFIEIC X &Rk, AR, K 61% (X =1), Rr = 0.78 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCls3) ¢ 7.78 (d, J = 7.5 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 4.85 (s, 2H), 1.34 (s,
12H), 1.21-1.13 (m, 3H), 1.08 (d, J = 6.9 Hz, 18H); *C NMR (125 MHz, CDCl;) § 144.9, 134.7,
125.0, 83.6, 65.0, 24.8, 18.0, 12.0. The carbon directly attached to the boron atom was not detected,
likely due to quadrupolar relaxation.*® HRMS m/z (DART) calcd for C»H4BO;Si™ (M+H)"
391.28343, found 391.28525. FTIR (ATR): 2942, 2892, 2866, 2723, 1927, 1613, 1565, 1517, 1463,
1400, 1390, 1359, 1319, 1301, 1270, 1210, 1145, 1113, 1090, 1069, 1021, 996, 963, 919, 882, 860,
821, 800, 725, 683, 672, 657. (cm™).

N-{4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl}acetamide (4ac)®** (Table 4.2)

HAFNEIC X v & BB, I 70% (X =1), Re = 0.45 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCl3) ¢ 7.77 (d, J = 8.3 Hz, 2H), 7.52 (d, J = 8.3 Hz, 2H), 7.21 (s, 1H), 2.19 (s,
3H), 1.34 (s, 12H); *C NMR (125 MHz, CDCls) § 168.2, 140.5, 135.8, 118.4, 83.7, 24.8, 24.8. The
carbon directly attached to the boron atom was not detected, likely due to quadrupolar relaxation.®*®

m.p.: 137.1-138.7 °C.

tert-Butyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenylcarbamate (4ad)®* (Table 4.2)

FEARFIEIC X v &k, AR, K 91% (X =1), Rr = 0.35 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCls) 6 7.73 (d, J = 8.6 Hz, 2H), 7.36 (d, J = 8.6 Hz, 2H), 6.53 (s, 1H), 1.52 (s,
OH), 1.33 (s, 12H); '3C NMR (125 MHz, CDCl3) 3 152.4, 141.0, 135.8, 117.1, 83.6, 80.7, 28.3, 24.8.
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The carbon directly attached to the boron atom was not detected, likely due to quadrupolar

relaxation.®*® m.p.: 163.8-165.6 °C.

N-{4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl}methanesulfonamide (4ae)®*"

(Table 4.2)

BEARFIEIC X v &k, AR, K 47% (X =1), Rr=0.52 (n-hexane : EtOAc=1: 1), 'HNMR
(500 MHz, CDCl3) ¢ 7.79 (d, J = 8.6 Hz, 2H), 7.20 (d, J = 8.6 Hz, 2H), 6.91 (brs, 1H), 3.03 (s, 9H),
1.34 (s, 12H); *C NMR (125 MHz, CDCl5) § 139.4, 136.4, 118.5, 83.9, 39.4, 24.8. The carbon directly
attached to the boron atom was not detected, likely due to quadrupolar relaxation.®*® m.p.: 197.3-199.2
°C.

4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)aniline (4af)**° (Table 4.2)

BEARFIEIC X &R, AR, IR 82% (X =1), Rr=0.29 (CHCI3), '"H NMR (500 MHz, CDCls)
8 7.62 (d,J = 8.6 Hz, 2H), 6.66 (d,J = 8.6 Hz, 2H), 3.84 (brs, 2H), 1.32 (s, 12H); 3C NMR (125 MHz,
CDCls) & 149.3, 1364, 114.0, 83.3, 24.8. The carbon directly attached to the boron atom was not
detected, likely due to quadrupolar relaxation.®*® m.p.: 174.9-175.5 °C.

N-tert-butoxycarbonyl-4-aminomethylphenylboronic acid pinacol ester (4ag)®*® (Table 4.2)

HAFNEIC X 0 &R #ERA, UL 85% (X =1), Rr=0.40 (n-hexane : EtOAc=4: 1), 'HNMR
(500 MHz, CDCl3) 6 7.78 (d, J = 7.8 Hz, 2H), 7.29 (d, J= 7.8 Hz, 2H), 4.85 (bs, 1H), 4.33 (d,J=5.7
Hz, 2H), 1.46 (s, 9H), 1.34 (s, 12H); '*C NMR (125 MHz, CDCl3) § 155.8, 142.0, 135.1, 126.7, 83.8,
79.5, 44.7, 28.4, 24.8. The carbon directly attached to the boron atom was not detected, likely due to

quadrupolar relaxation.®®

N-[{4-(4,4.,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl}methyl| methanesulfonamide

(4ah) (Table 4.2)

HAFNEIC X Y &R BEIRA, ILE 85% (X =1), Rr=0.44 (n-hexane : EtOAc=2: 1), 'HNMR
(500 MHz, CDCl3) 6 7.80 (d, J = 8.0 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 4.95-4.92 (m, 1H), 4.33 (d, J
= 6.3 Hz, 2H), 2.83 (s, 3H), 1.35 (s, 12H); '3C NMR (125 MHz, CDCl3) § 139.7, 135.3, 127.1, 83.9,
47.1, 41.1, 24.8. The carbon directly attached to the boron atom was not detected, likely due to
quadrupolar relaxation.®*®® HRMS m/z (DART) calcd for C14H23BNO4S™ (M+H)"™ 312.14354, found
312.14282. FTIR (ATR): 3280, 2979, 2932, 1937, 1613, 1565, 1519, 1436, 1398, 1358, 1319, 1272,
1214, 1142, 1107, 1088, 1021, 995, 963, 858, 831, 788, 755, 700, 658. (cm™).

4-Methyl-N-[{4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl} methyl|benzene-

sulfonamide (4ai) (Table 4.2)
HAFNEIC X v & BEEAR, I 53% (X =1), Rr=0.23 (n-hexane : EtOAc=4: 1), 'HNMR
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(500 MHz, CDCl3) ¢ 7.75 (d, J = 8.0 Hz, 2H), 7.71 (d, J = 8.0 Hz, 2H), 6.06 (d, J = 8.0 Hz, 2H), 7.19
(d, J=8.0 Hz, 2H), 4.63 (t,J = 6.3 Hz, 1H), 4.14 (d, J = 6.3 Hz. 2H), 2.44 (s, 3H), 1.33 (s, 12H); *C
NMR (125 MHz, CDCls) 6 143.6, 139.2, 136.7, 135.1, 129.8, 127.2,127.1, 83.7,47.3,24.8, 21.5. The
carbon directly attached to the boron atom was not detected, likely due to quadrupolar relaxation.®*®
HRMS m/z (DART) calcd for C20H2sBNO4S™ (M+H)"™ 388.17484, found 388.17534. FTIR (ATR):
3299, 2977, 2928, 1613, 1519, 1448, 1399, 1361, 1326, 1304, 1273, 1215, 1184, 1158, 1145, 1090,
1021, 962, 858, 811, 731, 703, 660. (cm™). m.p.: 157.5-159.0 °C.

4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)biphenyl (4aj)®*¢ (Table 4.2)

FEARFIEIC X &Rk, HEAFEEK, K 81% (X =1), Rr = 0.55 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCl3) 6 7.89 (d, J = 8.0 Hz, 2H), 7.63-7.61 (m, 4H), 7.46-7.43 (m, 2H), 7.38-7.34
(m, 1H), 1.37 (s, 12H); *C NMR (125 MHz, CDCl3) § 143.9, 141.0, 135.2, 128.7, 127.5, 127.2, 126.4,
83.8,24.9. The carbon directly attached to the boron atom was not detected, likely due to quadrupolar
relaxation.®*® m.p.: 122.8-124.4 °C.

4,4,5,5-Tetramethyl-2-naphthalen-1-yl-[1,3,2]dioxaborolane (4ak)®*' (Table 4.2)

HAFNEIC X v & BEBEAER, I 95% (X =1), Re = 0.40 (n-hexane : EtOAc = 40 : 1), 'H
NMR (500 MHz, CDCls) 6 8.76 (d,J=8.7 Hz, 1H), 8.07 (d, /= 6.9 Hz, 1H), 7.93 (d, /= 8.2 Hz, 1H),
7.83 (d,J = 8.2 Hz, 1H), 7.53 (dd, J = 8.7, 6.9 Hz, 1H), 7.45-7.49 (m, 2H), 1.42 (s, 12H); *C NMR
(125 MHz, CDCl3) & 136.9, 135.6, 133.2, 131.6, 128.4, 128.3, 126.3, 125.5, 125.0, 83.7, 25.0. The
carbon directly attached to the boron atom was not detected, likely due to quadrupolar relaxation.®*®

m.p.: 56.6-57.9 °C.

4,4,5,5-Tetramethyl-2-naphthalen-2-yl-[1,3,2]dioxaborolane (4al)**? (Table 4.2)

HAFNEIC X v & BEBERER, I 89% (X =1), Re = 0.40 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCls) § 8.37 (s, 1H), 7.89-7.82 (m, 4H), 7.53-7.45 (m, 2H), 139 (s, 12H); 13C
NMR (125 MHz, CDCls) 6 136.2, 135.0, 132.8, 130.4, 128.6, 127.7, 127.0, 127.0, 125.8, 83.9, 24.9.
The carbon directly attached to the boron atom was not detected, likely due to quadrupolar

relaxation.®*® m.p.: 49.0-50.3 °C.

3-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (4am)®" (Table 4.2)

BEARFIEIC X v &k, AfEEER, K 60% (X =I),Rr=0.10 (n-hexane : EtOAc=5: 1), 'HNMR
(500 MHz, CDCl3) & 8.98 (brs, 1H), 8.71 (brs, 1H), 8.10 (d, J= 7.5 Hz, 2H), 7.33 (brs, 1H), 1.36 (s,
12H); '3C NMR (125 MHz, CDCl3) § 154.8, 151.3, 142.6, 123.3, 84.2, 24.8. The carbon directly
attached to the boron atom was not detected, likely due to quadrupolar relaxation.’*® m.p.: 102.8-103.8

°C.
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4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)pyridine (4an)®** (Table 4.2)

FEARFIEIC X v &k, AR, I 55% (X = Br), Ry = 0.10 (n-hexane : EtOAc =5 : 1), 'H
NMR (500 MHz, CDCl3) § 8.63 (brs, 2H), 7.64 (d, J = 4.0 Hz, 2H), 1.35 (s, 12H); '*C NMR (125
MHz, CDCl3) & 149.0, 128.7, 84.5, 24.8. The carbon directly attached to the boron atom was not
detected, likely due to quadrupolar relaxation.®*® m.p.: 121.9-123.7 °C.

3-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)quinoline (4a0)* (Table 4.2)

FEARFIEIC X » &Rk, @ik, 1K 61% (X = Br), Ry = 0.10 (n-hexane : EtOAc =4 : 1), 'H
NMR (500 MHz, CDCl5) 8 9.21 (d, J = 1.2 Hz, 1H), 8.67 (s, 1H), 8.17 (d, J = 8.0 Hz, 1H), 7.87 (d, J
— 8.0 Hz, 1H), 7.79 (1, J = 6.9 Hz, 1H), 7.58 (t, /= 7.5 Hz, 1H), 1.41 (s, 12H); >C NMR (125 MHz,
CDCls) o 154.3, 148.6, 144.8, 130.9, 128.8, 128.4, 127.6, 126.7, 84.4, 24.9. The carbon directly

attached to the boron atom was not detected, likely due to quadrupolar relaxation.®*®

5-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole (4ap)®’" (Table 4.2)

HAFNEIC X v & BEBEAR, I 75% (X =1), Re = 0.18 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCl;) 5 8.27 (brs, 1H), 8.19 (s, 1H), 7.64 (d, J = 8.0 Hz, 1H), 7.34 (d, J = 8.0 Hz,
1H), 7.13 (t, /= 5.7 Hz, 1H), 6.55-6.54 (m, 1H), 1.36 (s, 12H); *C NMR (125 MHz, CDCl3) 1378,
128.6, 128.0, 127.6, 124.2, 110.5, 103.0, 83.4, 24.8. The carbon directly attached to the boron atom

was not detected, likely due to quadrupolar relaxation.’*® m.p.: 97.8-98.7 °C.

4,4,5,5-Tetramethyl-2-(2-thienyl)-1,3,2-dioxaborolane (4aq)®*" (Table 4.2)

BEARFIEIC X v &k, AR, K 43% (X =1), Rr = 0.16 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCl3) 6 7.66 (d, J= 3.4 Hz, 1H), 7.63 (d, J=4.0 Hz, 1H), 7.19 (t, /= 3.4 Hz, 1H),
1.35 (s, 12H); '*C NMR (125 MHz, CDCl;) & 137.1, 132.4, 128.2, 84.0, 24.7. The carbon directly
attached to the boron atom was not detected, likely due to quadrupolar relaxation.%*® m.p.: 66.8-68.5
°C.

4,4,5,5-Tetramethyl-2-(3-thienyl)-1,3,2-dioxaborolane (4ar)** (Table 4.2)

BEARFIEIC X v &k, #BEEAR, K 27% (X =1), Rr = 0.16 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCl3) 6 7.93 (d, /= 1.7 Hz, 1H), 7.41 (d, J = 4.6 Hz, 1H), 7.35-7.34 (m, 1H), 1.34
(s, 12H); *C NMR (125 MHz, CDCl;) § 136.4, 132.0, 125.3, 83.6, 24.8. The carbon directly attached

to the boron atom was not detected, likely due to quadrupolar relaxation.®*® m.p.: 51.2-53.0 °C.

2-{4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl}-1H-benzimidazole (4as) (Table 4.2)

FEARFIEIC X v &k, HfEAR, K 52% (X = Br), Ry = 0.22 (n-hexane : EtOAc =4 : 1), 'H
NMR (500 MHz, CDCls) 6 9.56 (brs, 1H), 8.06 (d, /= 8.0 Hz, 2H), 7.95 (d, /= 8.0 Hz, 2H), 7.84 (brs,
1H), 7.51-7.46 (m, 1H), 7.30-7.28 (m, 2H), 1.37 (s, 12H); *C NMR (125 MHz, CDCl;) § 151.4, 135.4,
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132.0, 130.2, 129.7, 129.1, 126.6, 125.6, 123.1, 123.0, 84.1, 24.9. The carbon directly attached to the
boron atom was not detected, likely due to quadrupolar relaxation.®*® HRMS m/z (DART) calcd for
C1oH22BN,O," (M+H)" 321.17688, found 321.17825. FTIR (ATR): 3055, 2980, 2924, 2855, 2755,
1722, 1615, 1592, 1549, 1448, 1430, 1396, 1360, 1328, 1317, 1269, 1229, 1215, 1167, 1145, 1112,
1086, 1019, 966, 930, 858, 826, 753, 742, 702, 667, 652. (cm™). m.p.: 233.1-234.0 °C.

2-{4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl}-1H-benzoxazole (4at) (Table 4.2)
HAFNEIC X v & BB, I 95% (X = Br), Re = 0.54 (n-hexane : EtOAc = 4 : 1), 'H
NMR (500 MHz, CDCls) 6 8.26 (d, /= 7.5 Hz, 2H), 7.97 (d, /= 7.5 Hz, 2H), 7.80-7.77 (m, 1H), 7.62-
7.59 (m, 1H), 7.39-7.35 (m, 2H), 1.39 (s, 12H); '*C NMR (125 MHz, CDCl3) § 163.0, 150.7, 142.1,
135.2, 129.3, 126.7, 125.3, 124.6, 120.1, 110.6, 84.2, 24.9. The carbon directly attached to the boron
atom was not detected, likely due to quadrupolar relaxation.®® HRMS m/z (DART) calcd for
Ci19H21BNOs;" (M+H)" 322.16090, found 322.15967. FTIR (ATR): 2983, 1606, 1570, 1547, 1453,
1400, 1360, 1330, 1269, 1244, 1141, 1093, 1049, 1016, 964, 923, 858, 845, 824, 762, 746, 708, 668,
653. (cm™). m.p.: 185.9-187.5 °C.

2-{4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl}-1H-benzthiazole (4au) (Table 4.2)
FEARFIEIC X v &k, HEEAR, K 91% (X = Br), Ry = 0.57 (n-hexane : EtOAc =4 : 1), 'H
NMR (500 MHz, CDCl;3) 6 8.11-8.08 (m, 3H), 7.94-7.91 (m, 3H), 7.50 (t, /= 7.7 Hz, 1H), 7.40 (t, J
= 8.0 Hz, 1H), 1.38 (s, 12H); '*C NMR (125 MHz, CDCl3) § 168.0, 154.1, 135.8, 135.4, 135.1, 126.6,
126.4,125.3,123.3,121.6, 84.1, 24.9. The carbon directly attached to the boron atom was not detected,
likely due to quadrupolar relaxation.®® HRMS m/z (DART) calcd for CioH2iBNO>S™ (M+H)*
338.138006, found 338.13747. FTIR (ATR): 2979, 2925, 1608, 1521, 1484, 1456, 1435, 1395, 1361,
1326, 1313, 1272, 1251, 1224, 1146, 1104, 1092, 1019, 964, 857, 842, 759, 726, 706, 681, 670, 654,
613, 570, 555, 532, 526, 520. (cm™). m.p.: 162.8-163.7 °C.

2,2'-(1,4-Phenylene)-bis[4,4,5,5-tetramethyl-1,3,2-dioxaborolane (4av)®" (Table 4.2)

BEARFIEIC X v &k, AfTEAR, K 92% (X =1), Rr = 0.79 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCl;) & 7.80 (s, 4H), 1.35 (s, 24H); '*C NMR (125 MHz, CDCl3) § 133.9, 83.8,
24.8. The carbon directly attached to the boron atom was not detected, likely due to quadrupolar
relaxation.®*® m.p.: 227.1-228.0 °C.

2,3-Dihydro-1H-naphtho|[1,8-de]-1,3,2-diazaborinyl-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-

2-yl)benzene (4aw)®* (Table 4.2)

HAFNEIC X v &R, HEEBEAR, I 60% (X =1), Re = 0.25 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCl3) 6 7.88 (d, J = 6.3 Hz, 2H), 7.66 (d, J= 6.9 Hz, 2H), 7.14 (t, J= 8.0 Hz, 2H),
7.06 (d, J = 8.0 Hz, 2H), 6.43 (d, J = 6.9 Hz, 2H), 6.06 (brs, 2H), 1.37 (s, 12H); *C NMR (125 MHz,
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CDCls) o 141.0, 136.3, 134.4, 130.6, 127.6, 119.9, 117.8, 106.0, 83.9, 24.9. The carbon directly
attached to the boron atom was not detected, likely due to quadrupolar relaxation.®*® m.p.: 224.4-225.6

°C.

(1R,2S,5R)-2-Isopropyl-5-methylcyclohexyl 4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-
benzoate (4ax) (Table 4.2)

BEARFIEIC X v &k, HTEAR, K 94% (X =1), Ry=0.54 (n-hexane : EtOAc=2: 1), 'HNMR
(500 MHz, CDCl3) ¢ 8.02 (d, J = 8.6 Hz, 2H), 7.87 (d, /= 8.0 Hz, 2H), 4.94 (td, /= 6.9, 4.0 Hz, 1H),
2.14-2.10 (m, 1H), 1.99-1.90 (m, 1H), 1.75-1.71 (m, 2H), 1.60-1.52 (m, 2H), 1.36 (s, 12H), 1.18-1.08
(m, 2H), 0.94-0.90 (m, 7H), 0.79 (d, J = 6.9 Hz, 3H); *C NMR (125 MHz, CDCl3) § 166.1, 134.6,
133.0, 128.6, 84.1, 74.9, 47.2, 40.9, 34.3, 31.4, 26.5, 24.9, 24.8, 23.6, 22.0, 20.7, 16.5. The carbon
directly attached to the boron atom was not detected, likely due to quadrupolar relaxation.®*®® HRMS
m/z (DART) caled for C23H3sBOs™ (M+H)" 387.27012, found 387.26930. FTIR (ATR): 2956, 2930,
2870, 1949, 1713, 1615, 1563, 1510, 1456, 1399, 1359, 1326, 1309, 1286, 1266, 1214, 1177, 1167,
1145, 1112, 1095, 1039, 1021, 982, 962, 917, 888, 859, 830, 815, 772, 758, 710, 667, 651, 605, 596,
579, 536, 526, 521. (cm™). m.p.: 126.5-128.1 °C.

4’-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolane-2-yl)-phenyl 2,3,4,6-tetra-0-acetyl-B-D-
glucopyranoside (4ay)®*" (Table 4.2)

HAFNEIC X v & BEBERER, I 66% (X =1), Rr=0.53 (n-hexane : EtOAc=1:1), 'HNMR
(500 MHz, CDCl3) 6 7.75 (d, J = 8.6 Hz, 2H), 6.97 (d, J = 8.6 Hz, 2H), 5.33-5.26 (m, 2H), 5.18-5.12
(m, 2H), 4.28 (dd, J= 6.9, 5.7 Hz, 1H), 4.17 (dd, J=9.7,2.3 Hz, 1H), 3.89 (ddd, J=5.7,3.4, 2.3 Hz,
1H), 2.08 (s, 3H), 2.052 (s, 3H), 2.049 (s, 3H), 2.038 (s, 3H), 1.33 (s, 12H); '*C NMR (125 MHz,
CDCl3) 6 170.2,169.4,169.3,159.2,136.5,115.9,98.6, 83.8,72.7,72.1,71.1,68.2,61.9, 24.82, 25.80,
20.7, 20.6. The carbon directly attached to the boron atom was not detected, likely due to quadrupolar
relaxation.®*® m.p.: 161.0-162.6 °C.

2-(4-Methoxyphenyl)-5,5-dimethyl-[1,3,2]dioxaborinane (5a)®*" (Table 4.2)

HAFNEIC X v & BEBEER, I 97% (X =1), Rr=0.49 (n-hexane : EtOAc=4: 1), 'HNMR
(500 MHz, CDCl3) 6 7.74 (d, J= 8.6 Hz, 2H), 6.89 (d, J=9.2 Hz, 2H), 3.82 (s, 3H), 3.75 (s, 4H), 1.01
(s, 6H); *C NMR (125 MHz, CDCl3) § 161.7, 135.5, 113.1, 72.2, 55.0, 31.9, 21.9. The carbon directly
attached to the boron atom was not detected, likely due to quadrupolar relaxation.*® m.p.: 61.6-62.7

°C.
2-(4-Methoxyphenyl)-4,4,6-trimethyl-1,3,2-dioxaborinane (5b)**" (Table 4.2)

FEAFIEIC X v &R, AT, IGR 94% (X =1), Rr = 0.47 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCl3) & 7.75 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 4.32 (dqd, J = 8.6, 6.3,
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2.9 Hz, 1H), 3.81 (s, 3H), 1.84 (dd, /= 3.4, 2.9 Hz, 1H), 1.59-1.57 (m, 1H), 1.35 (d, J = 6.3 Hz, 6H),
1.33 (d, J = 6.3 Hz, 3H); *C NMR (125 MHz, CDCl3) § 161.4, 135.4, 113.0, 70.8, 64.8, 55.0, 46.0,
31.3, 28.1, 23.3. The carbon directly attached to the boron atom was not detected, likely due to

quadrupolar relaxation.®*® m.p.: 59.8-60.9 °C.

2,3-Dihydro-3-{(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)methyl}benzofuran (4az)%"
(Scheme 4.3)

FEARFIEIC X &Rk, HEARER, K 39% (X =1), Rr = 0.75 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCl3) 8 7.20 (d,J = 7.5 Hz, 1H), 7.09 (t, J = 8.0 Hz, 1H), 6.84 (t,J = 7.5 Hz, 1H),
6.76 (d, J = 8.0 Hz, 1H), 4.70 (t, J = 8.6 Hz, 1H), 4.10 (t, J = 8.0 Hz, 1H), 3.67-3.61 (m, 1H), 1.35-
1.34 (m, 1H), 1.24 (s, 12H), 1.13-1.08 (m, 1H); '*C NMR (125 MHz, CDCL) § 159.7, 132.7, 127.8,
124.0, 120.3, 109.3, 83.4, 78.6, 37.6, 24.9, 24.7. The carbon directly attached to the boron atom was

not detected, likely due to quadrupolar relaxation.®*®

5H-dibenzo[c,f|chromen-5-one (6)*** (Scheme 4.3)

FEARFIEIC X v &k, AR, K 11% (X =1), Rr = 0.51 (n-hexane : EtOAc = 10 : 1), 'H
NMR (500 MHz, CDCls) 6 8.79 (d,J = 8.6 Hz, 1H), 8.67 (d, /= 8.0 Hz, 1H), 8.51 (d, /= 8.0 Hz, 1H),
7.97-7.89 (m, 3H), 7.70-7.63 (m, 2H), 7.58-7.56 (m, 1H), 7.50 (d, J = 8.6 Hz, 1H); '3C NMR (125
MHz, CDCl3) 6 161.4, 150.2, 135.4, 134.4, 131.60, 131.55, 130.7, 129.5, 129.3, 128.2, 127.8, 126.4,
125.4,125.0,122.3, 117.6, 112.6. m.p.: 166.7-168.4 °C.

Methyl 4-{(2,2,6,6-tetramethylpiperidin-1-yl)oxy}benzoate (7a2)**Y (Scheme 4.3)

BEARFIEIC X &R, AR, IR 36% (X =1), Rr=0.76 (CHCI3), '"H NMR (500 MHz, CDCl)
8792 (d,J=6.9 Hz, 2H), 7.22 (brs, 2H), 3.87 (s, 3H), 1.72-1.58 (m, 5H), 1.47-1.41 (m, 1H), 1.23 (s,
6H), 0.99 (s, 6H); '*C NMR (125 MHz, CDCls) § 167.4, 167.0, 131.0, 121.9, 113.7, 60.5, 51.7, 39.7,
32.3, 20.4, 16.9. HRMS m/z (DART) calcd for C17H26NO3" (M+H)" 292.19072, found 292.19152.
FTIR (ATR): 2976, 2933, 2873, 1719, 1602, 1502, 1456, 1435, 1416, 1379, 1365, 1349, 1313, 1275,
1252, 1224, 1184, 1151, 1132, 1111, 1096, 1047, 1008, 995, 971, 955, 928, 875, 855, 810, 791, 771,
726, 698, 649, 631, 601, 576, 561, 551, 531, 525, 520. (cm™). m.p.: 72.7-73.8 °C.

2-{(2,2,6,6-Tetramethyl-1-piperidinyl)oxy}acetonitrile (7b)** (Scheme 4.3)

FEARFINEIC X b AR, B TR, IR 57% (X =1), Rr=0.80 (CHCI3), '"H NMR (500 MHz, CDCls)
8 4.52 (s, 2H), 1.60-1.46 (m, 4H), 1.43-1.30 (m, 2H), 1.20 (s, 6H), 1.10 (s, 6H); *C NMR (125 MHz,
CDCls) § 116.0, 62.6, 60.3, 39.5, 32.9, 19.9, 16.8.
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SOCHERE (B 5 2 tes

- SRR E O FIE ICEI T 2 AT (Figure 4.1,4.2)

la & 3b ® DMSO-ds FiC BT 2RAYO 'HNMR HIE (BRT) %217-o72, BRAVOKRE
12 0.5 mL T, 1a & 3b OEE% 0.1 mmol (02 M) ICHEEL. 1a & 3b DEEZHEH 0~
0.1mmol (0~02M) TEILX¥7=, #thilix 3b D 1 (ZICHL T 2Ly 7 FDZ&{LE L 3b
DEEDOREE L, BilliZ[3b)/[1a+3b]t LK T —% %27 uy b L7771/l 7,

-ﬁé\ﬁé@ﬁw)uﬂ"‘ B9 BT (Figure 4.3, 4.4)

NMR F = — 7'iC 3b ® DMSO-ds i (0.05 M, 0.6 mL, 0.03 mmol) ZHlzZ., ZHICHL 1a
% 0.06~0.6mmol ¥ CHML 72, & ¥ 7LD HNMRHIE (FETF) 217w, fithhz 3b
D 1ALICHY T 2%y 7 OB LB L L, #ilx 1la OREOWE L LTE{T — X
7wy bLZ 7 7L 7,
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