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Abstract

Transition metal-catalyzed Hiyama coupling of organosilicon compounds is an important
method for C-C bond formation. Due to the stabilized carbon-silicon bond, the reaction often
needs activator, but it’s clearly enviromently unfriendly. Developing a green method for
photochemical cleavage of the C-Si bond to bulid new C-C or C-O bond is very significant.
Our research focused on the photoinduced C-Si bond cleavage and subsequent
transfermations. Several bromide sources were used to accomplish the C-Si bond cleavage
and subsequent transformations.

Firstly, the photoinduced highly efficient C-Si bond cleavage reaction of benzylsilanes
under the catalysis of HBr was studied. The in sifu generated benzyl radical intermediates
were aerobically oxidized into benzoic acids highly chemoselectively. In this transformation,
HBr not only acted as the single electron transfer mediator for the initial C-Si bond cleavage,
but also resulted in a higher E° value of the Br'/Br © couple, due to better solvation of Br ©
via hydrogen bonds and efficiently catalyzed the oxidation of benzaldehyde intermediates into
benzoic acids.

Secondly, a novel photoinduced bromination of benzylsilanes reaction was investigated.
The reaction underwent smoothly under UV irradiation at rt via two key steps: C-Si bond
cleavage and subsequent bromination. Bromide not only acted as the single electron transfer
mediator for the initial C-Si bond cleavage, but also offered the beomide source to the
synthesis of benzyl bromides. It’s great significance for C-Si bond cleavage of organosilanes.

Subsequently, the photoreaction of C-Si bond cleavage and esterification was carried out.
On the basis of prievous work, we found a useful method for the facile synthesis of aromatic
esters with molecular oxygen and catalytic CBry in alcohol under photo-irradiation. We
synthesized a serious of aromatic esters and this progress might be via acetals. This method is
of great value in green chemistry and organic synthesis using molecular oxygen as the
terminal oxidant to synthesis ester compounds.

Next, the trifluoromethylation reactions of aldehyde with TMSCF; have been developed
as a common method to prepare trifluoromethylated alcohols. We have demonstrated a new
and effective means for additive-free trifluoromethylation of aromatic aldehydes with
TMSCF;. Normal acidic hydrolysis for desilylation in the workup process was not required in
this transformation. This reaction presented a new environmentally friendly protocol to access

trifluoromethylated benzyl alcohols. In addition, we probed the reaction scope using various
1
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aldehydes and a possible mechanism of this reaction was proposed.

Finally, we established a novel and effective method for the direct functionalization of
ethereal C-H bond. Under UV irradiation aldehydes or ketones are activity, this reaction
underwent smoothly without any additive to access f-hydroxyl ethers highly selectively.
Meanwhile, the light enery, the reaction temperature and substrates were studied carefully. We

also discussed the mechanism of C-H functionalization of ethereal via radical process.

Keywords: Photochemistry, Photo-irradation, Carbon-Silicion Bond Cleavage, Racidal

Reaction, Mechanism
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WA B R — AR VR, SRR A 4 2 A R E i DAL — A S R P
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H 22 TR R AR T4 FARRI RT3 AR T He RS, AT B B R 4R 82 S il
3 o IXThe PR A AL A B A R AL IR R O JER e KA, T A LR P s
& AR RR N FAIE KGR o

Ru(bpy)s®*

Oxidative
Quenching
Circle A

Ui

Ru(bpy)s?* O ~ *Ru(bpy)s**
Amax = 452 nm

Reductive
Quenching
Circle

Ru(bpy)s*

A -+

D: Electron Donor
A: Electron Acceptor

Scheme 1-7 Ru(bpy);Cl, AL AN IS F2

Tanaka (AU IPIFE 1984 4255 — RIS T A WG IL I &8 {4k 77 Ru(bpy)sCl, 2 51
VKA A T i 1 (8 BB 2 R (Scheme 1-8). 12 N A2 ZEBRIVE T R DL B 554k &
IR R ERE, AR T U TR . A IR IR A R, 7R AT O TR
Ru(bpy);Clo MBI ER T FIREL— AT, Bk FA—MET &Y. SaE, BARR
W JEE I — M AT AL IR 25— AN TR A . SR AT I BRR T 8 — AT L
FREF—ABET, dmlREAEFEEE, FRCEMAERAE AR TR
S, WE R RS RAE A SRR N, A3 E) T BB AR

0

visible light
Br | NH, 0.5 mol% Ru(bpy)sCl,
+ >
N pyridine, MeCN O

|
Bn

Scheme 1-8 75 [ M pi 48 B s o7
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Fukuzumi ¥R MZE 1990 4FE4RE T2 10-H15£-9,10- =AM IEEE R, Ru(bpy)sCly
AT o-TEARTR Z R A3 S B o 4K [ Bi(Scheme  1-9). fE %S R &A1 10-F 2
-9,10- =&V HE . Ru(bpy)sClh 5 a-ARZK LB 73 AIE R B T2, fEALFIRN 152 4k
Ru(bpy);Cly & JJi T I8 JF A AAEIR, 10-HFE-9,10- &0 e 5k 2 —AN B 2 Ji A il I FL A
H 3L, IE AT A RSP 2 — AN R PR T 10-FEEY e B 3, 1T a-IRAR IR 2
W15 2] T — AN H 7 (1 [R5 3 — AN BT TR T8k B 2R, 10-H SRR g [ 2
RE-ABTERT 10-0Y8E EE T, M2 —A BT 15 E 2 R E 7 DR
TSI L RE T B~ L

0 visible light 0

Br 5 mol% Ru(bpy)sCls H
+
N CHsCN

|
Scheme 1-9 o- AR ZH 1 id =<1 A0 [ B

2008 4F, Yoon ¥R —UKAIE T A AIERIENL & PITE Ru(bpy)sCl 1] WAL
R T, AR, I BL—A BRI ARG 2] 7 300 7 (Scheme  1-10).
XL IR VU TCIAERIR P b A AR & T BAEAE SERIAT BIL & b XE DA 5 1), 59
NRIRFNI & R T — SR BOVERE R IR . 1 H A AN R 09 T I AL EAN ]
RS REAR T, W R N7 LiBF, 4% HCOOH B, SCRJ PA4S B — 38 FLnH BRI K (1) FF
T4 o DR 2 s N T ARE S 2% A AN R ) 10 DU A 5 s 834724, AERIR IR &
il P RS B AR AR

5 mol% Ru(bipy)sCl>
O 0 i-PryNEt (2 equiv.)  Ph Ph

LiBF4 (2 equiv.
Ph Ph 4 ( q ) > H H
| | MeCN
visible light
50 min 89% vyield, >10:1 d.r
+ e o O
L Phw Ph

Scheme 1-10 A FTHRIEAL A W0PR 0K s B

2014 4£, Yoon R4 YOIE TH 4% 19 Science b &% 7 FH Ru(bpy)sCl /£ 7] Wt
AL TR 5 8% 2 R VR s AL TR, TN TFHERCAR G i shith & a7 B FrEA O i) 2+2 52
WY TCH = W)(Scheme 1-11). 2+2 KRINMAE IR TR, (H285nT 0ok
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R e R AR AL OE A 5, AR T B B S T A2 B L e RS A A T DU T34 40
HJ7E, FEREE TR S AR AN, H S R RIS AT RO, AT AT TR RS
AR R B 5 PR 2 A R 5 I P 0 B = AT Re g T4, AR SCE T RE 7 BRA BT ee
(IR bver ik /8

ot

iPrNEt,
Ru(b
u(bpy)s* Ph/l\l\ Ln Ph/ﬂ\l\ (/H\Me
i- PrNEt2 o o
|
Me 1242 ph)ﬁjs“J\Me
Ru(bpy)s®** Ru(bpy)s** \

visible Ilght MLn, -&° Me"

Scheme 1-11 F1 Lewis B/ AL IR b [ W

R, 2T WG IR T I & R A HLE R M2 7R Z MR,
[FJ BN FA AR BE 1 Ik e SR A A 7R O e B R 2 s, 48R — Sk gk,
PR TR Eh 25 AL G B A FIAE S A2 S B B A3 3 T T Y2 (R SR M b
BHEAWTFURIASWRR N, B 2 (R WG I S R AL T AN HE AL B N A5 21 3k — 2D (R F 7T
SR . et s 5 5 2 SR BB AN E R HEE A 0, St il
W Hg B BT WAL 27 rp — AN BRI T 5 17

1.2 TRt W 3 e 3 17 A

AN RSP 2 R X BT AL T SN E RER A BN o G
bl EﬁU%immmﬂﬁ%ﬁﬁ%%ﬁ?Lﬂ%?ﬁ%mﬁﬁﬂ&%ﬂﬁﬁf“%
WA, Bt B L Bk BRAMEEA NSRS EE ANE S A B A, B
bmm&rﬁﬁmm%ﬁ%ﬂru&r IXAFAF X LA WL 1R B B 52 21 1 ARK Y
BR A, FRAR AT BB 177 I 224 e 7 A e M i S i 1

AHUEBGH, Rl R AL =S e, A T A L e R BT R 2 R % A PR
S RLEE . FARERAHIZEAE T, Qe $ v A AL = PR R R Hh Bl O B 1 A9 P T i o
2B T ATHUEER BRI 6 2% 2% i R (0 S B2y 1, AL HLRE e 8 i RO
FEIAE Y BB )R N T B OB

EECRAM AR N E LSBT xR a s, HI M TSt ay)
FIwE S A R R L AN SV A T ML a Y, BEE AU L
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R B, AT MU SRR L S AR, AL S 1E 9 & sl
Lo IRAR AT FE 52 2] 1 M 0 A, R BRI A LR LS B
IR SRR, FEem N S PRGBS . E ] 258 TP A S AR B B I 45 B 2 A
FABY, B H 2O WA b ] st i = 2R 2 —

1.2.1 #HI1FR-EER MR R M

e — TR B T2 S PR s 2 368 85 42 W\ A A AL bt o v s B A PR it R il . —,
WG IR T BB BT IR 0 — ELLIORERSZ BT 2 I ORI e 2GR 5 A BLIk SR
ks, EREAYEE . HPVEERA HURIL A, SR SR 70 A 1R KA = BR
1 PRPS N o S VA 5SS B SO S e A S 1 Bt DR S IR &S vt | T Sl VS S IR E R RN e
Tk PR T SR 77 A ()R R 97 B - T DU B v i 3 < g k1 1 = R A2k

A HLEEAL A - T f B MR AR DS, IR AR R B R 1A, W T ELE L
FRAC BRSBTS N AT o FH T RSB O B RE AR R, SRES T XT A AL L &4
A SR 2RI R A PSR AN ) I E R AN S T HIERS, Bt IR 25 5 R AE L
VU T A (TBAF) AR A oK. AR [k (T 1a%5 50 T &0 A
BUAFI(DY BRI . R )51 200 s iz Mo R SRAE v AL s 6 8 1 i)

1978 4, Hosomi and Sakurail® V55— VR IE T ) FH DU T 38 G A0 15 o f 10750 18 1. 07
PR 3 = R SRR e o P R b B W R D R N o M PR 2 e e 7 DU T 2 et e A 1 -
BRA T WRAR TGN ENE T, SNEAE TR DU SR SR SR
IS BIRERRL &0, 7E 1996 4, Deshong MR HRAE T IU T I G4k F fl AL 1 5 3
= W SRR I R B FE B T 24 11 [ B (Scheme 1-12)0 1% N H B 26 DU T 28 G0 B4 R T30
BRI R A0 B8 1 5 % 2 = W R R e TR R IR EAT A, $mn T ik B 1
SRAZAE, TG TR BESRAL G W R AL SEAZ N BSOS AT AT LA BT BER AL S )

. OTMS
()oHo + prorTs TEAE @ eatv) (T
THF

CH,Ph

Scheme 1-12 TBAF {8 44 [ 58 X0 B35 AT 0 Al s

2001 4F, Hirao PRAHAPHRIE T 1A S 5P AL FIAELE I 4 TR B RE A
RGN SN (Scheme 1-13). AU FIR 2 5 gl B AAT B —ANiE R A, hidE s
P S NLHR T 44 () e Mg AR, a] AR BIAS [RS8 o 28R AS R HOA QS (107 2 = W e Ak
B AT AN R S A FL 3, AN 7] (19 S A H 35 SCRE M 5 A A LR TR PR S R 1 o FESRL AL
ERES T FHF RN, R RER SN — . R = PR AR
RIRRREZ D TR TR A R T REEHEER SR AN SR T &R
e I i 257 S i AR
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\ /

Si—

t-BuOH, 50 °C, 20 h

Scheme 1-13 VO(OCH,CF3)Cl, i75 5 [Tk - Fek: B Wiy 224 S5z

HM “GEfsE” KBS IR, BRI A VIS ZOGEEA NG P T4
WAL AR R SO R 3T o “ a0 (7K B & /K I BB R AL 2 R X R T
HYMRRRYERE, U2 B T A MG A TAE# 5 bk . w7 B R o E M,
DA L AE B I T 2 A1 5 7K B AT DA S — ol 18 s LA J53 ST DA S i 2 stk o 7
2004 4F, Kajimoto WAL PHRIE T 78I F K (scHL0, e FHRE: 374 °C, k5L 7
22.1 MPa)fk 5 T A AU ) i1 B W 2 S B (Scheme 1-14) 5 45 = H BRf fe 76 B I
FRoK A7 T k- Tk B W 2R R N T 08 25 ik o B A A i T A A=)

|

(T e O
—_—
390°C, 27 MPa

30 min

Scheme 1-14 &Il A /K BkE S N

2007 4, Zafrani /NHHRIE T TEALFE A A0 S B A (mont. KSF)HEAL 5 % =
T b (1) ik -f B B 2 I N (Scheme 1-15)0 ATTIZ BT HA R 2 ORGP IR0 F 22408, ERIGAN I
I R SRR GFH BEATR]. XTHE T8t TBAF. CsF. TFA &AL, JoHLIEH
PRAEAL T S i e — PRI AU R AL TR . SR R &t AR B A B 1 R SRR+, i+
W IR VERRIE 2N 5% A EEFELEAE S NAA Z b ] B0 5 s A & AR T - B 2, AR =
T ICHE 77 52 Wi AL IR 25 14 T SR PT DA P B AT IO, S0 3 B S B [ T R AR K
FEEE _EAH T2 5 2 A i Bl RE

si”
©/ ~  mont. KSF, rt ©
—

Scheme 1-15 mont. KSF {84k i i /e B

2014 4F, Takeda /NHPURIE T — M4 R0 & P05 6 HL AP 38 AR .
SV (Scheme 1-16). Hiyama 2 T75E . bedk s P BN 0 1b & VAR BB AL 26 1
T SANESAL S Z I AE SRR RN, A L@t P g SR N 2 —, 1
AHLE R CAF AR Z N . Hiyama fHEER NIEH 720N 720k iE
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W, AN 2R AR 5 2-F2 5t LS S0 B B TR R 2-Fadk A AL,
A 2- ¥tk LSRR S AT WL e R A B A BT B R S, BRI B T
i PE R D7 ZEAR R RA, B R 07 RS AR A SR R A SUARIBG . b S AN 7 R
BT HI SN WA 57 5 . BRI R R b 5 pa AR B 52 SRR S B

OH

/\/
OSlMeZH N /J\/ ol m
THF-DMF o

Scheme 1-16 fit:4i 5 R R SN

2007 #F, Yoshida /NHLIPVRIF N-BE VU IE 81 5 VR 50E T % SRRk R4 & 0 10 B HeE
W2 AE S B (Scheme 1-17). 4 IR R BR-TEBE WA IR, Eﬁ?ﬁ?ﬂﬁﬁ “PHES T
T A v S A TLRH 1 SR SR A D9 28 FLK R A A LR 0 S 06, S S 36 AN [R] 4
R F B 7 FEREGEAL S VDA FEESE T IR T R R R B AR . 7E 2008 4,
A ATV R TR 1 7 4053 AR 9 7 5 0 = F e e 7 = R e v - e B
R NBERE, PRI TR R R BIE T HEBEEHE T B PR T g

MNALHE,

CO,Me COzMe
Scheme 1-17 f-fik 5 Wr 24 O LEL A 75

SR, AN E Y — B2 BRI TAEE 1o . Tt 2dEe)s
AL BB - Ei&hlfﬁﬁ”fif“&miiﬁ!iﬁﬁB’Jﬁ%ﬁ%ﬁfiﬂﬁ‘f‘ﬁﬁﬁﬁi@ﬂTWEE’JE%?%, [[NERE!
EANE TSR] T N MBS 2 HRIE AR E 705 gk 25655 HUEE Ak & Y i SO ik
T

1.2.2 Yetb 2 hR-EE R R < M

ANERAEAHLE A 72N, 3 =k, SCE AN SR
HL R R R 2 U X A AT WL 7 HOBR B RERIAL I TE o & Ak il AL SR
FMEPIEAL . TG LA RO B S R D32 3 T T2 B Y, 7R I f v v
AT HUEEAC S 7 2R B B e EE AR — NE TR R TR, T2 ik B 2R A e AT
WAL S — A AR B B A A

HL RS I R AR S N R B B R R, VF 2 A SR A AR Sl i 7 5%
MAEBAT I, EIERERAES, B TR0 TR BIERORES, BESIA LD TIRE
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I MEEHH R —A T, fERXRANIRER AL TR . BIE 26
A S YN E N R 2 SO

1988 £, Otsuji and Mizuno 272 HRIE T Y461 B 3 = R R AR AL 2 B
WELHER TP T IR T R RS B AL S W) )R (Scheme 1-18). H 4
— R RS AR A T A BOBOR A B AR B = W AR e A IR T S PUE B — AT
REBR TR REERBMNEHEES T, BHEEE FHEBMER MEREZ £ =H
AR IEE SRR A, BRI A A IR R ARk R — AN S
Bl TRBRIES TR T8 IR TR . “FRIE B 79 7 B B K & A A T Tk

FKAEY)
|
T+ MeoH hv 0
CU(BF4)2/CH3CN

Scheme 1-18 “FE:f: )z FITEAL S M

20 tH42 90 44X Mariano and Albinit &8 T F FH 25-1,4- — J5 1 A G BRIRI S 340 &
¥ (Scheme 1-19). £ MR Z 1 25-1,4- i BEAE WO BE BB 7 AR N I B2 R SR,
TGRSR T 25-1,4- UL TORRBIR BIBUR A, BUKENZE-1,4-ZF5 51— B
WA ARG TR A S, TR DARFRUE R T 8 PUE BT, R =
AR R 22— T RO R E = AR A HE RS T, B REEE TERRTIR
B Gy R U e IR 7 TTAS BN 2 2, 15 B RuE e (AR R B B i gt — P
525-14-Z 5 KA B2 B AR =4

CN CH,Ph

e CH,Ph
OO +  PhCH,TMS — > OO +
CN CN CN

Scheme 1-19 YIE &4 F R340 [ B

1991 4, Mariano /NS 1 8o 755 R 42 3k ) = PR G R EUAC A 0268 O S T R
117 N E N B (Scheme 1-20). AT B &H —X I BT, TAELIMERR S TN
B XRAE G LR T B R E DB TE2 % H R E - EE . SiEHh O
i, A H BB R AR 2R I B 2, 5 AR R & A 3L
PO A B NI TSI A R, Z0E IR &S R £ = IR IR B 1
R ANEBE, KESTHIMURN . %R NAR R B T2 st R 1 8%
B ke g DX s 2 i Ak ok A ) B Pl R B - R A

12
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O 0 0
. ij\/\ i o
N-CHPh  cH,CN N-CH2SMes  MeoH N—CH,Ph

|
Me;Si CH,Ph
Scheme 1-20 Y44 T 41 IR B2

THEMRE TR n RERARRL, BTN 3.2 ev, HE BB/ TE
5T 387.5nm [RIERAMDECIUST, Has B TRl 2R 6 T I RE R BT 2= 4, 2L
A, AR RO R RO AR A e AR AR N TR K R A WL
JGIEME . TGRSR N AR Il I A S I B A A B NI AT T e, & — AN
TR . 1992 4, Sebastiani NHHRIE TOBRE M T ELERHE AL L=
BERERE I IR Y. (Scheme 1-21). F5: = BRI EJE P8 TR A B E, BoTm
NI E RERA T AR, 52 E SR

hv, TiOZ, Agst4

PhCH-TMS > PhCH,CH,Ph
2 CH5CN

Scheme 1-21 S ALK IIA L B

2012 4F, Fagnoni SRS HRE T 10T B 1 SR R Eh 1 Ay e M A7) 1 = F
FE e K FEL I 4 1) 5 2R Ak B (Scheme 1-22), — SR SRAGTR £ HLAT e fb 2535 1%, 3@ DY
T REIR AN — MRS R S B R T AR, BRI NAR AR Y
TR AR LA F O R T AR AR DU T S+ SRS IR ShAE BT R IR
WOt T REE UK, BWORSKIN T B4+ IR £ A5 7 EHEH— N IR T R dk
=W 1 B Ak, EVETTIAAE AT 22 0 PR I TeE e AR B R 3k B 0 R T 0
KR AL, AITAG 2] T B AR

hv
COOH COOH
ngs . [ TBADT (2 mol%) O/\[
COOH COOH

Scheme 1-22 Y854 T AR ThAE AL 1 n s S

2012 4, Nishibayash /NEUHRIE T AT WA S AF T8 A A0 TR HEAL 0B RE B T R4 11
i (Scheme 1-23). a-FE &N GV T HERERMEWHER S 8L, RES
KL S NAT B a-Z8 0k Btk RIS N AR o-F 5 B R RN D 2[ 8] T
R AR FEARE o 12NN AE I WG RSN T AR il -2 0 H SR AT TT, AR R I sk
N AT RE R R B, ORI BRI R e I B T A T AR, (A5 BTk
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RAET WA, R ERAEAG T € B R AR AL A o BR-TEE ST RS TR AR TRk B A, AR5
Bk B B3R AP R I R T IRUSON, #5 2 T N .

O O
SiMe3 visible light
) + photocatalyst
PhaN T PhyN
Scheme 1-23 R WL BRAHE A 7R A F00 00 o e 12

LR T RERBL, ARG T A AR R R-RE B W R R R AR A K B T — AR
PR IERE, ISR ROZ RS T8 i T F R AR AL I8 TR
AR AR BT RS R TS T o X AN [R] L R 5 B RS R T ST AT DL S R R AT L
TeE 4771 8 0k - 288 B LB 5 P — R A OB o 3RAT TN DA SIE L v R vt 36 P P k- e B b
R NAE YA SN R A2 BAT PR R R 2 —

1.3 BRI = F B4k e B ] 4

A TR AR P R R AR R S IR T, IR A 5 A R
fift, FNSR T A2 LA TRk -Br s ) R PR 0 — 2, w95 1 A 55 5% i HE 7
TEBR IR T B, 8 O Rk B 00 B b, CRUF AL AR e . BB n B R AR =, A
A B R #de et (e Empraitt. A2 S5 NLamEay
HER I R U R 4 By BRI RU0E SRR IE « LR 24« PURE 11500 240 R0 R e e
BF AR s, A =W R EMEA NIRRT IR EENEM, T
ZRTEEZ .. AT R DU Th bR Sk S A8,

AR, 2B = R A R BV I AR IE . T = B R
BT SRR PERIRR S BB SR, R I AN BIA R A WAL &P e s
HUR AR AR Bt SRR LR AL 2 AR AR e . AR R = A
AT ARDIIE, =5 F A S N AT DAAS A Azte . St DL H AR S N 2. L ISR A%
PE = H AR 7R A = 98 R = R R e (MLesSiCFs) R 80 AR ik 156 56 — 9 £ 1R Y i
(FSO,CF,CO:Me) 5 F HME =3 HT EAL XG4T CCL-HF/SbFs. =4 ALREIE S B H5&E
AR AR = UL B2 . Ruppert’s 71 (5580 38 = B SERERe) 1 0 —Fivis LI
IR AR FIE A MU A 2 R B AR R B R £ 0,

1989 4, Olah and Prakash! 48 7 U T Z GBI SRS F S . IS 5
) =380 B4 SR (Scheme 1-24) 0 DY T S0 B AE SN AR B8 A AR 21 18 1 ik — ek 1 BT 282
FIfEFR, HEhkSBEmaesT, mTRE TSR T2 EARkRIsEM ), Bl
A TR 5 SRR T AL, BOAr ARG T =5 H B0 B Az v, gk mT DA
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A 58 R AL NS B Ja A SRR 2 A TR /K AR 21 = 3 W R SR 59 i Ho i
AR R RG] T A T O a?, B REFRE B S 2 ReNE LIS 5L
BRI B R A3 2 B b4

OH

CHO
2. HCI

Scheme 1-24 TBAF #4011 =% F 24k [ B

2009 4, Shibata WA OHRIE T B ME fb R 2500 A = 5 51K R N (Scheme
1-25). 1,1,1,3,3-F.% T % (Solkane® 365mfc) & —Fi=E Z AR, X R E B A AT
S, 1 ELEE T T RS . R R M AR O R K AT A . A EA S
Gy T RAGHE R, P LLE A2 — PRI AR ) = 5 A S SRS 7R o BRI A FH A A 1 = R
B = H RSB O = R R S T, SR AR ) = R B AR N IR A T R AR N R
L, 15 EI =5 AR AL S e BB AL, AT AT DA S I REAS S S R R 24T

. OSiMe;
cHo MesSiCF;(2eq.)

CsF (0.2 eq.) CF3

Solkane® 365 mfc

Scheme 1-25 BHEAL I =55 3440 [ W

REERCAR — E DIORAUSZ 20T Z BT AR ORI, 10 HL R =AM I S B e gl iz
R 4 A PR o Song 25U IE RS A WA R AR AL A0 =91
HIEAL S S (Scheme 1-26). 1% M APFARE IR, M HE RS S RL . S5HAMMEL
FUMEAL ) =5 Al SR U, 2 S N 75 ZEII 0.5-1 mol %) 5 e {4 it BE AR 4 14
TEACTE ) = 980 F A0 SO I A RS 20 B 7 A5 2 H AR, XK AR 1 AL A
AR AR R SRR ARIE T LU RARAC A HLE h H e 2R A% OB o

CHO OH
©/ N-heterocyclic carbege CFs
Me;SiCF5, DMF, rt

Scheme 1-26 = SERCARAEME AL 19 =5 B 2840 [ B

Toru and Shibatal' V45 — &k 5 Th b Al ] % 5 W2 TiF/DMF 1E AL AL B () =5
H AL SN (Scheme 1-27). 1% 5 WREA WL A P LB RHE T 2 M A, HalH gt
FAVE AL RAR AL -2 S N, [ B 38 st I N A [R5 T P B A A DAAR 430 58 AN S FRIBEAL,
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TE TiFq HE A = 50 2 = R B e e 00 1% 1) = 900 P A S B Ak 22, AR 422 B I ) S M
FEH AN, A TR HR T LA v RO A P ) = i A SO, RTINS 2 S It AT DL e 23K
b R P — S A T DRI AZ S ST BIL S B AT A T B N P T S5t

OSiMe3

CHO TiF,, DMF CF5
+ TMSCF; -

Scheme 1-27 Lewis BRI LI =5 FF 340 [ B

SRR R = R 9IS B = R T AT S N B LA R, SR
MTAE 2455 S GRAB I R e A BT AU L I 45 T 1AV P 45 6 2 R8O V5 A BE R (1 225K
N BATASFEAE S s A REVR (ELAGRe) » A IRVIHEG vl 5 e BrvE A At
PN A5 5 TS A AR 2 TAREAS 5 B 583

1.4 BXEERNHAEHENE

AR FT H R AR CA A ROCHR B b, BT A NI S IR G IR T )
SRt MRERAECIR S A T R LA 0] A B - ek B v AR 2R K B AL TR R A L
AL SRR RS, A HLE BT & ZMATEATER et e M BE T . T/, WABqE
JERESEAE N IR T R AR SR L s B - ik i v R T 2R

A LGS I 4 SR MR A TR AR AR T 3t o Y 8k - o B ey 2t bl 58 K i 8 RE AL S
ANUEGCIEE AR H e, ARG KA RS, 5 LA A] WG 5 A 7 ) 224
LA DL B s A I 2 . T 0 R LR MIAE T E IS N AR R A S A5 2R A 2,
117 HIR B AL — P REFI SRR, R XA HUE SR 32— R AR IR
B R A AR BT AL . (1) SR THEBNRE, ) R TEREE. &
W FE T ARSI AT IR I T [ B TR RS, 70 A ISR T A IR IR AL 1 B
T BT B T 2R S SO s SR SR A T NBS A ik - B ek a0 Bk B B 288 SR AR e
L S SR DU A T A PR 5 S et ok - ek B Bl 5 S SR A R S L 5 R oK, A
T T EIREARAT T =980 22 = SRR e F I (180 10 8 S 2 % o' S 2 1 I T X R ) A e
IS o

2R & R OTVER A BLGE B T T, A S i 1 BETEAT I < Je M AL 7R SE LRk -
TR R RO B R A Ja B B RE I B, I IX S [ N B TE, R T BRI R IR SR
RHLVEE, DNJaSRet s N T ST it 1 5 2 B LAl fEROBNAR R AT T A8
FHE” WIS E N BRL RS, X i i A SO R R e a3 o RIS A 1 i vt et
RIoeRE, XL T REIR, AR R AT A At n] LASsR/D> g R e SR (A5 5 e 4%
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AT TFoR-FESE s (2) nfn] 52 b -k B W 2R I3 1 I B IR R Ml B T2, AN
) LB R AR 2 15 1T DA e A0k b A 2 S R

AT ' Ik I < Je A A R0 A R RS 1 0 N AV A AN o 1 OSBRI T, G ON
2 AR JRIE A FE o S MPAS [F UGS A R B b i B A 2 R UK, CRkIE Y
— RHVAT W I 4 e R A R AE A F A AN B DR S R B R e T AR Y v i - A B T B 2
TR B A B AL B, TR R e T AR Mok Uit — b R A IR 284k R, 7EDB e
AT FRE AT LS R A AL G 30 . S IRIR/KIF RS — MR BRI . 2015 IRAETTE
AakR, T BAE A —Fr eSS AN FH 51 N 42 8 iR mT RLysk /b o BRE 1R)5 4
PAT AR S IR IRAE I S AR AE B 25 T e AR BINR 5T, 1T VR B 5 £ G R
AT RAIR-EER I ZL, B RGR A B, TR A AR A, FTE
AR L AT AR AT - B W2 . [RONIR B HH AR W DA B - T R ek R 1 S %1
E B AT, bk R — AT R T IERe B AR, IR E AR
TER T F A3 2 7R H A, FE A i ARl A SR A I — RV
AR T AR IREATAED), FINR B HEAER R — A T O  XURE 5 A4 5 2R
A, T TER T B E A AR . R EIA PR R T R B TR, Rtk
FIRBRTEYE IR AT v AR 473t 5¢ Al B AN B4k it #2(Scheme 2-3), 17 ¢ 11X 7 THI (A 5%
fRIE L AR

R, THRIZHRAE GRS T SRR AL, SEIL R Bt e b & P 1 k- ek
Wrad, 192035 R 5 B HEEY R TR AR I AR A RN
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Brz
hV/02 hV
[ )
HBr Br
H+
PhCH,SiMe;
SiMe; SET 1
e« O,
PhCH; —= — pxCcHO PhCOOH
4 2 3

Scheme 2-3 HBr 1 (L 1G 3 5 F2
2.3 SLBE

2.3.1 LR AR

JA 2003 BUHLF R, MST digital BURE /)6 HE4%, EYELA e 78 & 1X, "H NMR
(400 MHz), >C NMR (100 MHz), "°F NMR (376 MHz), #1*'P NMR (162 MHz)# /2 H
AVANCE 111 400 BREFEHRACIE, IR B2 7E Avatar 360 FT-IR BZL 4GB HllE ,
MS (EI, 70 eV)&7E HP 5973 il Ll e, HRMS (EI)s&7E Water GCT CA176 Ll5E,
HRMS (ESI)/&7E Bruker Daltonics micrOTOF I Jii il Fl 52, 44 2 7E WRS-2 J4 s54% I
Mg, ST FH IEIE A Xe (300 W) PLS-SXE300UV AUtk 2 g B 3%

2.3.2 SEIGRF

IR (aq. 40%) BEok TKBRIREA. ToKBREREE. S ILE. MRIREMN. Ak,
CIROWE. A M ke. AR, ofG. HEE. AT, K. OB, 2B, DMSO.
DMF; PO A: E T M ST B = it s Heilkim 2y i A3 T 37 B e %
SE AR
(1) = HEE. OfF. AR, Wi

INEALES CaH, B 5-6 h, ZRJEHIEZEH.

(2) D9E Mg, 2K
TERNZZAAAE TR, DL RA IR A, sl RG240 .
(3) DMSO
£ 500 g DMSO fn%j 3-4g [] CaH,, MFAANE 90 °C [BlyR 10 h, 285 =%

(4) DMF
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S TR BRI B T, FRIIVEAL T 4 A 2010, INFAElA 10 h, SR )5 R E 28 H
2.3.3 FRERATEHI AL

DX F AR = W B e (1aa) . FERSARYP &4, 191 100 mL 15 A 11
RTE R 30 VO < F 10 = B3R R i N 45 (1441 mg, 50.0 mmol), FHL AW KNG s &
Bm A=, MERERE, RIKMAT/KIEMNE(10 mL), —HEERLE(13.0 mL,
100.0 mmol) Al —Hi BT fll, #i+E 15 min J5, ZW RNV T 40 mL JoyK DY SRR R H
AFERF(6.7 mL, 49.5 mmol)iFM . fEZEIR NHFE 17 h 5, 1R ) MR G
T IK (20 mL)E K J S, SR J5 II AN AN E AL B (20 mL), Fl 2R LBE 2B =R (30 mL
x 3), ANAHRTOKRIREE TR, AR TEEIEE, IEEAKERT, R, T
R, AR RN, WA ATNES, SEITCEMAR, 6772 mg, FEEH 70%.

4- FRAR R 3 = L 58 (1aa) %) "TH NMR (400 MHz, CDCls) 6 6.93 (d, J = 8.4 Hz, 2
H), 6.79 (d, J= 8.4 Hz, 2 H), 3.78 (s, 3 H), 2.02 (s, 2 H), -0.01 (s, 9 H).

234 FRHR

DA OGS FF ARSI R (3aa) AR SR« () 3BT R T [l VA v o ) A % S R P 4
XA 1aa (0.20 mmol), ZFIRMR(aq., 40%) (5.9 uL, 0.04 mmol), ZJE(10 mL), A A
B NI E T Xe (300 W) PLS-SXE300UV R yafb 2 e g (IR T, TLC WE 2 87 1
B REER G, W RPORGRE R RSSO, ediEn, ks R, &
Pt BT 8, IEERYE1S 2] H bR =9 3aa.

4-HEFE A R (3aa)P": "H NMR (400 MHz, CDCl;) 6 8.07 (d, J = 8.0 Hz, 2 H), 6.95
(d, J=8.0 Hz, 2 H), 3.88 (s, 3 H).

24 ER51H8

2.4.1 MR

ST R AR IR S A N R - R BT R R B R B, RO B AR SRR =
H A 1aa AEAAREIRYIANNZ S ST W T o A B R NIE A, 98 SBfR, 300 Wi
KT, Zd, SRR PARL 63% M 215 B0 A B 2% AR 2aa AN FH AU R HH R 3aa (1)
BE=Y)(Entry 1, Table 2-1). #3, ZRMNA 20 mol% SRR K HAE AR,
ZR PR T R RRTE, (HRKIAZ 2aa T 3aa RGN AR
PEAi(Entry 2, Table 2-1). A T4 R ZIEBENE, 82T — RINEFIXN R BLR
M. SZOGZE SRR 2R & Wk, T, HIEEHENERIN, 2aa AFEFY)
(Entries 3-5, Table 2-1), [MiEHFEA3E LTS = H B R AR IR, 2R EZ =)
4 3aa (Entries 6-7, Table 2-1). XUt BHEA R FIEFIZEAE T, OSPGEFENESZ 28 B 1)
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SO I VU SR NI RIN, RA 2] 75— 74 3aa (Entry 8, Table 2-1), {H& X
R =R AR AR FIBMR, U CIEERERIR, 1% ] LA I 7= 3245 31 5 —
F=4) 3aa (Entry 9, Table 2-1). &, EFLMEMEZIN R E R BTk, AW
TN A0 [SONE (R S, A FH A 0 3 S SN, 2 OB T DAOR | 47, (H 2 W
AT AT, TR S 2 R 7= 26 RS 3T % (Entry 10, Table 2-1). f)5, XHER T ANE M
FTEIERTZ IR BL R, 500 WS R T E NGRS, 2 B 1) 3224008 2aa, [FRS
33 7 /0 &1 3aa (Entry 11, Table 2-1). T2, HAMFE| TN REZML: =i,
20 mol% ZRMR, 300 W kT, AR, LK.

Table 2-1 <5 /R4t

air (1 atm)
20 mol% HBr (aq., 40%)

Me04©—\ Xe (302(\)/'\\1/)(;:tuartz, rt_ MeOOCHO + Meo@—COOH
T™MS

1aa 2aa 3aa
Isolated yield (%)
Entry Solvent Time (h)
2aa 3aa
1° Benzene 12 38 25
2 Benzene 11 15 65
3 CH,Cl, 4.5 37 26
4 CH;0OH 10.5 15 7
5 DMSO 4 45 12
6 CH3NO, 11 14 22
7 DMF 25 8 24
8 THF 24 0 17
9 CH;CN 3.5 0 91
10° CH;CN 11 0 86
117 CH;CN 21 66 16

“ A solution of 1aa (0.2 mmol) and 20 mol% HBr (aq., 40%) in the tested solvent (10 mL) in a
quartz reaction tube was irradiated by 300 W Xe lamp at rt in the open air. ® The reaction was

carried out without HBr. © A Pyrex reaction tube was used. 4 An Hg lamp (500 W) was used.
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2.4.2 RMNEIEEERR

BRR, BT — RGUAF BRI B A B P 2R B A SR A& AT T 4
BT, B, ERMPAFRA B ESINIRSS By S [ A, 2 TP AL T A i
a] LA F5 1 77 45 3 H R 7% (Entry 1, Table 2-2), #R1M0, 24 FF AR LA T 1847 BRAR AL IS
A CA A 5 I R4S 2] H #5779 (Entries 2-3, Table 2-2). K44, 1ERIRIXALT] AN FTH
ST IRPICGRUT e, HeHE), SIS TTIGURI A3 AT (Entries 4-5, Table 2-2). 36 LA (F
AR, [FIAE DL R AF HHCR G 2 H 477 P)(Entry 6, Table 2-2). A3 HIXE AL A 5
GG 2R R AT 1 95 4 P 2 AT It 7T LA 1] R4 PRI US % (Entries 7-8, Table 2-2).
JEY) A TR R A R . PREE L SRR . MR R T R, ATRE RS LR
0 PR R M R 7 S 45 BUAH S (1977 ) (Entries 9-13, Table 2-2). [RI o6 = F 340 F 2K 0
FRISRAL S TB)AL 34 A AT L R T AU 45 21 H 4746 &%) (Entries 14-16, Table 2-2).

Table 2-2 1aa-ap K63

air (1 atm)
R./— 20 mol% HBr (aq., 40%=) Ry COoH
\_ /" Mg Xe(300W), quartz W
1 CH4CN, 1t 3
Entry 1 R Time (h) 3 Isolated yield (%)
1 laa p-OMe 3.5 3aa 91
2 lab m-OMe 7.5 3ab 46
3 lac 0-OMe 4.5 3ac 50
4 lad p-Bu 3 3ad 66
5 lae p-Ph 24 3ae 83
6 laf H 5 3af 74
7 lag p-Cl 5.5 3ag 70
8 lah p-F 9 3ah 82
9 lai p-P(O)(Ph), 17 3ai 62
10 1aj p-Ac 10 3aj 81
11 lak p-COOMe 9 3ak 86
12 1al p-COOEt 8.5 3al 90
13 lam p-C(O)N(Pr'), 18.5 3am 81
14 lan p-CF; 3 3an 80
15 lao m-CF3; 8 3ao 74
16 lap 0-CF; 7 3ap 77

“ A solution of 1 (0.2 mmol) and 20 mol% HBr (aq., 40%) in CH;CN (10 mL) in a quartz reaction tube was
irradiated by 300 W Xe lamp at rt in the open air. ° No aldehydes were formed, determined for the crude

reaction mixture by 400 MHz 'H NMR analysis.
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N T IR P S N R & 1, A — P8 TR T B HE A
I TN X612 S AR R 52 . IRER 7 N = 23k BT 28 R ROk TR B
B R BRI, 193 7 AH R 2928 R 3af (Entries 1-5, Table 2-3). [RI, SOBIAL5E
PR 2 A IR X)) o IXFRHT . R LA B AN R 2 [ 50 S AR R0
AR, S NIE AN RS R 2Rl 54

Table 2-3 1af 1 laq-at KGN “°

air (1 atm)

<::>»—\ 20 mol% HBr (aq., 40%) COOH
R Xe (300 W), quartz
1 CH;CN, rt 3af
Entry 1 R Time (h) Isolated yield (%)
1 laf SiMe; 5 74
2 laq SiEt; 3.5 83
3 lar SiBu'Me, 3 70
4 las SiPhMe, 4.5 82
5 lat SiPh,Me 8 60

“ A solution of 1 (0.2 mmol) and 20 mol% HBr (aq., 40%) in CH;CN (10 mL) in a quartz reaction tube was
irradiated by 300 W Xe lamp at rt in the open air. ° No aldehydes were formed, determined for the crude

reaction mixture by 400 MHz 'H NMR analysis.

BHE, )l TR TR AT Y2k e R B A E R R BLAR &R, fE iR
HEZAF T =HR1- R )RR 1au /58] TACEYIZR L8 3au. 11 A5 7R AN G 9 2 O ik
W2 T 5 Y 3af (Scheme 2-4), RUEFFICA 15 2T B Arr=4, (HAAZAKIR 51
T AT, 528 45 RAR W ISR A Bt 25 I 1 A R R A 7 2R i i 7
AN SV B FEAE A LG 20 RO EEE, R R A A bl EUE R AT ST SR S
PR, SRR NAE R
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air (1 atm) O
20 mol% HBr (aq., 40%)
™ =
S Xe (300 W), quartz
CH3;CN, rt, 3 h
1au 3au
0,
air (1 atm) 63%
PPN 20 mol% HBr (aq., 40%)
Ph TMS > PhCOOH
Xe (300 W), quartz
1av CH3CN, rt, 13 h 3af
86%
air (1 atm)
20 mol% HBr (aq., 40%)
Ph™ " TMs > PhCOOH
Xe (300 W), quartz
law CHZCN, rt, 9 h 3af
80%

Scheme 2-4 lau-aw 1)) W

FEZ AT FERE A b, Sk TR IR A TROR S8 o X 4= T 273k = F Bk o
lad HY S NIBORRURE, AT SE LSS . LI R B % SN m] DABAI R4, 1y HLP= A
$E i (Scheme 2-5). X —45 R e R Y], I N BA R BN A AT S, 7T A3 2%
af N H] o

air (1 atm)
(o) 0,
Bw_{<::>__\ 20 mol% HBr (aq., 40%) Butﬂ<::>%—COOH
TMS Xe (300 W), quartz
1ad CH3CN, rt, 10 h 3ad
(1.1 9) 76%

Scheme 2-5 4~ T 385k = H LAt e O S5

FI EIEA AR F R IR S YR A R SAAC RS, O SR B 1% S BAR
A, LRHEM EEA G AR B CE R TR E, X% AR, SR
HRREE MR BEAT o [ Ak J1_EOEA HE HUARIE X 12 S L R A Z2 A VAT R A AT AT
AW K, RN A R RV E .

2.4.3 RMHIPLEEBFR

FE LB S 8 RAGILAt b, X2 SN RINLEEAT VIR T . B, T — &5

FH OG5 1] S B0 SRt H S RO BRI AT 18 . 3 20 mol% SFIRBRIKIEIAE AT,
A NEAH, 300 W AT 1E D9 OB G  FEARHE S ML TN  1ZSUB BAIL TS i
F135] 7 HFRr=¥) 3aa (Entry 1, Table 2-4). 24 [ MAE A JEIE I 2645 N 24T I, XL 87%
HI R B T Jk} 1aa (Entry 2, Table 2-4), X R Z B AE G SFAF T 3T . FIAE
B NAE A B E L N A 2] H b5 Y)(Entry 3, Table 2-4), X 15 B2 S N ZiAE
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TEAE A RERT . BROR, T — X RS (Entries 4 and 5, Table 2-4), PIANFAT
RBAESIE A N R 15 min J5, BEOGIE, FHdb—AN RN AZZIAE T2 3 RO R
M=) 53— AN IRNAERRICIEE, ERACHRIFM Tk N F 3.5 h 453, AR5
FEEMT 20 B [ JEOR A =4 . IR, R BN SN B 2% 1 JEUR B Wi R0 P 4 i e
A BRI DX, X BB EIRAE L B AR B — AN SR IS R, T AN RS
FEES A ATE SRS N AT . e, BAVERE R RO AR FVE DL T PR SO FE,
EORTE VA AL S5 Nz B m] DLEAT, (R332 T AR IR & 7P (Entry 6,
Table 2-4). 1X 3 B SR BRAE B RS 2R I =y 0 A FE i 21 T OCEME AT, Al 2aa %
N SE R HR TR =)

Table 2-4 44 5256 ¢

CH4CN, rt
MeO ———"—> MeO CHO + MeO COOH
T™S

1aa 2aa 3aa
20 mol% HBr Time Isolated yield (%)
Entry Air (latm) hv
(aq., 40%) (h) laa 2aa 3aa
1 + + + 3.5 0 0 91%
2 + + - 3.5 87% 0 0
3 + - + 3.5 0 0 0
4 + + + 0.25 18% 45% 17%
0.25°
5 + + + 16% 47% 20%
(3.5)°
6 - + + 5 0 33% 52%

“ A solution of 1aa (0.2 mmol) in CH3CN (10 mL) in a quartz reaction tube was irradiated by 300 W Xe
lamp at rt. ” The photoirradition was stopped after 15 minutes. ¢ Reaction time under photoirradition. ¢ Total

reaction time

TE R NAR R AT IR B 7% AR 2aa AR R, DN T 300F 2aa BT NZR
IR P2, T2k 2aa FEARAESRAT N IS, S AAEZNAR FH EL 99% 1 %45 3|
T 3aa (Scheme 2-6). XUt BA7E IR BIAAR R APIASEEAE AL T 2aa, SR 2aa 4kSE % A BR
HA5=%) 3aa.
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air (1 atm)
20 mol% HBr (aq., 40%)

Xe (300 W), quartz
MeO CHO > MeO COOH
CHsCN, rt, 2.5 h

2aa 99% 3aa

Scheme 2-6 FRAEZELE T 2aa [4] 3aa H14510

IR, WHFE T e R SRR IR SN . SRR K IR LI — B 1Al )m
FHTE R AL AR AR, A e A B AR AR AR W, X i I IR IR AE DG R 2% A T i
PR IR 2 BRI BR AT I S B, AR SN T AEAT, (H2
I 38 A AN A LU S IR IR A AL ST (R (Scheme 2-7). SBGERAHEL, SIRER Y 4
INY SRS TR, T B s N A R IR PR R o, YR 7 B e e B ) 1 P B A v
A, AT e 1R E AR T A A SR e g, DAL SRR AL 2 S DL BAT B sy
IR

air (1 atm)

0,
MeO—{Ci)}—\ 10 mol% B ,=Meo—<(:j>—CH04-Meo—<C:j>—COOH
TMS Xe (300 W), quartz

1aa CH;CN, rt,3.5h 2aa 3aa
26% 65%

Scheme 2-7 ¥ LTI [ B

- LA S 55 A SR ) SCRR IR S PIRRATTHR 1 T 1% SR T AEHLER (Scheme
2-8). B HGAEIR A R IR A A b I RS BRI Y, T I TE Y A
R AT AR BIR BB D21 ot o R AT AR ok, IR e R A P A TR,
B SRR 1A DR T B RE(SET), 1 R TR E 7152
R IE B0, T B R I B AR S VAR AR R 2 = R IE B AR E) T
SEEH 3k ¢ POPOALRI BRI IE T GC-MS A I EA I 2 5 = W RS A 1,
(R SCHR U AR GBI TC T IS VATRIAE 1 PR i L B 23 R R T (S A v ke B e 1
HY, WETER Y] ARSI E] 7RG IE T, BEE R T2 AL RIS K, S T IR
B BB K5 4 RESPE TP RS E ST A B H2, A HikE
BOK R TA K 7 i SR EY), AR E — 0 T/KAG 2] T e = YIRESAT A4
2 PO 2 R IR AR A7 E (1 4 1 T 3E— 25 IR B 449 3 T HARF=1 28 IR AL
i 3 W,
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Brz
hV/02 hV
[ ]
HBr Br
H+
PhCH,SiMe;
SiMe; SET 1
o Oy Condition A
PhCH; —— —> phCHO ——— PhCOOH
4 2 3

Scheme 2-8 S 1) ] GEALER
2.5 RE/NG

WFFT T O S A SRR A PR 3 S e a7 1) Ttk - Tk i Bhfr 5 K HL it I P AU AE S
FEC ISR IR 26 AT T R SRR TR R B Rk I A5 B 17 R 0 i 20l SRR B i R]
B PR A U RO AT BIOR R AL &Y . R A0SO 5 A SN R, SRS AE
NERAERE o ERLIRN I FT SN IR E G A% S N A 2838 2% A AN [R] HUAX
PR, DI BAT R R IEYE . i), AR KR SLR S R
FHRSCHRARIE St 1 SN (AT REHLEE o

SURMRAE S SR R b 2/ 3] 7 =AMEH]. Bk, SIRMAERM RS | 7%
BAER, fedt 1 i-rEb i = . LR, SRR AT S N AR SR ONIR I 2% R, X 3R
i CIRIE TR SEACIE S i), SRR S ROt AR R S R R IR &
VIR o 12 BLAR 2 FROGRE EEINFASE INTETS, AN AREIR, RN AR &8 R
T DAY <5 e 1k 7 SR AR 358 7 G 1] ELRRAR 17 B S BRAR
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3 JLREKAF T NBS {2t HIBR-FE BT R R AIRAUR N 5T

3.1 BB S,

I RMIVE N RIEEZ . A2, Yokl BRI E SRR 42 BN, [,
R A A% Al 200 27 5 R A 3 1 A A 0 i R P DDA 0L R S A AR s o
TENETESE AR, RGN, . M. BICHMEMEN S EARER, &2 5EME
R THERBENRE RN . BIEH R EMNPUREE . PLER . JUiE RS A
PR &Y.

FERALE A )R T & A RIS DA WG B AT DUE 9 & A AR v A &40
IR, Pl E B W2 3] 7 T IWE S . E 2011 4F, Larraza-Sanchez i@ 2 [®)
RIE T 7E 1,1,1,3,3,3-75 IR P B AN =B A7 AE D R AR TR A S5 N R A N 8% R R AR IRAR
(15 715 (Scheme 3-1). FEIZRMAR R PO E G L T & MR RS, RIS
SO HINLERAF G Sn2 HLE . B e = 2R EE B 1,1,1,3,3,3-/NIRINEHAS 2 18 E &+, 2
EHEE T HEESE, BERAET Sy 2 BN E] T R&RRR™Y) .

CBr;COCBr,

B PPh, B
N OH >~ N7 Br

CH4CN, 40 °C

Scheme 3-1 1,1,1,3,3,3-75 1R I B A1 = 28 L B HE AL S 7

N-IRACT Z B2 (NBS)E IR IE R B, 4433 1T Z A58, NBS 5iRIR
e a2 —Maa, PR . (H2IETH NBS 1E IR S8 H 2 d F
B 5 AL AS KA B DY SAL IR E NI ] o DRI VE 2 A0 7 K ERLESU) T - R R
BRI 4 Vs 7 . 2014 4F, Kappe and Mateos! '[38 7R 4644E T NBS 1E NS
FCRIRIP T (Scheme 3-2). 7RI N 5 Pl OGS IR 91 & B HEE R, JE R FDEREAR
B 7 HAbE BESI RN, RN H CIEEEFIBAR T Y S A%

Br

NBS (1.05 equiv)
o) MeCN (0.5 M) o

25 W CFL light
Scheme 3-2 Yt 5| &R N

KR T R R B AR IR U5 iR TE R R AE A LA R I 2 AE b A = e e rh
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— I MR SR 2R, AT RS I S — B T, R
RNV N IRAREURHI & RT3 KRR > 20, G JUER, AR R 0G
TEB N IRAR . e b s AR RIBIE 7E o I K ERIBETE, AT T RNV 185
IR, X AN FRAE R 2 Aok e SRR 2R AT TR T, XA BT
LUt — 20 F e & O iR fEER R . B H Ay IR, WAL H R, 2
WRAR R RLIE AR, 1] e 8 A B L R AR 1 7 1A i LA L) S i V2 A A
PRA B Bt 1A HUREAR ) H R R A5 AR BR O IR AR I AN o SR M B BTV 22 1) A
FERE, i e A A LA T AR VR A SR e 0 T 5 B at Ah 78 . TR 2 S B
W7, A THESA P AR R R . BAEZ AW s DA e 17— BB A AL
AR FIE SRS T M LA S B R, TR R Rk R h, R TS 51
TR N TR-TE R 2R — AN CHPER . A T RIS R, BB AL
BRI AT N R R O B R IRSFAC S T

3.2 K E

3.2.1 fUB 55

JA 2003 MHL-7 R, MST digital 248 /18 tE4s, EYELA Bk 28 kA%, Bt
b2 NI FE Matrix-10 % 58 2% HH 47, "TH NMR (400 MHz) Al °C NMR (100 MHz)
R R AVANCE 111 400 B REILHRIL, Z0AMEIRH AVATAR360 24 (FT-IR) L4
4, HRMS (ESI) #:il%fH APEX III™ ESI-FTICRMS JFR %A%, & SR WRS-2
F& A, TGRS e e s 28 M), A SR S A T AR e, e
24 A AT 3 BRI K

3.2.2 ERHE AR

PAE iRt LRGN R = R S (Lax) A . TGRS, @RISR, m3efH
g7 19 50 mL R B AR I 8545250 mg, 10.4 mmol), JE/KPYEPKIRE(S mL), =
S BE(2 mL, 16 mmol)Fl—Rr B, =R FHEEE 15 min J5, ZBWIIAE T 6 mL
TR VUSRI ) 4- 28 L5990 mg, 5.8 mmol)iF, =i FHFE 12 he MMNEEHE,
AN 10 mL MR G A B KRN, 8 GBS ZEH =1k (10 mL x 3), A HLAHH JE KR
FREETIR, A TREUE, IEMAKERT, R, SWEsEZr e, ik
A, 1FRCGAR, 752 mg, FRE 62%.

4- 7 SH R = LR (1ax): 'H NMR (400 MHz, CDCls) 8 6.96 (d, J = 8.4 Hz, 2 H),
6.83 (d, J = 8.4 Hz, 2 H), 4.04 (q, J = 7.2 Hz, 2 H), 2.07 (s, 2 H), 1.45 (t, J = 7.2 Hz, 3 H),
0.05 (s, 9 H); °C NMR 155.8, 132.1, 128.7, 114.2, 63.2, 25.6, 14.9, -2.0 ppm; IR (neat) 1613,
1577, 1510, 1479 cm™; HRMS (ESI) caled for C;H2,08i (M + H") 209.1356, found
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209.1352.
3.2.3 bR RN A R

PAG bt A AR R RO BRAR 5 B (Saa): fET/K TGS, @SR %4 T, M 10 mL
AL N AR AR RN N-SRAR T 8k f%(0.2 mmol), 1aa (0.2 mmol), J£7K 2510 mL),
Z RG4S A 10 min. 7F Matrix185-10 Yotk 2 s b g% ip 5= i3 214 e v, TLC
WSz SRR e RGOSR RS V55, AR R SNV T e i, LTk
AR =IR(10 mL x 3), Jo/KBRREETE:, TG RA VRSN, R, HiEE
B, ZPEAE ENT A3 2] 729 Saa.

4-FA R R (5aa)? " "H NMR (CDCls, 400 MHz) & 7.30 (d, J = 8.8 Hz, 2 H), 6.85 (d,
J=28.8 Hz, 2 H), 4.48 (s, 2 H), 3.78 (s, 3 H).

33 4R 5L

3.3.1 MK

e, JEIOR ISR = SRR 1aa MENZON IARE IR Y, N-IRAR T 0
FE A R S LR IRIR 43 T 52 T 55 3050 S AN R e BE R i S SRS R, SEEG 45 R AL
Table 3-1. SEXSERATCLRIN, 7E 185&254 nm Y6IRSAE T, PADUS BRI AE Jyia 7,
2R 58 A BEREAT ((Entry 1, Table 3-1). 24 LA AW L BRECAERE A RIS, 73433 1
14%F1 28%[¥) H #7572 4(Entries 2 and 3, Table 3-1). 4 DLF B — S0 B A N TE I, fE
5L 31%10 7 R 15 3] H A7 77 ¥ (Entries 4 and 5, Table 3-1). 2 HATE M2, MU= R O
VERVETIRE, 1ZIRIFERA 80%, FFLL 74%H15 5 7= %45 2 B #57=#)(Entry 6, Table
3-1). Hk, ZHETERIZRBM AR ERmpeEEIET, WA EORITE IR
W, T CRERIEUER AN 190 nm AR T I EHER, Ktk ZREVE 9% R B AR 7). 78
I b, SOl — DR T UK LR ENZ R AR R IR . 2 E BRI G RE =
RI AR KR A 254 nm B, B BEE] T 64% (Entry 7, Table 3-1). 243
RIGW KA 313 nm B, JBKF=ZBER] T 59% (Entry 8, Table 3-1). B J6IH it & B
SN MR R SR, B RRAOGIRREE R, RGBT BTN 70% (Entry
9, Table 3-1), 1EARIRE TR IEIK A 185& 254 nm I FIEER, XUt BB FE 365
nm AbE BERATERANRIL . T, EEL T 185&254 nm KAMNEIE NiZ I N )G IS4 2F
B4, AT T IR R R N A IR T LAASE RIER, 18 185&254 nm ¥4k
FEHE AT
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Table 3-1 M I 4-HLAL ¢

hv

Voo @_/TMS NBS (1equiv) . @_/Br
solvent, rt
1aa 5aa
Entry Solvent Wavelength (nm) Time (h) Yield of Saa (%)b

1 THF 185&254 8 NR

2 EtOAc 185&254 2.5 14

3 acetone 185&254 2 28

4 methanol 185&254 2.5 31

5 CH,Cl, 185&254 1.5 31

6 MeCN 185&254 1.5 80 (74)°
7 MeCN 254 2 64

8 MeCN 313 2 59

9 MeCN 365 2 70

“ A solution of 1aa (0.2 mmol) and NBS (0.2 mmol) in deaerated solvent (10 mL) in a quartz reaction tube
was irradiated by a Matrix-10 reactor with sixteen ultraviolet lamps (10 W per lamp) at rt under argon
atmosphere; ” Yield based on 'H NMR analysis of the crude reaction mixture using CH,Br, as the internal

standard; © Isolated yield.

3.3.2 RNHHEE VST

TEZ B B S SO 26 A T 5 2R NAR 2R R P35 & PR R AT T B0 % 52,
S5 R0 Table 3-2 Fvn o SEER B ORI A BB wR2h i TR, Bl F AR
CARHE . SR RS, ZONAE RS R AT, H DA SR B R B IES
FH#57*Y)(Entries 1-4, Table 3-2). 1M1 A FiEA 5945 TR, ECanF ARy, %
SONE [EJAE R % DL R A S 2845 2 AE B 1) R IR 4G S P (Entry 5, Table 3-2). 4434 B
SShr L EEAIN, SR T, RNV TE BT R G (BTG B B B AR,
N B 22 3]/ B T0 1 4 52 PRI P2 W0 11 A2 i (Entry 6, Table 3-2). T REH T-ik-AAE S e =
HIERAMGRAE T R AR, T SECANL: T 0. 283 B s i 7R AT,
PeanR A . MEiHE, 2N AEAS B R 28 B SR ) (Entries 7 and 8, Table 3-2).
BT 2R A IR BT sy FL - BRI, SRR AR R S AR 2] T IR m, IR
JR AR DR A BT B K B R4S 2 B AR =4 23— PRI FUIE R i RN A A&
T RERACK R, X T H M7 T &Y, WanZErR, 1% 58 [FAE AT LU
FIHHAT, HER=YIH = 2 0] LA 2] R 47 2 5% (Entries 9-11, Table 3-2).
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Table 3-2 Js b fFE3E A 78 ¢

hv (A = 185&254 nm)

N /™S NBS(Tequiv) A W
1 MeCN, rt 5
Entry 1 Ar Time (h) 5 Isolated yield of 5 (%)

1 laa 4-MeOCsH4 1.5 Saa 74

2 lax 4-EtOCeH4 1.5 S5ax 82

3 lay 4-PhCH,0C¢H4 1.5 Say 63

4 laz 4-PhOC¢H4 2 Saz 63

5 1ba 2,3,4,5,6-MeCsg 1.5 Sba 83

6 lag 4-ClCgHy4 3 Sag trace”

7 1bb 4-HOOCCsH4 4 Sbb complicated
8 lam 4-(Pr');N(0)CCsHy 2 Sam complicated
9 1bc 1-naphthyl 8 Sbe 72

10 1bd 2-naphthyl 4 5bd 63

11 1be 9-anthracenyl 4 Sbe 86

“ A solution of 1 (0.2 mmol) and NBS (0.2 mmol) in deaerated MeCN (10 mL) in a quartz reaction tube
was irradiated by a Matrix185-10 reactor with sixteen 185 & 254 nm ultraviolet lamps (10 W per lamp) at rt

under argon atmosphere. ” Some unidentified products were formed.

BRR, BT DL Ao e ek R A R R SR AR 5 1) S R PR HEAT T 2% % (Table
3-3) SERGAERERY]: ZHILRERL, TWIL A SRR = ZdRREAL . TR ORI AL AL
AR A fe A0 A P #8 T AR 3 AT 1 S S, i ELAE A ] 6 s M2 et ] 48 LA R G 1D 7
AT H bR, X R IAERE IR T A e AU, [T I 36122 5 L )3 R RTS8
A WL A .

44



[ VAT JEIOR T BR-TEE B T 2R I i 282 S SEAIT

Table 3-3 S5 FFE53E A 78 ¢

hv (A = 185&254 nm)

R : Br
MeO < > / NBS (1 equiv) _ MeO@_/
MeCN, rt

1 5
Entry 1 R Time (h) 5 Isolated yield of 5§ (%)
1 laa SiMes 1.5 Saa 74
2 1bf SiEtMe, 1.5 Saa 71
3 1bg SiEt; 1.5 Saa 80
4 1bh SiPhMe, 1.5 Saa 70

“ A solution of 1 (0.2 mmol) and NBS (0.2 mmol) in deaerated MeCN (10 mL) in a quartz reaction tube
was irradiated by a Matrix185-10 reactor with sixteen 185& 254 nm ultraviolet lamps (10 W per lamp) at rt

under argon atmosphere.

LN R IE RN ST, RIVSIEY N E TR R, 138 8] UBF] b
AT, IFLLRIFHUSCERE R BER Y. ST 2T R R s B R 2, 53T
BMAERIREY). FE, R 7 G HAD R [E B IE X% S M 308 8 R0 72 3 450
A=A
3.3.3 RMHIPLEMR

LA Eszib s B, HEMRZ N AT REL T T — AN A IR, TR E IS
KIRE— Lo T s AL 15 2. (Scheme 3-3), FEFRME R N 2644 I\ —f5 4 & H B3t
3K 2,2,6,6- D0 H B R IE AL Y)(TEMPO)R, 12 J S 4k B S5 M 4TI e A5 15 21 H bR 724
Saa. K, WRLUCH RN RE S B RN A R

hv (A = 185&254 nm)
T™MS ! Br
MeO < > / NBS (1 equiv.) _ MeO@_/
TEMPO (1 equiv.)
MeCN, rt, 1.5 h
1aa 5aa, trace

Scheme 3-3 H LR S256

AR b3 S g 5 LA KAR 5% (1 SCRR R 25T, 4R T 12 B AT R K /L EE (Scheme
3-4). HA, EEIOGINT NBS MA-RE R AR TR H B A 5 E 2
PPN, W AR A B R R A R T T R, TR A RS 1R A T
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FEFE(SET)L L, IR 1 I8 58 7 55 v ARk = U BE R A 1E 5 7 | e 50,
LB T B AR QSRR T PRodi it A B 5 hd e IR 2 i A, AR 1 R 2k B
HiE 4P [RI, SR IR 57 B8 T SRR I B T A AR R T RS . TE RSN,
IREEGE VR -RE R A E R R AR BGR . e, FIEEEHIE 4 5RE hER A
WRBCR,  MIMTA R T e & BAR=W) 5o FERMNAR R, RIS TN EZEER. &
g, ERR I R-TE R B BT R (SED B . HIR, R s 2 =Yk
P FERARED, JaMSFAR T h R IR AR IR B A A S RN T A BV S T2 AR R

BB IR
0
SiR; * Ne
N3 hv[:é
o) o
h
Br® Br LA [é

N—Br
SiRs + SET

BrSiR;

0
PhCH,SiRs
1
.
PhCH; —BT > PhCH,Br
4 5

Scheme 3-4 W] {g 1 e W ALFE
3.4 KE/NG

AFERETE T 65 R AIAT WU R L B R RS bk e B i s AR TRAR SN, AT
LA ROt & R IR B VIR JT % o 73 T TT 1 % S NLAE B R T AT A RO O R
FAF R E DL RIS, X% SN AR SR REAT A 7T, W TR %N
A DMRGFHE T8 B TR R R AL &Y. BJa, MR SEIGF SRR T2 RN
AIRENLEE . RN SN RE R, Ja R SEILA R AR - IR 2, AT A IR R T
B A o TR T AR e i ik -TeE SR W 2R 1 B L T RS (SET) IS, (R IN 2 il e
KRR . A AAMEE T EAUN A LGRS, NRRE SN E
FRARAE T — 2B i@AE, RN g R 1 Bk- e B I 5 S N AE DG A A B S U I B 7T
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4 JGRE A T WO IR AL B MR A PO ok - Tk e T 2R 2 SR A BB A S LT 5T

4.1 EALBERAL I B A

75 SRR IR S EA ML R R 2R EEAE, e EEY. 1
Mokt B2, RZGS NI B R DR A VR R I AT 2 202 A A bR
H A OSBRI R R B PR T e AR P DS E S R AR
R, ARG IR R T A L 1 A A AT R A S R 4T, g pRime L T
S S AR A BNt A AR L P B ST AR

Oxone J&— M R AT, BT HAE . TRl T it fEaNLa Rt
Wi B F & A A AA R B, 7E 2003 4F, Borhan B! R IE T RSN S W1 R
— %77 Oxone fEF ML N (Scheme 4-1) B ORI NAEA A 7R, 13 31
TAFERSEA T HEERAGYIE DMF S B4 A IR, 1T CAREAE VA 7RI Ui
Aot A A AL R AL S B AS BRI AR AL 540

0
RCO,R; <~—2€ poHo —OXOe, RCOH
R,OH DMF

Scheme 4-1 Oxone AL [ B

M2 PR R EATINE? 7 TR EA DL TER L, AR P S ELR
WAHEER, Mg ERANENTIRAE K. SEREESFME XA AL, T
W NG THE MR RIT TRV, AR oy BB A AT o B A AL R AL T ] DA
YR REVR L 553 JIR ARG 512 T A R R . 7E 2011 4F, Lei A HRiE T
REELE AL SR T AL R L S R (Scheme 4-2). BE A HLE e B AR 1AL &
Vi, fe4 L, W EEE AP RER TR . T2 S N AR AL TR B 26 11 B
BERAL BRI SR, XTI T — 5B RS (2t Al R e I HERE o

Pd" -
+ CHZOH [Pd] - O
OH O,

Scheme 4-2 AL [ 1) B 32 AU B A s

2005 4F, Karimi /NAUSHRIE 778 N-FR B4R — LT 2 (NHP) 5 — M &G 340 1)
YT () SE AL BB AL S B (Scheme 4-3). MAITRFE T —BLEOIEALIE R, v bl
fRIESAE BT, WURT DL S 5k 58 1 4 1 ) S A B A s 3
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OMe

OMe NHP (cat.), Co(ll) (cat.) COMe
+ O >
2 CH5CN, rt

Scheme 4-3 NHP 544 38 40 19 45 B8 1 E AL R AL ) 87

BRCEHRD mAE R IR PRI &%, BB LS —ES0IT
SHEE IRt & RO . A R B R R RO SR I AL AT AL A S
AT AR R S o DRI LA FH B AV B0 S0 AR SR A TR RIS S 4ot REVR Y S AL A5 25
W FERIE AL BT AW FC A A R 1 SRR AL I R B iR AR DG 2R AF TR R ek B
S SN B K NBS g ) 5 = FE R B e B IR ARk e W 2 S RARS O . O T 3
Y RSN, AR T PRI AT TEE ROt RER R |
BN A BB &5 B S0 I S A BRGSO o

4.2 REAESTE LB N ) B B

RIS, FRATTMEAIT FT 1 OIS R A e ) ik - Fe B i 2R % S A S
SURMR AT AR G M A e S S S A BEAT s A2 Z AT R R i fe v, B FR A iR
A, 8 GC-MS fa il F 1A AR Y. T B R v RO A5 B AR AL Y B
H AR IR — DAL W) . ERIRAESC IR T iR- R 1 I R, el
IR T2 IR B s, WA d 2k mT DF R e i SR JUE B — AT
FERE T AT H 3, AT B SRR T e i RS B 1N 2,
N3 H R PO A T R P RPN AR B TR R RERATAEN, RN E 2k
FEAG R —N T AT 00T SUR R Sy [l BRI SE K T B EALER A . 72 BETEA
FIRIE RS T TR I, st . T2, WA RKRIRE
TR TR TR I = R B S VR I SV T RE TS R RO A e AL 7 ) B 15 B
— ALK )

4.3 LR

4.3.1 X5

JA 2003 U7 RSP, MST digital B4R 18 REAS, EYELA RUjefb & KA, WS70
R AMIGE T 2%, "H (400 MHz) NMR i 5 ] AVANCE 111 400 #% 3 L9R 10 %, 52
35 T I8 A Xe (300 W) PLS-SXE300UV Ak 24 g g, BRasik: 2 0 4 & 1k
T AEFERIRER, TEKHEE. ToK L85 ToKIE RS N Seie = 2808 i, HoAh 2 ih 3y
T 37 BB S
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4.3.2 FFEERKIE R

PAE okt R AU 2R IR P B (Taaa) SRRSO : ) 20 mL 45 0 35388 S B A R AR IR
TNV R AR (0.06 mmol), 1aa (0.2 mmol)FITC/K (S mL), #RJG7EBIE R N BN
—AMNESER. BJEEIEE RN BT Xe (300 W) PLS-SXE300UV 564k 2% [ i g8 T
B, TLC MW BIEFE, RIEER G, KERBER, FERTE LR, g7 Pusa: 2
I8, 1FEIAEE A Y) Taaa.

o} F 48 5 4 F G HH S (7aaa) > "H NMR (400 MHz, CDCls) & 7.99 (d, J = 8.8 Hz, 2 H),
6.91 (d, J= 8.4 Hz, 2 H), 3.88 (s, 3 H), 3.85 (s, 3 H).

4.4 ER5118

4.4.1 NI

TESC RS E T N e AT A MR- I L i e B rp, CAHE AR T AIRER I NBS
AL R NAR R, T R EIE IR TR R 70T L s i (e i -k s g W Y, YRR 74
TARREREREAT AN R UL — M RAFIEMR], BB FERBAERN . RIE T 07 DL 5
T 8 B LR —AN T, AITER T IE AT E R, IE e B R AIER T R A
TOR-FEBERIWTRY, RABREEAR - NMETIEBR TAERTRART. T2, k&
AN TR (R AR AR AL PR B - e BEE T 2 s N TR 98 - 4 Table 4-1 FiTzR: BFF 5T 7 % FRARE S
B = RS 1aa FAL X AR G S Taaa PRI BHE, 202 TR
TR A IR FIVR AR S &R IR SR, S0 45 R IR L & R IR LA Re fE 1k
% R i (Entries 1-4, Table 4-1). 7E LEIRBAMEAFII AT, KRINEH1SEH b5~
Y)(Entry 5, Table 4-1). AEH FIE 172, ki NBS 1E MBI, L 85% Mz i %
1327 7aaa (Entry 6, Table 4-1). 7ESRIURIGERAE BTN, BL 95S% MR 215
F| 7 HARr=%)(Entry 7, Table 4-1). 7ELEEA F, S2ERRIRMEFINH R, SLOE5RE
ARt 5 4751 FH 52 R 982D T DR I P42 () 77 24 1238 1) B (K (Entries 8 and 9, Table 4-1).
BT — RV R BLSERS : TERA MM %A T, 1% R A RETS 2 H 4574 (Entry
10, Table 4-1). TERAERIIFZMF T, RN 5E2AREHAT(Entry 11, Table 4-1), S H0
NEAR, TEES R HAR S(Entry 12, Table 4-1). X780 %£ W TUIRILER, GHE, &
AR AR R I T SRR BRI, W TR S SRR A A E IR, PUVRALBR(30 mol%),
300 W ST, BEERBIE, (1 atm).
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Table 4-1 [N 2 EACAL @

hv O

™ ot (Y
MeO™ =7 MeOH,n,H)h‘ MeO 7aaa
Entry Bromine source (mol%) Yield” (%)
1 LiBr (30) 0
2 NaBr (30) 0
3 KBr (30) 0
4 CuBr; (30) 0
5 HBr (aq. 40%) (30) 0
6 NBS (30) 85
7 CBr4 (30) 95 (90)°
8 CBr;4(20) 85
9 CBr4(10) 74
10 - 0
114 CBr, (30) NR
12°¢ CBr;4 (30) 0

“ A solution of 1aa (0.2 mmol) and bromine source in CH;0H (5 mL) in Pyrex reaction tube was irradiated
by 300 W Xe lamp at rt for 10 h under oxygen atmosphere (1 atm). ® Yield based on '"H NMR analysis of
the crude reaction mixture using CH,Br, as the internal standard. ¢ Isolated yield. ¢ The reaction was carried
out in the dark © The reaction was carried out under argon atmosphere.
4.4.2 [ BLEH & PR ST

NGRS P RV & VE, AT 2P 43 A A E RERT IR 5 = W R e fiT A2
Y. B, EFRMPIALGINGRES i TEER], WA B 2 5SS, RENS DL F5 177 %
33 H 457~ %) (Entries 1 and 2, Table 4-2), 'K, ERIRIXALTIANTGL ETHEH], 0
AT BRI, 12 SN AT UM M 36 4T 5 B~ 2234 255 (Entries 3 and 4, Table 4-2).
I EBCAAEFTIUREE I, [FIRERERS UL R 4 WSR3 2] H A5 #)(Entry 5, Table 4-2).
FERIAMIRALTINT - R IRTF R T, ] LA 22 A SCR S 2 B br 4
(Entry 6-8, Table 4-2). HUASRALSWIESRICIEGS N & KA, DL 4-580K R H R
FINCR B AR AR (B2 2R A s il 756, I =P BRI, S A3 3 B X ik
18, e B 24 h JFAX LA 26% U 15 2 B Fr =3 HLIENK 29% 1 50k Entry 9, Table 4-2)
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=B R B 1R BANAIE TR BRI A, X T H eI S B IREY),
betnZE, %N FIFERT DUBRIHEAT, B ER 5= 2 0] DUA B F5 2] B 4 (Entries 10
and 11, Table 4-2). 4 7 FHHRHMBLRU G RESIEH T2 NAE R, TAEFER AL
FE M EE, RIS FIAERT DUBCR AT, IF H UL R USRS 2 B AR, H2kE
ERERMMEWEENIGK, P HINCE A BT K (Entries 12 and 13, Table 4-2). HtA] i,
IR N EA R () A 3 1

Table 4-2 Js 3 FF)E53&E PEAIF 7T ¢

hv
N ™S . ron 03?42((ejoartnr2%)= N o
rt, 10 h OR
1 6 7
Entry 1 (Ar) 6 (R) 7 Isolated yield of 7 (%)

1 laa (4-MeOCgHy) 6a (Me) 7aaa 90

2 lax (4-EtOCeHa) 6a (Me) 7axa 91

3 1ad (4-BuCgH,) 6a (Me) 7ada 95

4 lae (4-PhCgsHy) 6a (Me) Taea 97

5 1af (CsHs) 6a (Me) Tafa 88

6 1bi (4-BrCg¢Ha) 6a (Me) 7bia 66

7 lag (4-CIC¢H4) 6a (Me) Taga 73

8 1ah (4-FCeHa) 6a (Me) 7aha 50

9 lan (4-CF;CgHy) 6a (Me) 7ana 26" (29)°
10 1bc (1-naphthyl) 6a (Me) 7bca 75

11 1bd (2-naphthyl) 6a (Me) 7bda 90

12 1aa (4-MeOCqH,) 6b (Et) 7aab 774
13 1aa (4-MeOC¢H,) 6¢ ("Pr) Taac 67¢

“ A solution of 1 (0.2 mmol) and CBr4 (30 mol%) in ROH (5 mL) in Pyrex reaction tube was irradiated by
300 W Xe lamp at rt for 10 h under oxygen atmosphere (1 atm). ® The reaction was carried out for 24 h

“Recovered yield of 1an. ¢ The reaction was carried out for 20 h. “The reaction was carried out for 15 h.
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4.4.3 RFAPEFR

B Rk, STz N VBT T AN IR R . A T SR R N AR R AT RE ) ]
s, Sy ABIE AT TR AR IR TS 2aa, S FHAECEE DR I — 48 FRRE 8a RN FH AR R HI TR
3aa TEFRUESEMT T 196 IR [ . (Scheme 4-4). 2aa 1 8a FEFRUESEAF R G 5 h J5# AT BALL
RAFIWCEASE H bRr=Y) Taaa, N FIWCEAIR & . SR 3aa fEFRHERRAE T,
HAR =P RCRAETAR, 10 h JEAUXLL 17% RS2 H bRr=4) Taaa. MRIEEEFIZE
P FERRAE S AT T W] LUIGUR] M 5] 5 B5 7= g7 46 Ak, RT LA A R 4 1 T A A2 12 SR o
(A, T S B A 48 1 AR R R it 72

hv
/©/ CBry4 (30 mol%) _ /©/
MeO MeOH, rt, 5 h MeO
2aa hv 7aaa, 72%
02 (1 atm),

OMe car, (30 mol).

> COzMe
OMe  \MeOH, 1t 5h /©/
MeO

9

MeO
8a hv 7aaa, 82%
O, (1 atm),
COzH CBry (30 mol%) COzMe
/©/ MeOH, rt, 10 h- /©/
MeO MeO
3aa 7aaa, 17%

Scheme 4-4 ¥ 5E

75 L b T Sz 45 SRR S SRR IE PP 6 at b, BRATIR T 1% &8 AT AELER
(Scheme 4-5). F 5, FEICHRERAT T DUIRAC B - 1L O A 350 2R AE Fiie B EH B AR 1 e
B, RE R R E B, IrOOR B R ORI = RS 1 e
Fl—AHBFE) T HRETHEBSED R, M1 RE—ABFAMmERT B HEEST
Hlal AR, T E AR R B AR R VR N P R AR A R, R GC-MS kil )
H BRI S E . e S AR R T Rk A 2k 4, T 4 R N AR B T R
HEERA G 2, ERERIEAINAEH IR A 2 Gkt m gl i &0 8 #ik, 4T 8
TR R E BEMA SRR ZM TEE — RYV A R4 2] T A AEL I 07 B g R
e 71,
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Br2
hv/O, hv
o hv
Br® Br <7 CBr
® CBr3
PhCH,SiMe;
SiMe3 SET 1

e 5 ROH OR
PhCH, —92, PhCHO —=
Ph”_ OR

4 2 8

0
. OrR ©2
_Br, . —™ — PhCO,R

Ar OR 7

Scheme 4-5 7] GE(] 2 W ALFE
4.5 RE/NG

AR FC T OGRS AT T DU R A b i A P 5 S et ) 100 ok - Tk B 22 % ot = ) AL AL i
N o FE Js B4R 28 A 26 B AR PR 2 ) 2 ] 4 ) AR AR e AR ok e
FACEY, BEJEAEVETRE A1 R 28 th e e A RO A T et 280 S8 AL R AL 15 21028 Y IR IR 26
wE.

LR RN OB TE S S BRI & 1, I TR AR T DR GF @ N S B, 24K
PRI 1 AT 591 Fi 2 AT s Lt REAR S L REAT, SEAT 9 B FL 1 22k (AT S 2 00
RIS, AN T TR RER], MARE 1T B RAEAR I 10 N T 1% SRR 2R

B Jr, AR SR AE RAAR G SCRRAIRIE, SR 1S BT AT RENLER o AF 7T R B DY IR
POTRAE S NI R R B 1 TR AR AR ], AERESRIETN P e it 1 k- (W3 . 1M
ISR B WA A'E iz S o ol i 2 A 7 R B A DA i S 2 1 S AR o 122 S A
A A VYRR AR BRI 215, T2 — Fhak (i vl (K S T HOB e RS 3
ANiE T, SENEx U RER, T XA ] S A B T A R SR ST IR A BL & K
TR MR AT
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5 JGHE S TR = 58 R AL S BT A
5.1 =P HEA M E A

SR IACATAEYIN R T ES . T BRI A IR A R ATk,
I = 48 R AL S S — B R WAL T T S . = SR N AR R KB
T ARiE! 4, Hrf, Ruppert-Prakash 87511 = 460 B 5k = PR IEE I ) S R AL S 0
ISR R A A 1 = 3 Y 26 R SR AT AR D I B 070, AE A LA ) A R ¥ B
VER . I8 75 T AR M AL R B IO AR AE B 25 A T Ak, SR JE = P 2 = TR Bt e oo
BRI A SR IS B = R P SRR AP, T Re e M RERR AL & W00 AT SRR T 4
PER KA BEA5 3 = 50 3 R RTAE A (Scheme  5-1)P07, SRTMT, XL B B HRTEE S
FIRERIAR R 2 A, BYF E 0 N AL B iP5, fldn: TBAF. #6. Lewis R K3
PO AR S S5 o 177 3K L R A 7R BRI 770 AR I N R B3¢ s PR TR A A B 02 AR 8 W IR I AN AU 1)
I, A AT —BAESS )R gk i v] DLSE X — R A i 7 7%

O TMSCF; o ™S H;*o OH

_—
dditi
Ar H aaaitive Ar)\CFg Ar CF3

Scheme 5-1 TMSCF; 173 Bk A0 &0 (K30 A8 S

B-TEBEAE R RE G 26 T 2RI — AR, IF iR 3 B0 -1k B 1) W7
AV T A S e P B T RS P ) . BRIV AR, R RR-RE B X AR L, A
TMSCFs 1571 A AR -k S e E B (R G TS T AT IR, T 2 Rl v S5 3t 1 11 = 3
SLrpalAR, AL 1 1 S B 2 PR SRS B2k (R N S B, AT e — BT I e FRAE:
RSN AR 5 = 98 P 2 B ) T ik

5.2 LRy

5.2.1 {X#R5EH)

JA2003 AYHLTRF, MST digital U@ )8 #Eds, EYELA Bef% 28 &4, WS70
R 76 21 AR T8, S256 BT 96 IR N Xe (300 W) PLS-SXE300UV 4k 27 2 o7 3%
'H NMR (400 MHz), °C NMR (100 MHz) #1 "°F NMR (376 MHz)#&:3ll% Ff AVANCE 111
400 AZHEIEARAL, ZLAMEIR ] AVATAR360 U(FT-IR)ZLAMEREAY, HRMS (ESDHFM K
F APEX TII™ ESI-FTICRMS A%, P F:ZHT 68 I G T A= iRk, Tk
PTG = AR AT, ek 2 S ST S BRI K
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5.2.2 bR MNA R

DA R 1-(4- T3 28 5)-2,2,2- = F S F(9a) AR S BL: FESRVTARAT T, 1A 9 S B
B R RN N TS L 2 F S 2a(0.20 mmol), = 48 FF 3 = FF L7 6%.(0.40 mmol) PA S 67K
DMSO (1 mL), ££ 300 W 1R XT 't s W 2 ) B E F Z5 0 [ B %8 TLC el S B2 P54k e 4
S PR E T AT 2 2 1) 9a.

1-(4-TH R 2R 3E)-2.2 2- =5 2. F%(92)*”: 'TH NMR (400 MHz, DMSO-dy) 6 8.28 (d, J =
8.8 Hz, 2 H), 7.79 (d, J= 8.8 Hz, 2 H), 7.21 (d, J= 5.6 Hz, 1 H), 5.48-5.40 (m, 1 H).

5.3 M)A

FATIEIL T WA HE R R 2a (EARME R BRY), 7E23 A5 A HAEE R 300 Wi
KT IR AT T 5 5 24 5 1 = 30 P = PR R e AT OB o SEBG 45 5% T Table 5-1. &
S BRI IE NN B AR R SIS . SR EE R, R AR PR, RO
JiEHEAT (Entry 1, Table 5-1). EFHAMHE AR, =& HkE. Z& Okt LR 4.
P HEE OBE. CIEVERERIR, RN IIA G IR 2E1T (Entries 1-8, Table 5-1).
T 24 % F ) = 3 S 7 70 DU SR IR B = 2 e, N RE S AT (H R 3 8 T HE W &
= ) S N VR A ) (Entries 9 and 10, Table 5-1). 245438 DMSO YENEFIN, SN AJ LUITA
HOHAT, FEN 23 h G5, DL 48%IM) 4 B AR 3 T EW) 1-(4-THEE ok JE)-2,2,2-=
% £ B% 9a (Entry 11, Table 5-1). T4, #%H DMSO 1E N [ B (R AEVE ) . 2 05, FRAlT
78 LR ) AR A E 26 2 S N AE B UR P RE S IR M3k 4T o AT m 2, AU
SR P e, 1 HRN R B R R T 93% (Entry 12, Table 5-1). Ta&, &
B S GWENIZ IR N 2. B&J5, BRATXWI T TMSCF; B B X s R 52 . E 5T
KWl BR8N, SR P]E T P (Entry 13, Table 5-1). #i
EHHEN A YERN, RNVERF R IS AR (Entry 14, Table 5-1). #t—04$2
A ENAE YRR, RVEZRAG RS, (HRN=ZEE 2 fH5CA BT T B (entry 15,
Table 5-1). T2, ZREHEIRATEIM MG Y E/E N TMSCE; FIFR#E & BUXAE, H&
e 1 %N AR HE I 461 PR 24 & ) TMSCF;, 300 W ], DMSO, =i, &

Ao
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Table 5-1. N F2&AEAL ¢

Xe (300 W) OH
O,N CHO + TMSCF; — > OsN
solvent, rt CF,

2a 9a
Entry TMSCF; (equiv.) Solvent Time (h) Isolated yield (%)

1 2 Benzene 8 NR

2 2 CH,Cl, 8 NR

3 2 CICH,CH,Cl 8 NR

4 2 EA 8 NR

5 2 Acetone 8 NR

6 2 CH;OH 8 NR

7 2 EtOH 8 NR

8 2 CH;CN 8 NR

9 2 THF 7 Complicated
10 2 Et;N 8 Complicated
11 2 DMSO 23 48
12° 2 DMSO 17 93
13 1 DMSO 24 25 (23)°
14 3 DMSO 17 93
15" 5 DMSO 6 87

“ A solution of 2a (0.2 mmol) and TMSCF; in the tested solvent in a quartz reaction tube was irradiated by
300 W Xe lamp at rt under air atmosphere (1 atm). ® The reaction was carried out under O, atmosphere (1

atm). “ Recovered yield.

5.4 PHEEPERT T

FERE TN B A SN SR 2 J5 s FRATTO 2 S B () SR A 38 3 1 kAT T 4B B A
o, TGRS T Table 5-2 o BEAST LN F5H0 B o1 RN 0 S BB A BRI
Wi o 24 57 A0, OB simby 2R AT, WnAH AR =oAL BRIERT, SOV RS IIRI AT,
F H DA 25 3 ) U H 7= 5245 21 H #5729 (Entries 1 and 4-6, Table 5-2). 475 X467 51N
F IREE X R R IX AL 55 F BRI, SO [RIRE AT LUIR]2E4T (Entries 7-8, Table 5-2).
ML EEA A T IEE], RS RNSER, SN AR RS IR 3 1T (Entries
10-11, Table 5-2). 2RI, 4753 FdEAEA B FRBIN, RE2 TRENEF>Y, #H
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5 UL 48% USR5 3 T &Y W R (Entry 12, Table 5-2), X3 HIEA M4 H 1 I H1)
Mg o Ty R A AR N . FERIE TR T RN I AR R, RIS IR FEA R I, H s N
A SR BORE T R BEAE, YN AR, WA AR H bR a0 e
Il =) AE i (Entry 9, Table 5-2). FRATHEMN, X 0] GEE B T AR KA EDTE GRS T2
Sy RSB . BN, ERFFE R IE R I, BRI AL B AR HZ SN A B ()
S o B, ARYIEAL T ERIE X AL, RN BREAE 17 h NEER, IR R4 B =%
3453 H AR Y)(Entry 1, Table 5-2). T4 EAL T HREEIAIAZ I, FOSOMN BT R TR,
O] 5 N 2 R R B B AR (Entry 2, Table 5-2). 4ASIEAL T HRILRIAIAINT, NG5 R A,
ANBESY B BEAT H ¥R 72 ¥)(Entry 3, Table 5-2). )5, BATIEER T ne RS IX IS 02K
BT B, Bef% DL 41%89 55 B 72 223845 H Ax =¥ (Entry 13, Table 5-2).

Table 5-2. J M. )38 3& {4 AfF 72 ¢

Q Xe (??(?O(clva)‘:mc:sjartz OH
A ow + TSR DMSO. 1t Ar)\CFg,
2 (2 equiv.) 9
Entry 2 Ar Time (h) 9 Isolated yield of 9 (%)

1 2a 4-NO,CH,4 17 9a 93
2 2b 3-NO,CsH, 25 9b 57 (33)°
3 2¢ 2-NO,CH,4 15 9¢ 0
4 2d 4-CF;3C¢Hy4 22 9d 67
5 2e 4-COOMeCeHy4 25 9¢ 87
6 2f 4-COO"BuCgH,4 26 9f 68
7 2g 4-CICgH,4 34 9g 90
8 2h 4-BrC¢H,4 9 9h 69
9 2i 4-FCe¢Hy 17 9i trace
10 2j 4-PhCgH,4 30 9j 84
11 2k 4-"PrCeH,4 69 9k 75
12 2aa 4-MeOC¢H,4 24 9aa trace (43)° (48)"
13 21 4-CsHsN 23 91 41

“ A solution of 2 (0.2 mmol) and TMSCF; (2 equiv.) in the DMSO (1 mL) in a quartz reaction tube was
irradiated by 300 W Xe lamp at rt under O, (1 atm). » Recovered yield. © Isolated yield of 3aa.
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5.5 RMHIHLEHT R

B RoR, AT RN INERAT 7 a0 NS XN R OR RS 2a TERRUESRAF T
RN, Sy HIFEI R L 1 h F1 2.5 h JERR KA N . FATRI M [ S3ET 1 h B, L 20%(1)
[ B T JEREE B 77% RS B &) 10a, FIRLERE] TIREMILEY) 9a. 1
SONREAT 2.5 h i, FRATEL 17% 1) I Z a7 R, 4370 BA 58% A1 17% K #4531 1

AW 10a 5 BERP=W) 9a. IXKIH 10a NAZATZ IS K E P8, AR A L
) i 2 I P= i AT A
Condition A OTMS
CF3
2a 10a
20% recovered trace 77%
ON CHO Condltlon A O.N OTMS
2 + 2
< > 25h ( ) : ( ) %H
2a 10a
17% recovered 16% 58%

Scheme 5-2 #3705 AL S2 56

R oR, AT DR T RN Bk, N TRIERMNEEFHEY 10a [
9a ALK T REPE(Scheme 5-3), 4 10a fEFRAESRAF N T KB, 7E 11 h 2 J5 RN
45, PL99%I) 0y B KRR R T HARS W) 9a. X — LIS 4 78 0 UE ] T AEFRUESAT N 10a
A LA R A AR 9a. 2 )5, NAZRMAETC IR T AT, FMAEEE 11 h 551k
SN, B LD 99% 1 EISCRASE] T 10a. X —SLIRLE LA UE T 10a 7] 9a 1554k
TAESCHR KA A REidEAT, YEHR B ) 75 2%t o IRBIAER RIS T 11 h 5, BEAR
FIFEAS 2] T BARF=1), AH 2 OB W S PG, X BB 4 SORHZ B A — 8 R AR
F, IX AR S A SRR 6 T AR -REBE A R IR AR A R AR GE . B 5 KAWL MR IE I —
.
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O, (1 atm)
Xe (300 W), quartz OH
> 02N
TMSCF; (2 equiv.) CF,
9

DMSO, rt, 11 h

99%

02 (1 atm)

OTMS dark OTMS
CF4 TMSCF3 (2 equiv.)

10a DMSO, rt, 11 h

99%

Ar

OTMS OH
Xe (300 W), quartz + OoN
CF3

TMSCF; (2 equw)
10a 9a
DMSO, rt, 11 h
10% 80%

Scheme 5-3 4 ffil] s2 56

Bk, FERRNARRTIIA— Péiﬁmﬁ%ﬁﬂzz66@$ﬁm i AL
YI(TEMPO). SE 5 SR 12 N I R4, X e BT REZE I 17—~ B 2%
IR

O, (1 atm)
Xe (300 W), quartz OH
OzN‘*<::>*—CHO + TMSCF3 = O,N
TEMPO (1 equiv. ) CF,
2a (2 equiv.) DMSO, rt, 17 h 9a

trace

Scheme 5-4 [ H3EH 3k 216

AR b3 S = 5 DAKAR DG I SCR i O, TR AR H T R R T Rl AL 2
(&Mm5$TM%RTﬁV$#TT%ﬂE$ﬁWéMWMBEE%%CREm%,
57 DMSO B # [RIE F et 1 k- fe B (1 W2 o 05 A ESRAL S0 2 A OB IRUR T 32 BI0%
2ol HRIE R A BT ISC)IE BIHUR =435 . TR — RS HRILAL S W - S 0B B AT L
S RAE T, TS TMS B AT CFs B B EE 7099 AR AR B S B 2B RSEHT XD - sk e AT
SRR, ANITA TR 100 2, IR 10 LSRG ISR A AR SRR
Wi NI ZE S 2771 9o AR B RE T, G HEAERT 57 T SR S WD B B s AL A
LA Ta] =4 10 IR SA B WX s Se g oD IR il 21 1 B AR A
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o) hw 3 o ]° o
. . .
Ar)J\H ISC Ar)]\H Ar)\H
2 2* OTMS hv/O OH
A — K
hV/02 Ar 1OCF3 Ar 9 CF3

TMSCF; — TMS® + ' CFs

Scheme 5-5. A] GE 1 ) AL EE
5.6 AF/NG

LR ERTIE, RIS T — B R D RERHEAT IR 05 A B ) = S A S B
R SNLIRIFE BN BEAT T BB T, SRV EVEREAT 755, JFHARYE —
ARSI F AR TN AT BERINLE . % SN AN T EER IR TS N, AR =R
JCRESEAE MR UMM AT o BRI, D s A = i 2 55 ik R e R AL SR it 17—
T B BE IR 1) 7V
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6 YLK TR o-Bk-2 5 E RERIL R NI 5T
6.1 FR-E B E AE L R BRI Ar

Bik- B E RE AL SN — R A ML A I S . IR, A2 AR — 40
Sl T ORE I AR, B S HATAEY B T BRI K 0 T4, TEBR- SRS AL AT
2R TTHZIBE. HAl, S Csp’)-H B E REEML s VA LS. @ i 4
e BR- S A Rk sz B2 R 1 P R AR R 5 20,

RV 4 R AL I k- E B AL SN BAT RCR Ry AN X MBS Y NN 1 22
PESEAR A, TR Z N FAENLA . 2006 4, ZEEEURBAPRIE T B S R T
AL B 58 SUR BRI R (Scheme 6-1). 5%, Bk PR T o A7 1SR T AR HL,
2T IR AT IR, HUGH R P AL SV In/Cu AL, R PR s PE ARl R
AT SCABIER S NAT 2 IE o BB REBIAL 1) -

O O InCl3/Cu(OTf),
@@ o e T ooan T Meo L_owme

O O
Scheme 6-1 -5 75 34 3V Y 356 g S0 AR 16 s o7

2008 4F, Li /INHTHRE Tk 10 ) -2V L R 1L SR (Scheme 6-2) . £k —
M2t SIS T e R AEALTT), 2SSO E RRREIES T, AHLE R
TS BN BT R SR R A TR o SN 2R R ML T 1D vtk 6 P T i RS AL R -
ST BORT RO -ticet s AT SR BESR AL S0 o-BR- 208 B BE AL

f \ ©)J\)J\o/\ cat. [Fe5(CO)ol _ o
‘BuOOBu(3 equiv.)

Scheme 6-2 FAMEL IV TR-Z00E B A 110 [ B

H iR ak-E T e R R 2 Tl o AR 152 215 5 152 1 25 ) 4t L
SR IR E 2, X Eeyg M E i 2 kAR s SR T B - B . AR E e
AL S AL A 7 BN & 3 5] & 7). £E 2002 4E, Tomioka /NAPTHRIE T — HIJE
BE5 7 SAE H R G| G R BRI B R S N R R (Scheme 6-3) 0 12 OB H — G
B R EAE TR 2 B B2, HE A B Pt s B DY SR o i S 1 DA
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TR S, T B DYAN F h SEXE T IR A= 5 = 7 2
Bt SR IR T — M LB, I AKHE I 5t 50 T DL
P

: O
Me,Zn, air
N _vieaslh, 4
ST e [0 9
T
N S

rt,1h
Ph
H

Scheme 6-3  DUZ MRV fZ (1) EH 2 0 R e 3

2005 4F, Nagaoka and Yoshimitsu®#fi# 7 Bk 5 8 2540 & W7E = Z 3R 2 S 16
T E HEEINEU N (Scheme 6-4). 7E =i KA T = CHEMIREUSE o AR T, E
BT K o AL E B, T E S RO AR S R AR, AT DA 2R R A -
BRI & R IR TR 2] T p-FR G .

Et3B, air
RCHO + ([ )} —+—— [TTL\(R [ \_R
O\\‘ + S

@) rt
OH OH
Scheme 6-4 USRI X S 1 H FH 38 00 % s W

B XTI EIMAN SR, 0. e R AT EGE B SRR
SEAE . WSINFRTIMN B AR I A AT . BRIt W5 AT —EAE S R &t
Ry Rl ASE BB - B B RE BIAL U7 ik . FEZ BT ROBIE C AR AR, AT e 16 a1
N VUSRI X 7 7 T B A A BN, AT A e B K p-F 2 DU SR T 2R e 11t
THIT5E o 2SN R RS RS B TR DG REAE N RER IR, (8 SN 77
Al B0y A BRiE B RS, NI B 5 DY SR A 2B A 22 SO, DY SR Y o Bl -2
AL EREMN, AR - RERI G Y. RS T, AT ERIMERASING . K
B, WG AR A I A SR OB FEA UGS OB, FOREESE AL &1 5 5%
IRBESRAL S S NIE, BEAFAER RKHIAEE, ARG AR, 87—t
R L R GG, T RAEFRMIPT R AN TAE R 2 b, 4RSERT T T HER
MERAL S o-Tk- 208 B RE A SO o

6.2 SRR

6.2.1 1XFR535

JA 2003 BUHLFR°F, MST digital 2% /34 dEa%, EYELA B@Ee 728 KA, Frat
W2 I N AE Matrix-10 756 s B #3547, "H NMR (400 MHz) A1 °C NMR (100 MHz)

KKl AVANCE 111 400 #% 0534545, 2076 K I AVATAR 360 ZY(FT-IR)ZLAM i
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A (ZEE Nicolet 22 ]), MS (ESH#: % A 1100 LC/MSD SL Fii 4% (£ E Agilent A #]),
HRMS (ESD#&:% ] APEX IIITM ESI-FTICRMS i1 (3% E Bruker Daltonics A7),
oK Sl TEAGRUT 5 R RS Jo /KR K5 R e == Z8 i), e il AD 2 i 4= AN
T EEET.

6.2.2 B-AEBERAE W B B

DAL 1,1-(4-F A LRI )-2- 28 FE - 1-TABE(12ma) AR AR S R . fETE/K B,
SR T, 10 mL A58 R B R ARIRII 4,4°-— AL 2K R 2m (0.20 mmol)
PLATIE/K T 11a (10 mL), Z &AM 10 min. 7E Matrix254-10 St M4 H
FIZMNZE TLC W A TE 4. TR, PR, 5 bR, iz
PFrafife 5 2054 12ma.

1,1- —(4-H A FE R IL)-2- 2 A FE-1- A (12ma): 'H NMR (400 MHz, CDCl3) & 7.40 (d,
J=8.8Hz 2 H), 7.29 (d, J=9.2 Hz, 2 H), 6.84-6.76 (m, 4 H), 4.24 (q, J = 6.4 Hz, 1 H), 3.75
(s, 3 H), 3.73 (s, 3 H), 3.69-3.61 (m, 1 H), 3.44-3.34 (m, 1 H), 3.12 (s, 1 H), 1.09 (t, J = 7.2
Hz, 3 H), 1.01 (d, J = 6.4 Hz, 3 H); °C NMR (100 MHz, CDCl;) & 158.02, 157.97, 139.1,
137.1, 127.7, 127.0, 113.2, 113.1, 79.4, 78.6, 64.5, 55.1, 15.5, 13.6 ppm; IR (neat) 3554, 1608,
1506, 1465 cm'l; MS (ESI) m/z 339 (M + Na+); HRMS (ESI) caled for Ci9H4NaO4 339.1567,
found 339.1574.

6.3 &R 518

6.3.1 AR

B2, RBOH A IR R 2m M 28 1a fENARERY, X HE LA IES T
() S BEE EAT T AT 4RI F 9T (Table 6-1). SEIRZERFZI: 7F 365 nm LAMDEHS T, %Kk
MAE IR T 35 h /] UL 584, DL 15%M040 B 7= K45 3] 7 HFR7*4) 12ma (Entry 1,
Table 6-1). AT HEIRPIFFZE, ZAERSEAICHRE. SO K N 313 nm
i, RN PRI E R T 30% (Entry 2, Table 6-1). 43R 6K A 254 nm I, 2B
FERBFERE, A3 61% (Entry 3, Table 6-1). #F— BRI A G K E 185&254 nm
), IR R, R 43%, FINAR T /08005 B8 % € MR~ Y)(Entry 4,
Table 6-1). F4&, EHOHE B K 254 nm ENBAEIREM. fEXZ )G, X TR
JE RN B PRI o 24 e ST R AR E-20 °C I, B AR B AL R R ST B B A
(Entry 5, Table 6-1). 471 [ S FE I 4 AL AL A& A R aEATIN, RS = 26 [F R A F
BEAR, RIS AE A > & T0E 7 B 4 i RN P2 W) AE il (Entry 6, Table 6-1). %%, RHE FiRsE
S, W TR IR R PR HiR N E 254 nm ERAMDERRES R T, T
&, BRI TE T OCRR AR T ERIREE o-fi- BT RE AR B, AT SCEL T BEAREE X O
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AR SAC S BRI, s i p-F e MR SR i 1 — R W 1 ik

Table 6-1 M 126 AFLAL ¢

EtO
0 HO
. additive-free
/\O/\ hv _
MeO OMe "~ MeO OMe
2m 11a 12ma
Entry Wavelength (nm) Temperature ~ Time (h) Isolated yield of 12ma (%)
1 365 rt 35 15
2 313 rt 22 30
3 254 rt 12 61
4 185&254 rt 11 43
5 254 -20 °C 33 6°
6 254 reflux 10 44

“ All reactions were carried out using a Matrix-10 reactor with sixteen ultraviolet lamps (10 W per lamp) as
the irradiation source in deacrated ether (¢ = 20 mM) under argon atmosphere; ° Some unidentified

products were observed; © 50% of 12ma was recovered.

6.3.2 RNHIEE MDA

TERAER N ST, MR NAR R Y & 4T 7258, 4 Table 6-2 ffizn. X
PRI 5 B2l KA S VI RERE TR I 5 218K . BT 5 F IR el 28 R R T A7 SO, B
HREE R [R5 B P R A 2 B b2 W) (Entries 1-4, Table 6-2). 75 353 7] DL 5 2 Tk i
Flth & A A RS, DA SR 43 B = 2 R0 1:1 1 43 21— X I3 U AR = e &
YI(Entry 5, Table 6-2). {H&, J5Hebedtli 5o HEEH VAR 4 )5, AIA R E 3
fEAT H A7 Y)(Entry 6, Table 6-2). & TR, W 1 77 HEERMEWFEIRMEFAT T B RN
Pho SEORZE IR, 2RI B wngs fl TR I A RN, RefS 5 SRR BT B
PRI [ B, PAH SR P2 R A2 il H B =W (Entries 7 and 8, Table 6-2). #A1M, 4 HEZRKH
Bk AT S SEIS, AT AR A [ MR AE (Entry 9, Table 6-2). ZJ&, XAFFE T 75 & B 75 30
R RN R S N RIS, 57 A BRI _E AN U AT 98 245 LT AR U T
BB, N FFERE R AT, HF H A SRR AR R T B bR Y (Entries 10 and 11,
Table 6-2). SRTM, F5HAHAL_EEEA b f 7 HE ], =580 AR B B, o S N AN R
i) 3th A 5% H #5724 (Entries 12 and 13, Table 6-2).
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Table 6-2 JEW )& P 5T ¢

0 H additive-free OH 0O-R,
R, 3 rt R2 R3

2 11 12
Entry 2 (Ri, Ry) 11 (R3, Ry) Time 12 Isolated yield

(h) of 12 (%)

1 2m (MeO, 4-MeOCsHa) 11a (Me, Et) 12 12ma 61

2 2m (MeO, 4-MeOCsH4) 11b (H, Bu-?) 11.5 12mb 71

3 2n (H, C¢Hs) 11c (H, C¢Hs) 11.5 12nc 45

4 20 (F, 4-FCeHy) 11a (Me, Et) 3 120a 46

5 2p(MeO, Me) 11a (Me, Et) 14 12pa 56"

6 2p (MeO, Me) 11¢c (H, C¢Hs) 24.5 12pc trace

7 2aa (MeO, H) 11a (Me, Et) 2 12aaa 65"

8 2aa (MeO, H) 11b (H, Bu-¢) 4 12aab 60

9 2aa (MeO, H) 11¢ (H, CgHs) 15.5 12aac NR (95)°

10 2q (Bu-#, H) 11a (Me, Et) 2.5 12qa 56"

11 2r (H, H) 11a (Me, Et) 2 12ra 56"

12 2a (NO,, H) 11a (Me, Et) 11.5 12aa trace

13 2d (CF;, H) 11a (Me, Et) 15 12da trace

* All reactions were carried out using a Matrix254-10 reactor with sixteen 254 nm lamps (10 W per lamp)
as the irradiation source in deaerated ether (c = 20 mM) under argon atmosphere; * Threo-12:erythro-12 =

1:1; “ Recovered yield of 2aa.

6.3.3 M INLER

AR T3 S 45 T R S SCHRARE 0, SR T 1% S R FT RE KL (Scheme 6-5).
5, AERAMEHR T, X H A R R IR0 T RE IR B R RE R IO S . 2 A
WHORAS TR % F AR 2 PR 422 1o PR o 22 ) A BR(IS O [ B R = RS2 b TR =2k
SRFREEE REBI A — 1 B R, B n] BURA 5 3 ISR 51 a-t BRI
JRF, NI OB [ el i APSPIRIEERTE 5 B s B XA B B EERE— 2D R A T B
BRE, AR T ) p-FR R RERAL . KRR AT DUR ST s R ik Seig sk
(Table 6-1). % IHUROGRE R AEBS (LAt XS FF AL R P =S H9 ik, A AT
IRAF B (177 5 (Entries 1-3, Table 6-1); 1M 4#UkERERIT M, X HAEHE K AR
BB R RMIBOR S, WAEE B S0, LN AT Fr (K (Entry 4, Table
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6-1)0 FEMRSNER LIS, B o AR SN IR AR B AR, BRI, IR T A O
M HEK(Entry 5, Table 6-1). FHmnii BER, BEIRASHEE B B ALARIC S B 1 A, (H
[l 2> fedt e ) — 2B SR, AT BEAR B An =0 B (Entry 6, Table 6-1).

H /.\O/\
O hv 3 0] * )\0/\ B EtO
Mo — | — . —> HO
Ar Ar ISC Ar Ar
/(I)\H Ar®  Ar
Ar = 4-MeOCgH
r o6l Ar” *TAr
A

Scheme 6-5. 7] GE 1 ) S ATLEE
6.4 AF/NG

KRBT IESHREA NEERBERAE DN o-Bik-EEE B RE AL B . KR 11
RE B MR TR B WWUR I R 2K B AR AR R S S (19 7= 28 o [ B Jl P 285X 1%
LA B R AR, R SN (T8 R B R, R BT R PR A e S B R R
%, DRI S 3 D I ) e A B

AL S0 5 SRR 1) 3 1 AT A AR 7, R A2 S S T R R ) O 2 I
TR RIS EFBERMEY), T TR AR ERBAEH, REHRHE T RMAT6E
RILEE.

AR RN T B IATAT IR INF, AR ATk ol LUBRI k4T . DR, A
R & 1% p-32 BB R APt T — Mok S IIE i St R 7 %

6.5 % Hk

[1] Goldberg K I, Goldman A S. Activation and Functionalization of C-H bonds[M].
Washington, DC: American Chemical Society, 2004.

[2] Dyker G. Handbook of C-H Transformations: Applications in Organic Synthesis|[M].
Weinheim: Wiley-VCH, 2005.

[3] YuJ Q, Shi Z. C-H Activation[M]. Berlin: Springer-Verlag, 2010.

[4] Jia C, Kitamura T, Fujiwara Y. Catalytic functionalization of arenes and alkanes via C-H
bond activation[J]. Acc. Chem. Res., 2001, 34:633-639.

[5] AxtE, JRZEW]. Ru ALK C-H 8 ATEAL SNV[T]. A B, 2002, 22(5):307-317,
[6] Diaz-Requejo M M, Pérez P J. Coinage metal catalyzed C—H bond functionalization of
hydrocarbons[J]. Chem. Rev., 2008, 108(8):3379-3394.

[7] Chen X, Engle K M, Wang D H, Yu J Q. Palladium(II)-catalyzed C-H activation/C-C cross

76



[ VAT JCHUR N k-t B T2 B ) 82 I BT 7T

coupling reactions: Versatility and practicality[J]. Angew. Chem. Int. Ed., 2009,
48(28):5094-5115.

[8] Giri R, Shi B F, Engle K M, Maugel N, Yu J Q. Transition metal-catalyzed C-H activation
reactions: diastereoselectivity and enantioselectivity[J]. Chem. Soc. Rev., 2009,
38:3242-3272.

[9] Lyons T W, Sanford M S. Palladium-catalyzed ligand-directed C-H functionalization
reactions[J]. Chem. Rev., 2010, 110(2):1147-1169.

[10] McMurray L, O’Hara F, Gaunt M J. Recent developments in natural product synthesis
using metal-catalysed C-H bond functionalization[J]. Chem. Soc. Rev., 2011, 40:1885-1898.
[11] Boorman T C, Larrosa I. Gold-mediated C-H bond functionalization[J]. Chem. Soc. Rev.,
2011, 40:1910-1925.

[12] Lewis J C, Coelho P, S, Arnold F H. Enzymatic functionalization of carbon—hydrogen
bonds[J]. Chem. Soc. Rev., 2011, 40:2003-2021.

[13] #&3E, MiFA. 2L e R AR =5 P AL )], th 273k, 2012, 70:1679-1681.
[14] XU, ERHE = HMEAMND7 34 C-H # BT AL N SRERE[T]. A HLLEE, 2012,
32(06):1041-1050.

[15] Chatani N, Asaumi T, Yorimitsu S, Ikeda T, Kakiuchi F, Murai S. Ru3(CO);,-catalyzed
coupling reaction of sp’ C-H bonds adjacent to a nitrogen atom in alkylamines with alkenes[J].
J. Am. Chem. Soc., 2001, 123(44):10935-10941.

[16] Murahashi S I, Nakae T, Terai H, Komya N. Ruthenium-catalyzed oxidative cyanation of
tertiary amines with molecular oxygen or hydrogen peroxide and sodium cyanide: sp® C-H
bond activation and carbon-carbon bond formation[J]. J. Am. Chem. Soc., 2008,
130(33):11005-11012.

[17] Li Z, Yu R, Li H. Iron-catalyzed C-C bond formation by direct functionalization of C-H
bonds adjacent to heteroatoms[J]. Angew. Chem. Int. Ed., 2008, 47(39):7497-7500.

[18] Kubiak R, Prochnow I, Doye S. Titanium-catalyzed hydroaminoalkylation of alkenes by
C-H bond activation at sp’ centers in the a-position to a nitrogen atom[J]. Angew. Chem. Int.
Ed., 2009, 48(6):1153-1156.

[19] Zhang S, Tu Y, Fan C, Zhang F, Shi L. Iron-catalyzed C(sp’)-C(sp’) bond formation
through C(sp’)-H functionalization: A cross-coupling reaction of alcohols with alkenes[J].
Angew. Chem. Int. Ed., 2009, 48(45):8761-8765.

[20] Li F, Jiang T, Cai H, Wang G. Palladium-catalyzed synthesis of aromatic sultones via
sulfonic acid group-directed C-H activation[J]. Chin. J. Chem., 2012, 30:2041-2046.

[21] Zhang Y, Li C J. Highly efficient cross-dehydrogenative-coupling between ethers and

77



6 GRS HERIE o —Bk- 2 BEE A8 HAL SN BT FE [ ATES'S

active methylene compounds[J]. Angew. Chem. Int. Ed., 2006, 45:1949-1952.

[22] BE5H, &5, s B3k S s S e ST EORER D A E PR UG AL i R
WFFC[I]. A2, 2013, 71:541-548.

[23] Bertrand S, Hoffmann N, Pete J P. Highly efficient and stereoselective radical addition of
tertiary amines to electron-deficient alkenes-application to the enantioselective synthesis of
necine bases[J]. Eur. J. Org. Chem., 2000, 2000(12):2227-2238.

[24] Bauer A, Westkdmper F, Grimme S, Bach T. Catalytic enantioselective reactions driven
by photoinduced electron transfer[J]. Nature, 2005, 436:1139-1140.

[25] Yoshimitsu T, Tsunoda M, Nagaoka H. New method for the synthesis of a-substituted
tetrahydrofuran-2-methanols through diastercoselective addition of THF to aldehydes
mediated by Et;B in the presence of air[J]. Chem. Commun., 1999, 1745-1746.

[26] Mosca R, Fagnoni M, Mella M, Albini A. Synthesis of monoprotected 1,4-diketones by
photoinduced alkylation of enones with 2-substituted-1,3-dioxolanes[J]. Tetrahedron, 2001,
57(52):10319-10328.

[27] Yamada K, Fujihara H, Yamamoto Y, Miwa Y, Taga T, Tomioka K. Radical addition of
ethers to imines initiated by dimethylzinc[J]. Org. Lett. 2002, 4(20):3509-3511.

[28] Yoshimitsu T, Arano Y, Nagaoka H. Hydroxyalkylation of a-C—H bonds of
tetrahydrofuran with aldehydes in the presence of triethylborane and tert-butyl
hydroperoxide[J]. J. Org. Chem., 2003, 68(2):625-627.

[29] Yamada K, Yamamoto Y, Tomioka K. Initiator-dependent chemoselective addition of
THF radical to aldehyde and aldimine and its application to a three-component reaction[J].
Org. Lett., 2003, 5(10):1797-1799.

[30] Fernandez M, Alonso R. Diastereoselective intermolecular addition of the 1,3-dioxolanyl
radical to N-acyl aldohydrazones. Asymmetric synthesis of a-mmino acid derivatives[J]. Org.
Lett., 2003, 5(14):2461-2464.

[31] Yoshimitsu T, Makino T, Nagaoka H. Synthesis of (-)-muricatacin via a- and o’-C-H
bond functionalization of tetrahydrofuran[J]. J. Org. Chem., 2003, 68(19):7548-7550.

[32] Yamamoto Y, Yamada K, Tomioka K. Unexpected reaction of a dimethylzinc-generated
THF radical with aldehydes[J]. Tetrahedron Lett., 2004, 45(4):795797.

[33] Yamada K, Yamamoto Y, Mackawa M, Tomioka K. Introduction of functionalized C1,
C2, and C3 units to Imines through the dimethylzinc-air-initiated radical addition[J]. J. Org.
Chem., 2004, 69(5):1531-1534.

[34] Akindele T, Yamamoto Y, Maekawa M, Umeki H, Yamada K, Tomioka K. Asymmetric

radical addition of ethers to enantiopure N-p-toluenesulfinyl aldimines, mediated by

78



[ VAT JCHUR N k-t B T2 B ) 82 I BT 7T

dimethylzinc-air[J]. Org. Lett., 2006, 8(25):5729-5732.

[35] Shikanai D, Murase H, Hata T, Urabe H. Rh-catalyzed isomerization and intramolecular
redox reaction of alkynyl ethers affording dihydropyrans and ketoolefins[J]. J. Am. Chem.
Soc., 2009, 131(9):3166-3167.

[36] Jurberg I D, Odabachian Y, Gagosz F. Hydroalkylation of alkynyl ethers via a
Gold(I)-catalyzed 1,5-hydride shift/cyclization sequence[J]. J. Am. Chem. Soc., 2010,
132(10):3543-3552.

[37] Yoshimitsu T, Arano Y, Nagaoka H. Radical a-C-H hydroxyalkylation of ethers and
acetal[J]. J. Org. Chem., 2005, 70(6):2342-2345.

[38] Li W S, Torun L, Morrison H. Intramolecular sensitization within steroids: Excited-state
interaction of C-17 a and f carbon-bromine bonds with a C-6 carbonyl group[J]. Can. J.
Chem., 2003, 81:660-668.

[39] Hasegawa T, Takashima K, Aoyama H, Yoshioka M. Photochemical reactions of 4-oxo
carboxylic esters: Remoto hydrogen abstraction and Cis-Trans isomerization[J]. Bull. Chem.
Soc. Jpn., 1992, 65:3498-3500.

[40]Hao X, Liu C, Liu C, Chen Y, Zhao X, Song M, Qian R, Guo H. Synthesis of a-di or
trisubstituted(tetrahydrofuran-2-yl)methanols via photoinduced additive-free intermolecular
addition of THF to aromatic aldehydes or ketones[J]. Tetrahedron Lett., 2013, 54:6964-6966.
[41]Yoshida, Z.; Kimura, M. Photochemical reaction of 2-cyclopentenone with ethers: The
mechanism of solvent addition[J]. Tetrahedron, 1975, 31(3):221-225.

[42]Bertrand S, Hoffmann N, Humbel S, Pete J P. Diastercoselective tandem
addition-cyclization reactions of unsaturated tertiary amines initiated by photochemical
electron transfer (PET)[J]. J. Org. Chem., 2000, 65(25):8690-8703.

[43]Eisch J J, Galle J E, Piotrowski A, Tsai M. Rearrangement and cleavage of
[(aryloxy)methyl]silanes by organolithium reagents: Conversion of phenols into benzylic
alcohols[J]. J. Org. Chem., 1982, 47(26):5051-5056.

79



7 e 5EE [ VAT

7T G ERHE

7.1 ARICHIS @R

AR SCE BT T IS B A <2 A A R e S A T A B ek B B 58 L J 4
WL, AL JaRE AT T S IR MR R A PR Bk -k W 288 e S A S B 7T IR S 1
T NBS {23 g -TeE B2 i 28 S IR AR S NI 75 D6 IR AT DU IRAL B i A Bk i W 28 %
SEACHEIL S BT ISR N 1) = 9 T S BN 7T s e SR A T HEIRIE 0B
B BE AL S SR 9T

(1) 38 K S 360 0l 2 1 T IR R i ) ik - ek i B 2R % AL SR AT 1
Teo IONAE IR IS T RS = W R e RO A O PR R IR R T A, Aad— &
ST TR BB IR R A S S A Z ol 21 7 AR MR . H oG, SRR SN R kS
B 7 TRERBENER, (P TR IR . R, SRR AR RONIR IS
fF, X RS TIRE AR B B, SRR S SO AR PR E )
[ R R S FE AL

air (1 atm)

R/— 20 mol% HBr (aq., 40%2 R@COOH
\_/ Vg Xe(300W), quartz \_/
1 CH3CN, rt 3

(2) WHFL T IGHRAAE T NBS (it 71 3 = FF R o R k- fek B W 288 S IRARR N, 3
T 2 B I 5 L A = P B e e ) B -TeE SR T RO R TP AS B RS B Bk ek, T
FEFARE M PRIZRNEE B i E A, RBUE BT R SRR A TR B S n] LS Bk
TR TR A ) B AR P AR ARAE S, TS BRI G . IXACERERE T2
AT SRAG AR 1 B i e AR T RE L EE, Rl e 1 — B WL ulGh & OR IR %,
B RIS BOTE

hv (A = 185&254 nm)
NBS (1 iv.
(1 equiv.) - A/

MeCN, rt
1 5

TMS Br

() KJE T —BAEJHREA TR H s Roh & o5 B R S VI T . I R
PAAEMRZRAE T, -EEAR A WA R B i, B R MRES PR K.
FEZ AT TARR AL B, AT E PRI R e e, @i — R K
B, 2 UAREAE DY SOSCEFRII, R A = W e e IR B R B ek BT, B sk
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PR AK, T e S RS — RV R] T IR E Y.

hv
T™MS O, (1 atm) o)
A— 4+ RoH CBu@Omol%)_ A4
rt OR
1 6 7

(4) BT TGRSR P RER =R A OB . ATl 1 A AR AT AN 5 S A4 71
FAT N I7 B RER) =P SN, AHBBETT 107 B SV A T A=
S EARERATAE IR OB, BERN G “avtatbss” S, BOREMIRFTY,
NI N A IPEE L

O, (1 atm)

j\ Xe (300 W), quartz )O\H
Ar H * TMSCF3 DMSO, rt - Ar CF3
2 (2 equiv.) 9

(5) BJFWIIC T ICHEEAT T HEIREE a-tp- 2B B BE ML RO BN o 7 2 L Bk 5L
FEBFSRIE T T BT LU A ABIR BN, SRR B 07 Bl . B4 SV G R AT AR S ik
WO, TR S I BE R AL S BAT S = W SRS, 75 5 SRS 7 R AE IR N o B
LRI PR RO BRIRBESEIEF, TR s Home B G 2 1 p-re ik 54

R4
(e additive-free Q

H 3
r2. RA_O._, hv (A = 254 nm) © 2R
+ ~ » R
\( R rt
R1 H R1

2 11 12

7.2 ARICHIBIHT R

(1) BEE NI IR BRI 2 1K 50T, GG Bk 2 S5 A LA BT .
e — FPETE RN, AR <8 ko R A F ) AU < J k) s SR 3R 55 e, oA 77
AN ) B B B 2 ] DL IR FEVIHIHE IR . T LA ERL AL, BEIE T — RISV 4%
tietl, KO AMA LGS R B B HE.

(2) FECIUR « RIRAFAE TR B R AR T v RO k- Tk S T 2R e Jim 82 1) B e A i
RE, BB R A RE R R T EOCE ZMAE M . AL R SR T A B - R T R A
e 7R TR, IR TR TR B AR, R A IR SR R - e
SR W2 i AT LS S A R R A R — D et B e - Pl B T 2 s I P R B A AR
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R, ARE LR TGRSR AT T R WA A, AT B AT B e B AT AL
FeEE (1 B BE AL S L o

() BT — RHIRIREGATAEY, XN = R S VI & ONE T T
¥R, RGUHTTT 7R e . B S IR CIOR N ROSEE, AMUEEE TR
JCREEANLE BT IR, RN 583 7L AN I BS SEA

7.3 B

PAVR R TAECIEEEAT T — BRI R AT AL VI IO BR-RE S WA S N, HUAS T LA
FIgi R (EREI A B R RIS A 583, IERAMRZHITEARAMBI L. Filan,
JERE SR AT N R A e £ Tk - Tk B W R R R A5 B VS R B Pl B ST AT s S AR
ARG TS, SEE T BAMEER eI T REE M T2 R BAR R
IR e b - P B I 2R 9 98 B 1) FLAR R BE AL IO T RETS R BEVE A AR R T 1Y
SRS I R AN B R R R R

BTS2, e RAN AR I — N EE 5, B LARE R 21t e
BESIABITHLE R, SR AT LA R (K 5L A RBORIBE 2, o b 3 B 21
TEHT,  BRIRAE A 2 Al B 10 U7 THI 75 245 2 S AP B AL
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2O

OGS, AT, TERR a2 T Z/RIRET T, 200 E R
R HEREE R A SRR & o XA R R [ EL IR SRR T B 25577, i
& VI 2. ORISR AR OG0 L 1 SO VIR At AT Rk TR A R i R

SR 3 T2 B SR AR AN R s BT I DU BRI B O FR AR D IR | AEIX
RIS IR, PIALSITTE S 3] BHR AN A VG S5 7 T 4A TR0 R
ATFAIFE B o HIREAR TR B PR E AN TE ) 5. AL S 1% S 2L
PAER AR, A 22 S AN AE h s T 3RTC R S AN AV s L3052 2 BE A, AlATT ™12 L A3
SR BB SIS T AEAE A BB I R AR g st L b PR DA o A R 2 T (A A
MUBERE, AR BRALHIVE HPRERN A Ja B0 AR 2 ST AT S R0 . 7R LT i)
P 2 DTS A 5 A o PR SRS M B T B PR B

R DR . R . B ZRVEAE ARG AN 27 3] R BRI SCRPRIAE B | A el o
MBI PRI SE BT I BRGS0 58 8.

R IR FHAR A BOXFE— A2 S 2 o U R 22 e B a AL 226 7P
RIS 58 AT 52 B TC AL [ 75 B o

"R ) R I 6 2 A T QL AT A — S T 56 DR AE IR A 37 R o R A Bl o ik
HRZERIR R EIREIM . T2 Ii . 2 2028 A2 I 28 ot B i) 45 7 Al
.

FEL L B 3R SCBEAT A G X B I I Z 2 PR Sl o AEARATTIR) S0 R SCHF A —
A ER T AR, AT S A SR A (B AES DL A S IS RS . Ml A A
BRI B TAE, IR T

B e R ) TR PP B Ve SCRT HH TS 10 8 SO BB L X B 2 s T IR

4RS!
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fifs B SRR =Y RAL
Chapter 2

OMe

/ N\

1aa

4- LR = L RE S (1aa): "H NMR (400 MHz, CDCls) 6 6.93 (d, J = 8.4 Hz, 2 H),
6.79 (d, J= 8.4 Hz, 2 H), 3.78 (s, 3 H), 2.02 (s, 2 H), -0.01 (s, 9 H).

OMe

3- A S 3 = UL RE K% (1ab): "H NMR (400 MHz, CDCls) 6 7.13 (t, J = 8.0 Hz, 1 H),
6.64-6.54 (m, 3 H), 3.78 (s, 3 H), 2.06 (s, 2 H), 0.00 (s, 9 H).

O\
TMS
1ac

2- LI = I RE S (1ac): 'TH NMR (400 MHz, CDCl3) § 7.12-7.06 (m, 1 H),
7.02-6.98 (m, 1 H), 6.88-6.80 (m, 3 H), 3.81 (s, 3 H), 2.12 (s, 2 H), 0.00 (s, 9 H).

TMS
1ad
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4-U T R = LR E(1ad): 'TH NMR (400 MHz, CDCl3) § 7.23 (d, J = 8.0 Hz, 2
H), 6.94 (d, J = 8.0 Hz, 2 H), 2.05 (s, 2 H), 1.32 (s, 9 H), 0.01 (s, 9 H).

Ph

1ae
4-ZEFEHE L = LR SR (1ae): "H NMR (400 MHz, CDCls) 6 7.58 (d, J = 7.2 Hz, 2 H),
7.48-7.38 (m, 4H), 7.32-7.28 (m, 1H), 7.07 (d, J = 8.4 Hz, 2 H), 2.12 (s, 2 H), 0.02 (s, 9 H).

Cl

TMS
1ag

4RI = LR KR (1ag): "H NMR (400 MHz, CDCl3) 6 7.19 (d, J = 8.4 Hz, 2 H),
6.93 (d, J= 8.4 Hz, 2 H), 2.06 (s, 2 H), 0.00 (s, 9 H).

F

TMS
1ah

4-F0 R = W R B (1ah): "H NMR (400 MHz, CDCls) 8 6.94-6.88 (m, 4 H), 2.04 (s, 2
H), -0.02 (s, 9 H).

Br

|
il

4-JRHEHE = I EERE K "H NMR (400 MHz, CDCl3) 6 7.31 (d, J = 8.0 Hz, 2 H), 6.86 (d,

J=8.4Hz, 2 H), 2.02 (s, 2 H), 0.02 (s, 9 H).
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PPh,

|
il

4- TR FERE R = W LT B mp 84.2-84.8 °C (n-hexane); 'H NMR (400 MHz, CDCl;)
8 7.41-7.28 (m, 10 H), 7.24-7.17 (m, 2 H), 7.01 (d, J=7.2 Hz, 2 H), 2.12 (s, 2 H), 0.03 (s, 9
H); *C NMR (100 MHz, CDCls) 6 141.8, 137.9 (d, Jpc = 10.3 Hz), 133.9 (d, Jpc = 19.7 Hz),
133.7 (d, Jpc = 19.0 Hz), 131.4 (d, Joc = 8.1 Hz), 128.5 (d, Jpc = 5.8 Hz), 128.4, 128.3, 27.2,
-1.8 ppm; *'P NMR (162 MHz, CDCl;) 6 -6.4 ppm; IR (neat) 1595, 1494, 1476, 1436 cm™;
HRMS (ESI) calcd for Co,Ho6PSi 349.1541, found 349.1532.

Ospph,

4- R FEB AR IE = HR EEBE(1ai): mp 152.9-154.4 °C (petroleum ether/ethyl acetate);
'H NMR (400 MHz, CDCl3) § 7.70-7.62 (m, 4 H), 7.56-7.42 (m, 8 H), 7.09-7.04 (m, 2 H),
2.14 (s, 2 H), -0.02 (s, 9 H); >C NMR (100 MHz, CDCls) § 145.7, 133.0 (d, Joc = 103.6 Hz),
132.1 (d, Jpc = 9.5 Hz), 131.8, 128.4 (d, Jpc = 11.6 Hz), 128.1 (d, Jpc = 12.4 Hz), 127.3 (d, Jpc
=108.0 Hz), 27.8, -1.9 ppm; *'P NMR (162 MHz, CDCl5) 6 29.6 ppm; IR (neat) 1601, 1473,
1433 cm'l; HRMS (ESI) calcd for C,,H60PSi 365.1491, found 365.1482.

)

TMS
1aj

4- 7 BRI = LTS (1aj): "H NMR (400 MHz, CDCls) 6 7.82 (d, J = 8.4 Hz, 2 H),
7.06 (d, J= 8.4 Hz, 2 H), 2.56 (s, 3 H), 2.17 (s, 2 H), -0.01 (s, 9 H).
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COOH

TMS

A-(= FJETE ) ZE IR "TH NMR (400 MHz, CDCls) 6 7.97 (d, J = 8.0 Hz, 2 H), 7.08
(d, J=8.0 Hz, 2 H), 2.19 (s, 2 H), 0.01 (s, 9 H).

COOMe

T™MS
1ak

4- U RIL NI = W BL TS5 (1ak): "H NMR (400 MHz, CDCls) 6 7.89 (d, J= 8.0 Hz, 2
H), 7.04 (d, J= 8.0 Hz, 2 H), 3.89 (s, 3 H), 2.16 (s, 2 H), 0.01 (s, 9 H).

COOEt

TMS
1al

4- 7 SE PR FE R = IR S (1al): "TH NMR (400 MHz, CDCls) 6 7.89 (d, J= 8.4 Hz, 2
H), 7.04 (d, J= 8.4 Hz, 2 H), 4.35 (q, J = 7.2 Hz, 2 H), 2.16 (s, 2 H), 1.38 (t, /= 7.2 Hz, 3 H),
0.00 (s, 9 H).

o e
T

T™MS

1am

A-(Z 5 T R A PR SRS) E L = W Rk bR (1am): "TH NMR (400 MHz, CDCl3) 6 7.18 (d, J
=8.4 Hz, 2 H), 6.98 (d, /= 8.4 Hz, 2 H), 3.70 (brs, 2 H), 2.08 (s, 2 H), 1.32 (brs, 12 H), -0.02
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(s, 9 H).

CF;

TMS

1an

4- =95 LS I = W 3L ¢ (1an): "H NMR (400 MHz, CDCl3) 6 7.48 (d, J = 8.0 Hz, 2
H), 7.09 (d, J = 8.0 Hz, 2 H), 2.16 (s, 2 H), 0.01 (s, 9 H).

CF3

1ao

3- =4 LA 3L = L RE A% (1a0): 'H NMR (400 MHz, CDCl;) 6 7.36-7.29 (m, 2 H),
724 (s, 1 H), 7.17 (d, J = 6.0 Hz, 1 H), 2.15 (s, 2 H), 0.00 (s, 9 H); °C NMR (100 MHz,
CDCls) d 141.7 (s), 131.3 (s), 130.5 (q, J = 31.5 Hz), 128.5 (q, J = 2.8 Hz), 124.5 (q, J = 3.8
Hz), 124.4 (q, J = 270.8 Hz), 120.8 (q, J = 3.8 Hz ), 27.2 (s), -2.12 (s) ppm; °’F NMR (376
MHz, CDCl3) ¢ -62.6 ppm; IR (neat) 1593, 1491, 1445, 1424 cm™; MS (EI, 70 eV) m/z 232
(M"6.46), 140 (100); HRMS (EI, 70 eV) calcd for C;1H;sF3Si 232.0895, found 232.0892.

CF3
TMS

1ap

2- = JRH HE R L = W R B (1ap): "H NMR (400 MHz, CDCls) J 7.62 (d, J = 8.0 Hz, 1
H), 7.44-7.37 (m, 1 H), 7.22-7.15 (m, 2 H), 2.39 (s, 2 H), 0.07 (s, 9 H); *C NMR (100 MHz,
CDCls) 6 140.2 (q, J = 2.2 Hz), 131.2 (q, J = 1.5 Hz), 130.5 (s), 127.3 (q, J = 29.2 Hz), 126.1
(q, J = 5.8 Hz), 124.8 (q, J = 272.1 Hz), 124.0 (s), 23.7 (q, J = 1.5 Hz), -1.37 (s) ppm; "“F
NMR (376 MHz, CDCl3) 6 -60.1 ppm; IR (neat) 1607, 1577, 1491, 1455 cm™; MS (EI, 70 ¢V)
m/z 232 (M 1.32), 140 (100); HRMS (EI, 70 eV) calcd for C;;H;sF3Si 232.0895, found

232.0900.
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: TES

1aq

W= 2 I RE S (1aq): "TH NMR (400 MHz, CDCls) 6 7.26-7-16 (m, 2 H), 7.08-6.98 (m,
3 H), 2.01 (s, 2 H), 0.91 (t, J= 8.0 Hz, 9 H), 0.51 (q, J= 8.0 Hz, 6 H).

: TBS

1ar

W = R SE(1ar): '"H NMR (400 MHz, CDCl;) 6 7.26-7-16 (m, 2 H),
7.08-6.98 (m, 3 H), 2.01 (s, 2 H), 0.91 (s, 9 H), -0.11 (s, 6 H).

C SiPhMe,

1as

WL — WL REBE (1as): 'TH NMR (400 MHz, CDCl;) J 7.54-7.48 (m, 2 H),
7.36-7.30 (m, 3 H), 7.26-7.20 (m, 2 H), 7.18-7.16 (m, 3 H), 2.93 (s, 2 H), 0.32 (s, 6 H).

C SiPh,Me

1at

A HE ORI W RL R SE (1at): 'H NMR (400 MHz, CDCli) 6 7.48-7.44 (m, 4 H),
7.40-7.30 (m, 6 H), 7.14-7.02 (m, 3 H), 7.00-6.86 (m, 2 H), 2.63 (s, 2 H), 0.47 (s, 3 H).

: T™MS

1au

=HEA-FZE)ELE(1au): 'TH NMR (400 MHz, CDCl3) 6 7.32-7.26 (m, 2H),
7.18-7.08 (m, 3 H), 2.22 (q,J= 7.6 Hz, 1 H), 1.43 (d, J= 7.6 Hz, 3 H), 0.00 (s, 9 H).

1av
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KN = HIERESE (1av): '"H NMR (400 MHz, CDCls) 6 7.36-7.30 (m, 2H), 7.25-7.22 (m,
3 H), 2.69 (t,J=7.6 Hz, 2 H), 1.74-1.64 (m, 2 H), 0.62 (t, J = 8.0 Hz, 2 H), 0.05 (s, 9 H).

<::>%—/r_\TMS

1aw

PR = F LT BE(1aw): "H NMR (400 MHz, CDCl3) 6 7.34-7.26 (m, 4H), 7.24-7.14
(m, 1 H), 6.28-6.24 (m, 2 H), 1.69 (s, 2 H), 0.08 (s, 9 H).

O/

COOH

3aa

4-H 4 7K iR (3aa): 'H NMR (400 MHz, CDCl3) § 8.07 (d, J = 8.0 Hz, 2 H), 6.95 (d, J =
8.0 Hz, 2 H), 3.88 (s, 3 H).

COOH

3ab

3- A R 2 (3ab): 'H NMR (400 MHz, CDCls) 6 7.73 (d, J = 8.0 Hz, 1 H), 7.65-7.62 (m,
1 H), 7.43-7.35 (m, 1 H), 7.19-7.13 (m, 1 H), 3.88 (s, 3 H).

O/

COOH

3ac

2- A LA I (3ac): 'H NMR (400 MHz, CDCls) 6 10.88 (brs, 1 H), 8.20-8.17 (m, 1 H),
7.61-7.56 (m, 1 H), 7.17-7.05 (m, 2 H), 4.09 (s, 3 H).
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COOH

3ad

4-FUT FFEH R (3ad): 'H NMR (400 MHz, CDCl3) d 8.05 (d, J = 8.8 Hz, 2 H), 7.49 (d, J =

8.8 Hz, 2 H), 1.35 (s, 9 H).

COOH

3ae

4-ZEFEFEHI R (3ae): 'TH NMR (400 MHz, DMSO-dy) 6 12.99 (brs, 1 H), 8.03 (d, J= 8.4 Hz, 2
H), 7.80 (d, J = 8.4 Hz, 2 H), 7.74 (d, J = 6.8 Hz, 2 H), 7.54-7.47 (m, 2 H), 7.46-7.40 (m, 1
H).

COOH

3af

JHR(3af): 'H NMR (400 MHz, CDCl3) 6 12.26 (brs, 1 H), 8.13 (d, J = 8.0 Hz, 2 H),
7.65-7.55 (m, 1 H), 7.54-7.30 (m, 2 H).

Cl

COOH

3ag

4-5 KW R(3ag): 'TH NMR (400 MHz, DMSO-ds) 6 13.12 (brs, 1 H), 7.95 (d, J = 8.4 Hz, 2
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H), 7.57 (d, J = 8.4 Hz, 2 H).

COOH
3ah
4-5 2% H R (3ah): "TH NMR (400 MHz, CDCl3) 6 8.19-8.10 (m, 2 H), 7.20-7.09 (m, 2 H).

Ph,p7°

COOH

3ai

4- — FAHFE K IR (3ai): 'H NMR (400 MHz, DMSO-dy) J 8.11-8.05 (m, 2 H), 7.78-7.69 (m,
2 H), 7.68-7.52 (m, 10 H).

COOH

3aj

4- 7. FEH R (3aj): "H NMR (400 MHz, DMSO-d5) 6 13.33 (brs, 1 H), 8.06 (s, 4 H), 2.63
(s, 3 H).

MeO_ _O

COOH

3ak
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4- AR FEFE R (3ak): 'TH NMR (400 MHz, DMSO-dj) 6 8.05 (s, 4 H), 3.88 (s, 3 H).

EtO.__O

COOH

3al

4- S IRIEZE R (3al): "H NMR (400 MHz, CDCls) § 8.22-8.12 (m, 4 H), 442 (q, J=17.2
Hz, 2 H), 1.43 (t,J=7.2 Hz, 3 H).

1o
\T/

COOH

3am

4-(Z B IR B 2 R (3am): mp. 251.1-252.9 °C (petroleum ether/ethyl acetate); 'H
NMR (400 MHz, CDCls) 6 8.53 (brs, 1 H), 8.11 (d, J = 8.4 Hz, 2 H), 7.41 (d, J = 8.4 Hz, 2 H),
3.75 (brs, 1 H), 3.56 (brs, 1 H), 1.56 (brs, 6 H), 1.15 (brs, 6 H); *C NMR (100 MHz, CDCls)
§170.5, 170.2, 143.4, 130.5, 129.8, 125.7, 50.7, 45.8, 20.6 ppm; IR (neat) 1705, 1632, 1473,
1439 cm™'; HRMS (ESI) caled for C4H,0NO3 250.1443, found 250.1433.

CF,

COOH

3an

A4-=F HEF HE(3an): "H NMR (400 MHz, CDCl3) 6 8.23 (d, J = 8.0 Hz, 2 H), 7.76 (d, J
= 8.0 Hz, 2 H).
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CF;

COOH

3ao

3- =5 L ZE H R (3a0): '"HNMR (400 MHz, CDCL): 6 8.40 (s, 1 H), 8.31 (d, J = 8.0 Hz, 1
H), 7.89 (d, J= 7.2 Hz, 1 H), 7.81-7.50 (m, 1 H).

CF3
COOH

3ap

2- =5 FF 2R R (3ap): '"H NMR (400 MHz, DMSO-dy) 6 13.58 (brs, 1 H), 7.85-7.69 (m, 4
H).

0]

o

3au

K Z.Hi(3au): 'H NMR (400 MHz, CDCl;) § 7.98-7.94 (m, 2 H), 7.60-7.54 (m, 1 H),
7.50-7.44 (m, 2 H), 2.62 (s, 3 H).
Chapter 3

OEt

TMS

1ax

4- B FEHE = L RE SR (1ax): 'H NMR (400 MHz, CDCl3) § 6.96 (d, J = 8.4 Hz, 2 H),
6.83 (d, J= 8.4 Hz, 2 H), 4.04 (q, J = 7.2 Hz, 2 H), 2.07 (s, 2 H), 1.45 (t, J = 7.2 Hz, 3 H),
0.05 (s, 9 H); °C NMR 155.8, 132.1, 128.7, 114.2, 63.2, 25.6, 14.9, -2.0 ppm; IR (neat) 1613,
1577, 1510, 1479 ecm™; HRMS (ESI) caled for C;H2,08i (M + H") 209.1356, found
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[ A
209.1352.

OCH,Ph

TMS

1ay

4-NEFE R = IR SR (1ay): mup. 67.1-67.6 °C (petroleum ether); 'H NMR (400
MHz, CDCl3) § 7.46-7.31 (m, 5 H), 6.93 (d, J = 8.4 Hz, 2 H), 6.86 (d, J = 8.4 Hz, 2 H) 5.03
(s, 2 H), 2.02 (s, 2 H), -0.01 (s, 9 H); °C NMR 155.8, 137.4, 132.7, 128.8, 128.5, 127.8,

127.5, 114.6, 70.1, 25.7, -2.0 ppm; IR (neat) 1605, 1576, 1514, 1448, 1407 cm'l; HRMS (ESI)
caled for C17H,3081 (M + H+) 271.1513, found 271.1516.

OPh

T™MS

1az

4-FEAE I = LR (1az): 'H NMR (400 MHz, CDCls) & 7.34-7.28 (m, 2 H),
7.10-7.02 (m, 1 H), 7.00-6.96 (m, 4 H), 6.96-6.86 (m, 2 H), 2.07 (s, 2H), 0.01 (s, 9 H).

T™MS

1ba

T B I = FUIEREBE(1ba):'H NMR (400 MHz, CDCl3) & 2.28 (s, 2 H), 2.27-2.22 (m,
9 H), 2.22-2.18 (m, 6 H), 0.06 (s, 9 H).
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ks

TMS
1bc

= EE(1-ZE DA S (Ibe): '"H NMR (400 MHz, CDCl3) & 7.94 (d, J = 8.8 Hz, 1 H),
7.82 (d, J=8.8 Hz, 1 H), 7.61 (d, J = 8.0 Hz, 1 H), 7.48-7.42 (m, 2 H), 7.36 (t, J = 8.0 Hz, 1
H), 7.16 (d, J = 6.8 Hz, 1 H), 2.56 (s, 2 H), 0.00 (s, 9 H).

$

MS
1bd

= HIEQ-ZE ) S (1bd): '"H NMR (400 MHz, CDCls) § 7.80-7.68 (m, 3 H),
7.44-7.32 (m, 3 H), 7.18-7.14 (m, 1 H), 2.25 (s, 2 H), 0.02 (s, 9 H).

TMS
1be

= FE(9-18 1 3L ik (1be): 'TH NMR (400 MHz, CDCl3) 6 8.23 (s, 1 H), 8.20-8.14 (m,
2 H), 8.00-7.96 (m, 2 H), 7.48-7.40 (m, 4 H), 3.17 (s, 2 H), 0.01 (s, 9 H).

MeO@—\
SiEtMe,

1bf

A-FRAR A3 2 35 — L RE S (1bf): "H NMR (400 MHz, CDCI3) 6 6.92 (d, J = 8.4 Hz,
2 H), 6.78 (d, J = 8.4 Hz, 2 H), 3.78 (s, 3 H), 2.01 (s, 2H), 0.93 (t, J= 8.0 Hz, 3 H), 0.48 (q, J
= 8.0 Hz, 2 H), -0.05 (s, 6 H); °C NMR 156.5, 132.3, 128.8, 113.4, 55.2,23.6, 7.2, 6.4, -4.4
ppm; IR (neat) 1614, 1585, 1508, 1469 cm™'; HRMS (ESI) caled for C,H,0S8i (M + H)

209.1356, found 209.1356.
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TES

1bg

4-FRAR 3L = Z B2 (1bg): 'H NMR (400 MHz, CDCl3) 8 6.93 (d, J = 8.4 Hz, 2
H), 6.76 (d, J= 8.4 Hz, 2 H), 3.76 (s, 3 H), 2.02 (s, 2 H), 0.91 (t, /= 8.0 Hz, 9 H), 0.49 (q, J =
8.0 Hz, 6 H); °C NMR 156.4, 132.4, 128.8, 113.6, 55.2, 20.2, 7.3, 2.9 ppm; IR (neat) 1617,
1582, 1511, 1466 cm™; HRMS (ESI) caled for C14H,sO0Si (M + H) 237.1669, found

237.1663.
SiPhMe,

1bh

4- FAE LR 2R 3L — W LR (1bh): "H NMR (400 MHz, CDCls) & 7.47-7.43 (m, 2 H),
7.37-7.32 (m, 3 H), 6.84 (d, J= 8.4 Hz, 2 H), 6.74 (d, J = 8.4 Hz, 2 H), 3.76 (s, 3 H), 2.23 (s,
2 H), 0.23 (s, 6 H); B3C NMR 156.6, 138.6, 133.7, 131.5, 129.1, 129.0, 127.7, 113.6, 55.2,
24.8, -3.5; IR (neat) 1614, 1582, 1508, 1463, 1439, 1425 cm'l; HRMS (EI) calcd for
C16H200S1 256.1283, found. 256.1282.

Br

Saa

4-F 48 98 (5aa): "H NMR (CDCls, 400 MHz) 6 7.30 (d, J = 8.8 Hz, 2 H), 6.85 (d, /= 8.8
Hz, 2 H), 4.48 (s, 2 H), 3.78 (s, 3 H).

Br

Sax

4-Z BB FHEAE (5ax): '"H NMR (CDCls, 400 MHz) & 7.35-7.30 (m, 2 H), 6.89-6.85 (m, 2 H),
4.52 (s, 2 H), 4.03 (q, J=7.2 Hz, 2 H), 1.44 (t, J= 6.8 Hz, 3 H); °C NMR (CDCl;, 100 MHz)
§ 159.0, 130.3, 129.6, 114.6, 63.3, 34.0, 14.7 ppm; IR (neat) 1712, 1611, 1511, 1472 cm™;
HRMS (EI) calcd for CoH;;BrO 213.9993, found 213.9992.
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Br
PhCHZOO—/

5ay

4-EHFEH N (5ay): '"H NMR (CDCls, 400 MHz) § 7.46-7.31 (m, 7 H), 6.96-6.92 (m, 2 H),

5.07 (s, 2 H), 4.51 (s, 2 H).
Br

Saz

4-ZFE IR (5az): "H NMR (CDCls, 400 MHz) & 7.38-7.32 (m, 4 H), 7.16-7.10 (m, 1 H),
7.05-6.98 (m, 2 H), 6.98-6.93 (m, 2 H), 4.51 (s, 2 H).

Sba

FH AR (5ba): 'TH NMR (CDCls, 400 MHz) & 4.66 (s, 2 H), 2.34 (s, 6 H), 2.24-2.22 (m, 9

H).
“Br

5bc

-3 I H£ 25 (5be): "H NMR (CDCls, 400 MHz) § 8.16 (d, J = 8.8 Hz, 1 H), 7.90-7.80 (m, 2 H),
7.66-7.58 (m, 1 H), 7.57-7.46 (m, 2 H), 7.45-7.36 (m, 1 H), 4.97 (s, 2 H).

SOA

5bd

2-IR I3 25(5bd): 'H NMR (CDCls, 400 MHz) & 7.89-7.79 (m, 4 H), 7.57-7.47 (m, 3 H),
4.68 (s, 2 H).
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Br

5be

9-75L F £ #(5be): 'H NMR (CDCls, 400 MHz) & 8.49 (s, 1 H), 8.30 (d, /= 8.8 Hz, 2 H), 8.04
(d,J=8.4Hz, 2 H), 7.64 (t, J= 7.6 Hz, 2 H), 7.50 (t, J = 7.6 Hz, 2 H), 5.54 (s, 2H).

Chapter 4
O
/©)J\O/
MeO

7aaa

Xof AR L 2 HH R H S (7aaa): "H NMR (400 MHz, CDCls) § 7.99 (d, J = 8.8 Hz, 2 H), 6.91 (d,
J=28.4Hz, 2 H), 3.88 (s, 3 H), 3.85 (s, 3 H).

0]
/@)ko/
EtO

7axa

Xt 258 FE 2K FH RS HH I (Taxa): 'H NMR (400 MHz, CDCls) & 7.98 (d, J = 8.4 Hz, 2 H), 6.89 (d,
J=8.4Hz, 2 H), 4.08 (q, J= 6.8 Hz, 2 H), 3.88 (s, 3 H), 1.34 (t,J = 6.9 Hz, 3 H).

(@]
/@)ko/
Bu

7ada

S AT HE 2K FE R T BiG (7ada): "H NMR (400 MHz, CDCls) 8 7.97 (d, J = 8.4 Hz, 2 H), 7.45
(d, J=8.4 Hz, 2 H), 3.90 (s, 3 H), 1.34 (s, 9 H).

o)
Q)ko/
Ph

7aea
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Xof 2835 % R i (7ada): '"H NMR (400 MHz, CDCl3) & 8.10 (d, J = 8.8 Hz, 2 H),
7.68-7.58 (m, 4 H), 7.48-7.42 (m, 2H), 7.41-7.35 (m, 1H), 3.93 (s, 3 H).

O
o
\

7afa

2 R 1 G (7afa): "H NMR (400 MHz, CDCl3) 8§ 8.06-8.02 (m, 2 H), 7.58-7.51 (m, 1 H),
7.46-7.42 (m, 2 H), 3.92 (s, 3 H).

O
Q
\

Br
7bia

SR % FH R F G (7bia): 'H NMR (400 MHz, CDCl3) 6 7.90 (d, J = 8.4 Hz, 2 H), 7.58 (d, J =
8.4 Hz, 2 H), 3.91(s, 3 H).

O
Q
\

C
7aga

X G U E H i (7aga): 'H NMR (400 MHz, CDCls) & 7.98 (d, J= 8.4 Hz, 2 H), 7.41 (d, J =
8.4 Hz, 2 H), 3.92 (s, 3 H).

_n
o
o
\

7aha

X G4 W R F i (7aha): 'H NMR (400 MHz, CDCls) & 8.05 (dd, J = 8.8, 5.2 Hz, 2 H), 7.11
(dd, J= 8.8 Hz, 2 H), 3.91 (s, 3 H).
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0]

/[:::TJLYJ/
Fs;C

7ana

X = 45 FE 5 FH RS FP S (7ana): '"H NMR (400 MHz, CDCls) & 8.16 (d, J= 8.0 Hz, 2 H), 7.71
(d, J= 8.4 Hz, 2 H), 3.96(s, 3 H).

1-25 % FE i (Tbea): 'H NMR (400 MHz, CDCl3) & 8.91 (d, J = 8.8 Hz, 1 H), 8.17 (d, J =
7.2 Hz, 1 H), 8.00 (d, J = 8.0 Hz, 1 H), 7.87 (d, J = 8.0 Hz, 1 H), 7.87 (d, J = 8.0 Hz, 1 H),
7.64-7.58 (m, 1 H), 7.56-7.45 (m, 2 H), 4.00 (s, 3 H).

0O

S OA

7bda

2-Z5 IR 1S (7bda): "H NMR (400 MHz, CDCl3) & 8.60 (s, 1 H), 8.08-8.02 (m, 1 H), 7.93
(d,J=8.0 Hz, 1 H), 7.87 (d, J = 8.8 Hz, 2 H), 7.60-7.50 (m, 2 H), 3.97 (s, 3 H).

0]

/E::j/ﬂ\o/\\
MeO

7aab
Xt FHAE L 2K FR R 2 Bi6(7aab): "H NMR (400 MHz, CDCls) & 8.00 (d, J = 8.8 Hz, 2 H), 6.91
(d, J=8.8 Hz, 2 H), 4.35 (q, J = 7.2 Hz, 2 H), 3.86(s, 3 H) 1.38 (t, /= 7.2 Hz, 3 H).

O

/[::j/ﬂ\o/“\//
MeO

7Taac
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ot F 480 4 B R 1F T i (7aac): "H NMR (400 MHz, CDCls) & 8.01 (d, J = 8.8 Hz, 2 H), 6.92
(d, J=8.8 Hz, 2 H), 4.25 (t, J = 6.4 Hz, 2 H), 3.86(s, 3 H) 1.78 (m, 2 H), 1.02 (t, J="7.2 Hz, 3
H).

Chpter 5

OH
CF;
9a

1-(4-TFE 2 3E)-2,2,2- = Z. % (9a): '"H NMR (400 MHz, DMSO-ds) 6 8.28 (d, J= 8.8 Hz, 2
H), 7.79 (d, J = 8.8 Hz, 2 H), 7.21 (d, J= 5.6 Hz, 1 H), 5.48-5.40 (m, 1 H).

O,N
>: OH
CF,
9b

1-(3-HHFE R IE)-2,2,2- = Z. % (9b): "H NMR (400 MHz, CDCl3) 6 8.39 (s, 1 H), 8.30-8.24
(m, 1 H), 7.88-7.82 (m, 1 H), 7.62 (t,J= 8.0 Hz, 1 H), 5.19 (q, J= 6.4 Hz, 1 H), 3.34 (brs, 1

H).
OH
F3C—< >—<
CF;

9d

1-(4- =5 P FEF3E)-2,2.2- = 4 2. (9d): "H NMR (400 MHz, CDCls) 6 7.70-7.60 (m, 4 H),
5.10 (q, J= 6.4 Hz, 1 H), 3.13 (s, 1 H).

OH
MeOOC@—<
CFs

9e

1-(4-F g 58)-2,2.2- = % Z.B¥(9e): '"H NMR (400 MHz, CDCl;) 6 8.03 (d, J = 8.4 Hz, 2 H),
7.55(d, J=8.4 Hz, 2 H), 5.15-5.03 (m, 1 H) 3.92 (s, 3 H), 3.55 (brs, 1 H).
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OH
"Buooc©—<
CF,4

of

1-(4- T BEAIE)-2,2,2- = 4 Z.W(9f): "H NMR (400 MHz, CDCls) 6 8.04 (d, J = 8.4 Hz, 2 H),
7.55(d, J=8.4 Hz, 2 H), 5.09 (q, /= 6.8 Hz, 1 H) 4.32 (t, J= 6.8 Hz, 2 H), 1.78-1.72 (m, 2
H), 1.52-1.42 (m, 2 H), 0.98 (t, J= 7.2 Hz, 3 H); ?C NMR (100 MHz, CDCls) 6 166.4 (s),
138.9 (s), 131.4 (s), 129.7 (s), 128.3 (s), 124.1 (q, J = 281.1 Hz), 72.3 (q, J = 31.6 Hz), 65.2
(s), 30.7 (s), 19.2 (s), 13.7 (s); "°F NMR (376 MHz, CDCls) 6 -78.6; IR (neat) 3359, 1717,
1656, 1619, 1558, 1510, 1461 cm™; HRMS (ESI) calced for Ci3H;6F303 (M + H") 277.1046,
found. 277.1052.

OH
oS
CF;
99

1-(4- 5 5E)-2,2,2- = 2 BE(9g): '"H NMR (400 MHz, DMSO-d;) 6 7.54-7.44 (m, 4 H), 6.95
(d, J=6.0 Hz, 1 H), 5.26-5.16 (m, 1 H).

OH
Br—< >—<
CF3
9h

1-(4-TR 7 3E)-2.2. 2- =4 Z. % (9h): "H NMR (400 MHz, CDCl3) 6 7.57-7.50 (m, 2 H), 7.35 (d,
J=28.4Hz, 2 H), 4.99 (q, /= 6.8 Hz, 1 H), 2.94 (brs, 1 H).

OH
Ph—< >—<
CF3
9j

1-(4-FE2)-2,2,2- =4 ZEE(9j): "H NMR (400 MHz, CDCls) 8 7.66-7.52 (m, 6 H), 7.48-7.42
(m, 2 H), 7.40-7.34 (m, 1 H), 5.08 (q, /= 6.8 Hz, 1 H), 2.62 (brs, 1 H).
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1-(4- 5 P 2 3)-2,2,2- = % . (9k): 'H NMR (400 MHz, DMSO-dy) 6 7.40 (d, J = 8.4 Hz,
2 H), 7.27 (d, J= 8.4 Hz, 2 H), 6.75 (d, J = 5.6 Hz, 1 H), 5.14-5.04 (m, 1 H), 2.94-2.84 (m, 1
H), 1.20 (d, J= 6.4 Hz, 6 H).

— OH
Ny

9l

CF3

1-(4-PHERE3E)-2,2,2- = 4 Z. % (91): 'H NMR (400 MHz, CDCl5) J 8.60-8.56 (m, 2 H), 7.49 (d,
J=6.0 Hz, 2 H), 5.07 (q, J= 6.8 Hz, 1 H).
Chapter 6

OH O-Et
o)
Me

OMe
12ma

1,1-—(4-FAE R AL )-2- 248 - 1- A ¥ (12ma): '"H NMR (400 MHz, CDCls) § 7.40 (d, J =
8.8 Hz, 2 H), 7.29 (d, J= 9.2 Hz, 2 H), 6.84-6.76 (m, 4 H), 4.24 (q, J = 6.4 Hz, 1 H), 3.75 (s,
3 H), 3.73 (s, 3 H), 3.69-3.61 (m, 1 H), 3.44-3.34 (m, 1 H), 3.12 (s, 1 H), 1.09 (t, J=7.2 Hz, 3
H), 1.01 (d, J = 6.4 Hz, 3 H); >C NMR (100 MHz, CDCl;) & 158.02, 157.97, 139.1, 137.1,
127.7, 127.0, 113.2, 113.1, 79.4, 78.6, 64.5, 55.1, 15.5, 13.6 ppm; IR (neat) 3554, 1608, 1506,
1465 cm™; MS (ESI) m/z 339 (M + Na"); HRMS (ESI) caled for C9H,4NaO, 339.1567,
found 339.1574.

OH O-Bu
o)

OMe
12mb

1,1- —(4-H A FEFIL)-2- 8 T S IE-1-2F%(12mb): 'H NMR (400 MHz, CDCl3) & 7.32 (d, J
= 8.8 Hz, 2 H), 6.83 (d, J = 8.8 Hz, 2 H), 3.80-3.76 (m, 2 H),3.79 (s, 3 H), 3.78 (s, 3 H), 3.53
(s, 1 H), 1.21 (s, 9 H); °C NMR (100 MHz, CDCl;) & 158.4, 137.6, 127.9, 113.2, 73.6, 68.2,
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55.18, 55.15, 27.6 ppm; IR (neat) 3564, 1614, 1506, 1460 cm’'; MS (ESI) m/z 353 (M + Na");
HRMS (ESI) calcd for CagHagNaOy 353.1723, found 353.1722.

O

12nc

1,1- = FE-2-ZE 4 FE-1- 2% (12nc): 'H NMR (400 MHz, CDCl3) & 6.85-7.55 (m, 15 H),
4.46 (s,2 H), 3.42 (s, 1 H).

OH O-Et
)

F
120a

1,1- —(4-F A HE)-2- 2 A FE-1- A ¥ (120a): 'H NMR (400 MHz, CDCl3) & 7.47-7.42 (m, 2 H),
7.36-7.30 (m, 2 H), 7.01-6.91 (m, 4 H), 427 (q, J = 6.4 Hz, 1 H), 3.73-3.64 (m, 1 H),
3.44-3.35 (m, 1 H), 3.16 (s, 1 H), 1.10 (t, J = 7.2 Hz, 3 H), 1.00 (d, J = 6.4 Hz, 3 H); °C
NMR (100 MHz, CDCl;) & 161.4, 142.3, 127.9, 114.8, 79.4, 78.4, 64.6, 15.5, 13.4 ppm; IR
(neat) 3491, 1598, 1507 cm'l; HRMS (EI) caled for C7H;3F,0, 292.1275, found 292.1272.

OH O-Et

Me

12pa

2-(4- A ILFEIL)-3- 28 FE-2- T WE(12pa): (threo-12pa:erythro-12pa = 1:1): threo-12pa: 'H
NMR (400 MHz, CDCl3) & 7.42-7.30 (m, 2 H), 6.89-6.83 (m, 2 H), 3.80 (s, 3 H), 3.72-3.25
(m, 3 H), 3.13 (brs, 1 H), 1.56 (s, 3 H), 1.21 (t, J= 7.2 Hz, 3 H), 0.88 (d, J = 6.4 Hz, 3 H); "°C
NMR (100 MHz, CDCl3) & 158.5, 137.9, 127.1, 113.3, 82.3, 76.0, 65.2, 55.2, 27.4, 15.5, 14.1
ppm; IR (neat) 3537, 1613, 1510, 1461 cm™; MS (ESI) m/z 246.9 (M + Na"); HRMS (ESI)
calcd for Ci3H0NaO; 247.1305, found 247.1307. erythro-12pa: '"H NMR (400 MHz, CDCls)
8 7.42-7.30 (m, 2 H), 6.89-6.83 (m, 2 H), 3.80 (s, 3 H), 3.72-3.25 (m, 3 H), 2.74 (brs, 1 H),
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1.47(s, 3H), 1.14 (t, J= 6.8 Hz, 3 H), 1.01 (d, J = 6.4 Hz, 3 H); °C NMR (100 MHz, CDCl;)
8 158.0, 137.3, 126.5, 113.3, 81.6, 75.8, 65.1, 55.2, 22.6, 15.5, 13.9 ppm; IR (neat) 3537,
1613, 1510, 1461 cm™; MS (ESI) m/z 246.9 (M + Na"); HRMS (ESI) calcd for C13H20NaOs

247.1305, found 247.1307.
HO O-Et

12aaa

1-(4- F 480 3k 2K 3L )-2- 2 %60 3 -1- T % (12a2a)°™ (threo-12aaacerythro-12aaa = 1:1):
threo-12aaa: 'H NMR (400 MHz, CDCLy) § 7.27 (d, J = 8.4 Hz, 2 H), 6.87 (d, J = 8.8 Hz, 2
H), 433 (d, J = 8.4 Hz, 1 H), 3.80 (s, 3 H), 3.69-3.40 (m, 3 H), 3.36-3.31 (brs, 1 H), 1.25 (t, J
= 6.8 Hz, 3 H), 0.98 (d, J = 6.4 Hz, 3 H). erythro-12aaa: "H NMR (400 MHz, CDCl;) § 7.27
(d, J = 8.4 Hz, 2 H), 6.87 (d, J = 8.8 Hz, 2 H), 4.80 (d, J = 3.2 Hz, 1 H), 3.80 (s, 3 H),
3.69-3.40 (m, 3 H), 2.68-2.63 (brs, 1 H), 1.20 (t, /= 7.2 Hz, 3 H), 0.96 (d, J = 6.4 Hz, 3 H).

HO  O-Bu
MGOOA—/

12aab

1-(4- 4 2R IE)-2- 50 T A 3k-1- 2B (12aab): '"H NMR (400 MHz, CDCls) & 7.32 (d, J =
8.4 Hz, 2 H), 6.89 (d, J = 8.8 Hz, 2 H), 4.77-4.70 (m, 1 H), 3.80 (s, 3 H), 3.50-3.43 (m, 1 H),
3.35-3.24 (m, 1 H), 1.22 (s, 9 H); >C NMR (100 MHz, CDCl3) & 159.5, 132.3, 127.5, 113.8,
72.8, 67.8, 55.3, 27.6 ppm; IR (neat) 3567, 1610, 1561, 1513, 1467 cm™; HRMS (ESI) calced
for C3Hy0NaO5; 247.1305, found 247.1308.

HO O—Et
tBu©;_<
Me

129a

1-(4-FU T FeIKIE)-2- LS8 FE-1-TH I (12qa) (threo-12qazerythro-12qa = 1:1): threo-12qa: 'H
NMR (400 MHz, CDCls) & 7.38-7.32 (m, 2 H), 7.30-7.26 (m, 2 H), 4.36 (d, J = 8.0 Hz, 1 H),
3.72-3.41 (m, 3 H), 3.30 (brs, 1 H), 1.31 (s, 9 H), 1.27 (t, J = 6.0 Hz, 3 H), 0.99 (d, J= 6.0 Hz,
3 H); >C NMR (100 MHz, CDCl3) & 151.0, 137.5, 127.0, 125.2, 80.1, 78.1, 64.5, 37.1, 31.4,
15.6, 13.4 ppm; IR (neat) 3467, 1516, 1464 cm™; MS (ESI) m/z 258.9 (M + Na'); HRMS
(ESI) caled for CisH24NaO2 259.1669, found 259.1680. erythro-12qa: '"H NMR (400 MHz,
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CDCl3) 6 7.38-7.32 (m, 2 H), 7.30-7.26 (m, 2 H), 4.86 (d, /= 8.4 Hz, 1 H), 3.72-3.41 (m, 3 H),
2.56 (brs, 1 H), 1.31 (s, 9 H), 1.22 (t, J= 6.8 Hz, 3 H), 0.99 (d, J = 6.4 Hz, 3 H); °C NMR
(100 MHz, CDCls) 6 150.1, 137.1, 126.0, 125.0, 79.0, 74.8, 64.4, 37.1, 31.4, 15.6, 13.4 ppm;
IR (neat) 3467, 1516, 1464 cm™; MS (ESI) m/z 258.9 (M + Na"); HRMS (ESI) calcd for
Ci5H24Na0O; 259.1669, found 259.1680.

:HO O-Et
Me

12ra

1- K 3E-2- 58 - 1- N (12ra) (threo-12raerythro-12ra = 1:1): threo-12ra: 'H NMR (400
MHz, CDCl3) 6 7.38-7.26 (m, 5 H), 4.38 (d, J =8.0 Hz, 1 H), 3.76-3.42 (m, 3 H), 3.36 (brs, 1
H), 1.25 (t, J = 6.4 Hz, 3 H), 0.98 (d, J =6.4 Hz, 3 H); >C NMR (100 MHz, CDCl5) & 140.7,
128.3, 128.0, 127.3, 80.1, 79.0, 64.5, 15.6, 13.3 ppm; IR (neat) 3470, 1446, 1375 cm'l; MS
(ESD) m/z 202.9 (M + Na"); HRMS (ESI) caled for C;;H;¢NaO, 203.1043, found 203.1041.
erythro-12ra: '"H NMR (400 MHz, CDCl;) & 7.38-7.26 (m, 5 H), 4.89 (d, J =3.6 Hz, 1 H),
3.76-3.42 (m, 3 H), 2.66 (brs, 1 H), 1.22 (t, J = 6.4 Hz, 3 H), 0.99 (d, J =6.0 Hz, 3 H); "°C
NMR (100 MHz, CDCl;) 6 140.5, 128.1, 127.3, 126.3, 78.3, 74.8, 64.4, 15.5, 13.3 ppm; IR
(neat) 3470, 1446, 1375 cm™; MS (ESI) m/z 202.9 (M + Na'); HRMS (ESI) calcd for
C11H1sNaO, 203.1043, found 203.1041.
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