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MeO OMe
MeO | :
® FSURTILTY
Prins cyclization l Prins Cyclizationl
partial OMe
conformational MeQ
change O
2 D
o
ey
H H
B-lI

Friedel-Crafts
Cyclization

Friedel-Crafts

not so fast o
Cyclization

l not so fast

*38b p 3Bb

Scheme 24
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3. ¥u— AV F=ATATE AW R r— FRGOKRE

Ee—/L-2- 7T R1ICAFREV Y FINTNa—)v 2 ey o A
IR L, KIS T, BFs* OEte 2 FL72E 24, 1CI13R% ICHfEL T&, 2a D
HNEN ENDFER Loz, F2 T, TIATE F1C OO RBREZBIET LI HNT
CD:2Cle, BFs * OEte ¥R L7-4KkEET 1H-NMR ZHIEd 5 &, ks 2 Z LI
BF 3 3ERINEE 9.5ppm I SN TW=T /LT B RO —7 2 8.5ppm (2 &S 7
FLTCWADORb)NroT-, ZOHRIL BFsFET., 1IC ) — 5L %
/? LTW5DHDEEZ7-(Scheme 25), F£7-. BFsZ RN L7 kRE TIER < HfEHN

SN0, XA ERIT 21T o7& 2 A, 74T b RERFEIZ BFs NN L7
%J&?f)lﬁvﬁy Sz (Figure 2), ZOFEENS H BFsHFE R, 1CB=/ —LEEEZ L5 2
ENRXZFRFE Tz,

q( BF3 OEt,
CHZCIZ 0°c

9.5 ppm .
7 oPp BF; * OEt,
N~
H CD,Cl,

1C

Scheme 25 Figure 2

’®i/~wmitm—wﬂn ErREREEETCHL I LICERTLIHDOEE
B IMED & 5 Ts e CTHEBIR 2% L= 1D TH A r— RS &E#a L=,
%@%%\ﬁm@ZA~XkEﬁL\tm~w&V7DNV&7§Vﬁ%ﬁLkE%
PEALEY) 8Da 7% 76%., 7 7 Y ERDOMERALIED 722 TDa 7Y 6% DR THRL LT,
L&Y TDa X 8Da D7 7 VEMNHAELZCG, ED 1,2-v KU RERME2RETD
Elolth, BET 7 VRIEHRDEIT LD EE X TS, 72, 3Da DHX LK
fidiE % Scheme 26 (27~ L72f& AT NOE fHEENHER SN2 2 E M BIkiE LT,

5%

Ph O
BF3 OEt,
E (I}j 9,
N H
CHZCIZ 0°C % o b N-

3Da (76%) 7Da (6%)

l !

h 1,2-hydride E’h/O%FS

shift x2
(T R

F380 Ts

C D
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Scheme 26

N T, A R—=T Tt RIZBEH L TARLINVEOBEBRNEN RS 52 AN
THA— RRIBEBRET LTz, £F. A > =L 2 (LEHAK 1R OV A7 — RIS T
I =M EEY 8Ba NUIER 91% TR L= 2D, £/, ©r—/L7 /L7 b K& EREIC
7T VBROMBRNNEN R D TEa % 4% DR TEH 2 7=,

QJWH |3|:3 OEt,
Ts
o+ CH,Cl,, 0°C
2Cla,
1E _ 1S H 0
HO 2a

20 min
3Ea (91%) TEa (49)

Scheme 27

Wiz, A > K==L 3AEHA 1F 2 AW 75813 = 8RBE(LA Y 8Fa (70%) 3 L O
TFa (9%) 78R3 % & 412 Bb1k 8Ea (2%) - TEa (6%) DAL bR S Iz, Zhb
DAL D ERFRIEIER D L 5 12E 2 TWD, F72bb, Prins BHL&ICAERT 5~
YONITFA BEITRLTA v R—=v 2 (i8S 2 2 & TRILK 8Fa #5215
(patha), —, A2 K=/ 3R COURS I >TFOLS RAL Rk
2% (pathb), HC, FOBRBZUC L > TAELDAF Y= Al F 42 GIEKt LT
{2 R 2 (IR % L B LR 3Ba VAR 5.

H o
BF3 OEt, g H
TS > * [ > * sBapw t 7Ea(ey
CHZCIZ N /" H N <
Ts Ph Tspr' 0O

3Fa (70%) 7Fa (99%) ‘
_ o} Ph
Prins @ Ph _Oo
Cyclization b b Ph ~
C@% - & - @f@Q
N S 0) N
Ts Ts Ts
E F G
Scheme 28

X5, ¥ R 46 (EHEA 1GT ZHVTHRFLIZEZA, WLy 2D
fri& T Friedel-Crafts BR{L2SEIT L. 1G 2261 37 TG L7 8Ga-3 (33%)FB L O
5 (L CTHUG L7z 8Ga-5 (22%) 345k L 7=, [AIERIZ 1H 725 1% 8Ha-4 (30%) ¥ L U* 3Ha-
6 (19%), 1I 7513 8la-5 (28%)+ LU 8la-7 (17%) 23Rk L 7=,
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Q.
[e]

. Ph Ph
BF, * OEt, ¥
_ >
ChCl | ’\T A
s Ts 'II\"s
3Ga’3 (33%) 3Ga’5 (22%)
Ph 0
BF; ~ OEt, +
S —— I\
CH,Cl, 1t I\ P N
2h N Ts
3Ha'4 (3096) 3Ha'6 (1996)
Ph
. o I\
BF; * OEt, m +
_ =
O
CH,Cly, 1t N h
3h Ts
3la’5 (28%) 3137 (17%)

Scheme 29



4. ZRMELEYERIEICET 5 RE

18I TR L IICAD Ay — RRISTIE T VT b RERRIERWS & L8RS
MNERT D, LAY 8AaA DARRIBIIRD L HIcEZ BN TWS, T2bb,
2= RS L0 4Rk LB bk 8Aa D7 T U BRESD BFsIC X - TIEMEL S
HZETRBAENEZ - THE R HIFIN 0 hARIC L > TI~EEHEINS,

LIZAES VT INT N a— N EELZE L TWALIZD, ZTRNICEET S 1A EHED
A —REEBEI D ENI D TH D, 2O [MHDOA A — RGOSR &7 5
7T VBEORBICIIT VT E RHEOERR F 4 (X b HOBEBAHLENNLET
bHEINTWD, ZOZLICHLTHEAET 2 HMN TR AT VT b ROBEBEE
Bt L7z,

86%

1st Cascade Reaction
o
Ph BF;
@ >
BF3 OEt, @ MeOA g H'/‘3
s R
1A (3eq) CH,Cly, 1t, 85 CH,CL, . 85h MeO MeO
2a

3Aa F3é H

(RESUFILTILA—L)

Scheme 30

FaEHiE 5% Table 1 |27, 3 UED 34-VT hF I R_RUXT/LTFE R 1J &RE
VUFINTAaA—NAET T AR AR L. BFs OBt Tl F L= 2 A &
WERTELERMLEY 8Jad WA LTz, RO % 3,4,5- MU A RF IR X7 )L
Tt F1IK ZHWT To72 s 24, BUSOEITIZIERIZEL . 120 BEFERGE L 72 B
T8KaK # 26% 5252k EEole, £ T, Wik Aw 1,2-V7nnx X GERE
Z BOCICEH LTI 2 A, FUSITAL—XITHEIT L., EivET 8KaK NAER LT,
—J5, 8,5V A FFIARUXTIATE R 1B & HAWVWZgE TIdZ R (LAY 8BaB @
AR MR AT, SR (LAY 8Ba WA T DDA TH 72, ULEDRERENS, £
BRIALAY 8 DAERICIZT VT b FHEKEOEFR L 4 OB FILGENAVNETH S
T EMIFFE L,
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Table 1

Rs 2a
RZ:@\ BF; ~ OEt,
_—
Ry CHO  ch,cly tt
(3eq.)
1 (R1=R,=OFEt, Ry=H)
1K (Ry=R,=R;=OMe)
1B (R;=R;=OMe, Ry=H)
MeO I
MeO g
8JaJ (849, 60h) 8KaK (269 along with 3Ka (669), 120h)@) 8BaB (not obtained)®)

(a) When the reaction Was performed in (CH2Cl), at 50 °C for 67h, 8KaK was obtained in 91% yield’
(b) Instead, compound 3Ba was obtained in 58% yield.

BT, BEa—be £ R=LT /LTt RbHikE Lz =M (kE% 3Da - 3Ea %
HOWTEZRM LAY OEREME Lo, Btk 8Da Lern—1 77kt K 1D &2
smna 22 AL, BF3 - OEte &l T L7 & 2 A, RISIFEMEC R 7oy, F4
B & U CEEMEILEY 9DaD & 5- % 70, Blkd 5 Z Lz, A LTTFHAL T
72 8DaD ITF 7= <G o7, FKOKF%Z 8Ea & 1E TIiTo72 &2 A, &
R TR LEY 9EaE #5272, ZOEAEICH 8EaE OAKIIHR TE 20
7o L&Y 9EaE D& X ORI ARE IS X SRS dm S Mg ic L 0 e L7z
(Figure 3),

= Ph
Ph 1D ph o NTS
H BF;  OEt,
7 » - \
N~ CH,Cly, 11, 6 h N o
Ts H o 32% Ts
3Da 9DaD
Ph 1E
L H BF; ~ OEt,
‘ ~ —_—m
N CH,Cly, 1t, 23 h
H O 7%
3Ea

Scheme 31
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Figure 3

ZERMELA Y 9EaE OARRRIKITIIRDO L 9 IZE X TWD, £7, 9Ea O 7 7 5
HEWT o N AEBNEZ S THFFREXBELEFRET VAT Va— L iEEE G J
Eb, § & 1E NHED A — RS T U 8EaE & 725753, K @ Friedel-Crafts
BAIZ Ts £ & ONARFEEIC L » THIT LRV, 2070, I 1377 DRIz
FoTLERY, LIFRETVFINAT Va— M EEEEZATHSTD, 1E L HE
HAF— RSN ENI D TH 5,

Scheme 32

WIZ, ORI D BEEFRE Lo ZBREALEVMORRERT LTZ, T78bb, 3,4-
VA X UBRILIK 3Aa, 3,4,5- U A M UER(LIK 8Ka, 1 v F— LER{LIK 3Ea & Jk
BLLTHAxOTV—LAT LT REDAAr— RIS EIT>72, RabkiE% Table
212" T, 3,4V A MY UVERILIASAa & 3- T =AT /LT & K 1L O#AKHETIEE
ML E Y 8AaLl D /XT K% T9%., A/ MEZ 20%DIETH- %, 3,4,56- 8 U A b
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VARUAT TR R 1IK EOMAEDE TIE 8AaK NEIHETHRL L=, £7-. 3,4,5
FU X REUVERILIK 8Ka 2 VWA 8A1CF 1,2-Y 7 rnux X o 50°C TG ETT
9 Z & T, 1L 51X 8Kal D/ T{K% 66%., AL MEE 9%DINERTH 2, 1A DD
I 8KaA MNEIETHEKR LI, &6, ~7 a7 U —bEw & OfAEHbE Tl
8Aa LA F—T7/Tt R 1E 5 8AaE % 90%. 1 v R—/LER{LIK 8Ea & 1A
N5 9EaA & 94%DINKRTH 272, ZDHEE 8RBaA IXTF -7 HBobNRhoT,

Table 2

R1 5
H O

3Aa (R1=R2=OMe, R;=H)
3Ka (R;=R,=Ry= OMe)

+
Ph
‘ "
N
Ts H o
3Ea

1L (RA:OMe_ R5=R6=H)
1A (R4=Rs=OMe, Rs= H) -
1K (R4=R5=Rgs= OMe) Conditions

|
Q@WH
Ts
(@]
1E

gor9

Condition : BF; ~ OEt, in CH,Cl, at rt

8AaE (90%, 15 h)

9EaA (94%, 13 h)
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—E TEBRERERoT-I R — FRIERIG
1. WFRE X

—fIZ 7,8 AR EFOTAEREHRITI= b E—MARERICL Y, 5,6 BRI
e a0 IcREECH D, —H THERAEEREZA T2 KMo FIZE, HER
AL EMEMEEZ R E T2 bDONFET D, £DD, £ 95 LICERE RS ITH
LTEXDFIEOMBIIEEREO—DOTH D,

FH T —E Tz 5 BB Prins MG ERAE Lich A — RS EHE
BREBIE~NEISHTERVWNEB X T2, Thbb, XUXT T Kb 2 REHEK
L7 == 7 asxt— 10 T HWIUIRES U F I 0T v a—)b 2a & ORI
72[5+21 D5y F-NAHIMBRAL S L » T 7 BRE G ZBELEMNERT D &
IFTEITH D, LL7ens, 20X ) b2 oMb IsTIiE, LIZLIE S &
Fr=v O3 THNRILE DB REE 70 5 2829,

" Formal [5+2] Cycloaddition
MeO : f
MeO

Scheme 33

EZEIL. ZOMBEICKRT AR E L TCT v F Lo o u hEROFI %% 2 7= 80
3V, TeF L raryL MglRIIT7TEF L AbEME A7 Z N A=) a0 F &k
BT HIELETRGICERFIRET, TAx A HORERLE L THWAM, Nicholas K&
32 Pauson-Khand /)i 33D FE & L TUASFHISNTWD, REERIZT A A L7 o
EBUIL N O EEEZ L o TR, M 140 EL REREAALZEF>TWND
3, Thbb, TEFLra U M MEKEGT 57T R11 & 5 RF12=v &
LTHWIUL, ZOEADORE INLFRISICE D 5 BRIZEIIAFNZZR S b
D EWFF LT,
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140° A Ph
(00)3c /=Co(COps WY Mee H e
77777 - - ===
MeO MeO
=Co(CO)3
CdZ=Co(CO)s (C0)sC&— Co(CO)

(CO)
Formal [5+2] Cycloaddition

MeO
—~Co(CO)3
Co(CO)3

MeO

Scheme 34

2. 9722 [6+2]18L D 43 7 NAHINBRAL RS DR ET
2.1. EEARK
TEFLrargL MEREATLITATE R 11 OARITKRDO L5 L TiTo 7=,
4:3%/: REHEXO T TR B 12be LR VX ATV —)VDREEAT v Y
T2 XV 18b-e #157-% . IBXB(LIZCK VD 7/vT & K 14b-e & L7-, &hbh 14b-e
kiwmwm1@éﬂhﬂmhkﬁmé@5:&f??%vyzﬂwk%W%ﬁT5
TIVTE K 1lae 257~

Xx__oH
Ry PdCly(PPh3)2
R, PPh3 cul R CO(CO)s
1
l
R1/\ i “~Br szNH 80°C DMSO CH2C|2 (CONC /CO(CO)s
12b (Ry= Rg= Me, R,= H) 13b (56%, Ri= Rs= Me, R,= H) 14a (R1= Ry= Ry=H) 11a (93%, Ry= Ry= Rp= H)
12¢ (R;= R,= OMe, Ry= H) 13¢ (79%, R1= R,= OMe, Ry= H) 14b (889%, R1= R3= Me, R,= H) 11b (949%, R1= Rg= Me, R,= H)
12d (Rs= R,= Ry= OMe) 13d (989, R1= Ry= R,= OMe) 1l4c (78%, Ry= R,= OMe, Ry=H) 11c (93%, Ry= R,= OMe, Ry=H)
12e (R;= R3= OMe, Ry= H) 13e (98%, R1= Ry= OMe, R,= H) 14d (9296R1= R2= R;= OMe) 11d (5%, R1= R;= R, OMe)
1l4e (98%R1= R3= OMe, R,= H) 1le (87%, R1= Rs= OMe, Ry= H)
Scheme 35

2.2. IR — RSO

ERELAE B 727200 11a (1 eq) & 2a (1.2 eq.)% CH2ClolZiwfE L. KIS F. BFs ¢
OEt: Beq) i F L& Z A, #HMERIREWE 5 2 7-(Entry 1), KIZ, 3,6 VA F )L
K 11b Z AW TCTRIZM T 3 BB SB- & 2 A, MEBREN b7 o AR E ORI
15b & > ARLE D 16b &N 39%., EAkkt 30 1 1 DIREW E L CTH 2 7= (Entry 2),
X5, RS ESIRICSTIT Y & BIEIK 15-16b & 62%DINRTH- z . Eklbix 7:
1 &7 -7 (Entry 3), ft\ T, 3,4 VA FF 4K 11e TIIKH T, KSIEA L— X
M7 L. 1.5 BRE CERALIK 15-16¢ 73UV =R 92% (15¢: 16c=3: 1) T4k L 7= (Entry 4),
F o, B TIEGE 30 75 Toefl L, I 92%, Apkbbix 411 & 72> 72 (Entry 5),
S5, 845 FU A FFIAR1LA, 3,5-F A FF UK 1le ICBWT b ST A L—R
IZHEFT L, BR{LIK 15-16d (97%, 7: 1), 15-16e (97%, 4: 1) % 5- 2 7=(Entry 6-7), ﬁzﬁi
L7z 2 FEOSARBEMRII VDTN T L a~ N7 57 4 —IZ 8- THBERRE
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HV., HEEL7 156 BXL O 16 OFERSAAEE X, Z 241 Table 4 (278 L7=f&ATIC
NOE FfHEIR BRI S NT=Z E b 2 RE LT,

Rs
R, H

(e}
Ry 140°

(CO)C [/ =Co(CO)3

2a

. HE -
BF; ~ OEt, Ra :
—_—
CH,Cl,, 0°C Ry H

(CO)C / =Co(CO)3

RsHpb H¢-}9?A’ (NOE for 16c)

.’/H .

(CO)C /=Co(CO)3

lla-e 15b-e 16b-e
Entry Substrate Temp. Time () 15+16 (o) 15:16
! 11a (Ry7R,7R3=H) 0°c complex mixture
2 11b (R;=Rs=Me, R,=H) 0°c 3 39* 30:1
3 11b (R;=Rs=Me, R,=H) rt 3 62 7:1
4 11c (R1=R,=OMe, Ry=H) 0°c 1.5 92 3:1
5 11c (R1=R,=OMe, Ry=H) rt 0.5 92 4:1
6 11d (r,=R,=R3=OMe) 0°c 1 97 7:1
7 11le (R;=R3=OMe, R,=H) 0°c 0.5 97 4:1

* Substrate was recovered in 30% yield.
** Sbstrate was recovered in 10% yield.

FTo. A OSAREIPEICBEA L TREET D HEITRD L 2 e ERETo7, 372
PH, 34TV A MUK 1e DI A — RS %EBRALG 3 nTIRIESETEZA, 20D
BEpECOBRLIRAERK X 16¢ : 16 =5 : 1 Tho7=, K& FT 1.5 RO S 72 B
DOBEAIA RS 15¢: 16c =3 : 1 (Table 3, Entry ) TH 5 Z Enn, EpkLiZ b7
Y ARD TR AR~ BEAE L TN D 2 EAURIE X hTe, EERICHEEL 72 15¢ &
HRICCHERALIT S &, 3 RIS SEZEMET N7 v AR 15¢ & v A K 16¢ D
LEERIFH 25 1 B, —J5, 16 IZB W T HR 2 IZERMENET L, 12 FFNIZ &
TRBEDHR L 725, BMEALORKBIZOWTIZTZ 7V BROBZICEI VAL DD F A4
FREAZREHTO2HDEEZTND B, T7obb, FEHE A IZBEET 220 K
FEIRD LR 30 LV EEILSINDT20, 77 VEROBRAENEEST < 2o TW

50
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MeO 5th
MeO OQ OH
Ph . C0)3CI“—Co(CO)s . Ph
MeO : BF; * OEt, (o) A (o) BF,  OEt, MeO :
MeO d = I T MeO '
S H
(CO)CI“—=Co(CO)3 oh (CO)CI“=Co(CO)s
15¢ MeO - H 16¢
MEOWH
(CO)C /—80(00)3
Scheme 36

— . e T 57 =T aF—)L 10ae #HEE L LTH A — RIS &L
22 A 35T AT IARL0b BL 3,4V A X AR 10e M HITEIERET 7 BR A
G ZBRMALEY 1Tb-c (cis -fused), 18b-c (trans -fused) 23 4% L 7= H D D (Entry 2-
3)345k)x%#/¢um%35/fb#/¢ukmiob F BB D FUGTED
BB WS OB, FE O FINEISEIT L2 b &% 19d-e 4Rk L 7= (Entry 4-
5). L&) 19d-e 1L— @@4¢£$¢®@ Pl LTHRLNTD, ZONARFLE L E
PIRETE TR, £, (LAY 17-18 ONLRLZDIREIEIZOWTITHBR T 5,

Table 4
/@J BF3 OEt2
10a € 17b’e 18b'e 19de
Entry Substrate Time Product (yjeld, ratio in mixture)
1 10a (R17R;7R3=H) complex mixture

2 10b (R;=R3=Me, Ry=H) 1h 17b (629%), 18b (26%)
3 10c (R;=R,=OMe, Rg=H) ~ 30min  17c + 18c (919, 2.3: 1)
4 10d (R;=R,=R3=OMe) 15 min 17d + 18d (64%, 2.6 1) 19d (20%, 2 * 1)*

5 10e (R1=R3=OMe, R,=H) 15 min 17e +18e (16%, 3.3 1) 19e (44%, 1 1)

* Ratios in parentheses indicate them of the two stereo isomers.

AW 19 OERRKBIIRO L HICEZTWD, Thbb, 7x=/L7 /)b —)L
10 @431 Friedel-Crafts B2 LV, 4 &% 7 —/ B REKT S, Bidlit Ko

yM’io RUVUNHTH C Llpoiath, T OfINE 7 Z VBRI

TL LA 19 LD 0 D Th D, I HIT, BE&AKR LA % /7 —/L 20e
<‘: 2a #iRE L. BALKIG E R CRMEICATT & 19e BAEKRT 2 Z B3 nhoTz, T D
FEERFERNS b LU IR LSRN XS5,
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OMe OMe o T’\OH OMe Ph
R H o R OMe R
~7 R 2A
MeO MeO Os MeO
10d,e B MeO c 19d,e
(R = OMe or H) (R = OMe or H)
o
OMe Qo 2a OMe
BF; ~ OEt, Ph
)
MeO CHCL, 0°C 1o
36%
20e 19%e
Scheme 37

2.3. ERYOILEIFEITETHELE

Tx= T aRF—)L 10 EREVUOFINATINa—)L 28 BREEE LT A —
REOGTIE, W BMEERE v ABLEOR(MK 17T #BE L ThEx Thh , AE 11
WA ST E R OFEER TSI 1T D SEAREIWE D WS L TN e, AR OREER
ERIZ 31T D AR E L Prins BRALRFO VAR RIVEICHRT 2D THDH, £Z T, K
Bis & AR I Z @D RET VLT v a—& iz Prins BRACSUGIZE L CRAE
L7l ZA, —RICTVABRIEPBIET 2HIMICH D Z LTz 2820, KIS 1T
L=by T 21 LEEA 2T VT B R EO Prins BRAGKIGIZE VD 2-3 AL ABLE D
NA R T T UPMBELUTERT LI EE2ME LTS 3D, ZONARSRMIE 7
U NVBBIREET LV CHATE S L6 TN, T7hbb, 7Lty =
TLHTF AN ) FIVOBR E 7R D SIARELE T Prins BRAEDSHEIT TS LD
HbDThHD, ZOKF, XY= LT AT TIFEIC, LVEZER B 39% L
a3

o)
Ph/\)kH
10a Ph
Ph @ 2.0
HO TMSOTf =0
TBSN} o - 8
CH,Cl,, 0°C TBS Z
97% TBS
21 22 (cis * trans = >20 1 1)
o)
MeO H
MeO
MeO
1A ® MeO 2
HO TMSOTf Ph\/vo ¢ ©
Tss\j T - 3
CH,Cl,, 0°C TBS/\) i
719 TBS
21 23 (cis * trans = 2:1)

Scheme 38
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Tz 7 aNF—)L 10 EARETET T INTIIa—)L 2a DI AT — K nE v
> 7V IVERBIRIEE T /VIZY CTiE® 5 & Prins BRLEFOERIRREIX DI & D-II ©

TONEBEZOND, MINILZE EMAX Y = A TF 4 D1 %l H R THAT
L., VAR 1T BREAERD E 72D,

Dl
synclinal @nd E-oxonium ion

\

+ V
100 — =
oc Ph

H o®

®,
H MeO Ph minor
MeO I -.--» 18c
MeO w0

Me

2a

Dl
synclinal @nd Z-oxonium ion

Scheme 39

*ﬁ 34/%%#/A/?/®i9& L EEOEREEY b HOT LT e REH
WA, B CT L e AR =T LB F AN T o F R T —DRMR L
foié_dzl—‘ﬁﬂﬂt_“( Prins BN EIT L, AR E T U RKRDIREW # 525 Z L H3ak
RN TUWA(Scheme 38)37, TEF L v a L MEKITE T LEEOBBRIETH S
ZEMD, EE 1L OO A — REGET »F XY 77 S —ERBIREE T MY T
WHIENTED, 77706, Prins RILIGEBIKEEE 2@ 0K CHEITL, N7
ABALAR 16 BNEARM & 72 5,

MeO thH

MeO
2a ¥ 11c — »
é COz(CO)e ?;? ;
(C0)3CEZ=Co(CO)s
antiperiplanar and E-oxonium ion 15¢

Scheme 40

Z 2T, BRALIE 17-18 O SR L F DI EIEIC DWW TIAT 5, BRI TH DERA(L
& 17c IZB L CIZ NOE HI'EIZ L V. Scheme 41 (273 XL 9 BB BRI S =2 &
D OREERTN U ABLE TH D ERE Lz, F72. BEICAKBLE D30 -> T D ER(BIK
15¢ D7 vF L a L hMERE EtsSiH IC L DR TTHICRELE =LY T o~
fath 39 U NVIEEDORRE, HEMUKEICE DTV o OB T E{ToT2E 2 A, 16e D
LEBE LA E 18c @ TH-NMR A2 FMUZRW—HE/RTZ ENboroT,
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ZDOFEBRFERENS . BRAIK 18c 1% 15¢ & [F— DN AKEE Th D L kE LT,

5%~ - 6%

0 (\ :
MeO - Ph ¥ "H¥ Ph
BF, * OEt, MeO HG HepH = H

— \ N+ X
MeO |

CHO o 0oc  MeO —d Meow

019 H«""10%

17c _ 18¢

10c

Pd/C, H,

MeOH

92%

Et3S|H CFsCOOH  MeO ?h'ﬂ

- o

MeO
CICHZCHZCI CHZOCIZ MeO O. d
P 65°C iEt 60%
(CO)sC —CO(CO)s 94% IEt;
15¢ 25

Scheme 41

3. TEREBERWA VT 4 VRILEMHST-H AT — FRIGORRE!

L0 ZBRIEOILEMAEREHEE L CRO X 72 h A r— RS EFHR Lz, T72b
HUFREICTEF Lo a0 MRS B LT T V7 U EMIANTET VT B R 26
ZHVviuX, 5 BERIEIAW Prins S ZEEAE LT 7 BEREIRA L7 ¢ VEBRILE
Friedel-Crafts BR{L2NEBANCETTTHE VS D TH D, & _ORLIZBIT DTV
FUDKIEMBIZE LT T Loy a L MEROESADO KX S5, 6 BB
BAFAFNZ 72D b D EFE X T2,

Ph Ph
.
H + =z H
o L It WA e U A B >
HO =Co(CO)s =Co(CO)s
—Co(CO)3 MeO Co(CO)s MeO Co(CO)3
MeO Co(CO)3 Me Me
Me 7-ring selective
26 Alkene cyclization
Scheme 42

3.1. EEAR

TAFE R 26 OBMITRD L H1C LTI o7z, Bix REHEEROSERE b7
LT R 2Ta§ & Wittig )T & 0 REaF1— 27 /L 28a-j ~ & 24 L7-#%. DIBAH
BRICELD T U AT v a— L 29a§ & L=, 557 29a-j & IBX B&{t., Corey-Fuchs
TARBHOLKIFAT L, 3 TRTT A 2 308§ &AMk Lz, IBX Bkic X
7T K 8laj & L, Cox(COs &t FISEESHZ & TTBF Ly a Vb MRz A+
L7 VT e K 26aj 137,
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CHO
PhsP=CHCO,Me DIBAH OH
CO,Me
o,
Ry Rs THF Ry Rs THF,-78°C g, R,
2 2 2

27a (R1= Ry= Rg=H) 28a (66%, R1= Ry= Rg=H) 29a (quant., R1= Rp= Rg=H)
27b (R1= Rs= H, R;= Me) 28b (76%, R1= R3= H, R,= Me) 29b (93%, R1= R3= H, R;= Me)
27¢ (R1= Me, Ry= Rg= H) 28¢ (679%, R1= Me, Ry= Rg= H) 29¢ (96%, R1= Me, Ry;= R3= H)
27d (R1= Ry= Me, Rg= H) 28d (80%, R1= Ry= Me, Rg= H) 29d (899, R1= R;= Me, Rg= H)
27e (R1= R3= Me, Ry= H) 28e (94%, R1= R3= Me, Ry,= H) 29e (89%, R1= R3= Me, Ry= H)
27f (R1= Rs= H, R;= OMe) 28f (74%, R1= R3= H, R,= OMe) 29f (950, R1= Rg= H, R;= OMe)
279 (R1= OMe, R,= R3= H) 289 (92%, R1= OMe, Ry= R3=H) 299 (89%, R1= OMe, R;= R3= H)
27h (Ry= Ry= OMe, R3=H) 28h (82%, R1= R;= OMe, Rg=H) 29h (43%, R1= R;= OMe, R3=H)
271 (R1= Ry= Rg= OMe) 28i (899%, R1= Ry= R3= OMe) 290 (64%, R1= Ry= Rg= OMe)
27j (R1= Rg= OMe, R,= H) 28] (56%, Ri= Rs= OMe, R,= H) 29j (quant., Ri= Rg= OMe, R,= H)
1) IBX, DMSO
2) CBry, PPh, CH,Cl, 0 °C \ IBX \ Co(CO)s
X _oH —* N _H ——
3) N-BuLi, THF Ry Rs DMSO Ry Rs CH,Cl,
then (CHO)n, -78 °Cto 1t ) X
30a (229, R1= Rp= Rg=H) 31a (859, R1= Ry= Rg=H) 26a (659, R1= Ry= Rg=H)
30b (28%, R1= R3= H, Ry= Me) 31b (929, R1= R3= H, Ry= Me) 26b (719%, R1= R3= H, Ry= Me)
30¢ (23%, R1= Me, Ry= Rg= H) 31c (84%, R1= Me, Ry= R3=H) 26¢ (69%, R1= Me, Ry= R3=H)
30d (36%, R1= Ry= Me, Rg= H) 31d (86%, R1= Ro= Me, Rg= H) 26d (69%, R1= Ry= Me, Rg= H)
30e (26%, R1= R3= Me, R,= H) 31e (90%, R1= Rg= Me, Ry;= H) 26e (49%, R1= R3= Me, R,= H)
30f (44%, R1= R3= H, Ry= OMe) 31f (92%, R1= R3= H, R,= OMe) 26f (74%, R1= R3= H, R,= OMe)
309 (34%, R1= OMe, R;= R3=H) 319 (79%, R1= OMe, Ry= Rg=H) 269 (69%, R1= OMe, Ry= R3=H)
30h (559%, R;= R;= OMe, R3=H) 31h (87%, R1= Ry~ OMe, R3=H) 26h (5196, R1= Ry~ OMe, Rg= H)
30i (70%, R1= Ry= R3= OMe) 31i (87%, R1= Ry= R3= OMe) 26i (61%, R1= Ry= R3= OMe)
30j (56%, R1= R3= OMe, R;= H) 31j (98%, R1= R3= OMe, R;= H) 26j (76%, R1= R3= OMe, R;= H)
Scheme 43

3.2. WA — FRORE

F9. USSR O R L EZIT T2, 3,4 A XK 26h (1.3 eq) & AEL T2
NTva—)2a (1eq)zy 7 ra AR ML, KB T, SRLA ABEZR T L
=& Z A, BFs+ OEt2a(Beq.) & AW A IS O TNELS . 3 R TLERME Y
7 82h & 3T% DR TH x| #% 0 IZEEHEN & 72 > 7= (Entry 1), —J7. TMSOTf
Beq)E AV 5 & SUNMIFEFITIES 20 3 TEME LB OD, i b [RIRFIZE Z D |
BrAbiR 32h DULRIZHFRE I £ - 7= (Entry 3), BEH 5 = &1, BF3 - OEt2 (3 eq.)
& TMSOTf (B eq)#IEA O LZHLDEAND & BF3 « OEte DDA Ui
DOHEFTHRH L, TMSOTE O A DAL TYLE D M E L 7= (Entry 5), Fh#k & LT,
BF; « OEteB LN TMSOTY % 6 4 &AW TH A r— REUGEITIR S T208,
Tt 3 YUEAWZLOLRIL LD RFERE 2> 72 (Entry 2,4), LLEDFERND,
BF; + OEts & TMSOTS ZRA LSBT BI O A AERNTEERE & L CTE T D
ZEWTRBEE N, £ T, WA ABOREBICE L TXRAE LT/ 2 A, Th
5 ARG LI25A 12 BFOTE - OEte AR T 2 2 L B S Tuie 4142, Z i
EHFEE LTED LI ITEBNTWDDONBIIED & Z A5 TRV, BE/VA A
feZ N5 Entry 5 A0 A7 — R SOE#ESAEE LT,
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Table 5

(¢] HO Conditions
+ /\j
=Co(CO)3 Ph X CH,Cl,, 0°C

=Co(CO)3

MeO Co(CO)s MeO Co(CO)3
2a Me
26h 32h
Entry Lewis Acid (eq.) Time Yeild (95)
1 BF;  OEf, (3) 3h 37

2 BF; OE,@e  3h 36
s TMSOTf(3)  20min 51
e TMSOTf(g)  20min 49
5 BF; OEt,(3)*+TMSOTf(3 1h 70

N T, HAHEELEOBEHBEANERLZT7 LT R 26aj & AV TH A7 — RG %
fat Uiz, HEE FICEHRILO RN T LT R26a HIZLEREMET T 0 832a 7 41%,
F DSLAREVER 84a 73 8% DR THRL L=, 2O 7 VTt K 26bj 2 =L
A, WITNLHRFRIINETE®RET 7 82b) #EEMKME L TEHEZT-, 72,
26¢,d,g 7> 5 ITALE FEK 38e,d,g N EARK LT,

2 470 H
Lo e |
—Co(COys— AN
Ry R£0(CO)3 CH,Cl,’ 0 °C Rpo(C/O%g(CO)S
2
26a-] 2 33c'd'g
Entry Substrate Ry R, Rj Products (Yvield, Ratio in mixture)

1 26a H H H 32a (41%) 34a (8%)
2 w0 H  Me H  3bsey b o)
3 ¢ Me H H  320+33c (6106, 5:1)  34C (1206)
””” 4 264 Me Me H  32d+33d(s1067:1) 34d (o)
5 e Me H  Me 3wy
e ot H  OoMe H  32f@me
7 g OMe H H o %207 9% @%) 340 (6%)
””” 8  2h  OMe OMe H  3hgow
T R OMe OMe OMe  32iuewy
10 26 OMe H  OMe 32w

* The product includes some minor isomer. The ratio is ca. 2 : 1.
** The product includes a trace amount of unidentified compound.

{bE%) 32-34 DFAXRNAKRECE X, 414 Scheme 44 (27~ L72f&ATIZ NOE FHES
DHERINTZZ MBI E LT,
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6.4%

6.0%

—Co(CO)3
Co(CO)3

32h

—Co(CO)3
Co(CO)3

34a

Scheme 44

TATE R 26 OB A — FEALIZET DAERMO AT L TIRO X 91T
EZTCWD, Tbb, 2HIBTHTRR LT ®8F Lo a b MEROEEND
FXV LT F TN ATT TR TR LD RO T
VIR F DL E LR DEBIRENDHENCAO AT — FRIEDBEZ DLV b
DTHDH,

2a T 26h —»

—Co(CO)3
MeG MeO Co(CO)s

Me
32h

antiperiplanar and E-oxonium ion

Scheme 45
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=E YWERT IVEREEoTED AT — NRILRIG

1. B =&

BART S AMAbEWME AT D 5iED—> & LT Pictet-Spengler i3 i < 725 %0
S5NTWD, ZORSEA 2 = A F 4 &M T % Friedel-Crafts % 4 7 DEAL
FISTHY, 7 hTk RaA VXU o2 AREHKE T 5 EELSRARYEBIF A
SNTEE®, F FEERT I VABRITSH L6 D HESE S Tnsd, L,
ZOZLPRIGETHL Z b EERBEICIIOE D E L TWhRL,

Pictet-Spengler Reaction

ASZOLDhFHY

PhCHO (TTTTTTTTmTmmmommm oo :
Meom BF; ~ OEt, Meom Meom ; MeO
N T A PN - N®i g
MeO H Ts  CHCl MeO ‘6 Ts MeO ] MeO Nots
73% N LS RRREREELEELEIEN & s A

Scheme 46

ZHUCHK L CHMRETIEI T BT Lo v a L hERZFIH L7z Pictet-Spengler
BOBRCEISIZE Y 8 BIRT IV ARIGETHEMRT 2 Z LIZHIIL TS 4, §7¢
bbb, TEF L rarv b EikaH4 55 35 2 TMSOT CULHET % & 8 BER1b
EWEBINETEH 22 01IZx LTHRE 86 Z WA ICITEMERIREME 5 2 T\
5o

OMe
Meo {7 Ts MeO Ts OMe Ts

’ =N -
N TMSOTf N
—_— —_—
MeO CH,Cly, 1t MeO MeO
95% Z
3Cd<—Co(CO)3 (C0)sCI——Co(CO)s €0)3CF“—Co(CO)3
C0)3C
N’ TMSOTf .
- - complex mixture
MeO CHCl,, 1t

Scheme 47

PLEDX 972N GZEZ I T EF Lo a L MEEEETHALAST I R 87
EIHEEE LA — RS EFE LT, $720bb, A I=U AT A D3 Exi
BELTT Vo BEER E Friedel-Crafts BR{LANHERAICHEIT L, FEBRT
vEGL R AEMRAERTHEND LD TH D,
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OMe Ts
pu—

\

S

L
R/

37

—Co(CO)s
Co(CO)s

Ts

N
""" > = —Co(CO)3
\ J} Co(coy
R

Scheme 48

2. HRT— FRALRIGCDEE AR

ANKRT 2R 87T OEFITRD X HIZ LT T o7z, Hix REBERDOT U —1 7
1 /3F—)b 38ak ICEH UG EATWE — RV 8%ak O BHZIREWMEST-, =
DEMETD EZDGBEIREECH -T2, IREMOEE T XL kL7 I R
EDOBEAD v TV T LA v 40arm B TE, I 2 CEMNISEERD BZ R
BWinD EfRESEELT-, S50 7-(EF)40am % A ¥ AF L LL 4lam & L7
. Co2(CO)s & Sts SHHVE 87a-m & 157=,

Ry Rs
2

38a (R1= R;= R3=H)

38b (R1= Rg= H, Ry= Me)
38¢c (R1= Me, Ry;= R3= H)
38d (R;= Ry= Me, Ry= H)
38e (R;= Ry= Me, R,= H)
38f (Rs= Rs= H, R,= OMe)
38h (Rs= OMe, R,= Ry= H)
381 (Ry= Rp= OMe, Ry= H)
38] (R1™ Ro™ Ry™ OMe)
38k (R1= Rg= OMe, Ry=H)

MOMCI, NaH
- -

THF

2

41a (89%, R;= R,= Rz= H)

41b (quant,, Ri= Rs= H, Ry= Me)
41c (90%, R;= Me, R,= R3= H)
41d (99%, R1= Ro= Me, Rg= H)
4le (quant., R1= Rs= Me, Ry= H)
41f  (quant., Ri= Rg= H, R;= OMe)
41h (quant., Ri= OMe, Ry= R3= H)
41i (95%, Ry= R;= OMe, R5= H)
41j (90%, R;= R,= R3= OMe)

41k (quant,, Ri= Rg= OMe, R,= H)

\\_NHTs

PdCly(pph)2
CrCl,, CHly cul, EtN \
e X _NHTs
THF Ry Rs DMF Ry Rs
2 2
39a (6296, E:Z=3:1, R;= Ry= Rg=H) 40a (7196, E:Z =31, R;= Ry= Rg= H)
39b (549, E:Z=3:1, Ry=Ry= H, R,= Me) 40b (1%, E:Z =211, R;= Ry= H, R,= Me)
39¢c (58%, E:Z =311, Ry= Me, Ry=Ry=H) 40c (79%, E1Z =311, R;= Me, Ry= Rg= H)
39d (70%, E:Z=5:1, Ry= R, Me, R=H) 40d (5306, E :Z=5:1, Ry= R,= Me, Ry= H)
3% (729%, E:Z=5:1, R;= Ry~ Me, R;= H) 40e (649, E:Z =31, R;= Ry= Me, Ry= H)
39f (70%, E:Z =411, Ry= Rg= H, R~ OMe) 40f (65%, EZ =311, R;= Rg= H, Ry OMe)
39N (82%, E:Z =511, Ry= OMe, R, R3= H) 40h (78%, E:Z=4:1,R;= OMe, R, Rg= H)
391 (79%, E:Z=5:1, R;= R, OMe, Ry= H) 401 (68%, E:Z=4:1, R;= R,= OMe, Ry= H)
39 (87%, E:Z =511, Ri= Ry= Ry= OMe) 40 (66%, E:Z=5"1, R;= R~ Ry= OMe)
39k (79%, E:Z=7:1, R;= Ry OMe, Ry= H) 40k (5506, E:Z =71, R;= Ry= OMe, Ry= H)
OMe Ts
N
‘ MOM Coz(COo)s \
N -
SN CH.CI —Co(CO)3
Ry R3 2Cl2 Ry RL£0(CO)3

2

37a (quant., R1= Ry= Rz=H)

37b (86%, R1= Rs= H, Ry= Me)
37c (98%, R;= Me, R,= R3= H)
37d (95%, R;= Ry= Me, R3= H)
37e (quant., R1= R3= Me, Ry= H)
37f (80%, R;= R3= H, R,= OMe)
37h (quant., R1= OMe, Ry= R3= H)
371 (98%, R1= R,= OMe, R3= H)
37] (98%, R1= Ro= Ry= OMe)

37K (90%, R1= R3= OMe, Ry= H)

Scheme 49

fE T TBSO SV E#HL L 72 88g’ % ERL L [RBED FIEIZ L D A R v A F LK 41
FTENW, 2D TBS &2 RE Acfbic kv 7 1k 41g & L72#., Co2(CO)s
OGS EHE 8Tg A LT,
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CHO
CrCl,, CHI,
- .
TBSO THF
3sg’ 66%, E:Z=5:1
MOMCI, NaH /é\MOM
THF TBSO

quant.
Ac,0, Et;N

DMAP MOM
cqu2

91%

\\__NHTs

PdCly(PPh)2

\ cul, Et;N \
" X _NHTs
TBSO DMF TBSO

61%,E:Z=4:1

TBAF MOM
THF

quant.

OMe Ts

Coy(CO)s

CH,Cl, —Co(CO)3

Co(CO

Scheme 50

Wiz, 23— K77 8%hi D EZIEES
Vo2t A2 40lm O EZREWME 15T, 1’

F AT AL LT

_
\\/\NHTS

PdCly(PPh)2
‘ Cul, Et;N
1 -
Ry DMF
2

39h (E:Z=5:1, R;= OMe, Ry= Rg= H)
390 (E:Z=5:1,R;= Ry= OMe, Ry= H)

MOMCI, NaH | MOMm  Ts

THF Ry

2

411 (95%, R;= OMe, R,= H)
41m (879, R1= Ry= OMe)

WaETF=)L NN T I REDEED v

EWING ERZSEEL. A b

. Co2(CO)s & R S HHHE 87T,m #1572,

‘ NHTs
X
Ry
2

40l (67%, E:Z =31, R;= OMe, R;= H)
40m (84%, E:Z =411, R;= R,= OMe)

=Co(CO)s
Co(CO)s

Ry R,

371 (87%, R;= OMe, R,= H)
37m (quant., R1= Ry= OMe)

Scheme 51

8. WA — FRALKIE DB RIFERIR

FER LICERL 2R WEYE 37a 2 AW RS0 EEb 21T 77, 1.

Wit % CH2Cle & L.

KIETF. BRx RBRZTE T Lz, ZDORR, InCls, AlMes T i)i

S EHETT T HUBHRIN O A T 8 - 72 (Entry 1-2), AlCls, TiClsZ H\ 5 & i iE
L. MEERHELAY b T o ARLE D =B A 42a 2 1 ZITH— D RMEK L L“Cffzto
LIRS WTNOHE S 42a DICERITRLS . ZoMICESBOBERAYE 525

FER L 72 o 7= (Entry 3-4),

CEWz 521208, DFNRRD

Iz, TMSOTE, TfOH ZHW/=& Z A, &R T =Mt
\/7\{21-( 433. ODéE/Eﬁ)mu&b Eﬂﬁ(Entry 5- 6)

M=
AR
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T, BF3 - OEts THFIL72 & 2 A, 2 Y EHAND Z & TRINFAL—XITHEITL, &
IR DD @SRRI - T > Ak 42a % 5 % 7= (Entry 7-8), & Z T, lt% BFs -
OEts & L, Bex RIRBLA G L2, TORR, Wb @R T 2B LW Ak
L. CH3CN LA EEW b7 o A&RUE AR L= (Entry 9-14), 1 T% CHClsIZAERK
W DTSRI « [URILITEN TV 22, BUSOEITIZ 13 4 &S O BF3 - OEte 23
ECThHho7mZ &b, Entry 8 Afciisclf & L,

Table 7
O\TQN Ts ) W T
&% Conditions éj%g + éz;?
Scocoys 0°C A 17 =co(co)s =Co(CO)s
Co(CO)3 Co(CO)3 Co(CO)3
37a 42a 43a
Entry Acids Solvents 42a +43a (%) 42a:43a
1 InCl3 (1) CH,Cl, recovered SM (909)
2 AlMe; (1) CH,Cl, recovered SM (9505)
3 AICl3 (2) CH,Cl, 18 >50:1
4 TiCly (1) CH,Cl, 35 >50:1
5  TIOH (1 CH,Cl, 87 16:1
6  TMSOTYf (2) CH,Cl, 92 22:1
7 BF3 OEty(1)  CH.Cl, 36+ >50: 1
8 BF3 OEt(2)  CHCl, 92 >50:1
9  BF; OEt;(13) CHCl 94 >50:1
10 BF; OE ()  CCl 82 >50:1
11  BF; OEf(2) DCE 9 >50: 1
12 BF; " OEt, ) hexane 81 >50:1
13 BF; ' OEt, ) toluene 91 >50:1
14  BF; OEty(4)  CHCN 95 8:1

* SM was recovered in 46% yield.

4. FEROBHFERICL D2V A7 — FRILRKS~DEE

Bex RBEHFEXOFERZAT HEE 37Tm 2T, BHENAD 27— N
S H 2 DB ERERE LIz, 4-AF VIR 3Tb TH A — R E{ToT2E A, bT
v AKEERIA 42b (dr = 20 : D& T4 & L CH 2 7=(Entry 2), £7-. SALIC ATV
%10 37c,d TIEVABALOEIG N KIEIZH 2 7= (Entry 3-4), B _X&xZ &|Z
AL A b v % 6 8Th,i TIEAERY OSAREIRMENWiliE L, o AMEER{A 43h (dr
=4:1), 43i(dr=6: D& EELM L L TH 27z (entry 8-9), X512, 3,4,5-FVU £ k
X 1K 8T “C“l‘iéﬁi%@iﬁﬁ%ﬁﬂﬁ?ﬁ cis: trans=12:1 L7010 o AJRPENHERE
Bz b L7=(Entry 10), — 5. 4- A PR3 3T bF{A37g Tl b7
A BRI 42f,g HMESE U CTHER L7=(Entry 6-7), BAMHER L 72 >7-D1% 8,5-2 # b
X UK 87Tk T, ZBRMALEW OARIIHER T THMIRE W % 5 % 7= (Entry 11),
ZOZELIZELTIE 1L EHTHELLERS, 7z, FHE 37lm ON AT — RIiHH A
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LA—=XITHATL, 8 BRTY I VA a0 BRI ELEY 48lm 2SN E LTHEX T
(Entry 12-13),

Table 8
O\Te,\,/TS BF; ~ OEt, H N’TS
\ )n (2eq) n
- -
Ry Rgo(c/oc)g(co)3 CHiglfT’] i: © Rg:o(C/C%g(Co)3
2 goom 2 43am
Entry Substrate Ry 42 :43
1 37a H H H 1 92 >50:1
P b Ho Me H 1 0 2001
s ate Me H oH 1 ® 5:1
VI ad Me Me H 1 0 201
s e Me H  Me 1 o1 16:1
e art H oOMe H 1 0 28:1
R 379 OAc H o1 s 11
s ath oMe H o1 0 104
e a7 OMe OMe H 1 84 156
EET st OMe OMe OMe 1 8 1912
EETE sk OMe H oMe 1 complex mixture
EETE a7 oMe H H o2 8 15
R 3Im  OMe OMe H 2 84 1:3

* This reaction was carried out by using 3.5 equiv. of BF3 ’ OEt,
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5. M T BIUBFEDORIE

BRALIR 42 15 XN 48 DN LZFITR D L 91 L TRE LTz, BRILIK 42a 138 H 5
DIFEIZTEN, BRI 44 ~H L7230, {LA 4 44 1% Scheme 52 (277 L 72 2 FEifT
\Z NOE HHBEDfER SN2 LD, MERENIXI N 7 VARE TH D LIRIE LT, Bk
K 4381 13 EtsSiH (2 X VBETHIZ 230 RERZBREL, BE=Lv T2 45 ~LEN
7239, (L&MW 45 1T 7 v b RO NOE AHEANBLAI S = 2 &b, FEBREAS
VARETH D ERE LT, 7o, BRILIK 42e,43] OSLIR{LFE NOE HIEIZ L 0 ik
E LT,

trans-fused ring

7.3%@ 7.5%Q‘H
H H.Ts, s

Ts Hy~ H
N =N
CAN 110.6% 10.8%
- _— R S .
I ZAN acetone TNy -—=>Co(CO)3
Co(C/Oc;g(CO)3 69% Me e Co(CO)3
42a 42e
H /T 9.4%

Et,SiH

-
=Co(CO)s (CH2C),, 60 °C L2 So(CO)s
MeO Co(CO)3 91% MeO MeCO(C0)3
Me Me

43i 43

cis-fused ring

Scheme 52
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F72. BRIUIK 42a O TH-NMR ZEERS T L TAHA DL &, BkHDHZ LI T
AHEERIR 428 OBEFERLE S MNOT 0 o NEE LY b REEBIEY 7 FLTWD
ZERbhoT, —J, VAMEERE 431 OB FER E ST m b OV T MEIXIE T H
WTHY, hT U AEREVAETIIFHFER LS T 7 DOy 7 MEIZBAE e 22038
nszZ Enbnoi=(Figure 4), Z ORI Y 7 MITEF Lo L R ROBL
FTHAHIIVR= VDR EIRICE TR L 5 L7 hUNEBRIXIAEFNAHZ ETREE
HHEDEZZTND

H /TS

N
&;ﬁCO(CO)s
5 H Co(CO)3

42a

’ﬂ ,J»l M JWAR_J“LLJML_;NM___L“M B
VN - : . N R \Bm |

8288 TBRR288835 g2 588323 5E825725% @ 55583333

—Co(CO)3
MeO 5 H Co(CO)3

Me R
43i

Jqut L Hdn | L. »UU J}V\M LAJLJ;_»

AN L AN A NN I

88 2353y 8 83LH IPIEBRYILREE F2EHYTIIIEHES BYIR 5388
LR 25888 228 8358 LENH88858588 3535833058833 33885 88883
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

Figure 4
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FEREOETRERDN G EOMOBRIKITIAEFR L5712 D7 MEDBIK
b2z RE Lz, —fHlE LT, 3,4 AF/K(42d : 43d=2: 1)® 'H-NMR % 7~7,
BERERESN T R DAYy —E— N~ A FT—E— 7T, RE RS 7
FLTWBZ ENnD, EAEMIE N T VAR TH D L E LTz (Figure 5),

H /TS H Ts
N N
+
—Co(CO)3 —Co(CO)3
Me 5 H Co(CO)3 Me 5 H Co(CO)3
Me
42d (major) 43d (minor)
major
’ minor »L
‘J H 'U | I || | MUM Mku ’M
ALAL DA ) Y A L ! |
ﬁﬁ% JREES888 QRINSCE88382RR BHodNBo8YIIIASEIBIBT 8

Figure 5
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6. MEINTVWB IR — FRILKRG OIS

HARFINCIELS BAET D AT a4 RRBRIRT ARVEHIZEHRA Y 7L A4 Rhb—
B TARREND Z ERMBNATWD, FIZIE, VA —VDOERKTIEAFT R
AT T LV DERG A LT 4 VEBALIZE D 5 O DN —FITHEE SN D,

Scheme 53

FROL I A VT 4 VEBRAGITSAR LR ISR S AR A 52 D 2 &
DR D—>2 L LTHEITFT LD, ZONARHIEIZES L T Eschenmoser-Stork45-46) 5 [ %
WD XD I it E 1955 B LTS, T7hbb, L7 4 VEBRIKIEIT V7 D
REZAHIN & SREZFEIC L D BN FRIRFICE Z 2 R, &2 WIXIER g2 v
NI F A AT D BRI 2 I L > T AR RIICEIT T2 WO DO ThH
5o ZOFIT XL, AT DHEERILEY OSSR FITIE F O T NV U REE KL
L. EEROT NV oD DIE TV ABLE, ZBRObONDIEv AREZ 5252 LI
b, TNENTAUMEI A — FRISTHEL L9 L35 AT H I BT 0bi
T X 7~ 4752)

charge delocalized
transition state

6+R\/ \H 8"'
., R3c\/ﬁ§\Nu N
:Nu H H
R ] . R CR RNu
. /ﬁR H 3
R3C R3C\~+.y[ +Nu H
L MR

HR nonclassical
carbocation

Scheme 54
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Corey HIZTARF T K 46 % MeAlCly TULERT 5 & W A r— REJSHEIT L., ZER
MALEY 4T D3ERKT D Z & % 2008 FIZHE L TV 5 53, Johnson & @ 1971 4F D
HETET I AT Va—)L 48 DA A — FEIGZ L 0 ZEMALEY 49 DAL T
55, WITNDHAr— KRGS EROT VoG BT o AMEERIRD ARSI

WA LTV
e[ Me MeAlcl2
(:H2(3|2 94 °C
Me 52%

o
Me

o)ko

Me // /

Me TFA

X

CICH,CH,CI

Me” bH 48 0’

K,CO;

H,0/MeOH

Me 49 (71% from 48)

Scheme 55

2011 4, Reddy HiE ERB X O ZROIE % A\ - h A — KRG X 0 £
DIAREZEZ I L TR Y | WEO T Vi A kG LI SLRBLE O A & 5 2
HZENRMEINTVD 20, —F 1957-1959 42 Eschenmoser ©H 23345 L 72 kb
FERTIIT VT O Bl ZIZER72 < R T 2 ARRERIRDN AL L“Cb\é 55:56), T FLIL
VAR F A MR Z R T 2 BB CRRAEDEIT L2 LI AR TH D,
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USEi 2

Sc(OTf)3
H TSOH H
- . R
= * CH,Cl, N ‘(5 o
E-alkene OH 86% ® trans

Z-alkene
SURE
OH Sc(OTH)3 /_\;
TsOH H
N CH,CI — H
%12 U@
H\g/o 84% R// cis

2408 2

CO,H
E-alkene e 2 1. HyS0,, HCO,H e COH trans , CO-H
\ 0° € OH
| cell”
N_Me 2. KOH, H,0 < o
Sy - H
M Me e MeMe " 759

HEBEOHFA > hREE

Me s/ COH  1.H,S0,, HCO,H Me CO,H trans , COoH
° OH

Me \ (NS \ B

Me "\ | —
2. KOH, H,0 < o
Z-alkene Me“G1e Me’ M 59%
Scheme 56

ST o A OB & o TMLRBIMEN BT 2 2 & 038 5, Corey ©V##
HELEZARXY R 50 DA AT — REMISARERIRICEIT L. EROILENS T
V AKBBRIANAER TS 59, — . BE 51 O A — FEUS TIRARY) O SEAR SRR M
MWilE L, AMEEREZ FARD E L TH 2 TWD, ZOMAERRMEOMER X 51 ©
TN EBICHAMBIR T OEBILLID LD THDL LN TWND 57, T2
b, BEFTFOBELEEICL>TT AV 0BT 5 EBRBEAAR LY, 65
HEROMRMEEL O E 525, ZOPMENEREMIZL Y, 6-6 BB
DEBFS & 72> 7-1%. Friedel-Crafts BRAL SN HEITT 5 2 & T AMEER OBRILIEN
BT HENIBDOTH D,
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Me MeAICl,

\ _— =
\ Me CH,Cl,, -78 °C
M 60%
0" e 50
JoX o
MelS- EtAICI, e
\ —_—
| Me CH,Cl,, -78 °C
0 HO! N
o) Ml\éle 51 TI% Me' e cis-fused
dr=2:1atC9
OAr
Me H Me
M Me
S \9@55 ,(]
Me
Scheme 57

LED XS 2HhF A MDA — REJSE—REIC R IRAE CHEIT LIRE O T
IV RETENARIL U T2 SR LR O B & G- 2 D, — . BT A R E BT S
EEBERORAE ClX. 2O X 5 et iRFR R TR S e, Fo, TV VIR OBRER
2 & o TP DSOS RUA D A USEARERIEDRE T2 28 b D, L LARNR
O, FEHEOKRT L2 8T DA A — RGO X 2T v v Bin - 58 E
EHLIEOEWVIZ X o TILRERIPER HHET 2 L9 RNE 2 E ClITlE I TR
U,

7. KISHSEMBA OO ORE 0 1 (HEN vs BFERY)

FE 8T OH A — FRSEIHEBR OEBAEIZ X > TERY O STARERR I A it
T 5, ZOBMITAELR L 3MICEBREL L OLEEIC TV ABRILOEIEG N E < eo T
%o Thbb, VARIENELT LD T U ABRIEBAEILET 2L DI TEE
BROKISHERE, 22T, 8,5-Y AT /K 8Te IZfR-> Tk, ZOfHMAN B LT
% (Table 8, Entry 5), Ziuix, 5ALATF AL TEF L asVb MERE O IRREE
MEELTNWDLIHDEBZZ TS, FEFIL, ZOWRBESMMZER L TWDHHD7%
DRI T 5 7o Dk 2 72t 217 - 72,

45



Ts

N

Ts
Ne
\ —_—
= —Co(CO)3 = —Co(CO)3
/ \ ) Co(COys \ J  Co(COy
R R

OMe Ts Concerted Reaction
N
\ '
= —Co(CO)3
R\/ VY Co(CO)s StepW|se Reaction
7M@
—Co(CO)3 —Co(CO)3
Co(CO)3 Co(CO)3
Scheme 58

F9. MENDRITIIUIZ TRV DIE, KA — RSO THH, B2 D
N DRRBEILT Vo > ORI & 5 FBR O LB RN IS HETT 3 2 T 28 bl & HiBR
P Ty FA o A 2 R 3 5 B BERORERE D — o723 % 5 (Scheme 57), Z L& fEN D
Hizh, (2)-8Ta O Ay — RRIGE T 2728 25, (B)-87a & LIRS RIET=
BRMAL A ERR L= (Scheme 58), ZDZ &b, AH A — REUSTERER) 72
IEThD I LR ENT, LinLRRD, ZOEBMERTET VT V38 ZIkD E
RSV LT, 0 A4 — RS DSEETT % TREMEAS AR 5.

OMe Ts

Ts H
[ N
Z-alkene N BF, ' Ot
- T ﬁ
=Co(CO)3 CH,Cl,, 0°C A 7 =co(co)s
Co(CO)3 72% Co(CO)3
(2372 42a (gr =>50: 1)
Scheme 59

ZZ T, TN MEAD o fLIC A FERVENER LTZ 7 BBRILAY 52-53f B L
52-53h M%7 1- Friedel-Crafts BRLS % it L7, {LE&W 52-58 DA AITKR D X

INCLTATo 7z, AR T 2R 87 % CHoClatf, @BEID A X ) — VIFIE T,
TMSOTf THLER 5 Z & T 7 BRERIZTNEZ » 72 "Moo= v~ —52f,53f /4K
Lice INBIEAT L0~ N T 7 4 —THBECE0, TNENOMSBCE X
ETERMoT, FWT, 83Th ZRROSFMITfT LI 2 A, I A — RIS EAT
L7 SBR IO 42-43h OB E G272, 2D e, HEIEE L S i AR
ZHOHE TIE 4849 DN KEETH S Z LA #ELE Iz, £ 2 T, 87g ClRKIG
AT/ -T2 2 A, TEREKRIZETNEZ o2 " HoOxT v ~—52g,563g #5277, =
NoxEITZ L7~ NTT77 4 —THBEfLT%., ZNENT BEFLEDORE, ATFL
%175 Z & T 52h,63h A L7-,
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. H Ts
S = N
v TMSOTF /©/\ _Ts
MeOH MeO MeO +
A —Co(CO)3
SECOs  crgcly 0°C (COCI = (cops Co(CO)s
a7t 52f (less polar, 17%) Me 42t + 43t (23%)
53f (more polar, 37%)
OMe
TMSOTf
/Co(CO)a —Co(CO)3
CO(CO CHZE!;/O °c Co(CO)3
0
43h (@r=7:1)
M AcO _H Ts
O\\e /TS 2 T N/
N TMSOTf N-TS
\ MeOH MeO + L eocor
_—mm
AN C —Col 3
Co(CO)3 0 (CO)s AcO Co(CO)3
ACO oo CH,Cl,, 0°C CO(CO)3
7 529 (less polar, 9%) 429 + 439 (11%)
9 539 (more polar, 27%)
K,CO4
MeOH
MeO . H
_T ’ _Ts
\©/\ N K,COg, CH,l \©/\
MeO
MeOH
(CO)3C \\CO(CO)3 (CO)3CoN

Co(CO)3

52h (499)
53h (46%)

529" (79%)
539" (76%)

Scheme 60

4- A bF UK b2f % BFs « OEte THLEEL 7= & 2 A, 43+ Friedel-Crafts B8
HEITL, b7 U AMEERIK 42f 2 5 2 72, i\ T, T E~—b3f Z[AEEDLMICfT LTz
EZAVRUL b T U AMGERIK 42 AR LTz, 2D X H I DT v~ —b52f 53f />
SREBEOFERNE NI Z LD, ZHODORIMI D F 4 A A ZfH LT
ITLTWAEDEEBZ LN, FAOREEZ 3- A FX UK 52h,58h TiTo72& 2 A,
WD T AMEERIK 48h 2B L TH DR ERoT2, - T, TNHDORIEH T
FA A B 2B L TEITL TS0 EE 2615,
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H

by

Ts
N
—_—
—Co(CO)3
)
A

< H ‘
/©/\ #—~\-Ts BF; OEt,
MeO” “Fteo - -
Me

c CH,Cl,, 0 °C —Co(CO)3
N Co(CO Co(CO
COTLN 0(CO)s | coGon
e
52f (less polar) 42f (84% from 48f)
53f (more polar) 42f (8394 from 49f)

MeO H
\©/\< TS BF:  OEt
eO _

CH,Cl,, 0 °C

(CO)C \\Co(CO)s

52h (less polar)
53h (more polar)

H /TS
"L ~N
g/;z
—Co(CO)3
MeO )
B

N
—_—
—Co(CO)3
MeO Co(CO)3

43h (78% from 48h, dr=6: 1)
43h (819 from 49h, dr =6 : 1)

Scheme 61

LL_E® 431N Friedel-Crafts BR{LIZ 31T B A kM) O SEAR SRR OFE F 1% 87£,37Th D
AT — REISDOFREREIZIEF—HLTWD, 2O EMD, KO AT — FRIGFAERK
WD SEARESEICEIR 72 < . BB F A R A - B 28H 1 2 BRI CH
B ENRE ST,

trans-fused
OMe

Ts H Ts
\\N/ , H N/TS N
. ® . 8
=Co(CO)s 2 =Co(CO)s
Co(Co)s CO(C/OC)‘;(CO” Co(Co)3
Me Me A
37f 42f
oM cis-fused
e
T T
v ° ,,,H N/TS \ N’ )
‘ —_— @ —_—
—Co(CO)3 —Co(CO)s —Co(CO)3
MeO Co(CO)3 MeO Co(CO)3 MeO Co(CO)3
B
43f 43h

Scheme 62

8. RICHSHEMBADI-DDOKE 0 2 EHZRHXE vs HERITHAED)

EH IR A — NS BEBEROERETH 572 DX, BB D F 4 ik 54
R ~T DRI A TH D EEZT(FRIEN), £ T, ZNEEND DD b
T v AMEERIK 42 I LN AHEERIA 48 D BMALFERR 21T o 72, 3- A FF (K 42h,43h
EENENBAH LT & Z A, BEITfER CEdole, £o. AT — FRIED
WERY)THD MeOH ZIRMN LTS THBEMILITE Z 5o 72, [FAROER %
3-7 & F¥ K 42g,43g THITo 7208, A U< BMALIIMER TE 2o Tz,
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oM cis-fused
e
T T
L N N N
| d .
. P
—Co(CO)s3 —Co(CO)3 —Co(CO)3
MeOr Co(CO)3 MeO Co(CO)3 MeOr Co(CO)3
B
37h ’ ‘ 43h
trans-fused
H N/TS
/(Sjﬂgém(co)s
MeO Co(CO)3
42h
J
BF; ~ OEt,
H /TS or H /TS
/g‘i/;} BFs ' OEt,, MeOH N
A —Co(CO)3 —Co(CO)s
MeO Co(CO)s CH,Cl,, 0°C MeO Co(CO)s
42h 43h
BF; ' OEt,
H /TS or H /TS
/éj;\;} BF; ~ OEt,, MeOH /(9:;’\12
AR A
Co(CO)3 Co(CO)3
AcO Co(Co)s CHCL 0°C  pco Co(CO)s
42g 43g
Scheme 63

PLEDOFERN G b T o AfEBR IR
IbEMTHHZ L ERLTWD,

42 B L O AHEBRIK 43 23T b R AL O
TDOZEME, FTUR AR VDTN

HBRMED I F A PRME D EZAERT 2O TIER < & BRI ORISR # 72

R T D T & DR S LT,
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cis-fused
OMe

Ts Ts H Ts
N ,,,H N’ N
| - Q i
—Co(CO)3 —Co(CO)3 R ! —Co(CO)3
MeO Co(CO)s MeO Co(CO)3 MeO Co(CO)s3
B
37h 43h
trans-fused
l N N’TS
- !
[ ; A [/ =co(co)s
MeO Co(CO)3

42h

Scheme 64

9. FUSMEZFRIEIC X 5 KSR KRR

FOSHERZ 22 & 1k 572, DFT FHA(BSLYP/LANL2DZ) CHER M F 4 v
MR A« B OBRILICCEBIT DGR ZRR LI ZA, WTHILOHFES &
FERRPIZ N7 U RABRAEDBIET AR L 720 EERFER &I —E Loz, L,
A B O ERELZ1T )RR T, W OEONTZEMEDO I b iR
BEEEIEEE 5 L 7o R C O EERET 5 D03 H - 7= (Figure 6),

MeO'

Figure 6

10. b A r— FBRALK G DOSLRILZEIZ B 5 & 52

FA C 2R L7 SREEE 2D L AN A — RIS DL BT 5 SR
BIREOWILZIRD X D72 AN =ALTHATE L, T20L, A =ULTFF
D OBEALNEITL CTEAONRLT A% E OXLH 7RI EHFMA I NVAR T AT
BZ %5859, AUk LT MUV OREE L REOBENHE D, KISED &
WEFERIZE CEHBER(ILT 27O AELR LD, —J7, KISHEOEKW & OIXH A
CERRHE L%, BRILDEITT D7D T U ABEIZR D,
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cis-fused (43) trans-fused (42)

Scheme 65

FROIGRERFET D720, EBREHIELFEE L, AWK 3Tn TH A — KK
JGEAToT2E 2 A, VAMGERIK 483n % EARM E LTH 2, ZOAERKRKIE bk
SHLDOLDOERE U THH7=(Entry2), 7 21 AF )V ALK MK 370 Tld s AFRIEN
b oansm b Liz(Entry 8), ZHVUIEFROBETESIZIFIZE D, ALK UEEER
FOBEFEEMET L, REERE LD TR RN EEZ TS, HIWT, E£HE
EHLEL OB IL B 5 2 R E S DT DAL 2 5 5 T DICE RN ELED 8Tp TO
Bt E 2T, LnLahnb, BEREOERIFE T2 A MU AF T 5 00RIEFIC
WEETH Y | b2 R EER LD 8Tp AT 5 2 LidHk o7, 2T, B
BRBETE DXL ) I spMEBER 2 L7272\ 7 = = VEHK 8Tq TH A — FX
JGEAT -T2 2 A, R OSTIRERMEI T ER L, b7 2 AREBR A 42q & B &
L CHEZ27=(Entry4), ZOFEFIZFEZOFHEL ZERY, P VEICHRAT = =)L)k
DH WIS I XD RN RNZ LB R LTS, £ T, ERICEHR L7 =
=NVEED BT EEOEACD R OSNAREITEIC R EZ 52 D20 & Lz, Fix OFE
TSR EHWNTRF LIZE 2 A, LAl ETH BT E ARILOEIE
YR 5 Z LN hote, ZIVHDRERNS . 8T DI A — RS EIT 5 Lk
SRR TEREESEIZ L > THIICET 22 PN E o, 2D EIT
N VEDS LA G U T SOSHREE C DfFTEZ RS XFFL T 5,
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Table 9

OMe

P H P H P
\\N’ . , N'
‘ BF; * OFEt, +
—Co(CO)3  CH,Cl,, 0°C —Co(CO)3 —Co(CO)3
MeO Co(CO)s MeO Co(CO)s MeO Co(CO)s
M N M - M -
© a7int © a2int © 43t
Entry Substrate P 42+43 (o) 42:43
1 37i Ts 84 1:6 P GGEEEEEEEEELEEEEEEETEEE
——————————————————————————————————————————————————————————————— ' OMe H
2 37n Ms 94 1:6 : (Y
3 370 CICH,SO, 91 1:8 |
4 37q Ph 87 2:1 } —Co(CO)3 !
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, | MeO Co(CO)s :
5 37r p-CI-Ph 83 1.3:1 ' Me
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ' 37p
6 37s p-CH3CO-Ph 92 1:1.7 R EEEEEE LR
7 37t p-CH3SO,-Ph 97 1:2

11. ¥ 7 v 77 UYEREG DR
:Miﬁ@@%ﬁﬁﬁﬁﬁmiof%éﬁ@ﬁmﬁ%QMéﬁf%ko%%M\i
D EDEWEEFEREZ L OGEICH A — RN ED X 5 BREEND 5 i
&> T, # 2T, Xm_a%ﬁﬁﬁ@ﬁ%mf%54/%~w%ﬁféﬁﬁ
37Tu TOH A — NS &FHE LTz, B8 8Tu OEIZKD L I L TfTo72, A v~
P~w7»%tP5méwmgﬁm*i@ﬁ%ﬁix%ﬂﬁskbk%T%mmik
LIAIH R L 2 NERATWT V22—V BT 157, 57 # IBX bk L7=#., ®HMIGIC
Wa—RKT7NTr 89D BZBEME L, TN EFRERICZED *%ﬂ#}b EMK@?%%%
HEL7Zt&, 7o/ XV bV T I REDOWEED v 7Y 7 EITVNT A 2 60 & L
770 60 & A FF U AF AL LT, Co2(CO)s & S SEHE 8Tu 2 157=,

PPhy=CHCO,Me J—COoMe PdC.H, co,Me LA,
NCHo ——— A\
N THF N T meon T

Bn 86% Bn 95% 89%
54

/\NHTS

PdCly(PPha)2
CiCly, CHl PPh,, Cul
“pwmso BT iPr.NH
79% En 59% 0%
58 59 (E z=4:1)
Recrystallization l
(E)_59
OMe
'
Coy(Cco)s
MOM
N CH20C|2 / >Co(CO)s
s 92% CO(CO)3

37u
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Scheme 66

A 2 K=K 8Tu % CHClolZifiE L, =IRIZT BFs » OEte & F L7z & 2 A,
BlRH D Z LAV R=VA S =T LT A UNCEELE L 11 BRILEY 62
ERIFRNETE 272, 22T, 3,5V A MF UK 8Tk IFATR L7z X 912, KB T,
BFs - OEts THULEET 2 MR B % 5 % 5 (Table 7, Entry 11), 72, 387k (2[R
S THIENREZ 2 ODEEMTH -T2, A > R—/UIK 3Tu ORUSFER 25 R 12 87k
1Hh 63 DX RKEBRILEMNAER L, TNRDHEL TNDLDOTIIRVWNEZ X
72e T2 T, OFEERET 5 725-78°C 12T BF3 « OEte 2 F 95 &, FHIICK L 13
BEBRILEW 64 ZEmINERTEHE X, BEH D Z L1, 64 134V MIBZENTNDHICD
B b3 A MR TN R T AL CTEBRALDIHEFT L T % 60,

OMe
\\N/TS QKN’TS 1"3
Bn . Bn, ® N Co(CO)s
N { | BF;  OEt, N—{ | 4
o — /N / Co(CO)3
/ ~Co(CO)3 CHGZ;I/ZJ / >Co(CO)s Bh
Co(CO)3 0 Co(CO)3
37u 62

OMe

Ts i
1 N (‘30(00)3 ;
| MeO / ~Co(COps |

(C0O)3CO——=Co(CO)3

Ts Ts
v . =N
N ®
BF; OEt, ‘ Ts.
‘ _— MeO — N MeO
MeO 0 A
>C0(CO)3 CH2C|2, -718 °C /CO(CO)3
OMe Co(CO)3 71% OMe Co(CO)3
MeO’
37k 64

Scheme 67

LAY 62 B LN 64 DIEEIIFFEANRY MLT—HHIRE LT-, £7- TH-NMR
TIHEEMTFICARFHRLRLEVICHBED LT, 2 TOXAF LU KFEDE— 7 D3I
B ST z(Figure 7). 2O ENDL, L DEEWITIZEATRH D Z &
DR ST,
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N Co(CO)3

\
N Co(CO)3

L

S B PO S

(C0)3CO—=Co(CO)s
ToN MeO —
MeO’
64

ELJL;LLJLJM UL#LJLMQALQ {

FONINS L ddeen by L L\W\EL Z&\ %NK\ Lok L

% Z T, B DMSO FCIRERERREZITo7ZE 24, IEMICBR S h Tz
— 7 3 RA 27— R LIZU®, BRILIK 62155 °C, 64 (%65 °C TE— 7 WAL
oo LLEDFRERNS, 205 D(LAMNELEEIC LER T XL X — %23 H T 5 &
15.8 kcal/mol (62). 16.2 kcal/mol (64) & 72 V) | FE&7203 b IR TONFENENIINEE T
boZENbhrole, Stk T v ZEBHICT 57 8 OREERZ1T > TWOITIE,
HFEGFRRICR D2 O EHIFFL TV D
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o A

—E Tl 5 BER®EING Prins G2 A & Lo Ay — RIS & it Lz, E O
—DTHIREL T INTAa— LT LTRELEZE Z A, Ao SIIRELE X
TN DOBMEEICKFEL, T AT AT NBIF ailE, ATV b
BELEDA T ) 7T UNERT H I ENHBMNERoTe, —Fh, BkSH D Z LIThK
LT INAT I T—LDOFEFR FNTAICA P X VIEREAATHHEE TIL, ZOEH
EOEMEDFIZE D T OKMEEIZERe  ailEOBR{ILIEE 525 2
ED o T,

M-Methoxy Group : k5 Y2747 CEE
YRTNTY  PEE

OMe

OMe
b OMe

OMe trans-, OMe
BF; ~ OEt, BF, ~ OEt, T
-— _— = S

0, H 0,

CH,Cl,, 0°C MeO CH,Cl,, 0°C MeO <
86% 1B 90% H O
@"3Bh

OMe

OMe

) ) OMe
' H :
HO_~~J ™ " frar R
OMe 9 trans-2c OMe

OMe

S h BF; * OEt, BF; * OEt, S h
A ~
o MeO H 0
MeO " CH,Cl,, 0°C e CH,Cl,, 0°C MeO <
O H

93% 1 O 93%
a"3Bc @"3Bc

Scheme 68

TETIE 5 BEERN Prins G EESE LI A — RGDIGHE LT 7 B
BREaGLEBMEICAYOAEKRERF LT, 7= 7 o7 —L 10 Z8EE L L=
BT 7 BERIEGEEROMIZEEE 10 O IS EIT L2 5 BEREGEIK 19 234K
L7, ZHUCKH L THE 10 TIET7TBF Lo a2 L MEEROEMEIZ L - THRE DS T
NS EMA D Z LIt Uiz, £7-. TEF L a L MEKOFEICLY . 4k
M) ORGERERIZ BT D SLASRIRME N Wi 5 Z ERHBL N E o7, EBIC, 7TEF L
YAV MEREBEE LTV R TAHEE 26 051X T BEREBRIA LT 4 v
RIbZ o7, KOZEBEO N A7 — RKISIZ X o TRAZRIGE TR LEY 32
AR LT,
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+
CH,Cl,, 0°C MeO ”H MeO _
7-ring 5-ring

17€ major isomer 19 (44%)
16%, cis i trans =3.3: 1

OMe
i o MeO Phy cis-fused
MeO BF; ~ OEt, T - MeO o
+ -
10e 2
HO 2a
OMe

o
CH,Cl,, 0 °C MeO A H
(CO):C /_=Co(CO)3

H
MeO 140° =© MeO P_thrans—fused
(CO)C |/ =Co(CO)3 + BF; " OEt, ~Z
—_—
11le 7
HO 2a

15e* major isomer
97%, cis ' trans=1:4

BF; ~ OEt, HP_p H
TMSOTf ;
H + =
© HO
2a CH,Cly, 0°C
= —Co(CO)3
—Co(CO)3 70% =
MeO Co(CO)3 MeO Co(CO)3
Me Me
26h -
Scheme 69

CETIE A ISTLAIT A OREZRSE LI Ay — RSB LTz & 2
. TRF Ly asL Mk E AT E 3T MO HERT I U EED SRIELEY
DEICETAER L e, RS 2 2 LA AR OMEBR TS O SLARELE 1305 B8R O & #ukk
12X o THET 5 2 L DVbinote, ax OREHEERN S ABSIZAERD O TR
PEIZRIERZ2 < HBRMED I F A U HFREIK A 2B L TH#EITL TR Y. b7 v RBLK
42 13 FE FEHIENBEELE S L B O XK 5 2R TR A D K TR S 2
LR ST, SHIT, KR LS N ERE Lo 8Tk TlEA I= U AL F A
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B ERE

TH-NMR £ X OV 13C-NMR (X HAE 1O JNM-ECZ-400 & 5% JNM-ECX-400
ZEMH L. FiF1 400MHz 3 KO 100MHz (2 THIE L7=, T H-NMR DOfrsgy
T RMEIT RTAFALTT Y (=0 ppm)E NERIERE L L CTHEAT L7-, 1BC-NMR @
b7 MIEZ rafR s Ge = 77.0 ppm)dH 2 WIEES B (B¢ = 128.0
ppm) & NEEYE L U Tt LT-, 7L DL EEIT, s singlet, d: doublet, t:
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—%F 5 BRZBERM Prins KL ZEA E LI A — FRIERIG

Scheme 16

77t K4(3.15 g, 10.1 mmol)Z THF (100 mL)IZIEfE L. kK F. CHIs (3.99
g, 10.1 mmol), CrCls (7.44 g, 60.9 mmol) &% 7-, 7/ I FREK . =W T 13
BERRIE L721% . HoO 2 A TG ZEIESHE, EteO TET A4 MABLT-, A%
Fefe— 7 L CHit L. AR 2 KM~ 7 2o U AT S B 721, IWiEE L L
Too BONTMERDE VB FN DT LY v~ s T 7 4 —(hexane : AcOEt=19:
DTHRL, 33— 717 50Q2.67g 61%% EIZIRAEW(E: Z=4:1)¢ LTHT,

TBDPSO\_/=FI
5([E:z2=4:1)

5: 'H-NMR (400 MHz, CDCl3) § 7.68-7.64 (4H, m, E + Z), 7.46-7.33 (6H, m, E + Z), 6.53 (1H,
dt, J =14.4, 7.6 Hz, E), 6.32-6.26 (2H, m, Z), 6.06 (1H, dt, J = 14.8, 1.6 Hz, E), 3.74 (2H, t, J
=6.4 Hz, Z),3.68 (2H, t,J=6.4 Hz, E), 2.41 (2H, q, J =6.4 Hz, Z), 2.28 (2H,dq,J=1.2,6.4
Hz, E) 1.05 (9H, s, Z), 1.04 (9H, s, E); *C-NMR (100 MHz, CDCl3) & 143.2 (CH, E), 138.2
(CH, 2), 135.5 (4C, CH, E + Z), 133.6 (2C, C, E + Z), 129.6 (2C, CH, E + Z2), 127.7 (4C, CH,
E), 127.6 (4C, CH, 2), 83.8 (CH, 2), 76.6 (CH, E), 62.3 (CH2, E), 61.9 (CH2, 2), 39.1 (CH,
E), 38.1 (CH2, 2),26.8 (CH3,E +Z),19.2 (C, Z),19.1 (C, E); IR (film) 2930, 2857, 1609, 1589,
1472, 1427, 1111, 703 cm™; HRMS (FAB, double-focusing) calcd for C2oH2610Si [M+H]*
437.0798, found 437.0817.

I—RF7 7 5 (1 eq)z MeOH IZH# L, FEiRIZT 3- or 4-Methoxyphenyl
boronic acid (2 eq.), K2COs (5eq.). PdCl2(PPhs) (0.05eq.) &M% 7=, 7 /L= 55
ST 50 °C TWadHr Lok, ROSREMIZ H:0 A, Filg=F /L THItH L7,
AHEE & BOKRiBE~ 7 X > U A TR S B T-%, WAL L, Exd v a—h o
LLTe, oA Z THF (IS L, K . TBAF (1.0 M THF solution,
1.5eq) &Mz 7=, 7TV HME T, SRS T BBk L=, W2 85, Rty
VUBTNAT L0 BT T T 4 —CIEEESEH L, trans2b & cis2b E7213

trans-2c & cis2c 157,
OMe
HO  —
t

rans 2b

trans-2b: 0.388 g, 34%:; ‘H-NMR (400 MHz, CDCls) § 7.21 (1H, t, J = 7.6 Hz), 6.95 (1H, d, J
= 7.6 Hz), 6.89 (1H, t, J = 2.0 Hz), 6.77 (1H, d, J = 8.4 Hz), 6.46 (1H, d, J = 16.0 Hz), 6.20
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(1H, dt, J = 16.0, 7.2 Hz), 3.80 (3H, s), 3.75 (2H, brt, J = 6.0 Hz), 2.47 (2H, qd, J = 6.4, 1.6
Hz); *C-NMR (100 MHz, CDClI3) § 160.0 (C), 138.6 (C), 132.1 (CH), 129.3 (CH), 126.7 (CH),
118.6 (CH), 112.6 (CH), 111.2 (CH), 61.8 (CH3), 55.0 (CH3), 36.2 (CH3); IR (film) 3358, 2938,
2884, 1599, 1578, 1489, 1466, 1433, 1288, 1263, 1155, 1045, 968, 773, 689 cm™; HRMS (EI,
double-focusing) calcd for C11H1402 [M]* 178.0994, found 178.0996.

J_\_Q o
y _

cis 2b

cis-2b: 97.0 mg, 8%; *H-NMR (400 MHz, CDCls) § 7.24 (1H, t, J = 8.0 Hz), 6.89 (1H, d, J =
7.2 Hz), 6.85 (1H, s), 6.78 (1H, dd, J = 7.6, 2.0 Hz), 6.54 (1H, d, J = 12.0 Hz), 5.68 (1H, dt, J
=12.0, 7.2 Hz), 3.80 (3H, s), 3.73 (2H, brt, J = 6.4 Hz), 2.61 (2H, dq, J = 1.6, 6.4 Hz); 13C-
NMR (100 MHz, CDCl3) 6 159.3 (C), 138.5 (C), 131.3 (CH), 129.1 (CH), 128. 6 (CH), 121.2
(CH), 114.3 (CH), 111.2 (CH), 62.4 (CH>), 55.2 (CH3), 32.0 (CH>); IR (film) 3356, 2940, 2884,
1597, 1576, 1489, 1464, 1433, 1256, 1148, 1048, 789, 752, 692 cm™; HRMS (El, double-
focusing) calcd for C11H1402 [M]" 178.0994, found 178.09609.

OMe

HO —
trans 2c

trans-2c: 0.621 g, 55%; mp 77.9-78.4 °C; *H-NMR (400 MHz, CDCl3) § 7.27 (2H, d, J = 8.8
Hz), 6.83 (2H, d, J = 8.8 Hz), 6.42 (1H, d, J = 15.6 Hz), 6.04 (1H, dt, J = 15.6, 7.2 Hz), 3.78
(3H, s), 3.71 (2H, brt, J = 6.4 Hz), 2.44 (2H, q, J = 6.4 Hz); 3C-NMR (100 MHz, CDCls3) &
158.9 (C), 132.1 (CH), 130.0 (C), 127.1 (2C, CH), 124.0 (CH), 113.9 (2C, CH), 62.0 (CH>),
55.2 (CH3), 36.3 (CH>); IR (KBr) 3265, 2957, 2934, 2837, 1607, 1512, 1248, 1032, 837 cm™;
HRMS (EI, double-focusing) calcd for C11H1402 [M]* 178.0994, found 178.0990.

OMe

~F

cis 2c
cis-2c: 0.207 g, 18%; *H-NMR (400 MHz, CDCls) § 7.23 (2H, d, J = 8.8 Hz), 6.86 (2H, d, J =
8.8 Hz), 6.49 (1H, d, J = 12.0 Hz), 5.57 (1H, dt, J = 12.0, 7.2 Hz), 3.79 (3H, s), 3.71 (2H, brt,
J =6.4 Hz), 2.59 (2H, dq, J = 2.0, 6.4 Hz); 3C-NMR (100 MHz, CDClIs) § 158.3 (C), 130.8
(CH), 129.9 (2C, CH), 129.8 (C), 126.6 (CH), 113.5 (2C, CH), 62.4 (CH>), 55.2 (CH3), 31.9
(CH2); IR (film) 3318, 3011, 2959, 2913, 1607, 1512, 1256, 1179, 1032, 841 cm™*; HRMS (ElI,
double-focusing) calcd for C11H1402 [M]* 178.0994, found 178.0985.
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Scheme 17-29
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Scheme 17

®/0Me
OMe

N \H
MeO 3
H

a"3Bb

a-3Bb: 30.4 mg, 90%; mp 94.8-95.3 °C; *H-NMR (CDCls, 400 MHz) § 7.16 (1H, t, J = 8.4 Hz),
6.70 (1H, dd, J = 8.4, 2.4 Hz), 6.63 (1H, d, J = 8.0 Hz), 6.60-6.58 (2H, m), 6.34 (1H, d, J = 2.4
Hz), 5.63 (1H, d, J = 7.2 Hz), 4.23 (1H, d, J = 1.6 Hz), 3.86-3.81 (4H, m), 3.76 (3H, s), 3.67
(1H, g, J = 7.6 Hz), 3.62 (3H, s), 2.98-2.92 (1H, m), 2.31-2.22 (1H, m), 1.87-1.79 (1H, m); 13C-
NMR (CDCls, 100 MHz) 5 161.6 (C), 159.5 (C), 156.8 (C), 147.5 (C), 144.8 (C), 129.1 (CH),
125.0 (C), 119.4 (CH), 113.1 (CH), 110.7 (CH), 99.7 (CH), 99.4 (CH), 86.8 (CH), 67.3 (CH2),
55.4 (CH3), 55.2 (CH3), 55.0 (CH3), 53.9 (CH), 52.7 (CH), 34.2 (CH.); IR (KBr) 2961, 2897,
2845, 1608, 1487, 1261, 1204, 1139, 1051 cm™; HRMS (El, double-focusing) calcd for
C20H2204 [M]* 326.1518, found 326.1503.

B-3Bb: 30.0 mg, 86%, a-3Bb : -3Bb = 1 : 14; H-NMR for B-3Bb (CDCls, 400 MHz) § 7.16
(1H, t, J = 8.0 Hz), 6.73 (LH, dd, J = 8.4, 2.8 Hz), 6.64 (1H, d, J = 1.6 Hz), 6.62 (1H, d, J = 8.0
Hz), 6.59 (1H, s), 6.39 (1H, d, J = 2.4 Hz), 5.37 (1H, d, J = 7.6 Hz), 4.54 (1H, d, J = 9.2 Hz),
3.84 (3H, s), 3.75-3.68 (4H, m), 3.57 (3H, s), 3.48 (1H, q, J = 7.2 Hz), 3.42-3.36 (1H, m), 1.65-
1.56 (1H, m), 1.37-1.30 (1H, m); *C-NMR for §-3Bb (CDCls, 100 MHz) & 161.4 (C), 159.2
(C), 157.0 (C), 145.2 (C), 143.5 (C), 128.6 (CH), 124.3 (C), 121.0 (CH), 114.2 (CH), 111.1
(CH), 100.0 (CH), 99.6 (CH), 86.9 (CH), 68.5 (CH2), 55.4 (CH3), 55.1 (CH3), 55.0 (CH3), 49.3
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(CH), 47.3 (CH), 29.3 (CHy>); IR (film) 3001, 2943, 2866, 2837, 1601, 1489, 1456, 1207, 1144,
1051, 756 cm™; HRMS (EI, double-focusing) calcd for CxH204 [M]* 326.1518, found
326.1494.

Scheme 18

®/0Me
MeO S h
MeO: : ;

H

"3Ab

a-3Ab: 73.9 mg, 72%; 'H-NMR (CDCls, 400 MHz) & 7.22 (1H, t, J = 8.0 Hz), 6.97 (1H, s),
6.77 (1H, dd, J = 8.4, 0.8 Hz), 6.68 (1H, d, J = 7.6 Hz), 6.62 (1H, dd, J = 2.4, 2.0 Hz), 6.46 (1H,
s), 5.57 (1H, d, J = 6.8 Hz), 4.13 (1H, d, J = 4.0 Hz), 3.94-3.89 (4H, m), 3.77 (3H, s), 3.76-3.70
(4H, m), 3.07-3.01 (1H, m), 2.26-2.16 (1H, m), 1.96-1.89 (1H, m); *C-NMR (CDCls, 100
MHz) § 159.7 (C), 150.2 (C), 149.1 (C), 147.5 (C), 137.7 (C), 133.8 (C), 129.5 (CH), 119.9
(CH), 113.5 (CH), 111.2 (CH), 107.2 (CH), 107.1 (CH), 86.7 (CH), 67.2 (CH2), 57.6 (CH),
55.8 (2C, CH3), 55.0 (CH3), 53.4 (CH), 33.9 (CH2); IR (film) 3001, 2955, 2864, 2833, 1607,
1584, 1504, 1265, 1225, 1103, 1049, 756 cm™:; HRMS (EI, double-focusing) calcd for C2oH2204
[M]* 326.1518, found 326.1522.

B-3Ab: 12.6 mg, 38%, a-3ADb : B-3Ab = 1 : 2; 'H-NMR for f-3Ab (CDCls, 400 MHz) & 7.26
(1H,t, J = 8.0 Hz), 6.99 (1H, s), 6.81 (LH, dd, J = 8.0, 2.4 Hz), 6.77 (1H, d, J = 7.6 Hz), 6.73
(1H, dd, J = 2.4, 1.6 Hz), 6.60 (1H, s), 5.48 (1H, d, J = 7.6 Hz), 457 (1H, d, J = 8.8 Hz), 3.92
(3H, s), 3.78-3.71 (7H, m), 3.52 (1H, g, J = 8.0 Hz), 3.42-3.35 (1H, m), 1.61-1.52 (1H, m),
1.42-1.34 (1H, m); *C-NMR for p-3Ab (CDCls, 100 MHz) & 159.6 (C), 149.9 (C), 149.2 (C),
143.4 (C), 135.8 (C), 134.9 (C), 129.3 (CH), 121.6 (CH), 114.9 (CH), 111.7 (CH), 107.7 (CH),
107.2 (2C, CH), 86.3 (CH), 67.8 (CH2), 56.0 (CH3), 55.9 (CH3), 55.1 (CHs), 51.5 (CH), 47.8
(CH), 29.2 (CH2); IR (film) 3001, 2938, 2862, 2833, 1607, 1584, 1504, 1464, 1263, 1225, 1093,
1049, 754 cm; HRMS (EI, double-focusing) calcd for CxH204 [M]* 326.1518, found
326.1511.

Scheme 19-20
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0-3Bc: 88.6 mg, 93%; mp 108.9-109.6 °C; *H-NMR (CDCls, 400 MHz) § 6.97-6.93 (2H, m),
6.80-6.76 (2H, m), 6.59 (1H, d, J = 2.4 Hz), 6.34 (1H, d, J = 2.0 Hz), 5.63 (1H, d, J = 7.6 H2),
4.21 (1H, d, J = 1.2 Hz), 3.86-3.81 (4H, m), 3.77 (3H, s), 3.67 (LH, g, J = 6.8 Hz), 3.61 (3H, s),
2.95-2.89 (1H, m), 2.31-2.22 (1H, m), 1.86-1.78 (1H, m): 3C-NMR (CDCls, 100 MHz) 5 161.5
(C), 157.6 (C), 156.8 (C), 144.6 (C), 137.9 (C), 127.8 (2C, CH), 125.4 (C), 113.5 (2C, CH),
99.6 (CH), 99.4 (CH), 86.8 (CH), 67.2 (CH2), 55.4 (CH3), 55.2 (CH3s), 55.1 (CH3), 53.0 (CH),
52.9 (CH), 34.1 (CH2); IR (KBr) 3001, 2936, 2878, 1599, 1512, 1252, 1207, 1140, 1053 cm?;
HRMS (EI, double-focusing) calcd for C20H2204 [M]* 326.1518, found 326.1522.

OMe

MeO : H
Meomj
H

0"3Ac

a-3Ac: 26.0 mg, 77%; *H-NMR (CDCls, 400 MHz) § 7.02-6.98 (2H, m), 6.97 (1H, s), 6.86-
6.82 (2H, m), 6.43 (1H, s), 5.55 (1H, d, J = 7.6 Hz), 4.11 (1H, d, J = 3.6 Hz), 3.95-3.89 (4H,
m), 3.79 (3H, s), 3.77-3.71 (4H, m), 3.03-2.97 (1H, m), 2.24-2.15 (1H, m), 1.95-1.89 (1H, m);
13C-NMR (CDCls, 100 MHz) & 158.1 (C), 150.3 (C), 149.1 (C), 138.3 (C), 137.9 (C), 133.7
(C), 128.4 (2C, CH), 113.9 (2C, CH), 107.1 (2C, CH), 86.7 (CH), 67.3 (CH), 56.8 (CH), 55.8
(2C, CH3), 55.2 (CH3), 53.8 (CH), 33.8 (CH.); IR (film) 3007, 2957, 2864, 2835, 1608, 1508,
1249, 1221, 1099, 1038, 754 cm; HRMS (EI, double-focusing) calcd for CaoHz204 [M]*
326.1518, found 326.1528.

6AC: 2.8 mg, 11%; mp 126.0-127.0 °C; *H- NMR (Benzene-dg, 400 MHz) § 7.56 (2H, d, J =
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8.8 Hz), 7.08 (2H, d, J = 8.4 Hz), 7.07 (1H, s), 6.93 (2H, d, J = 9.2 Hz), 6.86 (2H, d, J = 8.8
Hz), 6.53 (1H, s), 4.97 (1H, d, J = 9.6 Hz), 3.99 (1H, g, J = 7.6 Hz), 3.87 (1H, d, J = 6.8 Hz),
3.71 (1H, td, J=9.2, 3.6 Hz), 3.57 (3H, s), 3.35 (3H, s), 3.34 (3H, 5), 3.31 (1H, dd, J = 7.6, 2.4
Hz), 3.27 (3H, s), 3.19-3.10 (1H, brm), 3.09-3.00 (1H, brm), 2.54-2.44 (2H, m), 1.85-1.77 (1H,
m), 1.69-1.64 (2H, m), 1.43-1.33 (1H, m); **C-NMR (Benzene-ds, 100 MHz) § 159.8 (C), 159.1
(C), 150.2 (C), 149.1 (C), 140.7 C), 136.4 (C), 135.6 (C), 134.2 (C), 130.1 (2C, CH), 128.6 (2C,
CH), 114.4 (2C, CH), 114.2 (2C, CH), 110.4 (CH), 109.0 (CH), 83.8 (CH), 67.7 (CH>), 61.6
(CH2), 59.2 (CH3), 56.1 (CH), 55.4 (CH3), 54.7 (2C, CH3), 52.4 (CH), 48.5 (CH), 43.8 (CH),
32.1(CH3), 28.2 (CH>); IR (KBr) 3443, 2936, 2910, 2891, 1613, 1517, 1504, 1248, 1050, 1034,
829 cm™; HRMS (EI, double-focusing) calcd for C31H3s0s [M]* 504.2512, found 504.2511.

Scheme 26

Ph
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3Da: 50.1 mg, 76%: mp 150.0-151.1 °C; *H-NMR (CDCls, 400 MHz) & 7.99 (2H, d, J = 8.4
Hz), 7.31-7.27 (3H, m), 7.23-7.18 (1H, m), 7.14 (1H, d, J = 3.2 Hz), 7.07-7.05 (2H, m), 5.92
(1H, d, J = 3.2 Hz), 5.65 (1H, d, J = 6.4 Hz), 3.92 (1H, ddd, J = 8.8, 6.8, 3.2 Hz), 3.87 (1H, d,
J=2.4Hz),3.59 (1H, td, J = 9.2, 5.2 Hz), 3.33-3.27 (1H, m), 2.42 (3H, s), 2.16-2.07 (1H, m),
2.00-1.94 (1H, m); 3C-NMR (CDCls, 100 MHz) § 144.74 (C), 144.70 (C), 136.8 (C), 136.3
(C), 136.2 (C), 129.6 (2C, CH), 128.6 (2C, CH), 127.6 (2C, CH), 126.9 (2C, CH), 126.6 (CH),
126.5 (CH), 108.5 (CH), 79.5 (CH), 66.8 (CH2), 59.6 (CH), 51.3 (CH), 33.9 (CH2), 21.6 (CH3);
IR (KBr) 2932, 2870, 1597, 1373, 1180, 1134, 671 cm™:; HRMS (EI, double-focusing) calcd for
C22H2103NS [M]* 379.1242, found 379.1220.

7Da

7Da: 3.9 mg, 6%; mp 125.2-127.1 °C; *H-NMR (CDCls, 400 MHz) § 7.74 (2H, d, J = 8.0 Hz),
7.33 (2H, d, J = 8.0 Hz), 7.29-7.18 (5H, m), 7.14 (1H, d, J = 3.2 Hz), 6.06 (1H, d, J = 3.2 H2),
3.92 (1H, ddd, J = 8.8, 6.4, 3.6 Hz), 3.71 (1H, dt, J = 5.2, 9.2 Hz), 3.29-3.20 (2H, m), 2.74 (1H,
d, J = 14.0 Hz), 2.44 (3H, s), 2.29-2.20 (1H, m), 1.78-1.71 (1H, m): 3C-NMR (CDCls, 100
MHz) & 145.0 (2C, C), 137.9 (C), 136.08 (C), 133.2 (C), 130.0 (2C, CH), 128.0 (2C, CH), 126.8
(CH), 126.7 (2C, CH), 125.6 (CH), 125.2 (2C, CH), 108.3 (CH), 92.1 (C), 67.7 (CH.), 56.8
(CH), 34.9 (CH2), 32.9 (CH2), 21.6 (CHa); IR (KBr) 2947, 2870, 1597, 1366, 1173, 1126, 671
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cm™; HRMS (El, double-focusing) calcd for C22H2103NS [M]* 379.1242, found 379.12609.

Scheme 27

Ph
T H

Ts H
3Ea

3Ea: 42.8 mg, 91%; mp 201.0-201.3 °C; 'H-NMR (CDCl3, 400 MHz) & 8.06 (2H, d, J = 8.4
Hz), 8.01 (1H, d, J = 8.4 Hz), 7.29-7.20 (6H, m), 7.12-7.09 (2H, m), 7.06 (1H, d, J = 7.6 Hz),
7.00 (1H, d, J=7.2 Hz), 5.92 (1H, dd, J = 6.8, 1.2 Hz), 4.10 (1H, dd, J = 3.6, 2.0 Hz), 4.06 (1H,
ddd, J = 8.4, 6.8, 2.4 Hz), 3.71 (1H, td, J = 9.6, 4.4 Hz), 3.45-3.40 (1H, m), 2.35 (3H, s), 2.25-
2.16 (1H, m), 2.11-2.06 (1H, m); 3C-NMR (CDCls, 100 MHz) § 144.6 (C), 143.5 (C), 141.6
(C), 140.4 (C), 135.5 (C), 130.3 (C), 129.5 (2C, CH), 128.7 (2C, CH), 127.5 (2C, CH), 127.0
(2C, CH), 126.7 (CH), 125.3 (C), 124.6 (CH), 123.2 (CH), 120.1 (CH), 114.5 (CH), 80.7 (CH),
66.9 (CH.), 58.9 (CH), 50.7 (CH), 34.0 (CH>), 21.5 (CH3); IR (KBr) 2963, 2839, 1605, 1358,
1173, 1126, 756, 671, 579 cm™; HRMS (EI, double-focusing) calcd for C2sH2303NS [M]*
429.1399, found 429.1385.

7Ea

7Ea: 1.9 mg, 4%; mp 156.5-157.4 °C; 'H-NMR (CDCls, 400 MHz) § 8.01 (1H, d, J = 8.0 Hz),
7.74 (2H, d, J = 8.4 Hz), 7.31-7.19 (8H, m), 7.14-7.07 (2H, m), 7.06 (1H, d, J = 7.6 Hz), 4.15
(1H, ddd, J = 8.8, 7.2, 3.2 Hz), 3.72 (1H, td, J = 9.2, 5.2 Hz), 3.59 (1H, dd, J = 17.2, 8.0 Hz),
3.32 (1H, tt, = 8.8, 2.8 Hz), 3.07 (1H, dd, J = 17.6, 2.8 Hz), 2.37-2.29 (4H, m), 1.85 (1H, ddt,
J=12.4,5.6, 3.2 Hz); 3C-NMR (CDCl3, 100 MHz) & 145.0 (C), 144.3 (C), 144.0 (C), 140.7
(C), 135.5(C), 129.9 (2C, CH), 128.2 (2C, CH), 127.0 (CH), 126.9 (C), 126.5 (2C, CH), 125.3
(C), 125.2 (2C, CH), 123.9 (CH), 123.7 (CH), 119.5 (CH), 114.3 (CH), 92.1 (C), 67.8 (CH>),
56.1 (CH), 35.0 (CH), 34.8 (CH2), 21.5 (CH3); IR (KBr) 3057, 2947, 2843, 1615, 1597, 1445,
1371, 1178, 1007 cm™*; HRMS (EI, double-focusing) calcd for CasH2303NS [M]* 429.1399,
found 429.1411.

Scheme 28
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3Fa: mp 184.6-185.9 °C; 'H-NMR (CDCl3, 400 MHz) § 7.97-7.90 (1H, m), 7.66-7.62 (1H, m),
7.29-7.20 (6H, m), 7.32-7.23 (5H, m), 7.10-7.04 (4H, m), 6.94 (2H, d, J = 8.4 Hz), 5.78 (1H,
dd, J = 6.8, 1.2 Hz), 4.59 (1H, s), 3.86 (1H, ddd, J = 8.8, 6.8, 5.2 Hz), 3.65 (1H, g, J = 8.4 Hz),
3.31-3.26 (1H, m), 2.33-2.23 (4H, m), 2.00-1.93 (1H, m); 1*C-NMR (CDCl3, 100 MHz) & 146.0
(C), 144.4 (C), 143.7 (C), 140.5 (C), 135.2 (C), 129.4 (2C, CH), 128.7 (2C, CH), 127.8 (2C,
CH), 126.8 (2C, CH), 126.7 (CH), 125.8 (C), 125.3 (C), 124.2 (CH), 123.5 (CH), 119.7 (CH),
114.4 (CH), 79.8 (CH), 66.8 (CH3), 58.3 (CH), 53.5 (CH), 34.2 (CH,), 21.4 (CH3); IR (KBr)
2940, 2847, 1597, 1443, 1366, 1173, 1049, 1003, 756, 671 cm™*; HRMS (EI, double-focusing)
calcd for C26H2303NS [M]* 429.1399, found 429.1398.

H

<Z/\; 2;3

o 0

7Fa

7Fa: mp 188.0-189.0 °C; 'H-NMR (CDCl3, 400 MHz) § 8.11 (1H, d, J = 8.4 Hz), 7.68 (2H, d,
J=8.0Hz),7.44 (1H, d, J=7.6 Hz), 7.35-7.22 (7H, m), 7.08 (2H, d, J = 8.4 Hz), 4.22 (1H, dt,
J=8.8, 6.0 Hz), 3.88 (1H, td, J = 8.0, 5.6 Hz), 3.33-3.27 (1H, m), 3.16 (1H, dd, J = 16.0, 8.4
Hz), 2.64 (1H, dd, J = 16.0, 2.4 Hz), 2.40-2.31 (1H, m), 2.29 (3H, s), 1.85-1.78 (1H, m); 3C-
NMR (CDCl3, 100 MHz) & 144.9 (C), 144.1 (C), 142.4 (C), 140.8 (C), 135.6 (C), 129.3 (C),
129.2 (2C, CH), 128.1 (2C, CH), 127.4 (2C, CH), 126.6 (CH), 125.9 (C), 124.9 (2C, CH), 124.8
(CH), 123.2 (CH), 119.7 (CH), 115.1 (CH), 93.3 (C), 68.5 (CH>), 58.6 (CH), 35.2 (CH>), 29.3
(CH>), 21.4 (CH3); IR (KBr) 2968, 2920, 2853, 1595, 1449, 1373, 1175, 964 cm™; HRMS (E],
double-focusing) calcd for C26H2303NS [M]* 429.1399, found 429.1403.

Scheme 29
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3Ga 3
3Ga-3 : 'H-NMR (CDCls, 400 MHz) § 7.88 (1H, dd, J = 8.0, 1.6 Hz), 7.70 (2H, d, J = 8.4 Hz),
7.40-7.30 (5H, m), 7.24-7.22 (2H, m), 7.19 (2H, d, J = 8.4 Hz), 6.92 (1H, d, J = 1.6 Hz), 4.90
(1H, d, J = 4.4 Hz), 4.10 (1H, g, J = 8.0 Hz), 4.02 (1H, td, J = 9.6, 4.4 Hz), 3.82 (1H, dd, J =
9.6, 2.0 Hz), 2.67-2.61 (1H, m), 2.34 (3H, s), 2.17-2.08 (1H, m), 1.99-1.81 (1H, m); 3C-NMR
(CDCls, 100 MHz) § 144.7 (C), 142.3 (C), 135.3 (C), 133.5 (C), 129.7 (2C, CH), 129.4 (C),
128.7 (4C, CH), 128.0 (C), 127.1 (CH), 126.7 (2C, CH), 125.7 (CH), 123.3 (C), 122.6 (CH),
121.6 (CH), 113.5 (CH), 76.6 (CH), 66.6 (CH.), 46.4 (CH), 40.9 (CH), 29.8 (CH.), 21.5 (CH3):
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IR (film) 3024, 2932, 2878, 1597, 1443, 1366, 1180, 1111, 1034, 756, 671 cm™*; HRMS (EI,
double-focusing) calcd for C26H2303NS [M]* 429.1399, found 429.1392.

Ph
/\
) !|\—IS
3Ga5
3Ga-5: mp 192.7-193.4 °C; *H-NMR (CDCl3, 400 MHz) § 7.89 (1H, d, J = 8.8 Hz), 7.77 (2H,
d, J = 8.4 Hz), 7.63 (1H, brs), 7.29-7.19 (5H, m), 7.05 (2H, d, J = 7.6 Hz), 6.90 (1H, d, J = 8.8
Hz), 6.84 (1H, brs), 5.83 (1H, d, J = 7.6 Hz), 4.26 (1H, brs), 3.91 (1H, g, J = 7.2 Hz), 3.72 (1H,
g, J = 7.2 Hz), 3.18-3.11 (1H, brm), 2.35 (3H, s), 2.29-2.19 (1H, m), 1.95-1.91 (1H, m); 3C-
NMR (CDCls, 100 MHz) § 145.8 (C), 144.9 (C), 141.2 (C), 135.4 (C), 134.6 (C), 134.1 (C),
129.9 (2C, CH), 128.6 (2C, CH), 127.66 (C), 127.65 (2C, CH), 127.0 (CH), 126.9 (2C, CH),
126.4 (CH), 121.5 (CH), 114.6 (CH), 106.9 (CH), 85.8 (CH), 67.8 (CH>), 57.7 (CH), 53.5 (CH),
33.9 (CH2), 21.5 (CH3); IR (KBr) 2947, 2862, 1597, 1366, 1180, 1134, 664 cm™; HRMS (El,
double-focusing) calcd for C26H2303NS [M]* 429.1399, found 429.1394.

Ph

/\
1’\-'3
3Ha 4

3Ha-4 : mp 199.0-201.4 °C; *H-NMR (CDCl3, 400 MHz) § 7.95 (1H, d, J = 8.8 Hz), 7.75 (2H,
d, J=8.8 Hz), 7.43-7.41 (2H, m), 7.28-7.18 (5H, m), 7.06-7.04 (2H, m), 6.07 (1H, dd, J = 3.6,
0.8 Hz), 5.67 (1H, d, J = 6.8 Hz), 4.35 (1H, d, J = 3.6 Hz), 3.90 (1H, ddd, J = 8.8, 7.2, 4.8 Hz),
3.71 (1H, td, J = 8.8, 6.0 Hz), 3.14-3.08 (1H, m), 2.35 (3H, s), 2.28-2.19 (1H, m), 1.98-1.91
(1H, m); 3C-NMR (CDCls, 100 MHz) & 144.9 (C), 144.7 (C), 138.4 (C), 137.1 (C), 135.6 (C),
135.3 (C), 129.9 (2C, CH), 128.7 (2C, CH), 127.6 (2C, CH), 127.2 (C), 126.9 (2C, CH), 126.6
(CH), 126.4 (CH), 121.6 (CH), 113.4 (CH), 106.9 (CH), 87.0 (CH), 67.5 (CH>), 57.1 (CH),
53.9 (CH), 33.9 (CH2), 21.5 (CH3); IR (KBr) 2947, 2862, 1597, 1373, 1173, 1134, 1049, 756,
679 cm™; HRMS (EI, double-focusing) calcd for C26H2303NS [M]* 429.1399, found 429.1391.
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3Ha'6

3Ha-6 : 'H-NMR (CDCl3, 400 MHz) & 7.58-7.55 (4H, m), 7.50 (1H, d, J = 3.6 Hz), 7.33-7.26
(3H, m), 7.10 (2H, d, J = 8.4 Hz), 7.06 (2H, d, J = 8.4 Hz), 6.63 (1H, d, J = 4.4 Hz), 5.56 (1H,
d, J=6.8 Hz), 4.32 (1H, d, J = 4.4 Hz), 3.94 (1H, td, J = 8.0, 4.8 Hz), 3.81 (1H, g, J = 8.4 Hz),
3.15-3.09 (1H, m), 2.32 (3H, s), 2.29-2.19 (1H, m), 2.02-1.95 (1H, m); ¥C-NMR (CDCls, 100
MHz) § 145.7 (C), 144.7 (C), 144.0 (C), 138.1 (C), 136.0 (C), 134.8 (C), 131.2 (C), 129.6 (2C,
CH), 128.6 (2C, CH), 127.7 (2C, CH), 126.8 (3C, CH), 126.5 (CH), 118.0 (CH), 110.4 (CH),
109.3 (CH), 86.0 (CH), 67.9 (CH>), 57.1 (CH), 54.0 (CH), 33.6 (CH2), 21.5 (CH3); IR (film)
3017, 2932, 2862, 1597, 1450, 1373, 1219, 1173, 756, 671 cm™; HRMS (EI, double-focusing)
calcd for C26H2303NS [M]* 429.1399, found 429.1381.

3la’5

3la-5 : 'H-NMR (CDCls, 400 MHz) & 8.08 (1H, s), 7.81 (2H, d, J = 8.0 Hz), 7.53 (1H, d, J =
3.6 Hz), 7.30-7.18 (5H, m), 7.10-7.05 (3H, m), 6.50 (1H, d, J = 4.0 Hz), 5.64 (1H, d, J = 6.8
Hz), 4.22 (1H, d, J = 4.8 Hz), 3.96 (1H, ddd, J = 8.8, 8.0, 4.8 Hz), 3.80 (1H, td, J = 8.8, 6.4 Hz),
3.17-3.11 (1H, m), 2.35 (3H, s), 2.28-2.19 (1H, m), 1.98-1.92 (1H, m); *C-NMR (CDCls3, 100
MHz) 6 145.6 (C), 144.8 (C), 142.3 (C), 139.5 (C), 135.3 (C), 134.8 (C), 132.3 (C), 129.9 (2C,
CH), 128.6 (2C, CH), 127.7 (2C, CH), 127.0 (CH), 126.9 (2C, CH), 126.5 (CH), 117.5 (CH),
110.5 (CH), 108.7 (CH), 86.4 (CH), 67.9 (CH3), 56.7 (CH), 54.0 (CH), 33.3 (CH>), 21.5 (CH3);
IR (film) 2970, 2932, 2862, 1597, 1443, 1373, 1173, 756 cm™*; HRMS (El, double-focusing)
calcd for C26H2303NS [M]* 429.1399, found 429.1402.

3la7
3la-7 : 'H-NMR (CDCls, 400 MHz) & 7.57-7.55 (2H, m), 7.42 (1H, d, J = 8.0 Hz), 7.12 (2H,
d, J = 8.4 Hz), 7.10-7.08 (3H, m), 6.95 (2H, d, J = 8.4 Hz), 6.77-6.74 (2H, m), 6.71 (1H, d, J =
4.0 Hz), 5.62 (1H, d, J = 6.8 Hz), 5.32 (1H, s), 3.80 (1H, dt, J = 8.0, 7.2 Hz), 3.51 (1H, q, J =
7.6 Hz), 2.89 (1H, dt, J = 9.6, 7.2 Hz), 2.35-2.27 (4H, m), 1.77-1.69 (1H, m); 3C-NMR (CDCls,
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100 MHz) 6 146.0 (C), 144.0 (C), 142.1 (C), 135.7 (C), 133.3 (C), 132.6 (C), 129.5 (2C, CH +
C), 129.4 (CH), 128.2 (2C, CH), 127.2 (2C, CH), 126.1 (2C, CH), 125.7 (CH), 121.9 (CH),
121.5 (CH), 110.0 (CH), 85.5 (CH), 67.1 (CH3), 55.6 (CH), 52.9 (CH), 33.6 (CH>), 21.4 (CH3);
IR (film) 3017, 2932, 2862, 1597, 1450, 1373, 1219, 1173, 756, 671 cm*; HRMS (EI, double-
focusing) calcd for C26H2303NS [M]* 429.1399, found 429.1402.

Table 1

TYV—=ATNLTE K1 @Beq)bdhELrFINTa—/ 2a (1 eq)% CH2CL2IZ
R L, =i (F7203, (CH2CD2AZAfE L, 50°C) T, BFs - OEts (3eq) %1 F L7z,
TV UFERR T TR L% GEER R Table 1 25 M), fafiRigkEST U ¥
LK e A TS EAZ IR &, CHCle THiH L7z, AiE & IKFilg~ 7 % v
UL THBEIET %, WEERBEE LT, GoNTHAERDEZS Y BTNV T7 87 m~
N7Z7 4 —THRRL, ZEELEY 8 2157,

8JaJ: 0.252 g, 84%; mp 106.0-108.5 °C; *H-NMR (CDCls, 400 MHz) § 7.31 (2H, m), 7.24
(1H, m), 7.07 (2H, brd, J = 6.8 Hz), 6.92 (1H, ), 6.89 (1H, s), 6.87 (1h, 5), 6.50 (LH, S), 5.28
(1H, s), 4.49 (1H, s), 4.48 (1H, s), 4.17-4.00 (6H, m), 3.90 (2H, dq, J = 6.8, 2.4 Hz), 3.84 (1H,
ddd, J = 12.0, 7.2, 4.4 Hz), 3.65 (1H, dt, J = 8.4, 6.4 Hz), 1.70 (1H, m), 1.54 (1H, m), 1.47 (3H,
t, J = 6.8 Hz), 1.45 (3H, t, J = 6.8 Hz), 1.44 (3H, t, J = 6.8 Hz), 1.33 (3H, t, J = 6.8 Hz); 1*C-
NMR (CDCls, 100 MHz) § 149.8 (C), 149.1 (C), 148.9 (C), 148.6 (C), 143.0 (C), 137.0 (2C,
C), 136.3 (C), 133.5 (C), 129.0 (CH), 128.4 (2C, CH), 126.6 (2C, CH), 110.6 (CH), 110.0 (CH),
109.2 (CH), 109.1 (CH), 93.7 (CH), 68.6 (C), 68.2 (CH2), 65.0 (CH2), 64.9 (CH2), 64.5 (CH2),
64.4 (CH2), 60.5 (CH), 57.9 (CH), 35.1 (CH>), 14.90 (CH3), 14.86 (CH3), 14.84 (CH3), 14.7
(CHs); IR (KBr) 2978, 2936, 1508 cm'%; HRMS (EI, double-focusing) calcd for CazHss0s [M]*
500.2563, found 500.2561.

8KaK: 0.187 g, 91%; mp 169.1-169.8 °C; 'H-NMR (CDCls, 400 MHz) & 7.28 (2H, m), 7.19
(1H, m), 7.08 (2H, brs), 6.94 (1H, s), 6.66 (1H, s), 5.28 (1H, 5), 4.82 (1H, s), 4.58 (1H, 5), 4.11
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(3H, s), 3.89 (3H, ), 3.86 (1H, ), 3.84 (3H, s), 3.82 (3H, 5), 3.74 (3H, 3), 3.63 (1H, 0, J = 6.8
Hz), 3.31 (3H, s), 1.69 (2H, t, J = 6.8 Hz); 13C-NMR (CDCls, 100 MHz) § 154.1 (C), 154.0 (C),
149.5 (C), 149.3 (C), 1435 (C), 141.9 (C), 141.4 (C), 140.5 (C), 137.7 (C), 130.5 (C), 129.0
(C), 128.3 (3C, CH), 126.4 (2C, CH), 103.4 (CH), 103.2 (CH), 95.0 (CH), 68.3 (C), 67.3 (CH2),
60.9 (CH3), 60.8 (CH3), 60.6 (CH3), 60.0 (CHs), 57.4 (CH), 56.0 (CH3), 55.8 (CH3), 55.7 (CH),
34.5 (CH2); IR (KBr) 2967, 2870, 1602, 1142, 1055 cm'%; HRMS (EI, double-focusing) calcd
for CaoHs207 [M]* 504.2148, found 504.2133.

Scheme 31, Table 2

TU—=LTLTt 1@ eq)EBREK3 (1 eq)s CH2ClA0ZIEfRE L., SIR(FE 721,
(CH2CD2 A fR L, 50°C) T, BF3+ OEte Beq) % F L7z, 7/V3EHEHK T TH
LU= % (R X Scheme 22 38 XU Table 2 22 /), fafimlig/kET N U 7 LK
Wik Z Mz CROsZfE IS8, CHoCla THiH L7, AR % K~ 7 R 7 A
THIBRSE-%, WHE2REE L, BonT-HAERME Y VBTSNV T AT~ T
T 74— TCHRL, ZBEMELEW 8 £7-139 2157,

Scheme 31

NTs

9DaD

9DaD: 40.0 mg, 32%; mp 228.1-228.6 °C; *H-NMR (CDCls, 400 MHz) § 7.97 (2H, d, J = 8.4
Hz), 7.74 (2H, d, J =8.4 Hz), 7.35 (2H, d, J = 8.0 Hz), 7.30 (2H, d, J = 8.4 Hz), 7.24-7.19 (3H,
m), 7.15 (1H, d, J = 3.2 Hz), 7.09 (1H, d, J = 3.2 Hz), 6.88 (2H, dd, J = 8.0, 2.0 Hz), 6.08 (1H,
d, J=3.2 Hz),5.89 (1H, d, J = 3.6 Hz), 5.24 (1H, s), 3.72 (1H, ddd, J = 8.8, 7.2, 4.0 Hz), 3.40
(1H,d,J=16.4 Hz), 3.18 (1H, td, J = 9.2, 6.0 Hz), 3.10 (1H, d, J = 16.8 Hz), 2.45 (3H, s), 2.43
(3H, s), 1.62-1.47 (2H, m); °C-NMR (CDCls, 100 MHz) § 145.2 (C), 144.7 (C), 142.4 (C),
138.1 (C), 137.1 (C), 136.1 (C), 135.8 (C), 134.7 (C), 133.6 (C), 130.2 (2C, CH), 129.6 (2C,
CH), 128.2 (2C, CH), 127.8 (2C, CH), 127.7 (2C, CH), 126.9 (CH), 126.7 (2C, CH), 126.6
(CH), 124.9 (CH), 108.0 (CH), 107.8 (CH), 87.8 (CH), 79.0 (C), 67.3 (CH2), 59.9 (C), 39.6
(CH>), 37.6 (CH2), 21.68 (CH3), 21.65 (CH3); IR (KBr) 3132, 3063, 2940, 2862, 1597, 1373,
1180, 1134, 671 cm™; HRMS (EI, double-focusing) calcd for CzaHzoN20sS2 [M]" 610.1596,
found 610.1604.
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9EaE

9EaE: 37.5 mg, 77%; mp 251.9-253.7 °C; 'H-NMR (CDCls, 400 MHz) § 8.05-8.01 (3H, m),
7.99 (1H,d,J=8.8 Hz), 7.75 (2H, d, J = 8.4 Hz), 7.39 (1H, d, J = 7.6 Hz), 7.30-7.17 (10H, m),
7.12 (1H, d, J = 8.0 Hz), 7.01 (1H, t, J = 7.6 Hz), 6.93 (2H, brd, J = 6.4 Hz), 5.63 (1H, s), 3.94
(1H, dt, J = 8.4, 4.8 Hz), 3.84 (1H, d, J = 17.2 Hz), 3.48-3.42 (2H, m), 2.35 (6H, s), 1.79-1.75
(2H, m); 3C-NMR (CDCls, 100 MHz) § 145.3 (C), 144.7 (C), 141.1 (C), 140.3 (C), 140.2 (C),
140.1 (C), 139.6 (C), 135.6 (C), 135.2 (C), 131.1 (C), 130.4 (C), 130.1 (2C, CH), 129.5 (2C,
CH), 128.5 (2C, CH), 127.9 (2C, CH), 127.5 (2C, CH), 127.3 (CH), 126.4 (2C, CH), 125.5 (C),
125.1 (C), 124.6 (CH), 123.8 (CH), 123.4 (CH), 123.2 (CH), 120.7 (CH), 119.8 (CH), 114.6
(CH), 114.5 (CH), 88.8 (CH), 77.3 (C), 67.7 (CH2), 59.8 (C), 40.5 (CH2), 37.2 (CH32), 21.5 (2C,
CHz3); IR (KBr) 3055, 2970, 2924, 2855, 1597, 1373, 1173, 571 cm™*; HRMS (El, double-
focusing) calcd for C42H34N20sS2 [M]* 710.1909, found 710.1936.

Table 2

8AaL-p:8AaL-0~=4:1

8AaL-p + 8AaL-0: 0.345 g, 99%; mp 168.0-168.5 °C; *H-NMR for 8AaL-p (CDCl3, 400 MHz)
6737 (1H,d, J=9.2 Hz), 7.31 (2H, t, J = 7.2 Hz), 7.24 (1H, t, J = 7.2 Hz), 7.07 (2H, brs),
6.92-6.90 (2H, m), 6.84 (1H, s), 6.51 (1H, s), 5.31 (1H, s), 4.56 (1H, s), 4.50 (1H, s), 3.90-3.86
(4H, m), 3.78 (3H, s), 3.71-3.64 (4H, m), 1.72 (1H, dt, J = 11.6, 6.4 Hz), 1.59 (1H, dt, J = 12.8,
7.6 Hz); 3C-NMR for 8AaL-p (CDCl3, 100 MHz) § 159.7 (C), 149.0 (C), 143.1 (C), 143.0 (C),
136.7 (C), 136.4 (C), 136.2 (C), 128.8 (2C, CH), 128.4 (2C, CH), 126.7 (CH), 124.6 (CH),
116.2 (CH), 109.7 (CH), 108.2 (CH), 106.6 (CH), 93.7 (CH), 68.5 (CH2), 68.4 (C), 59.5 (CH),
58.0 (CH), 55.9 (CH3), 55.8 (CH3), 55.3 (CH3), 34.6 (CH>); IR (KBr) 2932, 2832, 1605, 1497,
1296, 1219, 1096 cm™*; HRMS (EI, double-focusing) calcd for C27H2604 [M]* 414.1831, found
414.1829.
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8AaK: 0.423 g, 98%; mp 149.9-150.5 °C; *H-NMR (CDCl3, 400 MHz) § 7.31 (2H,t,J = 7.2
Hz), 7.23 (1H, t, J = 7.2 Hz), 7.15 (1H, s), 7.07 (2H, brs), 6.67 (1H, s), 6.50 (1H, s), 5.28 (1H,
s), 4.77 (1H, s), 4.48 (1H, s), 4.08 (3H, s), 3.88-3.84 (10H, m), 3.71 (3H, s), 3.68 (1H, g, J =
6.8 Hz), 1.71 (1H, dt, J = 12.8, 6.8 Hz), 1.62 (1H, dt, J = 12.8, 6.8 Hz); *C-NMR (CDCl3, 100
MHz) § 154.1 (C), 149.4 (C), 149.0 (C), 148.9 (C), 143.4 (C), 142.1 (C), 137.5 (C), 136.7 (C),
136.4 (C), 129.3 (C), 128.7 (2C, CH), 128.4 (2C, CH), 126.6 (CH), 107.9 (CH), 107.8 (CH),
103.5 (CH), 94.5 (CH), 68.3 (CH3), 67.9 (C), 60.9 (CH3s), 60.8 (CH3), 58.4 (CH), 57.6 (CH),
56.0 (CHs), 55.9 (CH3), 55.8 (CH3), 34.7 (CH2); IR (KBr) 2932, 2855, 1605, 1466, 1342, 1219,
1119, 1034 cm™; HRMS (EI, double-focusing) calcd for Ca9Hz00s [M]* 474.2042, found
474.2021.

8KaL-p:8KaL-0~7:1

8KalL-p + 8KaL-0: 0.229 g, 75%; *H-NMR for 8KaL-p (CDCls, 400 MHz) § 7.40 (1H, d, J =
9.2 Hz), 7.28 (2H, t, J = 7.2 Hz), 7.19 (1H, t, J = 7.2 Hz), 7.08 (2H, brs), 6.92-6.90 (2H, m),
6.59 (1H, s), 5.32 (1H, s), 4.62 (1H, s), 4.60 (1H, s), 3.88 (1H, q, J = 7.6 Hz), 3.84 (3H, s), 3.79
(3H, s), 3.73 (3H, s), 3.61 (1H, g, J = 7.6 Hz), 3.32 (3H, s), 1.69 (2H, t, J = 6.8 Hz); *C-NMR
for 8KaL-p (CDCls, 100 MHz) 6 159.8 (C), 154.0 (C), 149.8 (C), 143.5 (2C, C), 1415 (C),
140.0 (C), 136.4 (C), 130.6 (C), 128.3 (4C, CH), 126.4 (CH), 124.6 (CH), 116.1 (CH), 109.3
(CH), 102.5 (CH), 94.7 (CH), 68.2 (CH>), 67.8 (C), 60.6 (CH3), 59.9 (CH), 59.5 (CH3), 56.0
(CH3s), 55.8 (CH), 55.3 (CH3), 34.5 (CH2); IR (film) 3009, 2940, 1736, 1597, 1481, 1335, 1211,
1119, 1065, 756 cm™; HRMS (EI, double-focusing) calcd for CasH2s0s [M]* 444.1937, found
444.1946.
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8KaA: 0.230 g, 76%; mp 161.9-162.5 °C; *H-NMR (CDCl3, 400 MHz) § 7.28 (2H,t,J = 7.2
Hz), 7.19 (1H, t, J = 7.2 Hz), 7.08 (2H, brs), 6.99 (1H, s), 6.88 (1H, s), 6.60 (1H, s), 5.33 (1H,
s), 4.61 (1H, s), 4.60 (1H, s), 3.96 (3H, s), 3.89-3.84 (7H, m), 3.74 (3H, s), 3.58 (1H,q, J=6.8
Hz), 3.32 (3H, s), 1.69 (2H, t, J = 6.8 Hz); 3 C-NMR (CDCls, 100 MHz) § 154.0 (C), 150.1 (C),
149.8 (C), 149.4 (C), 143.5 (C), 141.6 (C), 139.9 (C), 136.4 (C), 133.7 (C), 130.8 (C), 128.3
(4C, CH), 126.4 (CH), 107.7 (CH), 106.7 (CH), 102.4 (CH), 95.0 (CH), 67.9 (CH>), 67.8 (C),
60.6 (CH3), 60.4 (CH), 59.9 (CH3s), 56.3 (CH3s), 56.0 (CH3s), 55.92 (CH), 55.90 (CH3s), 35.0
(CH2); IR (KBr) 2932, 2832, 1605, 1458, 1335, 1227, 1111 cm™*; HRMS (EI, double-focusing)
calcd for C29H3006 [M]" 474.2042, found 474.2026.

8AaE: 51.2 mg, 90%; *H-NMR (CDCls, 400 MHz) § 8.05-8.01 (3H, m), 7.65 (1H, d, J = 8.8
Hz), 7.39-7.25 (5H, m), 7.22 (2H, d, J = 8.4 Hz), 7.16 (2H, brs), 7.04 (1H, s), 6.45 (1H, s), 5.75
(1H, d, J = 0.8 Hz), 4.74 (1H, s), 4.59 (1H, s), 3.95-3.91 (4H, m), 3.71 (3H, s), 3.65 (1H, ddd,
J=104, 9.2, 5.2 Hz), 2.34 (3H, s), 1.75 (1H, ddd, J = 12.8, 4.4, 2.4 Hz), 1.50 (1H, ddd, J =
12.8, 10.4, 7.2 Hz); 3C-NMR (CDCls, 100 MHz) § 149.2 (C), 148.9 (C), 144.6 (C), 142.0 (C),
140.2 (C), 139.8 (C), 136.3 (C), 135.5 (C), 134.2 (C), 129.8 (C), 129.5 (2C, CH), 129.3 (2C,
CH), 128.5 (2C, CH), 127.5 (2C, CH), 126.9 (CH), 125.4 (C), 124.6 (CH), 123.3 (CH), 119.6
(CH), 114.7 (CH), 108.5 (CH), 107.2 (CH), 87.3 (CH), 73.4 (C), 67.9 (CH2), 57.8 (CH), 56.1
(CHa), 56.0 (CH3), 55.9 (CH), 36.2 (CH2), 21.5 (CHa); IR (film) 3021, 2938, 2862, 1599, 1506,
1371, 1215, 1174, 1098, 754 cm'™’; HRMS (EI, double-focusing) calcd for CasHaiNOsS [M]*
577.1923, found 577.1910.
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9EaA

9EaA: 54.4 mg, 94%; 'H-NMR (CDCls, 400 MHz) & 8.05 (1H, d, J = 8.4 Hz), 7.76 (2H, d, J =
8.8 Hz), 7.25-7.19 (7H, m), 7.09 (1H, t, = 7.6 Hz), 6.92-6.88 (3H, m), 6.86 (1H, s), 5.22 (1H,
s), 3.91 (1H, ddd, J = 8.8, 6.8, 4.8 Hz), 3.86 (3H, s), 3.83 (3H, s), 3.73 (1H, d, J = 18.0 Hz),
3.57 (1H, td, J = 8.4, 6.4 Hz), 3.33 (1H, d, J = 17.2 Hz), 2.37 (3H, s), 1.76-1.63 (2H, m); 13C-
NMR (CDCls, 100 MHz) & 150.0 (C), 149.4 (C), 145.0 (C), 141.6 (C), 140.0 (C), 139.8 (C),
137.8 (C), 135.4 (C), 134.2 (C), 130.5 (C), 130.0 (2C, CH), 128.3 (2C, CH), 128.2 (2C, CH),
126.9 (CH), 126.5 (2C, CH), 125.6 (C), 123.7 (CH), 123.4 (CH), 119.1 (CH), 114.6 (CH), 107.7
(CH), 107.2 (CH), 94.6 (CH), 71.9 (C), 67.8 (CH>), 65.4 (C), 56.1 (CH3), 55.8 (CH3), 40.6
(CH2), 36.7 (CH2), 21.5 (CH3); IR (film) 3021, 2936, 2859, 1599, 1504, 1445, 1369, 1283,
1217, 1188, 1175, 1103, 758 cmt; HRMS (EI, double-focusing) calcd for CasHaiNOsS [M]*
577.1923, found 577.1928.
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ZE TEREREMESTZIRT— FRILRS

Scheme 35

TaERE 12 % ProNH IZEME L, ZEiRIZ T PdCl2(PPhs)s (0.02 eq.). PPhs
(0.04 eq.)., 7L F LT La—)L (1.3 eq.). Cul (0.04 eq) &2 728, T/T
FHE T, 80 oC T—HufE#: L7z, HiRIZET D FE THm LIZKINESEY % Hexane
THIRL., Et20 TET A4 FABZITo721%. AIROBIEAZEELT-, Son-H4E
B VBTN T La< v 7T 7 4 —=ICXORL, By 7V 7K 18 245
77

Me

M

13b

13b: pale yellow oil, 0.267 g, 56%; *H-NMR (CDCls, 400 MHz) § 7.07 (2H, s), 6.96 (1H, s),
4.48 (2H, d, J = 6.0 Hz), 2.28 (6H, s), 1.63 (1H-OH, t, J = 6.4 Hz); *C-NMR (CDCls, 100
MHz) 6 137.8 (2C, C), 130.4 (CH), 129.3 (2C, CH), 122.0 (C), 86.84 (C), 86.0 (C), 51.7 (CH>),
21.0 (2C, CHz3); IR (film) 3331, 3035, 2918, 2864, 1598, 1454 cm™; HRMS (EI, double-
focusing) calcd for C11H1.0O [M]" 160.0888, found 160.0903.

MeO
MeOD\/OH
13c
13c: pale yellow oil, 0.726 g, 79%; *H-NMR (CDCls, 400 MHz) & 7.04 (1H, dd, J = 8.4, 2.0
Hz), 6.95 (1H, d, J = 2.0 Hz), 6.79 (1H, d, J = 8.4 Hz), 4.49 (2H, d, J = 6.0 Hz), 3.87 (3H, 3),
3.86 (3H, s), 2.01 (1H-OH, brt, J = 6.0 Hz); 1*C-NMR (CDCls, 100 MHz) 5 149.6 (C), 148.5
(C), 124.9 (CH), 114.6 (C), 114.4 (CH), 110.9 (CH), 85.7 (C), 85.6 (C), 55.8 (CH3), 51.5 (CH>);

IR (film) 3479, 3016, 2939, 2839, 1604, 1597, 1512, 1458, 1411 cm™; HRMS (EI, double-
focusing) calcd for C11H1203 [M]* 192.0787, found 192.0781.
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MeO

MeO
M
eo X OH
13d

13d: pale yellow oil, 1.28 g, 98% ; *H-NMR (CDCl3, 400 MHz) § 6.68 (2H, s), 4.49 (2H, d, J
=6.0 Hz), 3.85 (3H, s), 3.84 (6H, s), 1.67 (1H-OH, t, J = 6.0 Hz); 3C-NMR (CDCl3, 100 MHz)
3152.9 (2C, C), 138.8 (C), 117.5(C), 108.8 (2C, CH), 86.3 (C), 85.5 (C), 60.8 (CH3), 56.0 (2C,
CH3), 51.4 (CH>); IR (film) 3331, 3005, 2937, 2839, 1589, 1454, 1417 cm™; HRMS (El,
double-focusing) calcd for C12H1404 [M]* 222.0892, found 222.0894.

MeO

M
e0/©\/o|_|

13e

13e: pale yellow crystal, 1.16 g, 98%; mp 92.9-93.6 °C; 'H-NMR (CDCls, 400 MHz) & 6.60
(2H, d, J=2.8 Hz), 6.45 (1H, t, J = 2.4 Hz), 4.49 (2H, d, J = 6.8 Hz), 3.77 (6H, s), 1.67 (1H-
OH, t, J = 6.4 Hz); 3C-NMR (CDCl3, 100 MHz) § 160.3 (2C, C), 123.7 (C), 109.4 (2C, CH),
101.7 (CH), 86.8 (C), 85.4 (C), 55.3 (2C, CH3), 51.3 (CH>); IR (KBr) 3327, 3007, 2935, 2837,
1577, 1506, 1462, 1411 cmt; HRMS (EI, double-focusing) calcd for C11H1203 [M]* 192.0787,
found 192.0786.

7y 7 ) w718 (1eq) % DMSO IZ#fi# L, IBX (2eq) &Mz 7z, 7 /1= L 5
KF. —ReBER Lo th, Ok FCfafiiREEAKE T N U 7 SRR A N2 TG & 15
X, £TA FBBEIT T2, AiAFRET T/ CHItL L, A58 % Sk~ 7
AU LTRSS %, WEEBEE LT, SoNTHAERDEZ T Y BTNV T KN
nv 777 4—THERL, TLTE K14 2157,

Me

14b: pale yellow oil, 0.184 g, 88%; 'H-NMR (CDCls, 400 MHz) § 9.40 (1H, s), 7.23 (2H, s),
7.11 (1H, s), 2.32 (6H, s); *C-NMR (CDCl3, 100 MHz) § 176.7 (CH), 138.4 (2C, C), 133.2
(CH), 130.8 (2C, CH), 118.9 (C), 95.9 (C), 88.0 (C), 20.9 (2C, CH3); IR (film) 2951, 2920,
2858, 2191, 1654, 1598, 1458 cm™; HRMS (EI, double-focusing) calcd for C11H120 [M]*
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158.0732, found 158.0759.

MeO
MeO
© X H
14c

14c: pale yellow crystal, 0.522 g, 78%; mp 69.6-70.1 °C; *H-NMR (CDCls, 400 MHz) § 9.39
(1H,s), 7.26 (1H, dd, J = 8.4, 2.0 Hz), 7.08 (1H, d, J = 2.0 Hz), 6.88 (1H, d, J = 8.4 Hz), 3.92
(3H, s), 3.89 (3H, s); 3C-NMR (CDCl3, 100 MHz) § 176.5 (CH), 152.1 (C), 148.8 (C), 127.8
(CH), 115.4 (CH), 111.1 (C), 111.0 (CH), 96.4 (C), 88.3 (C), 55.9 (CH3); IR (KBr) 2954, 2939,
2864, 2175, 1651, 1589, 1519, 1411 cm™*; HRMS (EI, double-focusing) calcd for C11H1003
[M]* 190.0630, found 190.0625.

MeO
MeO

M
€0 X H

14d

14d: pale yellow crystal, 1.06 g, 92%; mp 48.6-49.2 °C; 'H-NMR (CDCl3, 400 MHz) & 9.40
(1H, s), 6.85 (2H, s), 3.90 (3H, s), 3.87 (6H, s); *.C-NMR (CDCl3, 100 MHz) § 176.4 (CH),
153.1 (2C, C), 141.3 (C), 113.7 (C), 110.5 (2C, CH), 95.5 (C), 87.9 (C), 60.8 (CH3), 56.1 (2C,
CH3); IR (KBr) 2968, 2873, 2843, 2185, 1649, 1593, 1469, 1454, 1425 cm™; HRMS (El,
double-focusing) calcd for C12H1204 [M]* 220.0736, found 220.0731.

MeO

M
€0 X H

14e

14e: pale yellow crystal, 0.580 g, 98%; mp 94.6-95.2 °C; *H-NMR (CDCls, 400 MHz) § 9.40
(1H,s), 6.73 (2H, d, J = 2.4 Hz), 6.58 (1H, t, J = 2.4 Hz), 3.79 (6H, s); 3 C-NMR (CDCls, 100
MHz) 6 176.6 (CH), 160.6 (2C, C), 120.4 (C), 110.7 (2C, CH), 104.6 (CH), 94.9 (C), 87.6 (C),
55.4 (2C, CH3); IR (KBr) 3005, 2945, 2862, 2185, 1662, 1577, 1500, 1467, 1415 cm™; HRMS
(El, double-focusing) calcd for C11H1003 [M]* 190.0630, found 190.0627.

TATE R 14 (1 eq)% CH2CLIZiEfE L, Co2(CO)s (1.5 eq) &M 7o, T /LY
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FHR T, =EHEE L%, B2 E L, BEZ2 VAN Thr7a~<w 7
T4 —THRL, TFLraX)L ki G457 17 K11 257,

H
O
© O)sczj/\CO(CO)s

1la

11a: 1.05 g, 93%; *H-NMR (CDCl3, 400 MHz) § 10.52 (1H, s), 7.60-7.58 (1H, m), 7.38-7.37
(3H, m); 3C-NMR (CDCls, 100 MHz) § 197.7 (6C, C), 190.9 (CH), 136.2 (C), 129.7 (2C, CH),
129.1 (2C, CH), 128.9 (CH), 92.1 (C), 85.5 (C); IR (film) 3070, 3024, 2808, 2098, 2059, 2029,
1666, 1573, 1481, 1442 cm™; HRMS (ESI, double-focusing) calcd for CisHsCo2NaO+7
[M+Na]* 438.8675, found 438.8665.

H
o)
Me
(CO)C / =Co(CO)3

11b

11b: 0.440 g. 94%:; 'H-NMR (CDCl3, 400 MHz) & 10.52 (1H, s), 7.17 (2H, s), 7.00 (1H, s),
2.34 (6H, s); *C-NMR (CDCls, 100 MHz) § 197.8 (6C, C), 191.2 (CH), 138.7 (2C, C), 136.0
(C), 130.9 (CH), 127.5 (2C, CH), 93.0 (C), 85.8 (C), 21.2 (2C, CH3); IR (film) 3032, 2924,
2862, 2100, 2063, 2031, 1666, 1597, 1573, 1458 cm™*; HRMS (ESI, double-focusing) calcd for
C17H10Co02NaO7 [M+Na]* 466.8988, found 466.9008.

MeO H
0
MeO
(CO)C / =Co(CO)3

1llc

11c: 1.05 g, 93%; 'H-NMR (CDCl3, 400 MHz) & 10.52 (1H, s), 7.24 (1H, m), 7.14 (1H, d, J =
2.0 Hz), 6.86 (1H, d, J = 8.8 Hz), 3.92 (3H, s), 3.90 (3H, s); *C-NMR (CDCls, 100 MHz) &
197.8 (6C, C), 191.0 (CH), 149.9 (C), 149.1 (C), 128.2 (C), 122.9 (CH), 112.5 (CH), 1114
(CH), 92.4 (C), 84.9 (C), 55.9 (CH3), 55.8 (CH3); IR (film) 3008, 2954, 2839, 2098, 2059,
2029, 1666, 1597, 1442 cm*; HRMS (ESI, double-focusing) calcd for Ci7H10C02NaOg
[M+Na]* 498.8887, found 498.8879.
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MeO
MeO H
o)
MeO
(CO)C / =Co(CO)3

11d

11d: 2.06 g, 85%; 'H-NMR (CDCls, 400 MHz) § 10.51 (1H, s), 6.87 (2H, s), 3.89 (3H, s), 3.88
(6H, s); **C-NMR (CDClIs, 100 MHz) § 197.7 (6C, C), 190.9 (CH), 153.4 (2C, C), 138.9 (C),
131.3 (C), 106.9 (2C, CH), 92.3 (C), 84.5 (C), 60.8 (CH3), 56.1 (2C, CH3); IR (film) 3018,
2939, 2835, 2100, 2063, 2032, 1664, 1577, 1498, 1463, 1452, 1409 cm™*; HRMS (ESI, double-
focusing) calcd for C1sH12C02NaO10 [M+Na]* 528.8992, found 528.9000.

MeO
H
o)
MeO
(CO)C /_=Co(CO)3

1lle

11e: 1.27 g, 87%; *H-NMR (CDCl3, 400 MHz) & 10.50 (1H, s), 6.75 (2H, d, J = 2.4 Hz), 6.48
(1H, t, J = 2.4 Hz), 3.81 (6H, s); *C-NMR (CDCls, 100 MHz) § 197.6 (6C, C), 190.9 (CH),
161.0 (2C, C), 138.2 (C), 107.8 (2C, CH), 101.0 (CH), 92.2 (C), 85.2 (C), 55.3 (2C, CH3); IR
(film) 3024, 2937, 2837, 2100, 2063, 2023, 1651, 1581, 1573, 1467, 1423 cm*; HRMS (ESI,
double-focusing) calcd for C17H10Co2NaOg [M+Na]* 498.8887, found 498.8886.

Table 3

TEFLyasVEREETHTATE R 1L (Leq)tFET U FINT La—
/v 2a (1.3 eq.) % CH2Cl2ZiEME L, ki FE2IXZEIR T BFs - OEts B eq) % N L
T2o T UFRBK T TR L% GEHRR] I Table 4 22 08), fafnmigKE T -
U o AIKIEIR 2 N2 CROG &8 1R &8, CHCle T L7z, AHE)E % MoKk~ 7
RV LTRSS %, WIEEZREE LT, GO HAERME S ) DTN T LT
n~ h777 4—CHKEL, BRILIK 15-16 DIREM A&, HONT-IBREY Z FE >
VATNHE T a7 T7 4 —ICCTHEERSE-L, hT7 2 AK15 L 21K 16
ZHEE L7,

(C0)3CI“—Co(CO)3
15b
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15b: *H-NMR (CDCl3, 400 MHz) & 7.44 (1H, s), 7.18-7.09 (3H, m), 6.91 (2H, brs), 6.77 (1H,
s), 4.88 (1H, d, J = 10.4 Hz), 4.26 (1H, d, J = 10.8 Hz), 4.12 (1H, td, J = 8.8, 2.0 Hz), 3.92 (1H,
m), 2.34-2.24 (4H, m), 2.00 (1H, m), 1.82-1.77 (4H, m); 3C-NMR (CDCls, 100 MHz) § 200.0-
199.2 (6C, C), 146.7 (C), 138.9 (C), 136.0 (C), 135.9 (C), 135.6 (C), 133.9 (CH), 133.1 (CH),
128.4 (2C, CH), 128.0 (2C, CH), 125.7 (CH), 97.7 (C), 91.3 (C), 83.1 (CH), 67.6 (CH>), 55.1
(CH), 53.3 (CH), 34.8 (CH2), 22.6 (CH3), 20.4 (CH3); IR (film) 2976, 2929, 2872, 2090, 2050,
2015, 1589, 1492, 1452 cm™*; HRMS (ESI, double-focusing) calcd for C27H20Co2NaO7
[M+Na]* 596.9771, found 596.9761.

(C0)3CF“—Co(CO)s
16b

16b: 'H-NMR (CDCl3, 400 MHz) & 7.38 (1H, s), 7.20-7.16 (2H, m), 7.10 (1H, m),7.05 (2H, s),
6.92 (2H, d, J =8.8 Hz), 5.33 (1H, d, J = 10.4 Hz), 4.96 (1H, d, J = 9.6 Hz), 4.06-3.95 (1H, m),
3.60 (1H, m), 2.38 (3H, s), 2.19 (3H, s), 2.04 (1H, m), 1.66 (1H, m); *C-NMR (CDCls, 100
MHz) 6 199.8 (6C, C), 140.7 (C), 138.2 (C), 137.1 (C), 135.7 (C), 133.3 (CH), 133.0 (C), 132.2
(CH), 128.8 (2C, CH), 126.9 (2C, CH), 126.7 (CH), 93.6 (C), 84.8 (C), 78.0 (CH), 66.8 (CH>),
46.5 (CH), 43.6 (CH), 29.6 (CH>), 20.8 (CH3), 20.5 (CH3); IR (film) 2970, 2924, 2887, 2086,
2048, 2015, 1602, 1494, 1446 cm™; HRMS (ESI, double-focusing) calcd for C27H20C02NaO7
[M+Na]* 596.9771, found 596.9766.

MeO P-h H

MeO
H
(CO)CI=—Co(CO)3

15c

15¢: *H-NMR (CDCls, 400 MHz) & 7.36-7.32 (2H, m), 7.26 (1H, m), 7.18 (1H, s), 7.14 (2H,
brd, J=7.2 Hz), 6.04 (1H, s), 4.96 (1H, d, J = 9.6 Hz), 4.09-4.04 (2H, m), 3.99 (1H, m), 3.88
(3H, s), 3.44 (3H, s), 2.57 (1H, m), 1.67-1.51 (2H, m); 3C-NMR (CDCl3, 100 MHz) § 199.8-
199.3 (6C, C), 148.3 (C), 147.9 (C), 145.0 (C), 133.9 (C), 129.1 (2C, CH), 128.6 (2C, CH),
127.8 (C), 126.7 (CH), 116.5 (CH), 114.6 (CH), 95.0 (C), 90.6 (C), 85.4 (CH), 67.8 (CH>), 55.6
(CHa3), 55.3 (CH3), 52.4 (CH), 50.1 (CH), 33.1 (CH>); IR (film) 3024, 2935, 2881, 2090, 2048,
2017, 1604, 1558, 1508, 1465, 1442 cm™; HRMS (ESI, double-focusing) calcd for
C27H20C02NaOg [M+Na]* 628.9669, found 628.9660.
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MeO P-h H

MeO -
H
(CO)CI=—Co(CO)3

16¢c

16¢: *H-NMR (CDCls, 400 MHz) & 7.35-7.31 (2H, m), 7.25 (1H, m), 7.17 (1H, s), 7.13 (2H,
brd, J=7.6 Hz), 6.29 (1H, s), 5.22 (1H, d, J = 6.8 Hz), 4.14 (1H, d, J = 9.2 Hz), 3.97-3.91 (4H,
m), 3.81 (1H, m), 3.62 (3H, s), 3.27 (1H, quin, J = 7.6 Hz), 2.06 (1H, m), 1.65 (1H, m); **C-
NMR (CDCl3z, 100 MHz) 6 200.0-199.5 (6C, C), 148.7 (C), 148.3 (C), 142.0 (C), 133.7 (C),
128.9 (2C, CH), 128.7 (2C, CH), 128.1 (C), 126.8 (CH), 115.3 (CH), 113.9 (CH), 94.7 (C), 86.5
(C), 80.6 (CH), 66.4 (CH2), 55.9 (CH3), 55.6 (CH3), 50.2 (CH), 47.1 (CH), 32.9 (CH2); IR
(film) 3024, 2935, 2846, 2086, 2048, 2017, 1600, 1562, 1508, 1462, 1442 cm™; HRMS (ESI,
double-focusing) calcd for C27H20Co2NaOg [M+Na]* 628.9669, found 628.9683.

MeO
MeO P;h H

MeO

(CO)CFZ—Co(CO)3
15d

15d: 'H-NMR (CDCl3, 400 MHz) & 7.22-7.18 (2H, m), 7.10 (1H, m), 7.06 (1H, s), 7.02 (2H,
brd, J = 7.2 Hz), 4.82 (1H, d, J = 10.0 Hz), 4.28 (1H, d, J = 11.6 Hz), 4.08 (1H, td, J = 9.2, 2.4
Hz), 3.93-3.86 (4H, m), 3.72 (3H, s), 2.93 (3H, s), 2.23 (1H, m), 1.92 (1H, m), 1.68 (1H, m);
13C-NMR (CDCl3, 100 MHz) § 199.9-199.1 (6C, C), 152.5 (C), 152.4 (C), 148.7 (C), 142.6
(C), 131.2 (C), 128.0 (2C, CH), 127.5 (2C, CH), 127.3 (C), 125.6 (CH), 112.5 (CH), 97.5 (C),
90.5 (C), 83.1 (CH), 67.6 (CH2), 60.2 (CH3), 59.1 (CH3), 55.5 (CH3), 54.1 (CH), 50.9 (CH),
34.3 (CH>); IR (film) 3016, 2941, 2090, 2054, 2023, 1587, 1481, 1463, 1429 cm:; HRMS (ESI,
double-focusing) calcd for C2sH22C02NaO10 [M+Na]* 658.9775, found 658.9765.

(CO)CFZ—Co(CO)3
16d
16d: 'H-NMR (CDCls, 400 MHZ) § 7.20-7.16 (2H, m), 7.09 (1H, m), 7.05 (1H, s), 6.94 (2H,
d, J=8.0 Hz), 5.33 (1H, d, J = 6.8 Hz), 5.30 (1H, d, J = 5.2 Hz), 4.06-3.97 (2H, m), 3.93 (3H,
5),3.92 (3H, s), 3.63 (3H, 5), 3.58 (1H, m), 2.08 (1H, m), 1.64 (1H, m); 3C-NMR (CDCls, 100
MHz) & 199.6 (6C, C), 152.9 (C), 152.3 (C), 142.6 (C), 141.9 (C), 131.3 (C), 128.7 (2C, CH),
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126.9 (2C, CH), 126.5 (C), 124.4 (CH), 112.6 (CH), 93.9 (C), 84.1 (C), 78.2 (CH), 66.9 (CH2),
61.2 (CH3), 60.8 (CH3), 55.8 (CH3), 46.3 (CH), 40.0 (CH), 29.9 (CH>); IR (film) 3018, 2966,
2937, 2088, 2052, 2023, 1589, 1483, 1463, 1431, 1400 cm*; HRMS (ESI, double-focusing)
calcd for C2sH22C02NaO10 [M+Na]* 658.9775, found 658.9794.

MeO
P,

MeO

(CO)sCFZ—C0(CO)3
15e

15e: 'H-NMR (CDCls, 400 MHz) § 7.17-7.13 (2H, m), 7.07 (1H, m), 6.97 (2H, brd, J = 6.8
Hz), 6.92 (1H, d, J = 2.8 Hz), 6.28 (1H, d, J = 2.4 Hz), 4.83 (1H, d, J = 10.0 Hz), 4.23 (1H, d,
J=11.2 Hz), 4.09 (1H, td, J = 8.8, 2.4 Hz), 3.91 (1H, m), 3.82 (3H, s), 3.20 (3H, s), 2.24 (1H,
m), 1.91 (1H, m), 1.69 (1H, m); 3C-NMR (CDCls, 100 MHz) § 199.9-199.1 (6C, C), 159.2
(C), 159.1 (C), 148.6 (C), 137.2 (C), 127.6 (2C, CH), 127.3 (2C, CH), 125.1 (CH), 122.8 (C),
110.3 (CH), 100.6 (CH), 97.3 (C), 90.1 (C), 83.3 (CH), 67.6 (CH2), 55.2 (CH3), 55.0 (CH3),
53.8 (CH), 50.4 (CH), 34.2 (CH>); IR (film) 3020, 2939, 2887, 2092, 2054, 2031, 2598, 1454,
1431, 1406 cm™; HRMS (ESI, double-focusing) calcd for C27H20C02NaOg [M+Na]* 628.9669,
found 628.9670.

MeO

(C0)sCIF——Co(CO)s
16e

16e: *H-NMR (CDCl3, 400 MHz) § 7.19-7.15 (2H, m), 7.09 (1H, m), 6.95 (2H, d, J = 8.4 Hz),
6.86 (1H,d, J=2.0 Hz), 6.52 (1H, d, J = 2.4 Hz), 5.38 (1H, d, J=5.6 Hz),5.35 (1H, d,J=6.4
Hz), 4.05-3.95 (2H, m), 3.87 (3H, s), 3.73 (3H, s), 3.57 (1H, m), 2.05 (1H, m), 1.64 (1H, m);
13C-NMR (CDCl3, 100 MHz) § 199.6 (6C, C), 159.8 (C), 158.8 (C), 141.9 (C), 137.8 (C), 128.6
(2C, CH), 126.8 (2C, CH), 126.3 (CH), 118.9 (C), 109.8 (CH), 98.9 (CH), 93.7 (C), 84.0 (C),
78.1 (CH), 66.9 (CH2), 56.0 (CH3), 55.2 (CH3), 45.9 (CH), 38.7 (CH), 29.7 (CH2); IR (film)
3010, 2937, 2887, 2088, 2052, 2023, 1598, 1571, 1456, 1435, 1415 cm™*; HRMS (ESI, double-
focusing) calcd for C27H20C02NaOg [M+Na]* 628.9669, found 628.9661.

Table 4

TJx=)FuF—)L 10 1 eq) AT F INTIa— L 2a (1.2 eq) &
CH:Clo 2 L. K F. BFs * OEts Beq) & F L7z, 7/ FHHSK T CHEE
L 7= % (FEHRRE] X Table 4 22 H0), fafREEKET N U U LK%M Z TR %
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fEik &4, CHCla THIH L7, AHESE 2 KR~ 7 2 7 A TS E-%., &
WAEREELE, BONTHERMEZS VB FNV T a~ T T 7 0 —THRRLL,
RS~y HZ 751718 BLI A V& 19 #1457-,

Me pp

Me —d
17b H

17b: white crystal; mp 142.5-143.2 °C; *H-NMR (CDCls, 400 MHz) § 7.25-7.21 (2H, m), 7.16-
7.12 (3H, m), 6.93 (1H, s), 6.77 (1H, s), 4.85 (1H, d, J = 4.4 Hz), 4.40 (1H, m), 3.90-3.86 (2H,
m), 3.35 (1H, m), 2.34-2.19 (8H, m), 1.96 (1H, m), 1.86 (1H, m), 1.63 (1H, m), 1.37 (1H, m);
13C-NMR (CDCl3, 100 MHz) & 143.1 (C), 143.0 (C), 137.8 (C), 136.2 (C), 134.4 (C), 129.1
(CH), 129.0 (CH), 128.3 (2C, CH), 126.8 (2C, CH), 125.7 (CH), 77.4 (CH), 65.5 (CH>), 42.7
(CH), 42.3 (CH), 29.6 (CH2), 29.4 (CH3), 28.6 (CH2), 20.9 (CH3), 20.8 (CH3); IR (film) 2939,
2910, 2872, 1604, 1498, 1479, 1446 cm™; HRMS (EI, double-focusing) calcd for C21H2403
[M]*292.1827, found 292.1830.

Me pp

Me [e)
18b

18b: white crystal; mp 110.6-111.2 °C; *H-NMR (CDCls3, 400 MHz) § 7.26-7.22 (2H, m), 7.16
(1H, m), 7.11-7.09 (2H, m), 6.84 (1H, s), 6.82 (1H, s), 4.16 (1H, d, J = 9.2 Hz), 3.95-3.82 (2H,
m), 3.67 (1H, m), 3.22 (1H, m), 2.65 (1H, ddd, J = 14.0, 5.6, 1.6 Hz), 2.53-2.28 (3H, m), 2.26
(3H, s), 2.02 (3H, s), 1.91 (1H, m), 1.68 (1H, m); 3C-NMR (CDCls, 100 MHz) § 145.0 (C),
138.5 (C), 137.1(C), 136.1 (C), 136.0 (C), 130.2 (CH), 129.1 (CH), 128.4 (2C, CH), 127.6 (2C,
CH), 126.0 (CH), 79.7 (CH), 67.5 (CH2), 52.2 (CH), 49.6 (CH), 36.2 (CH3>), 32.3 (CH>), 31.9
(CH2), 20.7 (CHa3), 20.6 (CH3); IR (film) 2958, 2929, 2862, 1610, 1600, 1494, 1477, 1448,
1438 cm™; HRMS (EI, double-focusing) calcd for C21H240 [M]+292.1827, found 292.1806.

17¢:18c=23:1

17c + 18c: colorless oil; *H-NMR for 17¢ (CDCls, 400 MHz) § 7.37-7.34 (2H, m), 7.28-7.21
(3H, m), 6.70 (1H, s), 6.28 (1H, s), 4.31 (1H, d, J = 10.0 Hz), 4.06 (1H, m), 3.94-3.74 (5H, m),
3.58 (3H, ), 3.11 (1H, m), 2.83 (1H, m), 2.53 (1H, m), 2.08 (1H, m), 1.96 (1H, m), 1.83 (1H,
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m), 1.66 (1H, m); *C-NMR for 17¢ (CDCl3, 100 MHz) § 146.9 (C), 146.6 (C), 142.7 (C), 133.9
(C), 133.8 (C), 129.0 (2C, CH), 128.4 (2C, CH), 126.3 (CH), 113.2 (CH), 112.6 (CH), 79.0
(CH), 65.3 (CH3>), 55.8 (CH3), 55.6 (CH3), 47.6 (CH), 44.4 (CH), 31.5 (CH2), 29.3 (CH>), 28.5
(CH2); IR (film) 3005, 2935, 2873, 1604, 1512, 1450, 1400 cm™; HRMS (EI, double-focusing)
calcd for C21H2403 [M]* 324.1726, found 324.1709.

MeO MeO
MeO P?h H MeO P;h H
17d H 18d
17d:18d=26:1

17d + 18d: colorless oil; *H-NMR for 17d (CDCls, 400 MHz) § 7.26-7.22 (2H, m), 7.17-7.14
(3H, m), 6.46 (1H, s), 5.15 (1H, d, J = 4.0 Hz), 4.34 (1H, m), 3.92-3.85 (8H, m), 3.77 (3H, s),
3.32 (1H, m), 2.36-2.25 (2H, m), 1.99 (1H, m), 1.85 (1H, m), 1.64 (1H, m), 1.40 (1H, m); 13C-
NMR for 17d (CDCl3, 100 MHz) 6 153.1 (C), 151.7 (C), 143.5 (C), 140.2 (C), 138.7 (C), 128.2
(2C, CH), 127.0 (2C, CH), 125.6 (CH), 124.7 (C), 109.0 (CH), 77.4 (CH), 65.5 (CH>), 61.0
(CH3s), 60.8 (CH3), 55.7 (CH3), 42.9 (CH), 38.7 (CH), 29.5 (CH2), 29.4 (CH>), 29.3 (CH>); IR
(film) 3008, 2939, 2879, 1597, 1492, 1456, 1408 cm™*; HRMS (EI, double-focusing) calcd for
C22H2604 [M]* 354.1831, found 354.1844.

MeO
MeO

Ph

MeO
19d @1

19d: colorless oil; *H-NMR for major product (CDCls, 400 MHz) § 7.39-7.10 (5H, m), 6.52
(1H, s), 4.64 (1H, d, J = 6.8 Hz), 4.11-3.97 (2H, m), 3.82 (3H, s), 3.73 (3H, s), 3.72 (3H, 3),
3.51 (1H, m), 2.97 (1H, dt, J = 16.4, 9.2 Hz), 2.76 (1H, ddd, J = 16.0, 9.6, 1.6 Hz), 2.64 (1H,
m), 2.26-2.17 (1H, m), 2.14-2.06 (1H, m), 2.05-1.98 (1H, m), 1.95-1.86 (1H, m); 3C-NMR for
major product (CDCl3, 100 MHz) 6 153.2 (C), 150.0 (C), 143.6 (C), 140.0 (C), 139.6 (C), 129.6
(C), 127.9 (2C, CH), 126.9 (CH), 126.1 (2C, CH), 103.3 (CH), 83.6 (CH), 68.3 (CH>), 60.7
(CHa3), 60.2 (CH3), 56.1 (CH3), 51.4 (CH), 44.3 (CH), 32.1 (CH3), 31.1 (CH3), 29.2 (CH>);
'H-NMR for minor product (CDCl3s, 400 MHz) & 7.39-7.10 (5H, m), 6.52 (1H, s), 4.62 (1H, d,
J=7.6 Hz), 4.11-3.97 (2H, m), 3.82 (3H, s), 3.78 (3H, s), 3.68 (3H, s), 3.45 (1H, quin, J=4.0
Hz), 3.01-2.81 (3H, m), 2.26-2.17 (1H, m), 2.14-2.06 (1H, m), 1.85-1.71 (2H, m); 3*C-NMR
for minor product (CDCl3s, 100 MHz) 6 153.0 (C), 149.9 (C), 142.2 (C), 140.3 (C), 139.3 (C),
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129.8 (C), 128.2 (2C, CH), 127.3 (CH), 126.3 (2C, CH), 103.3 (CH), 84.0 (CH), 68.1 (CH>),
60.8 (CHs), 60.2 (CH3), 56.0 (CHs), 50.3 (CH), 42.3 (CH), 32.5 (CH>), 28.2 (CH>), 26.3
(CH2); IR (film) 3007, 2939, 2873, 1602, 1587, 1481, 1465, 1413 cm™; HRMS (EI, double-
focusing) calcd for C22H2604 [M]* 354.1831, found 354.1813.

MeO MeO
Ph Py

MeO . * Meo
17e H 18e

17e:18e=33:1

17e + 18e: colorless oil; *H-NMR for 17e (CDCls, 400 MHz) § 7.25-7.20 (2H, m), 7.16-7.11
(3H, m), 6.42 (1H, d, J = 2.8 Hz), 6.29 (1H, d, J = 2.8 Hz), 5.25 (1H, d, J = 4.4 Hz), 4.37 (1H,
m), 3.89-3.85 (2H, m), 3.82 (3H, s), 3.76 (3H, m), 3.29 (1H, m), 2.38-2.27 (2H, m), 1.96 (1H,
m), 1.85 (1H, m), 1.61 (1H, m), 1.39 (1H, m); 3C-NMR for 25e (CDCls, 100 MHz) § 159.5
(C), 159.0 (C), 145.2 (C), 143.8 (C), 128.1 (2C, CH), 127.0 (2C, CH), 125.4 (CH), 119.7 (C),
106.4 (CH), 96.1 (CH), 77.5 (CH), 65.6 (CH2), 55.9 (CH3s), 55.1 (CH3), 42.7 (CH), 37.4 (CH),
29.7 (CH2), 29.4 (CH32), 29.0 (CH>); IR (film) 3005, 2937, 2885, 1604, 1585, 1492, 1462, 1421
cm™; HRMS (EI, double-focusing) calcd for C21H2403 [M]* 324.1726, found 324.1713.

MeO
Ph

MeO
19 (1:1)

19e: colorless oil; *H-NMR for 19e-1 (CDCl3, 400 MHz) § 7.35-7.14 (5H, m), 6.36 (1H, d, J =
1.2 Hz),6.21 (1H, d, J =2.0 Hz), 4.66 (1H, d, J = 8.0 Hz), 4.09-3.94 (2H, m), 3.76 (3H, s), 3.67
(3H, s), 3.42 (1H, quin, J = 4.4 Hz), 2.99-2.88 (2H, m), 2.83 (1H, m), 2.25-2.12 (1H, m), 2.10-
2.02 (1H, m), 1.90-1.72 (2H, m); *C-NMR for 19e-1 (CDCl3, 100 MHz) § 160.4 (C), 156.7
(C), 146.3 (C), 1425 (C), 128.2 (2C, CH), 127.2 (CH), 126.2 (2C, CH), 125.3 (C), 100.5 (CH),
96.5 (CH), 83.9 (CH), 68.0 (CH2), 55.3 (CH3), 54.9 (CH3), 49.5 (CH), 42.0 (CH), 32.6 (CH>),
28.5 (CH2), 26.8 (CH2); 'H-NMR for 19e-2 (CDCls, 400 MHz) § 7.35-7.14 (5H, m), 6.36 (1H,
d,J=1.2 Hz), 6.13 (1H, d, J = 2.0 Hz), 4.65 (1H, d, J = 7.2 Hz), 4.09-3.94 (2H, m), 3.76 (3H,
s), 3.61 (3H, s), 3.49 (1H, m), 2.99-2.88 (1H, m), 2.81-2.66 (2H, m), 2.25-2.12 (1H, m), 2.10-
2.02 (1H, m), 1.95 (1H, m), 1.90-1.72 (1H, m); *C-NMR for 19e-2 (CDCls, 100 MHz) § 160.5
(C), 156.7 (C), 146.9 (C), 143.7 (C), 127.9 (2C, CH), 126.8 (CH), 126.1 (2C, CH), 124.8 (C),
100.6 (CH), 96.4 (CH), 83.6 (CH), 68.3 (CH2), 55.4 (CH3), 54.6 (CH3), 51.2 (CH), 43.1 (CH),
32.2 (CH3), 30.6 (CH2), 29.6 (CH>); IR (film) 2941, 2870, 2837, 1597, 1489, 1463, 1454, 1427
cmt; HRMS (EI, double-focusing) calcd for Co1H2403 [M]* 324.1726, found 324.1724.
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Scheme 43

7Tk R 27 (1 eq)% THF 2% fE L. =iEIZ T (carbomethoxymethylene)
triphenyl phosphorane (1.5 eq.) &z 7=, 7 /LT RAK T, —BeEE L=, I
EREELEEEV VAN T AT a~w NI 5T 4 —TRER L ARfEfIT— A7 L 28

2157,
&
co,Me

28a
28a: 1.45 g, 66%; *H-NMR (CDCls, 400 MHz) § 7.30-7.26 (2H, m), 7.21-7.16 (3H, m), 7.00
(1H, dt, J = 16.0, 7.2 Hz), 5.84 (1H, d, J = 16.0 Hz), 3.70 (3H, s), 2.76 (2H, t, J = 8.0 Hz), 2.51
(2H, m); BC-NMR (CDCls, 100 MHz) § 166.8 (C), 148.2 (CH), 140.6 (C), 128.3 (2C, CH),
128.2 (2C, CH), 126.0 (CH), 121.3 (CH), 51.3 (CH3), 34.2 (CH2), 33.7 (CH2); IR (film) 3026,
2949, 2856, 1724, 1656, 1436 cm™; HRMS (EI, double-focusing) calcd for C12H1202 [M]*
190.0994, found 199.0990.

CO,Me

28b
Me

28b: 2.47 g, 76%; *H-NMR (CDCls, 400 MHz) & 7.09 (2H, d, J = 8.0 Hz), 7.05 (2H,d, J=8.0
Hz), 6.99 (1H, dt, J = 16.0, 6.8 Hz), 5.83 (1H, dt, J = 16.0, 1.2 Hz), 3.70 (3H, 5), 2.72 (2H, t, J
= 8.0 Hz), 2.49 (2H, m), 2.30 (3H, s); *C-NMR (CDCls, 100 MHz) § 166.9 (C), 148.4 (CH),
137.5 (C), 135.5 (C), 129.0 (2C, CH), 128.1 (2C, CH), 121.2 (CH), 51.3 (CH3), 33.9 (CH>),
33.8 (CH2) , 20.9 (CHs3); IR (film) 3018, 2954, 2924, 2852, 1708, 1654, 1516, 1436 cm™;
HRMS (EI, double-focusing) calcd for C13H1602 [M]" 204.1150, found 204.1144.

|
/&\cozm«a
Me

28c
28¢c: 2.15 g, 67%; *H-NMR (CDCls, 400 MHz) § 7.16 (1H, t, J = 7.2 Hz), 7.03-6.95 (4H, m),
5.84 (1H, d, J = 16.0 Hz), 3.70 (3H, s), 2.71 (2H, t, J = 7.2 Hz), 2.49 (2H, m), 2.31 (3H, s); 1*C-
NMR (CDCls, 100 MHz) 6 166.8 (C), 148.3 (CH), 140.5 (C), 137.9 (C), 129.0 (CH), 128.2
(CH), 126.8 (CH), 125.2 (CH), 121.2 (CH), 51.2 (CH3), 34.1 (CH>), 33.8 (CH2), 21.2 (CH3);
IR (film) 3020, 2949, 2924, 2858, 1724, 1658, 1436 cm™; HRMS (EI, double-focusing) calcd
for C13H1602 [M]* 204.1150, found 204.1150.
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co,Me

Me 28d

Me

28d: 1.66 g, 80%; *H-NMR (CDCls, 400 MHz) § 7.05-6.96 (2H, m), 6.94 (1H, s), 6.90 (1H, d,
J=7.6Hz),5.84 (1H, d, J = 16.0 Hz), 3.71 (3H, s), 2.69 (2H, t, J = 8.0 Hz), 2.49 (2H, q, J =
8.0 Hz), 2.23 (3H, 5), 2.22 (3H, s); *C-NMR (CDCls, 100 MHz) § 166.9 (C), 148.5 (CH), 138.1
(C), 136.4 (C), 134.1 (C), 129.6 (CH), 129.5 (CH), 125.5 (CH), 121.2 (CH), 51.3 (CH3), 34.0
(CH>), 33.7 (CH2), 19.6 (CH3), 19.2 (CHa3); IR (film) 3005, 2947, 2922, 2856, 1724, 1656,
1504, 1436 cm™; HRMS (EI, double-focusing) calcd for Ci14H1s02 [M]* 218.1307, found

2181300
/&L
CO,Me
Me Me

28e
28e: 2.09 g, 94%; 'H-NMR (CDCls, 400 MHz)  7.00 (1H, dt, J = 16.0, 7.6 Hz), 6.83 (1H, s),
6.78 (2H, s), 5.84 (1H, dt, J = 16.0, 1.2 Hz), 3.71 (3H, s), 2.67 (2H, t, J = 7.6 Hz), 2.49 (2H, m),
2.27 (6H, s); 3C-NMR (CDCl3, 100 MHz) § 166.9 (C), 148.5 (CH), 140.6 (C), 137.8 (2C, C),
127.7 (CH), 126.0 (2C, CH), 121.1 (CH), 51.3 (CH3), 34.0 (CH.), 33.8 (CH2), 21.1 (2C, CH3);
IR (film) 3014, 2949, 2920, 2856, 1724, 1656, 1606, 1435 cm™*; HRMS (El, double-focusing)
calcd for C14H1802 [M]* 218.1307, found 218.1327.

Co,Me

28f
Me

28f: 2.33 g, 74%; 'H-NMR (CDCls, 400 MHz) § 7.07 (2H, d, J = 8.4 Hz), 6.98 (1H, dt, J =
16.0, 6.8 Hz), 6.82 (2H, m), 5.83 (1H, dt, J = 16.0, 1.6 Hz), 3.76 (3H, s), 3.70 (3H, s), 2.70 (2H,
t,J =7.2 Hz), 2.47 (2H, m); °C-NMR (CDCl3, 100 MHz) § 166.8 (C), 157.8 (C), 148.3 (CH),
132.6 (C), 129.0 (2C, CH), 121.2 (CH), 113.7 (2C, CH), 55.0 (CH3), 51.2 (CH3), 34.0 (CH>),
33.2 (CH>); IR (film) 2999, 2949, 2837 1724, 1656, 1612, 1514, 1436 cm™*; HRMS (El, double-
focusing) calcd for C13H1603 [M]* 220.1100, found 220.1102.

|
/&cozm
MeO

289
28g: 3.11 g, 92%; *H-NMR (CDCls, 400 MHz) 5 7.19 (1H, t, J = 8.0 Hz), 6.99 (1H, dt, J = 16.0,
6.8 Hz), 6.77-6.71 (3H, m), 5.84 (1H, dt, J = 16.0, 1.2 Hz), 3.78 (3H, s), 3.71 (3H, s), 2.74 (2H,
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t,J = 7.6 Hz), 2.51 (2H, m); 3C-NMR (CDCls, 100 MHz) § 166.8 (C), 159.6 (C), 148.2 (CH),
142.2 (C), 129.3 (CH), 121.3 (CH), 120.6 (CH), 114.0 (CH), 111.3 (CH), 55.0 (CH3s), 51.3
(CH3), 34.2 (CH>), 33.6 (CH>); IR (film) 3030, 2949, 2918, 2837, 1716, 1651, 1585, 1489,
1454, 1435 cm™; HRMS (EI, double-focusing) calcd for Ci1sH1603 [M]" 220.1100, found
220.1092.

CO,Me

MeO 28h

Me

28h: 2.06 g, 82%; 'H-NMR (CDCls, 400 MHz) § 7.00 (1H, dt, J = 16.0, 6.8 Hz), 6.79 (1H, d,
J=7.6 Hz), 6.72-6.69 (2H, m), 5.84 (1H, d, J = 16.0 Hz), 3.86 (3H, s), 3.85 (3H, s), 3.71 (3H,
s), 2.72 (2H, t, J = 7.6 Hz), 2.51 (2H, m); *C-NMR (CDCls, 100 MHz) § 166.8 (C), 148.7 (C),
148.2 (CH), 147.2 (C), 133.2 (C), 121.2 (CH), 120.0 (CH), 111.5 (CH), 111.1 (CH), 55.7 (CH3),
55.6 (CHs), 51.2 (CH3s), 33.9 (CH3), 33.8 (CH2); IR (film) 3016, 2949, 2939, 2835, 1716, 1654,
1591, 1517, 1463, 1454, 1436 cm™; HRMS (EI, double-focusing) calcd for C14H1s04 [M]*
250.1205, found 250.1216.

CO,Me

MeO OMe ,g;
Me

28i: 2.44 g, 89%; *H-NMR (CDCl3, 400 MHz) § 7.00 (1H, dt, J = 15.6, 6.8 Hz), 6.39 (2H, 3),
5.86 (1H, dt, J = 16.0, 1.6 Hz), 3.84 (6H, s), 3.82 (3H, s), 3.72 (3H, s), 2.72 (2H, t, J = 8.0 Hz),
2.52 (2H, m); *C-NMR (CDCl3, 100 MHz) § 166.8 (C), 153.0 (2C, C), 148.1 (CH), 136.3 (C),
136.2 (C), 121.3 (CH), 105.1 (2C, CH), 60.7 (CH3s), 55.9 (2C, CH3), 51.3 (CH3), 34.6 (CH>),
33.8 (CH2); IR (film) 3012, 2943, 2839, 1720, 1654, 1589, 1508, 1458, 1435, 1421 cm;
HRMS (EI, double-focusing) calcd for C1sH200s [M]* 280.1311, found 280.1289.

MeO O

Me 28
28j: 1.97 g, 56%; *H-NMR (CDCI3, 400 MHz) & 6.99 (1H, dt, J = 16.0, 6.8 Hz), 6.33 (2H, d, J
= 2.0 Hz), 6.31 (1H, t, J = 2.0 Hz), 5.85 (1H, dt, J = 16.0, 1.2 Hz), 3.76 (6H, s), 3.71 (3H, ),
2.70 (2H, t, J = 7.6 Hz), 2.51 (2H, m); 3C-NMR (CDCls, 100 MHz) § 166.8 (C), 160.7 (2C,
C), 148.2 (CH), 143.0(C), 121.3 (CH), 106.3 (2C, CH), 97.9 (CH), 55.1 (2C, CH3), 51.3 (CH3),
34.5 (CH2), 33.5 (CH); IR (film) 3030, 2949, 2839, 1716, 1654, 1593, 1458, 1431 cm™’; HRMS
(El, double-focusing) calcd for C14H1804 [M]* 250.1205, found 250.1207.
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REFi= A7 )L 28 (1 eq.) % THF (2 f# L. -78°C |2 C DIBAH (1.02 M in Hexane,
2.5eq)x o< VTN Lo, 7T RBKT, 1-2 REEIFE L721%. H20 2512 T
FOR AR IR S, vy = VIEORFKRE Z N2 CTHo 72 REiRi U, Biis—JF /1T
M U7z, B8 2 BKRE~ 7 327 A CHBRSH7-1% . RikABEE L=, Boh
THERMZE S VBTN T A a~ T T 7 4—THEL, TV LT Lra— 29

2157,

29a: 1.30 g, quant.; *H-NMR (CDCls, 400 MHz)  7.28-7.25 (2H, m), 7.18-7.15 (3H, m), 5.75-
5.60 (2H, m), 4.04 (2H, d, J = 5.2 Hz), 2.69 (2H, t, J = 8.0 Hz), 2.36 (2H, m); 3C-NMR (CDCls,
100 MHz) & 141.6 (C), 132.0 (CH), 129.5 (CH), 128.3 (2C, CH), 128.2 (2C, CH), 125.7 (CH),
63.4 (CH2), 35.4 (CH2), 33.8 (CH.); IR (film) 3336, 3026, 2924, 2856, 1496, 1454 cm’; HRMS
(El, double-focusing) calcd for C11H140 [M]" 162.1045, found 162.1042.

OH

29b
Me

29b: 1.97 g, 93%; *H-NMR (CDCls, 400 MHz) § 7.07 (4H, m), 5.74-5.60 (2H, m), 4.04 (2H,
d, J =5.2 Hz), 2.65 (2H, t, J = 7.6 Hz), 2.36-2.30 (4H, m); C-NMR (CDCls, 100 MHz) &
138.5 (C), 135.1 (C), 132.1 (CH), 129.4 (CH), 128.9 (2C, CH), 128.1 (2C, CH), 63.4 (CH>),
34.9 (CH>), 33.9 (CH2), 20.8 (CH3); IR (film) 3346, 3018, 3005, 2922, 2856, 1516, 1452, 1436
cmt; HRMS (ElI, double-focusing) calcd for C12H160 [M]* 176.1201, found 176.1205.

&OH
Me

29c: 1.78 g, 96%; H-NMR (CDCl3, 400 MHz) § 7.16 (1H, t, J = 8.0 Hz), 6.98-6.96 (3H, m),
5.75-5.61 (2H, m), 4.05 (2H, d, J = 5.6 Hz), 2.65 (2H, t, J = 8.4 Hz), 2.37-2.31 (4H, m); *C-
NMR (CDCl3, 100 MHz) & 141.5 (C), 137.7 (C), 132.1 (CH), 129.4 (CH), 129.1 (CH), 128.1
(CH), 126.5 (CH), 125.3 (CH), 63.4 (CH>), 35.3 (CH>), 33.9 (CH2), 21.3 (CH3); IR (film) 3336,
3012, 2922, 2856, 1608, 1489, 1452, 1436 cm™; HRMS (EI, double-focusing) calcd for
C12H160 [M]* 176.1201, found 176.1228.
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OH

Me 29d

Me

29d: 1.30 g, 89%; 'H-NMR (CDCls, 400 MHz) § 7.08-6.90 (3H, m), 5.79-5.62 (2H, m), 4.07
(2H, brs), 2.65 (2H, m), 2.37 (2H, m), 2.26 (3H, s), 2.23 (3H, s); *C-NMR (CDCl3, 100 MHz)
8139.0(C), 136.2(C), 133.7(C), 132.2 (CH), 129.6 (CH), 129.4 (CH), 129.3 (CH), 125.6 (CH),
63.4 (CH3), 34.9 (CH2), 34.0 (CH2), 19.6 (CH3), 19.1 (CH3); IR (film) 3356, 3003, 2922, 2856,
1668, 1616, 1504, 1452 cm™; HRMS (EI, double-focusing) calcd for C13H150 [M]* 190.1358,

found 190.1368.
A
Me Me

29%e
29¢: 1.56 g, 89%; 'H-NMR (CDCl3, 400 MHz) § 6.82 (1H, s), 6.79 (2H, s), 5.76-5.61 (2H, m),
4.06 (2H, d, J=6.0 Hz), 2.61 (2H, t, J = 8.0 Hz), 2.34 (2H, m), 2.28 (6H, s); *C-NMR (CDCls,
100 MHz) 6 141.5 (C), 137.7 (2C, C), 132.3 (CH), 129.3 (CH), 127.4 (CH), 126.1 (2C, CH),
63.5 (CH2), 35.3 (CH>), 33.9 (CH>), 21.2 (2C, CH3s); IR (film) 3354, 3012, 2919, 2856, 1670,
1606, 1454 cm™; HRMS (EI, double-focusing) calcd for CisH1sO [M]" 190.1358, found
190.1379.

OH

29f
Me

29f: 1.94 g, 95%; 'H-NMR (CDCls, 400 MHz) & 7.08 (2H, m), 6.81 (2H, m), 5.73-5.59 (2H,
m), 4.04 (2H, d, J = 5.2 Hz), 3.75 (3H, s), 2.62 (2H, t, J = 7.6 Hz), 2.33 (2H, m); °C-NMR
(CDCls, 100 MHz) 6 157.6 (C), 133.7 (C), 131.9 (CH), 129.4 (CH), 129.1 (2C, CH), 113.6 (2C,
CH), 63.3 (CH2), 55.0 (CH3), 34.4 (CH>), 34.0 (CH>); IR (film) 3356, 3003, 2931, 2854, 1612,
1512, 1463, 1456, 1440 cm™*; HRMS (EI, double-focusing) calcd for C12H1602 [M]* 192.1150,

found 192.1150.
o he
MeO

299
29g: 2.42 g, 89%; *H-NMR (CDCls, 400 MHz) § 7.18 (1H, m), 6.77-6.72 (3H, m), 5.74-5.61
(2H, m), 4.05 (2H, d, J = 5.2 Hz), 3.77 (3H, s), 2.67 (2H, t, J = 7.6 Hz), 2.35 (2H, m); *C-NMR
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(CDCls, 100 MHz) 6 159.4 (C), 143.2 (C), 131.9 (CH), 129.5 (CH), 129.1 (CH), 120.7 (CH),
114.1 (CH), 110.9 (CH), 63.4 (CH2), 55.0 (CH3), 35.4 (CH>), 33.7 (CH>); IR (film) 3358, 3024,
3001, 2935, 2856, 1600, 1583, 1489, 1454, 1436 cm™*; HRMS (EI, double-focusing) calcd for
C12H1602 [M]* 192.1150, found 192.1156.

OH

MeO 29h

Me

29h: 0.480 g, 43%; *H-NMR (CDCls, 400 MHz) § 6.78 (1H, d, J = 9.2 Hz), 6.72-6.70 (2H, m),
5.75-5.61 (2H, m), 4.06 (2H, d, J = 5.2 Hz), 3.85 (3H, s), 3.84 (3H, ), 2.64 (2H, t, J = 7.2 Hz),
2.35 (2H, m); 3C-NMR (CDCl3, 100 MHz) & 148.5 (C), 147.0 (C), 134.2 (C), 131.8 (CH),
129.4 (CH), 120.0 (CH), 111.6 (CH), 111.0 (CH), 63.3 (CH2), 55.7 (CH3), 55.6 (CH3), 34.9
(CH2), 34.0 (CH2); IR (film) 3385, 3001, 2935, 2852, 1591, 1516, 1463, 1454, 1442, 1417 cm’
1 HRMS (EI, double-focusing) calcd for C13H1s03 [M]* 222.1256, found 222.1253.

OH

MeO OMe g
Me

29i: 0.636 g, 64%; 'H-NMR (CDCls, 400 MHz) § 6.40 (2H, s), 5.77-5.64 (2H, m), 4.09 (2H, d,
J =4.0 Hz), 3.84 (6H, s), 3.81 (3H, s), 2.64 (2H, t, J = 7.6 Hz), 2.36 (2H, q, J = 6.4 Hz); °C-
NMR (CDCl3, 100 MHz) 6 152.9 (2C, C), 137.4 (C), 135.9 (C), 131.7 (CH), 129.5 (CH), 105.1
(2C, CH), 63.3 (CH2), 60.6 (CH3), 55.9 (2C, CH3), 35.7 (CH2), 33.8 (CH>); IR (film) 3419,
2997, 2937, 2839, 1589, 1508, 1456, 1421 cm™; HRMS (EI, double-focusing) calcd for
C14H2004 [M]* 252.1362, found 252,1349.

& "
MeO (@]

Me 29
29j: 1.78 g, quant.; *H-NMR (CDCls, 400 MHz) § 6.33 (2H, d, J = 2.0 Hz), 6.30 (1H,t, J = 2.4
Hz), 5.75-5.61 (2H, m), 4.06 (2H, d, J = 5.2 Hz), 3.76 (6H, s), 2.63 (2H, t, J = 8.0 Hz), 2.35
(2H, m); BC-NMR (CDCls, 100 MHz) § 160.5 (2C, C), 144.0 (C), 131.8 (CH), 129.5 (CH),
106.4 (2C, CH), 97.6 (CH), 63.3 (CH2), 55.1 (2C, CH3), 35.6 (CH2), 33.6 (CH2); IR (film)
3373, 3001, 2937, 2856, 1597, 1460, 1429 cm™?; HRMS (EI, double-focusing) calcd for
C13H1803 [M]* 222.1256, found 222.1255.

TUNTa—) 29 (1 eq.)% DMSO (2R L., =iRIZTIBX (2 eq) &z 7=,
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T UEMKE, 1 RFRIRHE L7ot%, K N CRIMREEAKFET N U o LKEHR 2N
TN EEIESE, BT A NAREIT-Tz, AIREEHBR—T /L CTHI L., AHE%
BB~ 72 LTS B 2B E L, ika T a— M T L LT,

B oA Z CHClo 2 fiE L. K T, CBrs(2eq.). PPhs(4deq)Z iz
Too T FMKT, 1R Lo, fafniRigKRFE T MY U LKEEZ M Z T
S ZA45 1 &8, CHeCla THiItH L7z, AHkE 2 KR~ 7 2> U LA TR S E T
%, BWIZREEL, REELYa— MU T L LT

/o MAERY % THE (ISR L, -78°C, T3 FFAK F T nrBuli (1.57 M
in Hexane, 2.5 eq) %> < Vi N L7z, —KfH#FE L72#% . (CH20)n (B eq) &M%
TEIRT—BHEE L%, ffElT o= AKEKZ N2 TR Z IR SH,
ez — F )L CHi Uz, AHkE 2 oKmile~ 71> 0 LA CRpf S W7, it a5
Lic, BoNTcAERME ) DTN T L0~ N7 4 —TREL, = A~
30 15372,

X OH
30a

30a: 0.317 g, 22%; 'H-NMR (CDCls, 400 MHz) § 7.30-7.26 (2H, m), 7.21-7.16 (3H, m), 6.18
(1H, dt, J = 16.0, 7.2 Hz), 5.52 (1H, dquin, J = 16.0, 2.0 Hz), 4.35 (2H, s), 2.71 (2H, t, J = 7.2
Hz), 2.43 (2H, m); 3C-NMR (CDCl3, 100 MHz) & 144.3 (CH), 141.0 (C), 128.4 (2C, CH),
128.3 (2C, CH), 126.0 (CH), 109.5 (CH), 85.9 (C), 84.3 (C), 51.5 (CH>), 35.0 (CH.), 34.7
(CH2); IR (film) 3354, 3026, 2926, 2856, 1602, 1496, 1454, 1436 cm™; HRMS (El, double-
focusing) calcd for C13H140 [M]* 186.1045, found 186.1021.

X OH
Me 30b

30b: 0.457 g, 28%; *H-NMR (CDCls, 400 MHz) § 7.09 (2H, d, J = 8.0 Hz), 7.04 (2H, d, J =
8.0Hz),6.17 (1H, dt, J = 16.0, 7.6 Hz), 5.50 (1H, dt, J = 16.0, 1.6 Hz), 4.33 (2H, d, J = 1.6 HZ),
2.65 (2H, t,J = 7.2 Hz), 2.39 (2H, g, J = 7.2 Hz), 2.30 (3H, s); *C-NMR (CDCl3, 100 MHz) &
144.3 (CH), 137.9 (C), 135.3 (C), 128.9 (2C, CH), 128.1 (2C, CH), 109.4 (CH), 85.9 (C), 84.2
(C), 51.3 (CH>), 34.7 (CH>), 34.4 (CH3>) , 20.8 (CH3); IR (film) 3396, 3016, 2924, 2860, 1514,
1436, 1421 cm™; HRMS (El, double-focusing) calcd for CisH1s0 [M]" 200.1201, found
200.1229.
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|
X _OH
Me
30c
30c: 0.165 g, 23%; 'H-NMR (CDCl3, 400 MHz) § 7.17 (1H, t, J = 8.0 Hz), 7.01-6.95 (3H, m),
6.19 (1H, dt, J = 16.0, 7.2 Hz), 5.52 (1H, dt, J = 16.0, 2.0 Hz), 4.36 (2H, d, J = 2.8 Hz), 2.66
(2H,t,J=7.6 Hz), 2.42 (2H, g, J = 8.0 Hz), 2.32 (3H, s); *C-NMR (CDCl3, 100 MHz) 5 144.4
(CH), 141.0 (C), 137.9(C), 129.1 (CH), 128.2 (CH), 126.7 (CH), 125.3 (CH), 109.4 (CH), 85.9
(C), 84.3 (C), 51.6 (CH2), 34.9 (CH>), 34.7 (CH>), 21.3 (CH3); IR (film) 3354, 3014, 2924,
2858, 1608, 1487, 1452, 1436 cm™; HRMS (EI, double-focusing) calcd for C14H160 [M]*
200.1201, found 200.1205.

X _OH
Me
Me 30d
30d: 0.706 g, 36%; 'H-NMR (CDCls, 400 MHz) § 7.03 (1H, d, J = 7.6 Hz), 6.92 (1H, s), 6.88
(1H, d, J=7.6 Hz), 6.17 (1H, dt, J = 16.0, 6.8 Hz), 5.51 (1H, dt, J = 16.0, 1.2 Hz), 4.32 (2H,
s), 2.61 (2H, t, J = 8.0 Hz), 2.38 (2H, g, J = 8.0 Hz), 2.22 (3H, s), 2.21 (3H, s); *C-NMR
(CDCls, 100 MHz) 6 144.4 (CH), 138.4 (C), 136.3 (C), 134.0 (C), 129.6 (CH), 129.5 (CH),
125.5 (CH), 109.3 (CH), 85.9 (C), 84.2 (C), 51.3 (CH>), 34.8 (CH>), 34.4 (CH>), 19.6 (CH3),
19.1 (CH3); IR (film) 3346, 3003, 2922, 2856, 1504, 1450 cm™; HRMS (EI, double-focusing)
calcd for C1sH1s0 [M]* 214.1358, found 214.1370.

|
X _OH
Me Me
30e
30e: 0.439 g, 26%; 'H-NMR (CDCls, 400 MHz) § 6.82 (1H, s), 6.78 (2H, s), 6.18 (1H, dt, J =
16.0, 6.8 Hz), 5.52 (1H, dt, J = 16.0, 2.0 Hz), 4.34 (2H, s), 2.61 (2H, t, J = 7.6 Hz), 2.40 (2H,
m), 2.28 (6H, s); *C-NMR (CDCls, 100 MHz) § 144.5 (CH), 140.9 (C), 137.8 (2C, C), 127.6
(CH), 126.1 (2C, CH), 109.3 (CH), 85.9 (C), 84.3 (C), 51.4 (CH3), 34.8 (CH3), 34.7 (CH>),
21.2 (2C, CHz3); IR (film) 3369, 3014, 2920, 2858, 1606, 1452 cm™*; HRMS (EI, double-
focusing) calcd for C15H180 [M]" 214.1358, found 214.1351.

Vi

OH

Me 30f
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30f: 0.866 g, 44%; 'H-NMR (CDCls, 400 MHz) & 7.07 (2H, m), 6.82 (2H, m), 6.16 (1H, dt, J
= 16.0, 7.6 Hz), 5.50 (1H, dquin, J = 16.0, 2.0 Hz), 4.34 (2H, s), 3.77 (3H, s), 2.64 (2H, t, J =
7.6 Hz), 2.39 (2H, m); 3C-NMR (CDCl3, 100 MHz) § 157.8 (C), 144.3 (CH), 133.1 (C), 129.2
(2C, CH), 113.7 (2C, CH), 109.4 (CH), 85.9 (C), 84.2 (C), 55.1 (CH3), 51.4 (CH>), 34.9 (CH>),
34.0 (CH>); IR (film) 3388, 3007, 2931, 2835, 1612, 1512, 1454, 1440 cm™; HRMS (El,
double-focusing) calcd for C14H1602 [M]* 216.1150, found 216.1139.

|
X _OH
MeO
30g
309: 0.878 g, 34%; *H-NMR (CDCl3, 400 MHz) § 7.19 (1H, t, J = 8.0 Hz), 6.76-6.71 (3H, m),
6.17 (1H, dt, J = 16.0, 6.8 Hz), 5.52 (1H, dquin, J = 16.0, 2.0 Hz), 4.34 (2H, d, J = 1.6 Hz),
3.78 (3H, s), 2.67 (2H, t, J = 7.6 Hz), 2.42 (2H, m); *C-NMR (CDCl3, 100 MHz) § 159.5 (C),
148.1 (CH), 142.6 (C), 129.3 (CH), 120.7 (CH), 114.1 (CH), 111.1 (CH), 109.5 (CH), 86.0 (C),
84.2 (C), 55.0 (CH3), 51.4 (CH2), 34.9 (CHy), 34.5 (CH2); IR (film) 3375, 3005, 2935, 2858,
1600, 1585, 1489, 1454, 1436 cm™; HRMS (EI, double-focusing) calcd for C14H1602 [M]*
216.1150, found 216.1130.

X OH
MeO
Me 30h

30h: 0.222 g, 55%; *H-NMR (CDCls, 400 MHz) § 6.79 (1H, d, J = 8.0 Hz), 6.71-6.69 (2H, m),
6.17 (1H, dt, J = 16.0, 7.6 Hz), 5.51 (1H, dt, J = 16.0, 1.6 Hz), 4.35 (2H, s), 3.86 (3H, s), 3.85
(3H, s), 2.65 (2H, t, J = 7.6 Hz), 2.41 (2H, g, J = 7.6 Hz); 3C-NMR (CDCl3, 100 MHz) § 148.6
(C), 147.2 (C), 144.1 (CH), 133.6 (C), 120.1 (CH), 111.6 (CH), 111.1 (CH), 109.5 (CH), 86.0
(C), 84.1 (C), 55.8 (CH3), 55.7 (CH3), 51.4 (CH2), 34.8 (CH2), 34.5 (CH>); IR (film) 3468,
3001, 2933, 2835, 1591, 1516, 1463, 1452, 1417 cm™*; HRMS (EI, double-focusing) calcd for
C15sH1803 [M]* 246.1256, found 246.1282.

X _OH
MeO OMe
Me 30i

30i: 0.353 g, 70%; *H-NMR (CDCls, 400 MHz) 5 6.38 (2H, s), 6.17 (1H, dt, J = 16.0, 6.8 Hz),
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5.54 (1H, dt, J = 16.0, 1.2 Hz), 4.35 (2H, s), 3.84 (6H, ), 3.82 (3H, 5), 2.64 (2H, t, J = 7.2 Hz),
2.43 (2H, g, J = 7.6 Hz); 3C-NMR (CDCls, 100 MHz) § 152.9 (2C, C), 143.8 (CH), 136.7 (C),
136.1 (C), 109.6 (CH), 105.2 (2C, CH), 86.1 (C), 83.9 (C), 60.7 (CH3s), 55.9 (2C, CH3), 51.3
(CH2), 35.3 (CH>), 34.6 (CH>); IR (film) 3446, 3003, 2937, 2839, 1589, 1508, 1456, 1421 cm"
1 HRMS (EI, double-focusing) calcd for C16H2004 [M]* 276.1362, found 276.1382.

|
X OH
MeO OMe
30j
30j: 0.941 g, 56%; *H-NMR (CDCl3, 400 MHz) § 6.33 (2H, d, J = 2.0 Hz), 6.30 (1H, t, J = 2.4
Hz), 6.16 (1H, dt, J = 16.0, 7.2 Hz), 5.52 (1H, dquin, J = 16.0, 2.0 Hz), 4.34 (2H, s), 3.76 (6H,
s),2.63 (2H,t,J=7.2 Hz), 2.41 (2H, g, J = 7.6 Hz); *C-NMR (CDCl3, 100 MHz) & 160.6 (2C,
C), 144.0 (CH), 143.3 (C), 109.5 (CH), 106.4 (2C, CH), 97.8 (CH), 86.1 (C), 84.0 (C), 55.1
(2C, CH3), 51.3 (CH2), 35.1 (CH2), 34.3 (CH2); IR (film) 3412, 3003, 2935, 2839, 1597, 1462,
1429 cm™; HRMS (EI, double-focusing) calcd for C1sH1s03 [M]* 246.1256, found 246.1267.

T4 30 (1 eq)% DMSO |[ZIEME L, =RIRICTIBX (2 eq)&MA Tz, T/T
FPART, 1R U722, ki T CRafiREEKRET MU U LK 2 N2 TG
iEESH, BT NAWMEIToT-, AREEIG=T /L CHIH L, AiE % mKhiEE
VRV LTS SIS, WA E L, BoniHeERYE L ) DN T
Lrvu~  N7I74—THREL, 7L7t 31 %257,

|
X H
(e}
3la

31a: 0.242 g, 85%; *H-NMR (CDCl3, 400 MHz) § 9.26 (1H, d, J = 0.8 Hz), 7.31-7.24 (2H, m),
7.22-7.15 (3H, m), 6.58 (1H, dt, J = 16.0, 7.2 Hz), 5.66 (1H, dd, J = 16.0, 1.2 Hz), 2.75 (2H, t,
J=7.2 Hz), 2.53 (2H, m); *C-NMR (CDCl3, 100 MHz) § 176.7 (CH), 152.6 (CH), 140.3 (C),
128.4 (2C, CH), 128.3 (2C, CH), 126.2 (CH), 108.0 (CH), 94.3 (C), 87.8 (C), 35.1 (CH>), 34.9
(CH2); IR (film) 3026, 2927, 2856, 2181, 1654, 1618, 1496, 1454, 1436 cm™; HRMS (FAB,
double-focusing) calcd for C13H130 [M+H]" 185.0966, found 185.0974.
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X H

Me
31b

31b: 0.424 g, 92%; *H-NMR (CDCls, 400 MHz) § 9.25 (1H, d, J = 0.8 Hz), 7.09 (2H, d, J =
8.4 Hz), 7.04 (2H, d, J = 8.4 Hz), 6.57 (1H, dt, J = 16.0, 7.2 Hz), 5.64 (1H, dq, J = 16.0, 2.0
Hz), 2.70 (2H, t, J = 7.2 Hz), 2.50 (2H, q, J = 7.2 Hz), 2.31 (3H, s); *C-NMR (CDCls, 100
MHZz) 6 176.7 (CH), 152.8 (CH), 137.2 (C), 135.6 (C), 129.1 (2C, CH), 128.1 (2C, CH), 107.8
(CH), 94.4 (C), 87.7 (C), 35.2 (CH2), 33.9 (CH2) , 20.9 (CH3); IR (film) 3020, 2924, 2856,
2181, 1658, 1618, 1516, 1450, 1436 cm™; HRMS (EI, double-focusing) calcd for C14H140
[M]" 198.1045, found 198.1035.

|
X H

Me
O

31c

31c: 0.137 g, 84%; *H-NMR (CDCl3, 400 MHz) § 9.28 (1H, d, J=1.2 Hz), 7.18 (1H,t,J = 7.6
Hz), 7.02 (1H, d, J = 7.6 Hz), 6.98-6.95 (2H, m), 6.59 (1H, dt, J = 16.0, 6.8 Hz), 5.67 (1H, dq,
J=16.0, 1.6 Hz), 2.72 (2H, t, J = 7.6 Hz), 2.53 (2H, m), 2.33 (3H, s); 3C-NMR (CDCls, 100
MHz) § 176.7 (CH), 152.8 (CH), 140.3 (C), 138.1 (C), 129.1 (CH), 128.4 (CH), 127.0 (CH),
125.3 (CH), 107.9 (CH), 94.4 (C), 87.8 (C), 35.2 (CH>), 34.3 (CH2), 21.3 (CH3); IR (film)
3020, 2924, 2856, 2181, 1658, 1618, 1489, 1452, 1436 cm™*; HRMS (EI, double-focusing) calcd
for C14H140 [M]* 198.1045, found 198.1027.

VA

Me
31d

31d: 63.0 mg, 86%; H-NMR (CDCl3, 400 MHz) & 9.26 (1H, d, J = 0.8 Hz), 7.05 (1H, d, J =
8.0 Hz), 6.93 (1H, s), 6.89 (1H, d, J = 8.0 Hz), 6.58 (1H, dt, J = 16.0, 6.8 Hz), 5.66 (1H, dd, J
= 16.0, 0.8 Hz), 2.68 (2H, t, J = 7.6 Hz), 2.50 (2H, m), 2.23 (3H, s), 2.22 (3H, s); 3C-NMR
(CDCl3, 100 MHz) & 176.7 (CH), 153.0 (CH), 137.7 (C), 136.5 (C), 134.3 (C), 129.7 (CH),
129.6 (CH), 125.5 (CH), 107.8 (CH), 94.5 (C), 87.8 (C), 35.3 (CH>), 33.9 (CH>), 19.6 (CH3),
19.2 (CHs); IR (film) 3005, 2922, 2856, 2183, 1658, 1618, 1504, 1452 cm™; HRMS (El,
double-focusing) calcd for C1sH160 [M]* 212.1201, found 212.1221.
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74

Me Me

3le

31e: 0.355 g, 90%; 'H-NMR (CDCls, 400 MHz) § 9.26 (1H, d, J = 0.8 Hz), 6.84 (1H, s), 6.78
(2H, s), 6.59 (1H, dt, J = 16.0, 6.8 Hz), 5.67 (1H, dg, J = 16.0, 1.2 Hz), 2.67 (2H, t, J = 7.6 Hz),
2.51 (2H, m), 2.29 (6H, s); 3C-NMR (CDCl3, 100 MHz) § 176.7 (CH), 152.9 (CH), 140.2 (C),
137.9 (2C, C), 127.8 (CH), 126.1 (2C, CH), 107.8 (CH), 94.5 (C), 87.8 (C), 35.2 (CH>), 34.2
(CH2), 21.2 (2C, CHs); IR (film) 3014, 2918, 2856, 2181, 1654, 1618, 1606, 1452 cm™’; HRMS
(El, double-focusing) calcd for C1sH160 [M]* 212.1201, found 212.1198.

X H

(0]
Me

31f

31f: 0.524 g, 92%; *H-NMR (CDCl3, 400 MHz) § 9.26 (1H, d, J = 1.2 Hz), 7.08 (2H, m), 6.83
(2H, m), 6.57 (1H, dt, J = 16.0, 6.8 Hz), 5.65 (1H, dq, J = 16.0, 1.2 Hz), 3.78 (3H, s), 2.69 (2H,
t,J=7.6 Hz), 2.50 (2H, m); 3C-NMR (CDCl3, 100 MHz) § 176.7 (CH), 158.0 (C), 152.8 (CH),
132.3 (C), 129.2 (2C, CH), 113.8 (2C, CH), 107.9 (CH), 94.4 (C), 87.7 (C), 55.1 (CH3), 35.4
(CH2), 33.4 (CH2); IR (film) 3005, 2933, 2837, 2181, 1654, 1616, 1514, 1463, 1454, 1440 cm
1 HRMS (El, double-focusing) calcd for C14H1402 [M]* 214.0994, found 214.1011.

|
X H

MeO
O

31g

31g: 36.7mg, 79%; *H-NMR (CDCls, 400 MHz) § 9.26 (1H, d, J = 1.2 Hz), 7.20 (1H, t, J = 8.0
Hz), 6.75 (1H, dd, J = 8.0, 2.0 Hz), 6.70 (1H, t, J = 2.0 Hz), 6.57 (1H, dt, J = 16.0, 7.2 Hz),
5.66 (1H, dg, J = 16.0, 1.6 Hz), 3.78 (3H, 5), 2.72 (2H, t, J = 7.2 Hz), 2.52 (2H, m); 3C-NMR
(CDCl3, 100 MHz) & 176.6 (CH), 159.6 (C), 152.5 (CH), 141.9 (C), 129.4 (CH), 120.6 (CH),
114.1 (CH), 111.3 (CH), 107.9 (CH), 94.2 (C), 87.7 (C), 55.0 (CH3), 34.9 (CH>), 34.3 (CH>);
IR (film) 3007, 2937, 2837, 2181, 1654, 1618, 1600, 1583, 1489, 1454, 1436 cm™; HRMS (EI,
double-focusing) calcd for C14aH1402 [M]* 214.0994, found 214.0988.

101



X H
MeO
Me
31h

31h: 50.4mg, 87%; 'H-NMR (CDCl3, 400 MHz) § 9.27 (1H, s), 6.80 (1H, d, J = 8.4 Hz), 6.71-
6.68 (2H, m), 6.58 (1H, dt, J = 16.0, 6.8 Hz), 5.66 (1H, dd, J = 16.0, 0.8 Hz), 3.87 (3H, s), 3.85
(3H,s), 2.70 (2H, t, J = 7.6 Hz), 2.52 (2H, g, J = 7.6 Hz); 3C-NMR (CDCl3, 100 MHz) & 176.6
(CH), 152.7 (CH), 148.8 (C), 147.4 (C), 132.8 (C), 120.1 (CH), 111.5 (CH), 111.2 (CH), 107.9
(CH), 94.3(C), 87.7(C), 55.8 (CH3), 55.7 (CH3), 35.3 (CH32), 33.9 (CH2>); IR (film) 3020, 2937,
2837, 2181, 1654, 1618, 1591, 1516, 1463, 1454, 1442, 1419 cm™; HRMS (El, double-
focusing) calcd for C1sH1603 [M]" 244.1100, found 244.1079.

X _H
MeO e OMe 3
31i
31i: 48.0 mg, 87%; *H-NMR (CDCl3, 400 MHz) § 9.28 (1H, s), 6.60 (1H, dt, J = 16.0, 6.8 Hz),
6.38 (2H, s), 5.69 (1H, d, J = 16.0 Hz), 3.85 (6H, s), 3.82 (3H, s), 2.70 (2H, t, J = 7.6 Hz), 2.54
(2H, g, J = 7.6 Hz); *C-NMR (CDCls, 100 MHz) § 176.6 (CH), 153.1 (2C, C), 152.5 (CH),
136.3 (C), 136.0 (C), 108.0 (CH), 105.1 (2C, CH), 94.1 (C), 87.8 (C), 60.7 (CH3), 55.9 (2C,
CH3), 35.2 (CH>), 34.7 (CH>); IR (film) 3010, 2939, 2839, 2181, 1654, 1618, 1589, 1508, 1460,
1421 cm™; HRMS (El, double-focusing) calcd for C16H1s04 [M]* 274.1205, found 274.1209.

|
X H

MeO OMe
(e}

31

31j: 0.625 g, 98%; 'H-NMR (CDCl3, 400 MHz) § 9.27 (1H, d, J = 0.8 Hz), 6.58 (1H, dt, J =
16.0, 7.2 Hz), 6.32 (3H, s), 5.77 (1H, dg, J = 16.0, 2.0 Hz), 3.77 (6H, s), 2.69 (2H, t, J = 7.2
Hz), 2.52 (2H, m); 3C-NMR (CDCl3, 100 MHz) § 176.7 (CH), 160.8 (2C, C), 152.5 (CH),
142.6 (C), 107.9 (CH), 106.3 (2C, CH), 97.9 (CH), 94.3 (C), 87.8 (C), 55.1 (2C, CH3s), 34.8
(CH>), 34.6 (CH2); IR (film) 3003, 2937, 2839, 2181, 1654, 1608, 1597, 1462, 1429 cm™;
HRMS (El, double-focusing) calcd for C1sH1603 [M]* 244.1100, found 244.1105

T/ATk R381(leq) % CH2CLUZ¥fE L, Co2(CO)s(1.5eq) & MR Tz, T
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NS T, S L%, B2 E LT, B2 VWV Tsra~ N7
74— THHEL, 7THFLra L  MEKEET AT LT E K26 2157~

H
| o)
—Co(CO)3
Co(CO)3

26a

26a: 0.349 g, 65%; *H-NMR (CDCl3, 400 MHz) § 10.31 (1H, s), 7.29-7.27 (2H, m), 7.20-7.15
(3H, m), 6.46 (1H, d, J = 15.2 Hz), 6.24 (1H, dt, J = 15.2, 7.2 Hz), 2.78 (2H, t, J = 7.2 Hz), 2.49
(2H, g, J=7.2 Hz); BC-NMR (CDCl3, 100 MHz) § 197.8 (6C, C), 190.8 (CH), 140.8 (C), 139.3
(CH), 128.4 (2C, CH), 128.3 (2C, CH), 126.0 (CH), 125.7 (CH), 91.0 (C), 86.2 (C), 35.0 (CH>),
34.8 (CH2); IR (film) 3028, 2926, 2856, 2100, 2061, 2031, 1668, 1570, 1560, 1496, 1454 cm"
1 HRMS (ESI, double-focusing) calcd for CigH12Co,NaO7 [M+Na]* 492.9145, found
492.9137.

H
| o

—Co(CO)s
Co(CO)3

Me 26b

26b: 0.733 g, 71%:; *H-NMR (CDCl3, 400 MHz) § 10.31 (1H, s), 7.09 (2H, d, J = 7.6 Hz), 7.04
(2H, d, J = 7.6 Hz), 6.45 (1H, d, J = 15.2 Hz), 6.24 (1H, dt, J = 15.2, 7.2 Hz), 2.73 (2H, t, J =
7.2 Hz), 2.47 (2H, g, J = 7.2 Hz), 2.30 (3H, s); 3C-NMR (CDCl3, 100 MHz) & 197.8 (6C, C),
190.8 (CH), 139.5 (CH), 137.7 (C), 135.5 (C), 129.0 (2C, CH), 128.3 (2C, CH), 125.6 (CH),
91.1 (C), 86.2 (C), 34.9 (CHy), 34.6 (CH2) , 20.9 (CH3); IR (film) 3020, 2926, 2858, 2100,
2061, 2031, 1666, 1516, 1438 cm™; HRMS (ESI, double-focusing) calcd for C20H14C02NaO7
[M+Na]* 506.9301, found 506.9296.

H
| 0
—Co(CO)s
Me Co(CO)z

26¢

26¢: 0.232 g, 69%; 'H-NMR (CDCl3, 400 MHz) § 10.32 (1H, s), 7.16 (1H, t, J = 7.2 Hz), 7.01-
6.95 (3H, m), 6.48 (1H, d, J = 15.6 Hz), 6.25 (1H, dt, J = 14.8, 7.2 Hz), 2.73 (2H, t, = 7.2 Hz),
2.48 (2H, q, J = 7.2 Hz), 2.31 (3H, s); *C-NMR (CDCl3, 100 MHz) & 197.8 (6C, C), 190.8
(CH), 140.8 (C), 139.5 (CH), 137.9 (C), 129.2 (CH), 128.2 (CH), 126.7 (CH), 125.6 (CH),
125.4 (CH), 91.1 (C), 86.2 (C), 35.0 (CH2), 34.8 (CH>), 21.3 (CH3); IR (film) 3018, 2926, 2856,
2100, 2061, 2027, 1668, 1566, 1489, 1452 cm™; HRMS (ESI, double-focusing) calcd for
C20H14C02NaO7 [M+Na]* 506.9301, found 506.9313.
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H
| o

—Co(CO)s
Me Co(CO)s

Me 26d

26d: 0.654 g, 69%; *H-NMR (CDCl3, 400 MHz) § 10.32 (1H, s), 7.04 (1H, d, J = 7.6 Hz), 6.94
(1H,s), 6.90 (1H,d,J=7.6 Hz), 6.48 (1H, d, J = 14.8 Hz), 6.25 (1H, dt, J = 14.8, 7.2 Hz), 2.70
(2H,t,J=7.6 Hz), 2.46 (2H, g, J = 7.2 Hz), 2.22 (6H, s); **C-NMR (CDCl3, 100 MHz) § 197.9
(6C, C), 190.8 (CH), 139.7 (CH), 138.3 (C), 136.4 (C), 134.1 (C), 129.8 (CH), 129.6 (CH),
125.7 (CH), 125.4 (CH), 91.2 (C), 86.2 (C), 35.0 (CH2), 34.6 (CH3>), 19.6 (CH3), 19.2 (CH23);
IR (film) 3007, 2924, 2856, 2100, 2061, 2027, 1668, 1558, 1506, 1454 cm™*; HRMS (ESI,
double-focusing) calcd for C21H16Co2NaO7 [M+Na]* 520.9458, found 520.9472.

H
| 0
—Co(C0O)3
Me " Co(CO)3

e
26e

26e: 0.370 g, 49%; *H-NMR (CDCls, 400 MHz) & 10.33 (1H, s), 6.84 (1H, s), 6.80 (2H, s),
6.51 (1H, d, J = 15.2 Hz), 6.27 (1H, dt, J = 15.2, 6.8 Hz), 2.70 (2H, t, J = 7.2 Hz), 2.48 (2H, q,
J=7.2Hz),2.29 (6H, s); *C-NMR (CDCls, 100 MHz) § 197.9 (6C, C), 190.8 (CH), 140.8 (C),
139.7 (CH), 137.8 (2C, C), 127.6 (CH), 126.2 (2C, CH), 125.4 (CH), 91.2 (C), 86.3 (C), 35.0
(CH>), 34.9 (CH>), 21.2 (2C, CH3); IR (film) 3016, 2920, 2858, 2100, 2063, 2031, 1666, 1568,
1469 cmt; HRMS (ESI, double-focusing) calcd for C21H16C02NaO7 [M+Na]* 520.9458, found
520.9442,

—Co(CO)s
Co(CO)3

Me 26f

26f: 0.820 g, 74%; *H-NMR (CDCl3, 400 MHz) § 10.31 (1H, s), 7.07 (2H, d, J = 7.6 Hz), 6.82
(2H,d,J=8.0Hz),6.45 (1H, d, J=14.8 Hz), 6.24 (1H, dt, J = 14.8, 7.2 Hz), 3.78 (3H, 5), 2.72
(2H, t, J = 7.2 Hz), 2.46 (2H, g, J = 7.2 Hz); *C-NMR (CDCl3, 100 MHz) § 197.8 (6C, C),
190.8 (CH), 157.9 (C), 139.5 (CH), 132.9 (C), 129.3 (2C, CH), 125.6 (CH), 113.7 (2C, CH),
91.1(C), 86.2(C), 55.2 (CH3), 35.1 (CH>), 34.1 (CH>); IR (film) 3007, 2933, 2837, 2100, 2061,
2031, 1666, 1612, 1512, 1465, 1442 cm™; HRMS (ESI, double-focusing) calcd for
C20H14C02NaOg [M+Na]* 522.9250, found 522.9246.

104



H
| o
Co(CO)s
MeO Co(CO)3

269

269: 0.739 g, 69%; 'H-NMR (CDCl3, 400 MHz) § 10.32 (1H, s), 7.19 (1H, t, J = 8.0 Hz), 6.76-
6.72 (3H, m), 6.48 (1H, d, J = 15.2 Hz), 6.25 (1H, dt, J = 15.2, 7.6 Hz), 3.79 (3H, s), 2.75 (2H,
t,J = 7.6 Hz), 2.49 (2H, g, J = 6.8 Hz); *C-NMR (CDCl3, 100 MHz) & 198.0 (6C, C), 190.8
(CH), 159.7 (C), 142.5 (C), 139.2 (CH), 129.3 (CH), 125.7 (CH), 120.8 (CH), 114.2 (CH), 111.2
(CH), 91.0(C), 86.2 (C), 55.0 (CH3), 35.1 (CH>), 34.7 (CH>); IR (film) 3005, 2939, 2837, 2100,
2061, 2031, 1668, 1600, 1585, 1489, 1456, 1436 cm™*; HRMS (ESI, double-focusing) calcd for
C20H14C02NaOs [M+Na]* 522.9250, found 522.9253.

—Co(CO)3
Co(CO)s

Me 26h

26h: 2.44 g, 51%; *H-NMR (CDCls, 400 MHz) § 10.32 (1H, s), 6.79 (1H, d, J = 7.6 Hz), 6.71-
6.69 (2H, m), 6.50 (1H, d, J = 15.6 Hz), 6.26 (1H, dt, J = 14.8, 7.2 Hz), 3.86 (3H, s), 3.85 (3H,
s),2.72 (2H, t,J =7.2 Hz), 2.48 (2H, g, J = 7.6 Hz); *C-NMR (CDCl3, 100 MHz) & 197.8 (6C,
C), 190.8 (CH), 148.8 (C), 147.3 (C), 139.4 (CH), 133.5 (C), 125.5 (CH), 120.3 (CH), 111.6
(CH), 111.2 (CH), 91.0 (C), 86.2 (C), 55.8 (CH3), 55.7 (CH3), 35.0 (CH2), 34.7 (CH2); IR
(film) 3007, 2937, 2835, 2100, 2061, 2031, 1666, 1516, 1465 cm™; HRMS (ESI, double-
focusing) calcd for C21H16C02NaOg [M+Na]* 552.9356, found 552.9363.

MeO

—Co(CO)3
1eCOCO)3

Me 26i

26i: 0.871 g, 61%; 'H-NMR (CDCls, 400 MHz) § 10.33 (1H, s), 6.55 (1H, dt, J = 14.8, 1.6 Hz),
6.40 (2H, s), 6.27 (1H, dt, J = 15.2, 7.2 Hz), 3.84 (6H, s), 3.82 (3H, ), 2.72 (2H, t, I = 7.2 HZ),
2.50 (2H, m); *C-NMR (CDCls, 100 MHz) § 197.8 (6C, C), 190.7 (CH), 153.1 (2C, C), 139.1
(CH), 136.7 (C), 136.3 (C), 125.5 (CH), 105.2 (2C, CH), 90.8 (C), 86.1 (C), 60.7 (CH3), 55.9
(2C, CH3), 35.4 (CH>), 34.8 (CH>); IR (film) 2999, 2939, 2839, 2100, 2061, 2031, 1666, 1589,
1508, 1456, 1421 cm™*; HRMS (ESI, double-focusing) calcd for C22H18C02NaO10 [M+Na]*
582.9462, found 582.9467.

MeO

105



H
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Co(CO)s
MeO Co(CO)3
Me

26j

26j: 0.865 g, 76%; *H-NMR (CDCl3, 400 MHz) & 10.32 (1H, s), 6.51 (1H, d, J = 15.2 Hz),
6.33-6.22 (4H, m), 3.77 (6H, s), 2.71 (2H, t, J = 7.2 Hz), 2.49 (2H, q, J = 6.8 Hz); *C-NMR
(CDCl3, 100 MHz) 6 197.8 (6C, C), 190.8 (CH), 160.8 (2C, C), 143.3 (C), 139.2 (CH), 125.6
(CH), 106.5 (2C, CH), 97.8 (CH), 91.0 (C), 86.2 (C), 55.1 (2C, CH3), 35.2 (CH>), 34.6 (CH>);
IR (film) 3003, 2939, 2839, 2100, 2061, 2031, 1666, 1597, 1462, 1429 cm™; HRMS (ESI,
double-focusing) calcd for C21H16Co2NaOg [M+Na]* 552.9356, found 552.9356.

Table 6

TEeFLras g NHEEET ST LT E R 26 (1.3 eq) EREL T INNLT LT
—/b 2a(1eq)% CH2Cl2IZ¥fE L, kit T, BF3 + OEtz (3 eq.) & TMSOTf DIRATE
WA T Lic, 703 38T C—REMEEE Lotz faRREEBAKFET R U U LIKEE
KE Mz TRISZEIE S, CHoCle THIH L7, A & KRR~ 7> U LT
MRS %, WA E LT, BonMAeRME L VBTSNV T A a~ NI T
74— THRRL, ZRET T 82-834 2157,

—Co(CO)s
Co(CO)s

32a

32a: 'H-NMR (CDCl3, 400 MHz) § 7.62 (1H, d, J = 7.6 Hz), 7.29-7.17 (6H, m), 7.09 (1H, t, J
= 7.6 Hz), 7.00 (1H, d, J = 8.0 Hz), 4.91 (1H, d, J = 10.0 Hz), 4.47 (1H, d, J = 10.4 Hz), 4.09
(1H, td, J=8.8, 3.2 Hz), 4.02 (1H, m), 3.06 (1H, dd, J = 11.6, 6.0 Hz), 2.71-2.59 (2H, m), 2.46
(1H, m), 2.08 (1H, m), 1.88 (1H, m), 1.73-1.62 (2H, m), 0.88 (1H, qd, J = 12.8, 4.8 Hz); *C-
NMR (CDCls, 100 MHz) 6 200.3-199.1 (6C, C), 140.9 (C), 139.2 (C), 136.4 (C), 129.0 (CH),
128.7 (CH), 128.5 (2C, CH), 128.4 (2C, CH), 127.0 (CH), 126.2 (CH), 125.9 (CH), 109.9 (C),
100.7 (C), 83.6 (CH), 68.2 (CH3), 52.9 (CH), 50.4 (CH), 46.0 (CH), 42.4 (CH), 33.2 (CH>),
30.2 (CH2), 29.1 (CH2); IR (film) 3024, 2929, 2873, 2092, 2052, 2031, 1494, 1452 cm™*; HRMS
(ESI, double-focusing) calcd for C29H22C02NaO7 [M+Na]* 622.9927, found 622.9933.

—Co(CO)3
Co(CO)3

34a
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34a: 'H-NMR (CDCls, 400 MHz) & 8.11 (1H, d, J = 7.6 Hz), 7.36 (1H, td, J = 7.2, 1.2 Hz),
7.30-7.19 (3H, m), 7.17-7.10 (2H, m), 7.05 (2H, t, J = 8.0 Hz), 4.65 (1H, d, J = 9.6 Hz), 4.17
(1H, d, J = 9.6 Hz), 4.03-3.92 (2H, m), 2.69-2.61 (3H, m), 2.28 (1H, m), 1.93 (1H, m), 1.55
(1H, m), 1.49-1.20 (3H, m); *C-NMR (CDCls, 100 MHz) & 199.8-199.5 (6C, C), 144.8 (C),
138.6 (C), 136.9 (C), 129.6 (CH), 129.2 (CH), 128.5 (CH), 128.4 (CH), 128.2 (CH), 126.33
(CH), 126.30 (CH), 125.5 (CH), 125.3 (CH), 103.4 (C), 99.0 (C), 85.6 (CH), 67.2 (CH.), 54.6
(CH), 53.1 (CH), 49.2 (CH), 47.9 (CH), 33.4 (CH>), 30.7 (CH.), 29.1 (CH>); IR (film) 2958,
2918, 2850, 2092, 2050, 2029, 1728, 1600, 1492, 1454 cm™*; HRMS (ESI, double-focusing)
calcd for C29H22C02NaO7 [M+Na]* 622.9927, found 622.9948.

—Co(CO)s
Co(CO)z

Me 32b

32b: *H-NMR (CDCl3, 400 MHz) & 7.45 (1H, s), 7.28-7.20 (5H, m), 6.98-6.87 (2H, m), 4.90
(1H, d, J = 10.0 Hz), 4.43 (1H, d, J = 10.4 Hz), 4.09 (1H, td, J = 8.8, 2.8 Hz), 4.02 (1H, m),
3.05 (1H, dd, J = 11.2, 5.6 Hz), 2.66-2.56 (2H, m), 2.45 (1H, m), 2.28 (3H, s), 2.04 (1H, m),
1.88 (1H, m), 1.72-1.62 (2H, m), 0.86 (1H, qd, J = 12.8, 6.0 Hz); *C-NMR (CDCl3, 100 MHz)
3 200.3-199.1 (6C, C), 141.0 (C), 139.0 (C), 135.7 (C), 133.2 (C), 129.4 (CH), 128.6 (CH),
128.5 (2C, CH), 128.4 (2C, CH), 126.9 (CH), 126.7 (CH), 110.2 (C), 100.7 (C), 83.5 (CH), 68.2
(CH2), 52.9 (CH), 50.6 (CH), 45.8 (CH), 42.3 (CH), 33.2 (CH32), 29.7 (CH2), 29.2 (CH>), 20.8
(CHs); IR (film) 3010, 2927, 2873, 2092, 2050, 2031, 1504, 1494, 1452, 1438 cm*; HRMS
(ESI, double-focusing) calcd for CsoH24C02NaO7 [M+Na]* 637.0084, found 637.0095.

—Co(CO)3
Co(CO)3

Me 34b
34b: 'H-NMR (CDCls, 400 MHz) § 7.97 (1H, s), 7.34 (1H, m), 7.29-7.20 (2H, m), 7.12 (1H,
d, J=8.0 Hz), 7.07 (1H, d, J = 8.0 Hz), 6.98-6.92 (2H, m), 4.64 (1H, d, J = 10.0 Hz), 4.14 (1H,
d, J = 9.6 Hz), 4.03-3.91 (2H, m), 2.65 (1H, t, J = 10.4 Hz), 2.59-2.57 (2H, m), 2.32-2.20 (4H,
m), 1.92 (1H, m), 1.52 (1H, m), 1.50-1.18 (3H, m); 3C-NMR (CDCls, 100 MHz) § 200.0-199.7
(6C, C), 144.9 (C), 138.4 (C), 135.0 (C), 133.7 (C), 129.6 (CH), 129.2 (CH), 128.7 (CH), 128.4
(CH), 128.2 (CH), 127.1 (CH), 126.2 (CH), 125.4 (CH), 103.0 (C), 99.2 (C), 85.6 (CH), 67.2
(CH2), 54.4 (CH), 52.9 (CH), 49.2 (CH), 47.9 (CH), 33.4 (CH2), 30.2 (CH2), 29.3 (CH2), 20.7
(CHa); IR (film) 2972, 2924, 2885, 2090, 2048, 2031, 1506, 1494, 1454, 1436 cm't; HRMS
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(ESI, double-focusing) calcd for C3oH24C02NaO7 [M+Na]* 637.0084, found 637.0068.

_l’_
—Co(CO)3 —Co(CO)3
Me Co(CO)3 Co(CO)3
e
32c 33c
32¢:33¢~5:1

32¢ + 33c: *H-NMR for 32¢ (CDCl3, 400 MHz) & 7.50 (1H, d, J = 8.0 Hz), 7.29-7.18 (5H, m),
7.02 (1H, d, J = 8.0 Hz), 6.81 (1H, s), 4.90 (1H, d, J = 10.4 Hz), 4.43 (1H, d, J = 10.0 Hz), 4.14-
3.98 (2H, m), 3.04 (1H, dd, J = 11.6, 6.0 Hz), 2.66-2.54 (2H, m), 2.45 (1H, m), 2.25 (3H, s),
2.05 (1H, m), 1.88 (1H, m), 1.72-1.61 (2H, m), 0.86 (1H, qd, J = 12.4, 4.8 Hz); *C-NMR for
32¢ (CDCl3, 100 MHz) § 200.3-199.1 (6C, C), 141.0 (C), 136.2 (C), 136.1 (C), 135.4 (C), 129.2
(CH), 128.8 (CH), 128.5 (2C, CH), 128.4 (2C, CH), 127.0 (CH), 126.9 (CH), 110.1 (C), 100.6
(C), 83.6 (CH), 68.2 (CH2), 52.9 (CH), 50.5 (CH), 46.0 (CH), 42.1 (CH), 33.2 (CH2), 30.2
(CHa), 29.2 (CH2), 20.8 (CH3); IR (film) 3010, 2927, 2872, 2092, 2052, 2031, 1496, 1452 cm®
1 HRMS (ESI, double-focusing) calcd for CsH24Co.NaO; [M+Na]* 637.0084, found
637.0073.

—Co(CO)3
Co(CO)3

34c (2:1)

34c: *H-NMR for major product (CDCls, 400 MHz) § 7.99 (1H, d, J = 8.4 Hz), 7.36-7.20 (3H,
m), 7.16-7.02 (3H, m), 6.86 (1H, s), 4.64 (1H, d, J = 10.0 Hz), 4.13 (1H, d, J = 10.4 Hz), 4.02-
3.89 (2H, m), 2.65 (1H, t, J = 10.0 Hz), 2.62-2.56 (2H, m), 2.30-2.19 (4H, m), 1.92 (1H, m),
1.62-1.18 (4H, m); 3C-NMR for major product (CDCls, 100 MHz) & 200.0-199.5 (6C, C),
144.9 (C), 136.6 (C), 135.8 (C), 135.5 (C), 129.6 (CH), 129.2 (CH), 129.0 (CH), 128.2 (2C,
CH), 126.3 (CH), 126.2 (CH), 125.4 (CH), 103.4 (C), 99.1 (C), 85.6 (CH), 67.2 (CH>), 54.5
(CH), 53.0 (CH), 48.9 (CH), 47.9 (CH), 33.4 (CH2), 30.6 (CH2), 29.3 (CH3), 20.8 (CH3); IR
(film) 3012, 2926, 2856, 2092, 2052, 2031 1496, 1452 cm™; HRMS (ESI, double-focusing)
calcd for C3oH24Co02NaO7 [M+Na]* 637.0084, found 637.0076.
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—Co(CO)3 —Co(CO)3
Me Co(CO)3 i Co(CO)3
e
Me 32d Me 33d

32d:33d~7:1

32d + 33d: 'H-NMR for 32d (CDCls, 400 MHz) & 7.40 (1H, s), 7.29-7.18 (5H, m), 6.76 (1H,
s), 4.90 (1H, d, J =10.4 Hz), 4.42 (1H, d, J = 10.4 Hz), 4.11-3.98 (2H, m), 3.04 (1H, dd, J =
11.2, 6.0 Hz), 2.61-2.55 (2H, m), 2.45 (1H, m), 2.19 (3H, s), 2.17 (3H, s), 2.04 (1H, m), 1.88
(1H, m), 1.72-1.61 (2H, m), 0.85 (1H, qd, J = 12.0, 4.8 Hz); ¥*C-NMR for 32d (CDCls, 100
MHz) 6 200.3-199.2 (6C, C), 141.1 (C), 136.4 (C), 134.5 (C), 134.1 (C), 133.5 (C), 129.9 (CH),
129.6 (CH), 128.5 (2C, CH), 128.4 (2C, CH), 126.9 (CH), 110.5 (C), 100.7 (C), 83.5 (CH), 68.2
(CH2), 53.0 (CH), 50.6 (CH), 45.8 (CH), 42.0 (CH), 33.2 (CH32), 29.6 (CH2), 29.3 (CH>), 19.1
(CH3), 19.0 (CH3); IR (film) 3010, 2926, 2881, 2092, 2052, 2031, 1496, 1452 cm™; HRMS
(ESI, double-focusing) calcd for C31H26C02NaO7 [M+Na]" 651.0240, found 651.0245.

—Co(CO)3
Co(CO)3

Me 34d

34d: *H-NMR (CDCls, 400 MHz) § 7.91 (1H, s), 7.34 (1H, m), 7.29-7.19 (2H, m), 7.11 (1H, d,
J=8.0 Hz), 7.07 (1H, d, J = 8.0 Hz), 6.82 (1H, ), 4.64 (1H, d, J = 10.4 Hz), 4.11 (1H, d, J =
9.6 Hz), 4.02-3.90 (2H, m), 2.64 (1H, t, J = 10.0 Hz), 2.57-2.55 (2H, m), 2.24 (3H, s), 2.21 (3H,
s), 1.92 (1H, m), 1.59-1.18 (4H, m); 3C-NMR (CDCl3, 100 MHz) & 200.0-199.7 (6C, C), 145.0
(C), 135.8 (C), 134.5 (C), 133.9 (C), 133.7 (C), 129.6 (CH), 129.5 (CH), 129.2 (CH), 129.1
(CH), 128.2 (CH), 126.2 (CH), 125.4 (CH), 102.9 (C), 99.3 (C), 85.6 (CH), 67.2 (CH>), 54.4
(CH), 52.9 (CH), 48.9 (CH), 47.8 (CH), 33.4 (CH32), 30.1 (CH2), 29.5 (CH2), 19.1 (CH3), 18.9
(CH3); IR (film) 2972, 2929, 2877, 2090, 2050, 2027, 1506, 1454 cm™*; HRMS (ESI, double-
focusing) calcd for C31H26C02NaO7 [M+Na]* 651.0240, found 651.0235.

—Co(CO)3
Co(CO)3
e

32e

32e: 'H-NMR (CDCl3, 400 MHz) & 7.30-7.19 (5H, m), 6.82 (1H, s), 6.69 (1H, s), 4.93 (1H, d,
J=10.0 Hz), 452 (1H, d, J = 9.2 Hz), 4.14-4.02 (2H, m), 3.09 (1H, dd, J = 11.2, 5.2 Hz), 2.69-
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2.46 (6H, m), 2.19 (3H, s), 2.10 (1H, m), 1.97 (1H, m), 1.75-1.63 (2H, m), 0.83 (1H, qd, J =
13.2, 3.6 Hz); *C-NMR (CDCl3, 100 MHz) § 200.3-199.1 (6C, C), 140.0 (C), 138.5 (C), 137.2
(C), 135.3 (C), 134.7 (C), 129.4 (CH), 128.5 (2C, CH), 128.4 (2C, CH), 127.4 (CH), 127.0
(CH), 109.8 (C), 102.7 (C), 83.9 (CH), 68.5 (CH2), 52.8 (CH), 49.9 (2C, CH), 40.2 (CH), 32.9
(CH2), 31.8 (CH2), 29.6 (CH2), 21.5 (CH3s), 20.5 (CHs); IR (film) 3008, 2929, 2868, 2092,
2052, 2029, 1450 cm™; HRMS (ESI, double-focusing) calcd for Csi1H26Co2NaO7 [M+Na]*
651.0240, found 651.0256.

—Co(CO)3
Co(CO)3

Me  32f

32f: 'TH-NMR (CDCl3, 400 MHz) & 7.29-7.19 (5H, m), 7.13 (1H, d, J = 2.4 Hz), 6.91 (1H, d, J
=8.4 Hz), 6.68 (1H, dd, J = 8.4, 2.4 Hz), 4.91 (1H, d, J = 10.4 Hz), 4.42 (1H, d, J = 10.4 Hz),
4.10 (1H, td, J = 8.4, 3.2 Hz), 4.02 (1H, m), 3.79 (3H, s), 3.05 (1H, dd, J = 11.2, 5.6 Hz), 2.58-
2.55 (2H, m), 2.44 (1H, m), 2.05 (1H, m), 1.88 (1H, m), 1.72-1.62 (2H, m), 0.86 (1H, m); *C-
NMR (CDCl3, 100 MHz) 6 200.3-199.1 (6C, C), 158.0 (C), 140.9 (C), 140.1 (C), 129.7 (CH),
128.7 (C), 128.5 (2C, CH), 128.4 (2C, CH), 126.9 (CH), 113.2 (CH), 113.1 (CH), 109.5 (C),
101.1 (C), 83.5 (CH), 68.3 (CH2), 55.2 (CH3s), 52.9 (CH), 50.6 (CH), 46.0 (CH), 42.5 (CH),
33.2 (CH2), 29.4 (2C, CHy>); IR (film) 3022, 2929, 2858, 2092, 2052, 2031, 1608, 1500, 1465,
1454 cm™t; HRMS (ESI, double-focusing) calcd for CsoH224Co2NaOs [M+Na]* 653.0033, found
653.0045.

—Co(CO)3
Co(CO)s

329
32g: 'H-NMR (CDCl3, 400 MHz) & 7.52 (1H, d, J = 8.4 Hz), 7.29-7.19 (5H, m), 6.78 (1H, dd,
J=8.8,2.4Hz),6.52 (1H,s), 4.90 (1H, d, J = 10.4 Hz), 4.42 (1H, d, J = 10.4 Hz), 4.09 (1H, td,
J=8.4,2.8Hz),4.02 (1H, m), 3.74 (3H, s), 3.05 (1H, dd, J = 11.6, 6.0 Hz), 2.68-2.55 (2H, m),
2.44 (1H, m), 2.05 (1H, m), 1.87 (1H, m), 1.71-1.61 (2H, m), 0.87 (1H, qd, J = 12.8, 4.4 Hz);
13C-NMR (CDCls, 100 MHz) § 200.3-199.2 (6C, C), 157.6 (C), 141.0 (C), 137.6 (C), 131.5
(C), 129.9 (CH), 128.5 (2C, CH), 128.4 (2C, CH), 126.9 (CH), 113.1 (CH), 112.4 (CH), 110.3
(C), 100.5 (C), 83.5 (CH), 68.2 (CH2), 55.2 (CH3), 52.9 (CH), 50.5 (CH), 46.0 (CH), 41.8 (CH),
33.2 (CH3), 30.5 (CH2) , 29.2 (CH2); IR (film) 3026, 2931, 2875, 2090, 2050, 2029, 1610,
1500, 1452 cm™; HRMS (ESI, double-focusing) calcd for C3oH24Co2NaOs [M+Na]* 653.0033,

MeO
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found 653.0048.

—=Co(CO)s
Co(CO)3
Me

33g

33g: 'H-NMR (CDCl3, 400 MHz) & 7.28-7.19 (5H, m), 7.06 (1H, t, J = 8.0 Hz), 6.67 (1H, d, J
= 8.4 Hz), 6.64 (1H, d, J = 7.2 Hz), 4.92 (1H, d, J = 10.4 Hz), 4.65 (1H, d, J = 10.0 Hz), 4.12-
4.01 (2H, m), 3.82 (3H, s), 3.07 (1H, dd, J = 11.2, 6.0 Hz), 2.69-2.60 (2H, m), 2.51 (1H, m),
2.10 (1H, m), 1.92 (1H, m), 1.75-1.61 (2H, m), 0.81 (1H, qd, J = 12.8, 4.8 Hz); 3C-NMR
(CDCls, 100 MHz) 6 200.7-199.8 (6C, C), 158.3 (C), 140.5 (C), 139.5 (C), 128.5 (4C, CH),
127.4 (C), 126.9 (CH), 126.7 (CH), 121.0 (CH), 110.2 (C), 107.5 (CH), 100.5 (C), 84.1 (CH),
68.3 (CH2), 54.6 (CH3), 52.8 (CH), 49.9 (CH), 48.0 (CH), 38.1 (CH), 32.9 (CH>), 31.1 (CH>)
29.2 (CH2); IR (film) 3022, 2931, 2875, 2088, 2050, 2021, 1726, 1598, 1581, 1539, 1494, 1467
cm™; HRMS (ESI, double-focusing) calcd for CsoH24Co2NaOs [M+Na]* 653.0033, found
653.0016.

—Co(CO)3
Co(CO)s

34g

MeO

34g: 'H-NMR (CDCl3, 400 MHz) & 8.01 (1H, d, J = 8.8 Hz), 7.35 (1H, td, J = 7.6, 1.6 Hz),
7.30-7.19 (2H, m), 7.11 (1H, d, J = 7.6 Hz), 7.06 (1H, d, J = 7.2 Hz), 6.78 (1H, dd, J = 8.8, 2.8
Hz), 6.52 (1H, d, J = 2.4 Hz), 4.63 (1H, d, J = 10.0 Hz), 4.11 (1H, d, J = 10.0 Hz), 4.02-3.91
(2H, m), 3.77 (3H, s), 2.67-2.58 (3H, m), 2.26 (1H, m), 1.90 (1H, m), 1.54 (1H, m), 1.49-1.36
(2H, m), 1.24 (1H, qd, J = 12.0, 5.2 Hz); 3C-NMR (CDCl3, 100 MHz) § 199.9-199.6 (6C, C),
157.9 (C), 144.8 (C), 138.2 (C), 130.9 (C), 129.6 (CH), 129.4 (CH), 129.3 (CH), 128.2 (CH),
126.3 (CH), 125.4 (CH), 112.8 (CH), 111.5 (CH), 103.6 (C), 98.9 (C), 85.6 (CH), 67.2 (CH>),
55.2 (CH3), 54.5 (CH), 53.0 (CH), 48.7 (CH), 48.0 (CH), 33.4 (CH>), 30.9 (CH2) , 29.2 (CH>);
IR (film) 3022, 2931, 2877, 2090, 2048, 2031, 1608, 1500, 1463, 1454 cm™; HRMS (ESI,
double-focusing) calcd for C3oH24Co2NaOs [M+Na]* 653.0033, found 653.0046.

—Co(CO)3
Co(CO)3

Me  32h

MeO
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32h: 'H-NMR (CDCls, 400 MHz) § 7.30-7.20 (5H, m), 7.07 (1H, s), 6.47 (1H, s), 4.91 (1H, d,
J=10.0 Hz), 4.39 (1H, d, J = 10.4 Hz), 4.14 (1H, td, J = 7.6, 2.8 Hz), 4.03 (1H, m), 3.89 (3H,
s), 3.81 (3H, s), 3.05 (1H, dd, J = 11.6, 6.0 Hz), 2.65-2.49 (2H, m), 2.43 (1H, m), 2.05 (1H, m),
1.88 (1H, m), 1.73-1.65 (2H, m), 0.87 (1H, qd, J = 12.8, 4.0 Hz); *3C-NMR (CDCls, 100 MHz)
8 200.5-199.1 (6C, C), 147.5 (C), 147.2 (C), 141.0 (C), 130.9 (C), 128.7 (C), 128.5 (2C, CH),
128.4 (2C, CH), 126.9 (CH), 111.5 (CH), 111.3 (CH), 109.6 (C), 101.1 (C), 83.5 (CH), 68.3
(CH>), 55.8 (CH3), 55.6 (CH3), 53.1 (CH), 50.7 (CH), 46.0 (CH), 42.1 (CH), 33.2 (CH3>), 29.9
(CH>), 29.5 (CH2); IR (film) 3022, 2933, 2856, 2092, 2052, 2029, 1514, 1465, 1452 cm™;
HRMS (ESI, double-focusing) calcd for Cz1H26Co02NaOg [M+Na]* 683.0139, found 683.0135.

—Co(CO)3
MeCO(CO)s

MeO  32i

MeO

32i: 'H-NMR (CDCls, 400 MHz) & 7.28-7.20 (5H, m), 6.32 (1H, s), 4.91 (1H, d, J = 10.8 Hz),
450 (1H, d, J = 10.0 Hz), 4.12-4.01 (2H, m), 3.86 (3H, s), 3.78 (3H, s), 3.77 (3H, s), 3.07 (1H,
dd, J = 11.6, 6.0 Hz), 2.64-2.47 (3H, m), 2.02 (1H, m), 1.94 (1H, m), 1.75-1.62 (2H, m), 0.79
(1H, qd, J = 12.8, 3.6 Hz); *C-NMR (CDCls, 100 MHz) & 200.5-199.8 (6C, C), 153.0 (C),
151.6 (C), 140.5 (C), 140.2 (C), 133.8 (C), 128.4 (2C, CH), 128.3 (2C, CH), 126.9 (CH), 124.6
(C), 111.4 (C), 107.1 (CH), 100.1 (C), 84.0 (CH), 68.2 (CH?), 60.4 (CH3), 59.8 (CH3), 55.9
(CH3), 52.6 (CH), 49.7 (CH), 47.5 (CH), 38.2 (CH), 32.9 (CH>), 31.2 (CH2), 29.4 (CH>); IR
(film) 3012, 2935, 2872, 2090, 2048, 2029, 1600, 1492, 1456, 1409 cm™; HRMS (ESI, double-
focusing) calcd for C32H28C02NaO10 [M+Na]* 713.0244, found 713.0268.

—Co(CO)3
Co(CO)3
Me

32]

MeO

32j: 'H-NMR (CDCls, 400 MHz) & 7.31-7.18 (5H, m), 6.28 (1H, d, J = 2.4 Hz), 6.16 (1H, d, J
= 2.4 Hz), 4.91 (1H, d, J = 10.4 Hz), 4.57 (1H, d, J = 10.0 Hz), 4.11-4.00 (2H, m), 3.79 (3H, s),
3.74 (3H, s), 3.05 (1H, dd, J = 11.6, 5.6 Hz), 2.67-2.44 (3H, m), 2.07 (1H, m), 1.91 (1H, m),
1.72-1.60 (2H, m), 0.80 (1H, qd, J = 12.8, 3.6 Hz); *C-NMR (CDCls, 100 MHz) § 200.8-199.6
(6C, C), 159.3 (C), 158.6 (C), 140.6 (C), 140.0 (C), 128.4 (4C, CH), 126.8 (CH), 120.0 (C),
110.9 (C), 104.2 (CH), 100.4 (C), 96.1 (CH), 84.0 (CH), 68.3 (CH2), 55.2 (CH3), 54.7 (CH3),
52.8 (CH), 50.0 (CH), 47.8 (CH), 37.8 (CH), 32.9 (CH2), 31.6 (CH2), 29.2 (CH.>); IR (film)
3018, 2933, 2839, 2090, 2048, 2027, 1606, 1489, 1465, 1454 cm’; HRMS (ESI, double-
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focusing) calcd for C31H26C02NaOg [M+Na]* 683.0139, found 683.0134.
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Scheme 49-51

7T b R 88(leq)%® THF |[Z¥AfME L. Ky . CHIs (1.1eq.). CrCls (6 eq.) %l
Alce TIVTHFERRAT, SR T B L%, HO Z2Mx ThIGZFIE S,
Et:O TET A4 FNAW LTz, AREEIR=T VT L, %8 %2 BKEg~ 7 r >
U LTHBSET %, WA E LT, JBonTMERMEZ Y DTNV T AT a~
NI 74 —THKRBL, a— K KT7NV7239% EHZIEEWME L THET,

|
|
39a[E:z=3:1)

39a: 0.987 g, 62%; 'H-NMR (400 MHz, CDCl3) § 7.31-7.27 (2H, m, E + Z), 7.22-7.15 (3H, m,
E + Z), 6.55 (1H, dt, J = 14.0, 7.2 Hz, E), 6.24-6.18 (2H, m, Z), 6.03 (1H, dt, J = 14.4, 1.6 Hz,
E), 2.76-2.69 (2H, m, E + Z), 2.50-2.44 (2H, m, Z), 2.40-2.34 (2H, m, E); **C-NMR (100 MHz,
CDCl3) 6 145.5 (CH, E), 141.0 (C, 2), 140.8 (C, E), 140.2 (CH, 2), 128.5 (2C, CH, E + 2),
128.4 (2C, CH, E + 2), 126.1 (CH, E + Z), 83.1 (CH, 2), 75.3 (CH, E), 37.7 (CH2, E), 36.3
(CH2, Z2), 34.7 (CH2, E), 34.0 (CH2, 2); IR (film) 3024, 2924, 2855, 1605, 1497, 1450, 1281,
1204, 941, 748, 702 cm™; HRMS (EI, double-focusing) calcd for CioH11l 257.9906, found
257.9894.

3% (E:Z2=3:1)
Me
39b: 1.95 g, 54%; *H-NMR (400 MHz, CDCl3) & 7.11-7.09 (4H, m, E + Z), 6.54 (1H, dt, J =
14.4, 6.9 Hz, E), 6.23-6.17 (2H, m, Z), 6.02 (1H, d, J = 14.4 Hz, E), 2.71-2.64 (2H, m, E + Z),
2.47-2.41 (2H, m, Z) 2.36-2.30 (5H E + 3H Z, m); 3C-NMR (100 MHz, CDClIs) & 145.6 (CH,
E), 140.3 (CH, 2), 137.9 (C, 2), 137.7 (C, E), 135.5 (C, E + Z), 129.0 (2C, CH, E + Z), 128.2
(2C,CH,E+ 2),82.9 (CH, 2), 75.2 (CH, E), 37.8 (CH2, E), 36.4 (CH>, Z), 34.2 (CH2, E), 33.5
(CH2, Z), 20.9 (CHgs, E + 2); IR (film) 2924, 1605, 1512, 1443, 1204, 941, 810 cm™*; HRMS
(El, double-focusing) calcd for C11H13l 272.0062, found 272.0070.

|
Me/& 39 (E:2=3:1)

39¢: 2.00 g, 58%; H-NMR (400 MHz, CDCl3) § 7.20-7.16 (1H, m, E + Z), 7.02-6.95 (3H, m,
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E + Z), 6.55 (1H, dt, J = 14.0, 7.2 Hz, E), 6.24-6.18 (2H, m, Z), 6.02 (1H, dt, J = 14.0, 1.4 Hz,
E), 2.72-2.64 (2H, m, E + Z), 2.48-2.42 (2H, m, Z), 2.38-2.32 (5H E + 3H Z, m); *C-NMR (100
MHz, CDCls) & 145.6 (CH, E), 140.9 (C, 2), 140.7 (C, E), 140.3 (CH, z), 137.9 (C, E + 2),
129.1 (CH, E + Z), 128.3 (CH, E + Z), 126.8 (CH, E + Z), 125.3 (CH, E + Z), 83.0 (CH, 2),
75.2 (CH, E), 37.7 (CH2, E), 36.3 (CH2, Z), 34.6 (CH2, E), 33.9 (CH2, Z), 21.3 (CH3, E + 2);
IR (film) 3017, 2924, 2855, 1605, 1450, 1281, 1204, 941, 779, 694 cm™*; HRMS (EI, double-
focusing) calcd for C11H13l 272.0062, found 272.0061.

39d (E:Z=5:1)

Me

39d: 1.03 g, 70%; *H-NMR (400 MHz, CDClIs) & 7.07-6.88 (3H, m, E + Z), 6.55 (1H, dt, J =
14.4, 6.8 Hz, E), 6.22-6.17 (2H, m, Z), 6.02 (1H, dt, J = 14.4, 1.6 Hz, E), 2.69-2.61 (2H, m, E
+ 7), 2.46-2.41 (2H, m, Z), 2.33 (2H, q, J = 8.4 Hz, E), 2.24 (3H, s, Z), 2.23 (3H, s, E + Z),
2.22 (3H, s, E); 3C-NMR (100 MHz, CDCls) & 145.7 (CH, E), 140.4 (CH, Z), 138.4 (C, 2),
138.2 (C, E), 136.5(C,E + Z), 134.1 (C, E + Z), 129.7 (CH, E + Z), 129.6 (CH, E + Z), 125.6
(CH, E + 2), 82.8 (CH, 2), 75.1 (CH, E), 37.9 (CH2, E), 36.4 (CH2, Z), 34.2 (CH2, E), 335
(CH2, 2),19.7 (CH3, E + Z), 19.3 (CH3, E + 2); IR (film) 2924, 1605, 1504, 1450, 1204, 941,
818 cm™; HRMS (EI, double-focusing) calcd for C12H1s1 286.0219, found 286.0217.

|
Me/éjw; 3% (E:2=5:1)

39¢: 1.90 g, 72%; *H-NMR (400 MHz, CDCl3) § 6.84-6.78 (3H, m, E + Z), 6.55 (1H, dt, J =
14.0, 7.2 Hz, E), 6.23-6.18 (2H, m, Z), 6.02 (1H, dt, J = 14.0, 1.2 Hz, E), 2.68-2.61 (2H, m, E
+Z7), 2.47-2.42 (2H, m, Z), 2.34 (2H, dq, J = 7.6, 1.6 Hz, E), 2.30 (6H, s, Z2), 2.29 (6H, s, E);
13C-NMR (100 MHz, CDCls) & 145.6 (CH, E), 140.9 (C, Z), 140.7 (C, E), , 140.3 (CH, 2),
137.7 (C,E + Z), 127.6 (CH, E + Z), 126.1 (2C, CH, E + Z), 82.8 (CH, Z), 75.1 (CH, E), 37.7
(CH2, E), 36.3 (CH2, Z), 34.5 (CH2, E), 33.8 (CH2, Z), 21.3 (2C, CH3, E + Z); IR (film) 3013,
2916, 1607, 1452, 1204, 945, 845, 702 cm™*; HRMS (EI, double-focusing) calcd for C12H1sl
286.0219, found 286.0210.

39f(E:Z=4:1)
Me
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39f: 2.16 g, 70%; *H-NMR (400 MHz, CDCls3) § 7.13 (2H, d, 8.8 Hz, Z), 7.07 (2H, d, J = 8.8
Hz, E), 6.85-6.82 (2H, m, E + Z), 6.54 (1H, dt, J = 14.4, 7.2 Hz, E), 6.23-6.17 (2H, m, Z), 6.01
(1H,d, J=14.0 Hz, E), 3.79 (3H, s, E + Z), 2.70-2.63 (2H, m, E + Z), 2.43 (2H, q, J = 7.6 Hz,
Z), 2.33 (2H, g, J = 7.2 Hz, E); ®*C-NMR (100 MHz, CDCl3) § 157.9 (C, E + Z), 145.6 (CH,
E), 140.3 (CH, 2), 133.0 (C, 2), 132.8 (C, E), 129.3 (2C, CH, 2), 129.2 (2C, CH, E), 113.7 (2C,
CH,E+Z),83.0(CH, 2), 75.2 (CH, E), 55.2 (CH3, E + Z), 37.9 (CH2, E), 36.5 (CH2, Z), 33.8
(CH2, E), 33.1 (CHz2, 2); IR (film) 2930, 1610, 1512, 1246, 1177, 1036, 941, 824 cm™; HRMS
(El, double-focusing) calcd for C11H1301 288.0011, found 288.0009.

|
TBSO/&\ 399’ (E 1Z2=5:1)

39g’: 0.879 g, 66%; *H (400 MHz, CDCl3) § 7.13 (1H, t, J = 8.0 Hz, E + Z), 6.80 (1H, m, Z),
6.75 (1H, d, J = 7.6 Hz, E), 6.70-6.62 (2H, m, E + Z), 6.53 (1H, dt, J = 14.8, 7.2 Hz, E), 6.24-
6.16 (2H, m, Z), 6.02 (1H, dt, J = 14.8, 1.2 Hz, E), 2.70-2.63 (2H, m, E + Z), 2.44 (2H, dq, J =
7.2,1.2Hz,Z),2.34 (2H, dq, J=7.6, 1.2 Hz, E), 0.98 (9H, s, E + Z), 0.19 (6H, s, E + Z); °C-
NMR (100 MHz, CDCl3) 6 155.6 (C, E + Z), 145.4 (CH, E), 142.5 (C, 2), 142.3 (C, 2), 140.2
(CH, 2), 129.3 (CH, E), 129.2 (CH, 2), 121.4 (CH, 2), 121.3 (CH, E), 120.2 (CH, 2), 120.1
(CH, E), 117.7 (CH, E + 2), 83.0 (CH, 2), 75.2 (CH, E), 37.6 (CH2, E), 36.2 (CH2, Z), 34.6
(CHg, E), 33.9 (CHy, Z), 25.7 (3C, CH3, E + Z), 18.2 (C, E + Z), -4.3 (2C, CH3, E + 2); IR
(film) 2955, 2930, 2895, 2857, 1603, 1585, 1485, 1441, 1279, 1254, 1157, 1003, 972, 939, 839,
781, 696 cm™; HRMS (FAB, double-focusing) calcd for C16H2610Si [M+H]* 389.0798, found

389.0788.
& |
MeO 39h(E:Z=5:1)

39h: 1.27 g, 82%; *H-NMR (400 MHz, CDCl3) 6 7.23-7.19 (1H, m, E + Z), 6.82-6.71 (3H, m,
E + Z), 6.55 (1H, dt, J = 14.8, 7.2 Hz, E), 6.23-6.18 (2H, m, Z), 6.03 (1H, dt, J = 14.4, 1.2 Hz,
E), 3.81 (3H, m, Z), 3.80 (3H, m, E), 2.74-2.66 (2H, m, E + Z), 2.46 (2H, q, J =8.0 Hz, Z), 2.36
(2H, g, J = 7.2 Hz, E); ®*C-NMR (100 MHz, CDCls) § 159.5 (C, E + Z), 145.4 (CH, E), 142.6
(C, 2),142.4 (C, E), 140.1 (CH, 2), 129.4 (CH, E), 129.3 (CH, 2), 120.8 (CH, 2), 120.7 (CH,
E), 114.2 (CH, Z), 114.1 (CH, E), 111.3 (CH, E), 111.2 (CH, Z), 83.0 (CH, 2), 75.3 (CH, E),
55.1 (CH3, E + 2), 37.5 (CH2, E), 36.1 (CH2, 2), 34.7 (CH2, E), 34.0 (CH2, 2), IR (film) 2932,
1605, 1489, 1458, 1265, 1157, 1049, 941, 872, 779, 694 cm™*; HRMS (EI, double-focusing)
calcd for C11H1301 288.0011, found 288.0018.
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MeO 39i (E:2=5:1)

Me

39i: 1.71 g, 79%; 'H-NMR (400 MHz, CDCls) & 6.82-6.67 (3H, m, E + Z), 6.55 (1H, dt, J =
14.4,7.2 Hz, E), 6.28-6.17 (2H, m, Z), 6.01 (1H, dt, J = 14.0, 1.4 Hz, E), 3.89-3.87 (6H, m, E
+7),2.72-2.64 (2H, m, E + ), 2.46 (2H, g, J = 7.2 Hz, Z), 2.35 (2H, g, J = 8.0 Hz, E); 3C-
NMR (100 MHz, CDCls) 5 148.7 (C, E + Z), 147.3 (C, E + Z), 145.5 (CH, E), 140.2 (CH, 2),
133.5 (C, Z), 133.3 (C, E), 120.1 (CH, E + Z), 111.6 (CH, E + Z), 111.1 (CH, E + Z), 83.0 (CH,
Z), 75.2 (CH, E), 55.8 (CHs3, E + Z), 55.7 (CHs, E + Z), 37.9 (CH2, E), 36.4 (CH2, Z), 34.3
(CHa, E), 33.5 (CH2, 2); IR (film) 2932, 1589, 1512, 1443, 1258, 1234, 1150, 1034, 941, 856,
802, 764 cm™*; HRMS (EI, double-focusing) calcd for C12H15021 318.0117, found 318.0106.

MeO oMe 39 (E:Z=5:1)

Me

39j: 1.92 g, 87%; *H-NMR (400 MHz, CDCl3) § 6.55 (1H, dt, J = 14.4, 6.8 Hz, E), 6.43 (2H,
s, Z), 6.37 (2H, s, E), 6.26-6.18 (2H, m, Z), 6.03 (1H, dt, J = 14.8, 1.2 Hz, E), 3.88-3.83 (9H,
m, E + 2), 2.72-2.63 (2H, m, E + 2), 2.47 (2H, q, J = 6.8 Hz, Z), 2.36 (2H, g, J = 7.6 Hz, E);
13C-NMR (100 MHz, CDCl3) § 153.0 (2C, C, E + 2), 145.3 (CH, E), 140.1 (CH, Z), 136.7 (C,
Z), 136.5 (C, E + 2), 136.2 (C, E), 105.2 (2C, CH, E + Z), 83.2 (CH, Z), 75.4 (CH, E), 60.8
(3C, CHs, Z), 56.0 (3C, CHs, E), 37.7 (CH2, E), 36.2 (CH2, Z), 35.1 (CH2, E), 34.3 (CH2, Z);
IR (film) 2932, 1589, 1427, 1327, 1234, 1126, 1011, 826 cm'%; HRMS (EI, double-focusing)
calcd for C13H1703l 348.0223, found 348.0225.

I
Meo/&s\ne 3%k (E:Z2=7:1)

39k: 1.83 g, 79%; *H-NMR (400 MHz, CDCl3) § 6.55 (1H, dt, J = 14.4, 7.2 Hz, E), 6.37 (2H,
d, J=2.4 Hz, Z), 6.35 (1H, d, J = 2.0 Hz, Z), 6.32 (3H, s, E), 6.24-6.17 (1H, m, Z), 6.03 (1H,
dt, J = 14.4, 1.6 Hz, E), 3.79 (6H, s, Z), 3.78 (6H, s, E), 2.71-2.63 (2H, m, E + Z), 2.49-2.43
(2H, m, Z), 2.36 (2H, dg, J = 7.2, 1.6 Hz, E); 3C-NMR (100 MHz, CDCl3) § 160.7 (2C, C, E
+7), 145.4 (CH, E), 143.3 (C, Z), 143.1 (C, E), 140.1 (CH, Z), 106.5 (2C, CH, Z), 106.4 (2C,
CH, E), 98.0 (CH, E), 97.9 (CH, 2), 83.1 (CH, 2), 75.3 (CH, E), 55.2 (2C, CHs, E + Z), 37.4
(CH2, E), 36.0 (CH2, Z), 34.9 (CH2, E), 34.2 (CH2, 2); IR (film) 2936, 1597, 1462, 1206, 1152,
1070 cm™; HRMS (El, double-focusing) calcd for C12H15021 318.0117, found 318.0126.
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X NHTs

40a

40a: 0.847 mg, 71% (E : Z=3:1); mp 89.1-89.6 °C; 'H-NMR (400 MHz, CDCl3) § 7.77 (2H,
d, J=8.4 Hz), 7.31-7.27 (4H, m), 7.22-7.18 (1H, m), 7.15 (2H, d, J = 8.4 Hz), 5.93 (1H, dt, J
= 16.0, 7.2 Hz), 5.26 (1H, dt, J = 16.0, 2.0 Hz), 4.60 (1H, br), 3.92 (2H, dd, J = 5.6, 1.6 Hz),
2.66 (2H, t, J = 7.6 Hz), 2.40-2.34 (5H, m); 3C-NMR (100 MHz, CDCl3) § 144.4 (CH), 143.5
(C), 140.9 (C), 136.6 (C), 129.5 (2C, CH), 128.4 (2C, CH), 128.3 (2C, CH), 127.4 (2C, CH),
126.0 (CH), 109.1 (CH), 83.3 (C), 81.9 (C), 34.9 (CH3>), 34.6 (CH3>), 33.7 (CH2), 21.4 (CH23);
IR (KBr) 3271, 1597, 1427, 1327, 1165, 1049, 687 cm™ ; HRMS (El, double-focusing) calcd
for C20H21:NO2S 339.1293, found 339.1298.

X NHTs

Me 40b

40b: 1.49 g, 61% (E : Z = 3 : 1); mp 113.1-113.6 °C; 'H-NMR (400 MHz, CDCl3) § 7.77 (2H,
d, J=8.4 Hz), 7.29 (2H, d, J = 7.6 Hz), 7.09 (2H, d, J = 8.0 Hz), 7.03 (2H, d, J = 7.6 Hz), 5.94
(1H, dt, J = 15.6, 7.2 Hz), 5.26 (LH, dt, J = 16.0, 1.6 Hz), 4.46 (1H, t, J = 5.6 Hz), 3.92 (2H, dd,
J=6.0,2.0 Hz), 2.62 (2H, t, J = 7.6), 2.41 (3H, s), 2.37-2.32 (5H, m); 3C-NMR (100 MHz,
CDCl3) § 144.5 (CH), 143.5 (C), 137.8 (C), 136.6 (C), 135.4 (C), 129.5 (2C, CH), 129.0 (2C,
CH), 128.1 (2C, CH), 127.4 (2C, CH), 109.0 (CH), 83.3 (C), 81.8 (C), 34.7 (CH2), 34.4 (CH>),
33.7 (CH2), 21.4 (CHs), 20.9 (CHs); IR (KBr) 3279, 1427, 1350, 1327, 1157, 1049, 810, 702
cmt ; HRMS (EI, double-focusing) calcd for C21H23NO,S 353.1449, found 353.1438.
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X NHTs

Me
40c

40c: 1.46 g, 79% (E : Z = 3: 1); mp 75.1-75.6 °C; *H-NMR (400 MHz, CDCl3) & 7.77 (2H, d,
J=8.4Hz),7.29 (2H, d, J=8.0 Hz), 7.18 (1H, t, J = 7.6 Hz), 7.02 (1H, d, J = 8.0 Hz), 6.97-
6.94 (2H, m), 5.94 (1H, dt, J = 16.0, 7.2 Hz), 5.27 (1H, dt, J = 16.0, 1.6 Hz), 4.48 (1H, t, J =
6.0 Hz), 3.92 (2H, dd, J = 6.0, 2.0 Hz), 2.62 (2H, t, J = 7.6 Hz), 2.41-2.33 (8H, m); *C-NMR
(100 MHz, CDCl3) d 144.6 (CH), 143.5 (C), 140.8 (C), 137.9 (C), 136.6 (C), 129.6 (2C, CH),
129.1 (CH), 128.2 (CH), 127.4 (2C, CH), 126.7 (CH), 125.2 (CH), 109.0 (CH), 83.3 (C), 81.8
(C), 34.8 (CH2), 34.7 (CH2), 33.7 (CH2), 21.4 (CH3), 21.3 (CH3); IR (KBr) 3271, 1327, 1157,
678 cm™; HRMS (EI, double-focusing) calcd for C21H23NO2S 353.1449, found 353.1453.

X NHTs

Me
Me 40d

40d: 0.663 g, 53% (E : Z=5: 1); mp 91.6-92.1 °C; *H-NMR (400 MHz, CDCl3) & 7.77 (2H,
d, J=8.4Hz),7.28 (2H, d, J=7.6 Hz), 7.05 (1H, d, J = 7.6 Hz), 6.92 (1H, s), 6.88 (1H, d, J =
8.0 Hz), 5.94 (1H, dt, J = 16.0, 6.8 Hz), 5.26 (1H, dt, J = 16.0, 1.6 Hz), 4.55 (1H, br), 3.92 (2H,
dd, J=6.0, 1.6 Hz), 2.59 (2H, t, J = 7.6 Hz), 2.40 (3H, s), 2.34 (2H, q, J = 7.2 Hz), 2.24 (3H,
s), 2.23 (3H, s); 3C-NMR (100 MHz, CDCI3) & 144.7 (CH), 143.5 (C), 138.3 (C), 136.6 (C),
136.5 (C), 134.1 (C), 129.6 (4C, CH), 127.4 (2C, CH), 125.6 (CH), 108.9 (CH), 83.4 (C), 81.8
(C), 34.8 (CH3>), 34.4 (CH>), 33.7 (CH2), 21.4 (CH3), 19.7 (CH3), 19.2 (CH3); IR (KBr) 3279,
1435, 1327, 1157, 810, 679 cm™; HRMS (EI, double-focusing) calcd for Cz2H2sNO2S
367.1606, found 367.1600.

X NHTs

Me Me
40e

40e: 1.57 g, 64% (E : Z =3 : 1); mp 113.4-114.3 °C; *H-NMR (400 MHz, CDCl3) § 7.77 (2H,
d, J = 8.4 Hz), 7.29 (2H, d, J = 8.4 Hz), 6.84 (1H, s), 6.77 (2H, s), 5.95 (1H, dt, J = 16.0, 6.8
Hz), 5.27 (1H, dg, J = 15.6, 2.0 Hz), 4.47 (1H, t, J = 6.0 Hz), 3.93 (2H, dd, J = 5.6, 1.6 Hz),
258 (2H, t, J = 7.6 Hz), 2.41 (3H, ), 2.34 (2H, g, J = 7.6 Hz), 2.29 (6H, s); 3C-NMR (100
MHz, CDCls) § 144.6 (CH), 143.4 (C), 140.8 (C), 137.8 (2C, C), 136.7 (C), 129.5 (2C, CH),
127.6 (CH), 127.3 (2C, CH), 126.0 (2C, CH), 108.9 (CH), 83.3 (C), 81.8 (C), 34.7 (CH.), 34.6
(CH2), 33.6 (CH2), 21.4 (CH3), 21.1 (2C, CH3); IR (KBr) 3277, 2916, 1607, 1431, 1327, 1157,
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1091, 1059, 814, 677 cm™; HRMS (El, double-focusing) calcd for C22H2sNO2S 367.1606,
found 367.1613.

X NHTs

Me 40f

40f: 1.74 g, 65% (E : Z=5: 1); mp 113.4-114.1 °C; *H-NMR (400 MHz, CDCl3) § 7.70 (2H,
d,J=8.4Hz),722(2H, d,J=7.6 Hz), 6.98 (2H, d, J = 8.8 Hz), 6.76 (2H, d, J = 8.4 Hz), 5.86
(1H, dt, J = 16.4, 7.2 Hz), 5.18 (1H, dt, J = 16.0, 1.6 Hz), 4.45 (1H, br), 3.85 (2H, dd, J = 6.0,
1.6 Hz), 3.72 (3H, s), 2.53 (2H, t, J = 7.6 Hz), 2.34 (3H, s), 2.26 (2H, g, J = 6.8 Hz); *C-NMR
(100 MHz, CDCl3) 6 157.8 (C), 144.5 (CH), 143.5 (C), 136.6 (C), 132.9 (C), 129.5 (2C, CH),
129.1 (2C, CH), 127.4 (2C, CH), 113.7 (2C, CH), 109.0 (CH), 83.3 (C), 81.8 (C), 55.2 (CH3),
34.9 (CH2), 34.0 (CH2), 33.7 (CH2), 21.4 (CH3); IR (KBr) 3279, 1512, 1427, 1327, 1242, 1157,
818, 679 cm™*; HRMS (EI, double-focusing) calcd for C21H23NO3S 369.1399, found 369.1394.

X NHTs

TBSO
409’

409’: 2.67 ¢,61% (E : Z=4:1); *H-NMR (400 MHz, CDCl3) § 7.76 (2H, d, J = 8.4 Hz), 7.29
(2H, d, J = 8.4 Hz), 7.13 (1H, t, J = 8.0 Hz), 6.73 (1H, d, J = 8.0 Hz), 6.67 (1H, dd, J = 8.0, 2.0
Hz), 6.62 (1H, t, J = 2.0 Hz), 5.93 (1H, dt, J = 16.4, 6.8 Hz), 5.26 (1H, dquint, J = 16.0, 2.0 Hz),
4.46 (1H,t, J = 6.0 Hz), 3.92 (2H, dd, J = 6.4, 2.0 Hz), 2.60 (2H, t, J = 8.0 Hz), 2.41 (3H, s),
2.34 (2H, dq, J=7.6, 1.2 Hz), 0.98 (9H, s), 0.19 (6H, s); *C-NMR (100 MHz, CDCl3) & 155.6
(C), 144.4 (CH), 143.5 (C), 142.4 (C), 136.7 (C), 129.6 (2C, CH), 129.2 (CH), 127.4 (2C, CH),
121.3 (CH), 120.1 (CH), 117.7 (CH), 109.1 (CH), 83.3 (C), 81.9 (C), 34.8 (CH>), 34.5 (CH>),
33.7 (CH2), 21.4 (CHa3), 18.1 (C), -4.4 (CH3); IR (film) 3283, 2955, 2930, 2859, 1601, 1584,
1485, 1277, 1333, 1161, 839 cm™*; HRMS (FAB, double-focusing) calcd for C26H3sNO3SSi
[M+H]* 470.2185, found 470.2157.

X NHTs

MeO
40h

40h: 1.23 ¢, 78% (E : Z = 4 : 1); mp 63.1-63.6 °C; 'H-NMR (400 MHz, CDCl3) & 7.77 (2H, d,
J=8.4Hz),7.28 (2H, d, J = 8.0 Hz), 7.21 (1H, t, J = 8.0 Hz), 6.76-6.70 (2H, m), 6.69 (1H, t, J
= 1.2 Hz), 5.94 (1H, dt, J = 15.6, 7.2 Hz), 5.26 (1H, dt, J = 16.0, 1.6 Hz), 4.52 (1H, br), 3.92
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(2H, dd, J = 6.0, 2.0 Hz), 3.80 (3H, s), 2.64 (2H, t, J = 7.6 Hz), 2.41 (3H, s), 2.36 (2H, g, J =
6.8 Hz); *C-NMR (100 MHz, CDCls3) § 159.6 (C), 144.3 (CH), 143.5 (C), 142.5 (C), 136.6
(C), 129.5 (2C, CH), 129.3 (CH), 127.4 (2C, CH), 120.7 (CH), 114.2 (CH), 111.1 (CH), 109.1
(CH), 83.3 (C), 81.9 (C), 55.1 (CH3), 34.9 (CH), 34.5 (CH>), 33.7 (CH2), 21.4 (CH3); IR
(KBr) 3263, 1582, 1435, 1327, 1157, 1049, 679 cm™ ; HRMS (EI, double-focusing) calcd for
C21H23NO3S 369.1399, found 369.1400.

X NHTs

MeO )
Me 40i

40i: 1.40 g, 68% (E: Z=4:1); mp 73.1-73.6 °C; *H-NMR (400 MHz, CDCl3) § 7.77 (2H, d,
J=8.4Hz),7.29 (2H, d, J = 8.4 Hz), 6.72 (1H, d, J = 7.6 Hz), 6.62 (1H, dd, J = 8.0, 2.0 Hz),
6.59 (1H, d, J = 1.6 Hz), 5.88 (1H, dt, J = 16.0, 6.8 Hz), 5.19 (1H, dt, J = 16.0, 1.6 Hz), 4.51
(1H,t,J=5.6 Hz), 3.85(2H, dd, J=6.0, 2.0 Hz), 3.79 (3H, s), 3.79 (3H, s), 2.54 (2H,1,J = 7.6
Hz), 2.34 (3H, s), 2.28 (2H, g, J = 6.8 Hz); *C-NMR (100 MHz, CDCl3) § 148.7 (C), 147.2
(C), 144.4 (CH), 143.5(C), 136.6 (C), 133.5 (C), 129.5 (2C, CH), 127.3 (2C, CH), 120.1 (CH),
111.6 (CH), 111.1 (CH), 109.1 (CH), 83.2 (C), 81.8 (C), 55.8 (CH3), 55.7 (CH3), 34.8 (CH>),
34.5 (CH2), 33.6 (CH2), 21.4 (CH3); IR (KBr) 3264, 1520, 1327, 1157, 810, 671 cm™; HRMS
(El, double-focusing) calcd for C22H25sNO4S 399.1504, found 399.1500.

X NHTs
MeO OMe
Me 40]

40j: 1.57 9, 66% (E : Z=5: 1); *H-NMR (400 MHz, CDCl3) § 7.77 (2H, d, J = 8.4 Hz), 7.30
(2H, d, J=7.6 Hz), 6.36 (2H, s), 5.97 (1H, dt, J = 16.0, 7.2 Hz), 5.30 (1H, dt, J = 16.0, 1.6 Hz),
4.47 (1H, br), 3.92 (2H, dd, J = 6.0, 1.6 Hz), 3.84 (6H, s), 3.83 (3H, s), 2.61 (2H, t, J = 7.6 Hz),
2.41-2.34 (5H, m); *C-NMR (100 MHz, CDCl3) 6 153.0 (2C, C), 144.2 (CH), 143.5 (C), 136.7
(C), 136.6 (C), 136.2 (C), 129.5 (2C, CH), 127.3 (2C, CH), 109.2 (CH), 105.2 (2C, CH), 83.2
(C), 82.0 (C), 60.8 (CH3), 56.0 (2C, CH3), 35.3 (CH>), 34.7 (CH2), 33.7 (CH3>), 21.4 (CH3);
IR (KBr) 3271, 2932, 1589, 1427, 1327, 1234, 1157, 1126, 1057, 1003, 818, 756, 664 cm™;
HRMS (EI, double-focusing) calcd for C23H27NOsS 429.1610, found 429.1623.

X NHTs

MeO OMe
40k

121



40k: 1.26 g, 55% (E : Z =7 : 1); mp 110.0-111.8 °C; 'H-NMR (400 MHz, CDCl3) & 7.76 (2H,
d, J=8.4 Hz), 7.29 (2H, d, J = 8.4 Hz), 6.32-6.28 (3H, m), 5.94 (1H, dt, J = 16.0, 7.2 Hz), 5.27
(1H, dquint, J = 16.0, 1.6 Hz), 4.47 (1H, br), 3.92 (2H, dd, J = 6.0, 1.6 Hz), 3.78 (6H, s), 2.60
(2H,t,J=8.0 Hz), 2.41 (3H, s), 2.35 (2H, g, J = 7.2 Hz); 3C-NMR (100 MHz, CDClI3) § 160.7
(2C, C), 144.3 (CH), 1435 (C), 143.3 (C), 136.7 (C), 129.5 (2C, CH), 127.3 (2C, CH), 109.1
(CH), 106.4 (2C, CH), 97.8 (CH), 83.2 (C), 81.9 (C), 55.2 (CH3), 35.1 (CH>), 34.3 (CH>), 33.6
(CH2), 21.4 (CH3); IR (KBr) 3262, 2941, 1597, 1466, 1418, 1344, 1314, 1207, 1153, 1055, 815
cm™; HRMS (EI, double-focusing) calcd for C22H2sNO4S 399.1504, found 399.1490.

N
/5\/\NHTs
MeO

401

401: 0.338 g, 67% (E : Z =3 : 1); *H-NMR (400 MHz, CDCl3) § 7.75 (2H, d, J = 8.4 Hz), 7.30
(2H, d, J=8.0 Hz), 7.21 (1H, t, J = 8.0 Hz), 6.78-6.72 (3H, m), 6.08 (1H, dt, J = 16.0, 6.8 Hz),
5.42 (1H, dt, J = 16.0, 2.2 Hz), 4.68 (1H, t, J = 6.0 Hz), 3.80 (3H, s), 3.09 (2H, q, J = 6.4 Hz),
2.68 (2H, t, J = 7.6 Hz), 2.45-2.38 (7H, m); *C-NMR (100 MHz, CDClIs) § 159.6 (C), 143.5
(C), 143.4 (CH), 142.7 (C), 136.9 (C), 129.7 (2C, CH), 129.3 (CH), 127.0 (2C, CH), 120.7
(CH), 114.1 (CH), 111.2 (CH), 109.7 (CH), 84.2 (C), 81.3 (C), 55.1 (CH3), 41.8 (CH>), 35.0
(CHy), 34.4 (CH>), 21.4 (CH3), 20.5 (CH2); IR (film) 3285, 3022, 2940 1601, 1584, 1489,
1454, 1437, 1329, 1261, 1217, 1161, 1094, 1045, 814, 756, 696, 667 cm™*; HRMS (EI, double-
focusing) calcd for C22H25NO3S 383.1555, found 383.1548.

X

NHTs
MeO

Me 40m

40m: 0.344 g, 84% (E : Z=4: 1); *H-NMR (400 MHz, CDCl3) & 7.75 (2H, d, J = 8.4 Hz), 7.30
(2H,d, J=7.6 Hz), 6.80 (1H, d, J=8.0 Hz), 6.71 (1H, dd, J = 8.4, 1.6 Hz), 6.69 (1H,d, J=1.6
Hz), 6.09 (1H, dt, J =16.4, 7.2 Hz), 5.42 (1H, dquint, J = 16.4, 1.6 Hz), 4.68 (1H, t, J = 5.6 Hz),
3.87 (3H, s), 3.86 (3H, s), 3.09 (2H, q, J = 6.8 Hz), 2.65 (2H, t, J = 7.2 Hz), 2.47-2.35 (7TH, m);
13C-NMR (100 MHz, CDClIs) & 148.7 (C), 147.2 (C), 143.4 (CH), 136.9 (C), 133.7 (C), 129.6
(2C, CH), 127.0 (2C, CH), 120.1 (CH), 111.6 (CH), 111.1 (CH), 109.7 (CH), 84.1 (C), 81.3 (C),
55.8 (CH3), 55.7 (CH3s), 41.8 (CH2), 34.8 (CH2), 34.6 (CH2), 21.4 (CH3), 20.5 (CH2); IR (KBr)
3278, 3021, 2936, 1593, 1516, 1331, 1260, 1236, 1159, 1094, 1028, 814, 754, 665, 550 cm;
HRMS (EI, double-focusing) calcd for C23H27NO4S 413.1661, found 413.1665.

T4 40 (1 eq)% THF ICME L, K¢ N, NaH (1.2 eq.). MOMCI (1.4 eq.)
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AT, 7T FHRA T, BiR C—RMEEE L7, HeO 22 TRICZIF 1R S
. FEfE = L CTHIM L7z, AREE 2 KR~ 7 2 U A TR S 714, B4
MELE, Gon-MAERME ) BTSNV T L7~ T T 7 —THERML, Ak
XU AF IR AL 2157,

41a

41a: 0.317 g, 89%; 'H-NMR (400 MHz, CDCl3) 6 7.72 (2H, d, J = 8.4 Hz), 7.31-7.19 (5H, m),
7.15 (2H, d, J = 8.0 Hz), 5.92 (1H, dt, J = 16.0, 6.8 Hz), 5.26 (1H, dt, J = 16.0, 1.6 Hz), 4.75
(2H, s), 4.20 (2H, d, J = 1.2 Hz), 3.35 (3H, s), 2.66 (2H, t, J = 7.6 Hz), 2.39-2.33 (5H, m); 13C-
NMR (100 MHz, CDCls) 6 144.2 (CH), 143.3 (C), 140.9 (C), 137.0 (C), 129.4 (2C, CH), 128.2
(2C, CH), 127.3 (2C, CH), 126.0 (CH), 109.2 (CH), 83.6 (C), 80.7 (C), 78.4 (CH2), 55.7 (CH3),
35.7 (CH2), 34.9 (CH), 34.6 (CH), 21.4 (CH3); IR (film) 2932, 1350, 1165, 1072, 903, 756,
664 cm™*; HRMS (EI, double-focusing) calcd for C22H2sNO3S 383.1555, found 383.1555.

MOM
X N,
Ts

Me 41b

41b: 0.394 g, quant.; *H-NMR (400 MHz, CDCls) § 7.72 (2H, d, J = 8.4 Hz), 7.26 (2H, d, J =
8.0 Hz), 7.10 (2H, d, J = 7.6 Hz), 7.04 (2H, d, J = 8.0 Hz), 5.92 (1H, dt, J = 15.6, 7.2 Hz), 5.26
(1H, dt, J = 16.0, 2.0 Hz), 4.75 (2H, s), 4.20 (2H, d, J = 1.6 Hz), 3.35 (3H, s), 2.62 (2H, t, J
=7.6 Hz), 2.39 (3H, s), 2.37-2.31 (5H, m); *C-NMR (100 MHz, CDCls) § 144.4 (CH), 143.3
(C), 137.8 (C), 137.0 (C), 135.5 (C), 129.4 (2C, CH), 129.0 (2C, CH), 128.1 (2C, CH), 127.3
(2C, CH), 109.1 (CH), 83.7 (C), 80.7 (C), 78.4 (CH2), 55.7 (CH3), 35.7 (CH3), 34.8 (CH>),
34.5 (CHy), 21.4 (CH3), 20.9 (CH3); IR (film) 2932, 1342, 1165, 1072, 895, 818, 756, 664, 579
cm™; HRMS (EI, double-focusing) calcd for C23H27NO3S 397.1712, found 397.1706.

| “ MOM
|
h N‘Ts
Me

41c

41c: 0.248 g, 90%; 'H-NMR (400 MHz, CDCl3) § 7.72 (2H, d, J = 8.4 Hz), 7.26 (2H, d, J =
8.4 Hz), 7.18 (1H, t, J = 7.2 Hz), 7.02 (1H, d, J = 7.6 Hz), 6.97-6.94 (2H, m), 5.92 (1H, dt, J =
15.6, 7.2 Hz), 5.26 (1H, dt, J = 15.6, 1.6 Hz), 4.75 (2H, s), 4.20 (2H, d, J = 1.6 Hz), 3.35 (3H,
s), 2.62 (2H, t, J =7.6 Hz), 2.39 (3H, s), 2.38-2.32 (5H, m); 3C-NMR (100 MHz, CDCls) &
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144.4 (CH), 143.4 (C), 140.9 (C), 137.9 (C), 137.0 (C), 129.4 (2C, CH), 129.1 (CH), 128.3
(CH), 127.3 (2C, CH), 126.8 (CH), 125.2 (CH), 109.1 (CH), 83.7 (C), 80.7 (C), 78.4 (CH>),
55.8 (CH3s), 35.7 (CH2), 34.9 (CH2), 34.7 (CH), 21.4 (CH3s), 21.3 (CH3); IR (film) 3024, 2932,
1350, 1165, 1072, 903, 756, 664 cm™; HRMS (EI, double-focusing) calcd for C23H27NO3S
397.1712, found 397.1708.

MOM
X N
Ts

Me 41d

41d: 0.409g, 99%; *H-NMR (400 MHz, CDCl3) § 7.72 (2H, d, J = 8.4 Hz), 7.25 (2H, d, J = 8.0
Hz), 7.05 (1H, d, J = 7.6 Hz), 6.92 (1H, s), 6.88 (1H, d, J = 7.2 Hz), 5.92 (1H, dt, J = 16.0, 7.2
Hz), 5.26 (1H, dt, J = 16.0, 1.6 Hz), 4.75 (2H, s), 4.20 (2H, d, J = 1.2 Hz), 3.35 (3H, s), 2.59
(2H,t,J=7.6 Hz), 2.39 (3H, s), 2.33 (2H, 9, J = 7.2 Hz), 2.24 (3H, s), 2.23 (3H, s); *C-NMR
(100 MHz, CDCl3) & 144.5 (CH), 143.3 (C), 138.3 (C), 137.0 (C), 136.4 (C), 134.1 (C), 129.6
(2C, CH), 129.4 (2C, CH), 127.3 (2C, CH), 125.5 (CH), 109.0 (CH), 83.7 (C), 80.6 (C), 78.4
(CHy), 55.7 (CH3), 35.7 (CH2), 34.8 (CH>), 34.5 (CH3>), 21.4 (CH3), 19.7 (CH3), 19.2 (CH3);
IR (film) 2932, 1450, 1350, 1165, 1072, 903, 818, 756, 664 cm™ ; HRMS (EI, double-focusing)
calcd for C22H29NO3S 411.1868, found 411.1867.

| MOM
% N‘Ts
Me Me

4le

41e: 0.516 g, quant.; *H-NMR (400 MHz, CDCls) § 7.72 (2H, d, J = 8.4 Hz), 7.28 (2H, d, J =
8.4 Hz), 6.84 (1H, s), 6.77 (2H, s), 5.92 (1H, dt, J = 16.0, 7.2 Hz), 5.27 (1H, dt, J = 16.0, 2.0
Hz), 4.76 (2H, s), 4.20 (2H, d, J = 2.0 Hz), 3.35 (3H, s), 2.58 (2H, t, J =7.6 Hz), 2.39 (3H, s),
2.33 (2H, g, J = 7.2 Hz), 2.29 (6H, s); *C-NMR (100 MHz, CDCls) & 144.5 (CH), 143.3 (C),
140.8 (C), 137.8 (2C, C), 137.1 (C), 129.4 (2C, CH), 127.6 (CH), 127.3 (2C, CH), 126.1 (2C,
CH), 109.0 (CH), 83.7 (C), 80.7 (C), 78.4 (CH2), 55.7 (CH3), 35.7 (CH2), 34.8 (CH2), 34.7
(CH2), 21.4 (CH3), 21.2 (CH3); IR (film) 2922, 1607, 1350, 1171, 1072, 903, 760 cm™!; HRMS
(ESI, double-focusing) calcd for C24H20NO3SNa [M+Na]* 434.1766, found 434.1763.

MOM
NN |

N
S “Ts

Me 41f

41f: 0.421 g, quant.; *H-NMR (400 MHz, CDClz) § 7.72 (2H, d, J = 8.4 Hz), 7.26 (2H, d, J =
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8.4 Hz), 7.06 (2H, d, J = 8.0 Hz), 6.83 (2H, d, J = 8.8 Hz), 5.91 (1H, dt, J = 16.0, 7.2 Hz), 5.25
(1H, dt, J = 16.0, 1.6 Hz), 4.75 (2H, s), 4.20 (2H, d, J = 2.0 Hz), 3.78 (3H,5s), 3.35 (3H, s), 2.60
(2H,t,J=7.6 Hz), 2.39 (3H, s), 2.32 (2H, g, J = 7.2 Hz); 3C-NMR (100 MHz, CDCl3) § 157.8
(C), 144.4 (CH), 143.3 (C), 137.0 (C), 132.9 (C), 129.4 (2C, CH), 129.1 (2C, CH), 127.3 (2C,
CH), 113.7 (2C, CH), 109.1 (CH), 83.7 (C), 80.7 (C), 78.3 (CH2), 55.7 (CH3), 55.1 (CH3), 35.7
(CH2), 34.9 (CH>), 34.0 (CH2), 21.4 (CH3); IR (film) 2932, 1605, 1512, 1443, 1350, 1250,
1173, 1072, 903, 818, 756, 664 cm™*; HRMS (EI, double-focusing) calcd for C23H27NO4S
413.1661, found 413.1661.

| MOM
% N‘Ts
TBSO
419’

41g’: 0.380 g, quant.; *H-NMR (400 MHz, CDCls) & 7.72 (2H, d, J = 8.0 Hz), 7.26 (2H, d, J =
8.0 Hz), 7.13 (1H, t, J = 7.6 Hz), 6.73 (1H, d, J = 8.0 Hz), 6.68 (1H, dd, J = 8.8, 2.4 Hz), 6.62
(1H, t, J = 2.4 Hz), 5.91 (1H, dt, J = 16.0, 7.2 Hz), 5.26 (1H, dquint, J = 16.0, 2.0 Hz), 4.75
(2H, s), 4.19 (2H, d, J = 1.6 Hz), 3.35 (3H, 5), 2.60 (2H, t, J = 7.6 Hz), 2.39 (3H, 3), 2.34 (2H,
q,J=7.2 Hz), 0.98 (9H, 5), 0.19 (6H, s); 13C-NMR (100 MHz, CDCl3) 5 155.6 (C), 144.2 (CH),
143.3 (C), 142.4 (C), 137.1 (C), 129.4 (2C, CH), 129.2 (CH), 127.3 (2C, CH), 121.2 (CH),
120.0 (CH), 117.6 (CH), 109.2 (CH), 83.7 (C), 80.7 (C), 78.4 (CH2), 55.7 (CH3), 35.7 (CH>),
34.8 (CH2), 34.5 (CH2), 25.6 (3C, CH3), 21.4 (CH3), 18.1 (C), -4.4 (2C, CH3); IR (film) 2953,
2930, 1601, 1585, 1485, 1352, 1277, 1171, 1072, 839 cm-1; HRMS (ESI, double-focusing)

calcd for C2sH39NO4SSiNa [M+Na]* 536.2267, found 536.2277.

| MOM
X N
“Ts
MeO

41h

41h: 0.518 g, quant.; *H-NMR (400 MHz, CDCl3) § 7.72 (2H, d, J = 8.4 Hz), 7.26 (2H, d, J =
7.6 Hz), 7.21 (1H, t, J = 8.0 Hz), 6.77-6.73 (2H, m), 6.70-6.69 (1H, m), 5.92 (1H, dt, J = 16.0,
6.8 Hz), 5.26 (1H, dt, J = 16.0, 2.0 Hz), 4.75 (2H, s), 4.20 (2H, d, J = 2.0 Hz), 3.80 (3H, s), 3.35
(3H, s), 2.64 (2H, t, J = 8.0 Hz), 2.39-2.33 (5H, m); *C-NMR (100 MHz, CDCl3) & 159.5 (C),
144.2 (CH), 143.4 (C), 142.5 (C), 136.9 (C), 129.4 (2C, CH), 129.3 (CH), 127.3 (2C, CH),
120.6 (CH), 114.1 (CH), 111.1 (CH), 109.2 (CH), 83.6 (C), 80.7 (C), 78.3 (CH2), 55.7 (CH3),
55.0 (CH3), 35.6 (CH2), 34.9 (CH2), 34.5 (CH2), 21.4 (CH?3); IR (film) 2931, 1597, 1489, 1458,
1350, 1265, 1165, 1072, 903, 764, 664 cm™; HRMS (El, double-focusing) calcd for
C23H27NO4S 413.1661, found 413.1659.
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41i: 0.575 g, 95%; *H-NMR (400 MHz, CDCl3) 6 7.72 (2H, d, J = 8.0 Hz), 7.26 (2H, d, J = 8.4
Hz), 6.80 (1H, d, J =8.4 Hz), 6.69 (1H, dd, J = 8.0, 1.6 Hz), 6.66 (1H, d, J = 2.0 Hz), 5.93 (1H,
dt, J=15.6, 6.8 Hz), 5.27 (1H, dt, J = 15.6, 1.6 Hz), 4.76 (2H, s), 4.20 (2H, d, J = 2.0 Hz), 3.87
(3H, s), 3.86 (3H, s), 3.35 (3H, ), 2.61 (2H, t, J = 7.2 Hz), 2.39 (3H, s), 2.35 (2H, q, J = 7.2
Hz); 3C-NMR (100 MHz, CDCl3) § 148.7 (C), 147.3 (C), 144.3 (CH), 143.3 (C), 137.0 (C),
133.5 (C), 129.4 (2C, CH), 127.3 (2C, CH), 120.1 (CH), 111.6 (CH), 111.1 (CH), 109.2 (CH),
83.6 (C), 80.7 (C), 78.3 (CH2), 55.8 (CH3), 55.7 (2C, CHs), 35.6 (CH2), 34.8 (CH>), 34.5
(CH>), 21.4 (CH3); IR (film) 3017, 2932, 2839, 1597, 1512, 1443, 1350, 1234, 1165, 1072,
1026, 903, 810, 756, 664 cm™*; HRMS (EI, double-focusing) calcd for C24H29NOsS 443.1766,
found 443.1781.

MOM
X N
MeO OMe

ve 41

41j: 0.313 g, 90%; *H-NMR (400 MHz, CDCl3) § 7.73 (2H, d, J = 8.0 Hz), 7.28-7.26 (2H, m),
6.36 (2H, s), 5.95 (1H, dt, J = 15.6, 7.2 Hz), 5.29 (1H, dt, J = 16.0, 1.6 Hz), 4.76 (2H, s), 4.20
(2H, d, J =1.6 Hz), 3.85 (6H,s), 3.83 (3H, s), 3.34 (3H, 3), 2.61 (2H, t, J = 7.6 Hz), 2.40-2.33
(5H, m); B3C-NMR (100 MHz, CDCl3) § 153.1 (C), 144.1 (CH), 143.4 (C), 137.0 (C), 136.7
(C), 136.2 (C), 129.4 (2C, CH), 127.3 (2C, CH), 109.3 (CH), 105.2 (CH), 83.6 (C), 80.9 (C),
78.3 (CH3), 60.8 (CH3), 56.0 (2C, CH3s), 55.7 (CH3), 35.7 (CH2), 35.3 (CH2), 34.7 (CH2), 21.4
(CH3); IR (film) 3009, 2940, 2839, 1589, 1443, 1350, 1234, 1165, 1126, 1072, 1011, 903, 818,
756, 664 cm™*; HRMS (EI, double-focusing) calcd for C2sHs1NOgS 473.1872, found 473.1872.

“Ts

| I\I/IOM

N
~Ts
MeO OMe
41k

41k: 0.933 g, quant.; ‘H-NMR (400 MHz, CDCl3s) § 7.72 (2H, d, J = 8.4 Hz), 7.26 (2H, d, J =
8.8 Hz), 6.32-6.31 (3H, m), 5.91 (1H, dt, J = 16.0, 7.6 Hz), 5.27 (1H, dg, J = 16.0, 2.0 Hz), 4.75
(2H, s), 4.20 (2H, d, J = 2.0 Hz), 3.78 (6H, 5), 3.35 (3H, ), 2.60 (2H, t, J = 7.6 Hz), 2.39 (3H,
s), 2.35 (2H, dg, J = 7.2, 1.2 Hz): *C-NMR (100 MHz, CDCls)  160.7 (2C, C), 144.1 (CH),
143.4 (C), 143.3 (C), 137.0 (C), 129.4 (2C, CH), 127.3 (2C, CH), 109.2 (CH), 106.4 (2C, CH),
97.8 (CH), 83.6 (C), 80.8 (C), 78.4 (CH2), 55.7 (CH3), 55.2 (2C, CH3), 35.7 (CH2), 35.2 (CH>),
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34.3 (CH2), 21.4 (CH3); IR (film) 2938, 1597, 1462, 1350, 1205, 1161, 1070, 903, 758 cm™;
HRMS (EI, double-focusing) calcd for C24H29NOsS 443.1766, found 443.1743.

X | MOM
MeO
411 Ts

411: 0.161 g, 95%; *H-NMR (400 MHz, CDCl3) § 7.72 (2H, d, J = 8.8 Hz), 7.28 (2H, d, J = 7.6
Hz), 7.20 (1H, t, J = 8.0 Hz), 6.78-6.70 (3H, m), 6.06 (1H, dt, J = 16.0, 6.8 Hz), 5.42 (1H, dt, J
=16.4, 1.6 Hz), 4.76 (2H, s), 3.80 (3H, s), 3.32 (2H, t, J = 7.6 Hz), 3.30 (3H, s), 2.66 (2H, t, J
=7.6 Hz), 2.59 (2H, dt, J = 8.0, 2.0 Hz), 2.42 (3H, s), 2.39 (2H, ¢, J = 8.0 Hz); *C-NMR (100
MHz, CDCl3) 6 159.6 (C), 143.4 (C), 142.8 (CH), 142.7 (C), 137.2 (C), 129.6 (2C, CH), 129.3
(CH), 127.1 (2C, CH), 120.7 (CH), 114.1 (CH), 111.1 (CH), 110.0 (CH), 85.1 (C), 80.6 (C),
80.5 (CH2), 55.6 (CH3), 55.1 (CH3s), 46.0 (CH2), 35.1 (CH2), 34.5 (CH3), 21.4 (CH3), 20.3
(CH2); IR (film) 3024, 2938, 2835, 1601, 1585, 1489, 1454, 1344, 1261, 1159, 1078, 945, 754,
660 cm™*; HRMS (EI, double-focusing) calcd for C24H29NO4S 427.1817, found 427.1823.

X | MOM
MeO ‘|'s
Me 41m

41m: 0.114 g, 87%; *H-NMR (400 MHz, CDCl3) § 7.72 (2H, d, J = 8.0 Hz), 7.29 (2H, d, J =
8.0 Hz), 6.79 (1H, d, J = 8.4 Hz), 6.72-6.68 (2H, m), 6.06 (1H, dt, J = 16.4, 7.2 Hz), 5.42 (1H,
dg, J=16.0, 2.0 Hz), 4.76 (2H, s), 3.87 (3H, s), 3.86 (3H, s), 3.32 (2H, t, J = 7.2 Hz), 3.30 (3H,
s), 2.66-2.57 (4H, m), 2.42 (3H, s), 2.38 (2H, g, J = 7.2 Hz); *C-NMR (100 MHz, CDCl3) &
148.7 (C), 147.2 (C), 143.4 (C), 142.9 (CH), 137.2 (C), 133.7 (C), 129.6 (2C, CH), 127.1 (2C,
CH), 120.1 (CH), 111.7 (CH), 111.2 (CH), 110.0 (CH), 85.0 (C), 80.6 (C), 80.5 (CH>), 55.8
(CH3s), 55.7 (CH3), 55.6 (CH3), 46.1 (CH32), 34.8 (CH>), 34.6 (CH>), 21.4 (CH3), 20.3 (CH>);
IR (film) 3019, 2936, 2835, 1593, 1516, 1464, 1454, 1338, 1261, 1238, 1159, 1078, 814, 752,
660 cm™*; HRMS(EI, double-focusing) calcd for C25H21NOsS 457.1923, found 457.1935.

A FF v AF UK 41 (0.351 g, 0.683 mmol) % THF (10 mI)IZIEfE L. KE T,
TBAF (1.0 M THF solution, 0.8 mL, 0.8 mmol) & il x 7=, 7/ 3V EHA T, =&
12T 45 R L%, W2 E, REE VDTN T A Ia~w NI T T 4 —
(hexane : AcOEt=3: 1) TH®R L, 7= /—/ 41g” (0.289 g, 0.723 mmol, quant.) %
72,
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41g”: *H-NMR (400 MHz, CDCl3) & 7.72 (2H, d, J = 8.0 Hz), 7.26 (2H, d, J = 8.0 Hz), 7.15
(1H,t,J=8.0Hz),6.72 (1H, d, J = 7.6 Hz), 6.66 (1H, m), 6.63 (1H, m), 5.91 (1H, dt, J = 16.4,
6.8 Hz), 5.26 (1H, dquint, J = 16.0, 2.0 Hz), 4.78 (1H, br, OH), 4.76 (3H, s), 4.19 (2H, d, J =
1.6 Hz), 3.35 (3H, s), 2.62 (2H, t, J = 7.2 Hz), 2.39 (3H, s), 2.35 (2H, q, J = 7.2 Hz); 3C-NMR
(100 MHz, CDCl3) 8 155.8 (C), 144.3 (CH), 143.5 (C), 142.6 (C), 136.7 (C), 129.5 (CH), 129.4
(CH), 127.2 (CH), 120.3 (CH), 115.2 (CH), 112.9 (CH), 109.0 (CH), 83.8 (C), 80.6 (C), 78.4
(CH>), 55.7 (CH3), 35.7 (CH2), 34.7 (CH2), 34.3 (CH2), 21.3 (CHa3); IR (film) 3445, 2932,
1589, 1456, 1346, 1169, 1070, 903, 758 cm-1; HRMS (ESI, double-focusing) calcd for
C22H25NO4SNa [M+Na]* 422.1402, found 422.1388.

7 = /) —/L 41g” (0.262 g, 0.657 mmol) Z CH2Cls (5 mL)IZIAf# L. Ac20 (75.0 pL,
0.793 mmol), EtsN (275.0 puL, 1.98 mmol), N, N-dimethyl-4-aminopyridine (7.30 mg,
0.0598 mmol) Z MM x 7=, 7 /v T U RFK T, 2 Refilfiide L7, fafnRigk#E T K
0 LKA 2 N 2 CRUG 245 1k &8, AcOEt THit LU7-, Aig)E 2 K iiEe~ 7 %
UL THMRSEI%%, W2 E LT, BonlERME S ) DTN T L7~
K777 ¢ —(hexane : AcOEt = 3 : 1)THR L, 7t %1k 41g (0.263 g, 0.596

mmol, 91%) % 157,
/&\/MOM
AR
Ts
AcO

419

41g: *H-NMR (400 MHz, CDCl3) 8 7.72 (2H, d, J = 8.0), 7.29 (1H, t, J = 8.0), 7.26 (2H, d, J =
8.0 Hz), 7.01 (1H, d, J = 7.6 Hz), 6.93 (1H, m), 6.88 (1H, m), 5.91 (1H, dt, J = 16.0, 7.2 Hz),
5.27 (1H, dq, J = 16.0, 1.6 Hz), 4.76 (2H, s), 4.19 (2H, d, J = 2.0 Hz), 3.35 (3H, ), 2.67 (2H, t,
J=7.6 Hz), 2.39 (3H, s), 2.34 (2H, q, J = 7.2 Hz), 2.92 (3H, s); *C-NMR (100 MHz, CDCls)
5 169.2 (C), 150.6 (C), 143.7 (CH), 143.2 (C), 1425 (C), 136.9 (C), 129.3 (2C, CH), 129.1
(CH), 127.2 (2C, CH), 125.6 (CH), 121.2 (CH), 119.1 (CH), 109.3 (CH), 83.5 (C), 80.8 (C),
78.3 (CH2), 55.6 (CH3), 35.6 (CH2), 34.5 (CH2), 34.1 (CH2), 21.3 (CH?3), 20.9 (CH3); IR (film)
2934, 1765, 1348, 1209, 1171, 1072, 903, 758 cm-1; HRMS (ESI, double-focusing) calcd for
C24H27NOsSNa [M+Na]* 464.1508, found 464.1485.

A RF T AF AR 41 (1 eq.) % CH2CLIZ¥EfiE L, Co2(CO)s (1.5 eq) &M 2 72,
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OMe Ts

\\N/

|
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37a

37a: 'H-NMR (400 MHz, CDCl3) 6 7.79 (2H, d, J = 7.6 Hz), 7.32-7.15 (7H, m), 6.44 (1H, d, J
=15.2 Hz), 6.06 (1H, dt, J = 14.4, 7.2 Hz), 4.77 (2H, s), 4.52 (2H, s), 3.22 (3H, s), 2.76 (2H, t,
J=17.2Hz),2.49 (2H, q, J = 7.2 Hz), 2.43 (3H, s); *C-NMR (100 MHz, CDCl3) & 199.0 (6C,
C), 143.6 (C), 141.0 (C), 138.0 (CH), 137.2 (C), 129.5 (2C, CH), 128.5 (2C, CH), 128.3 (2C,
CH), 127.5 (2C, CH), 126.2 (CH), 125.9 (CH), 92.0 (C), 91.4 (C), 78.6 (CH>), 56.0 (CH3), 48.0
(CH2), 35.3 (CH2), 34.8 (CH2) , 21.5 (CH3s); IR (film) 2926, 2090, 2049, 2013, 1598, 1495,
1453, 1346, 1161, 1074 cm™; HRMS (ESI, double-focusing) calcd for CzsH25C02NO9SNa
[M+Na]" 691.9812, found 691.9820.

OMe Ts

\\N/

—Co(CO)3
Co(CO)3

Me 37b

37b: *H-NMR (400 MHz, CDCl3) § 7.79 (2H, d, J = 7.6 Hz), 7.31 (2H, d, J = 7.2 Hz), 7.07
(4H, br), 6.42 (1H, d, J = 15.2 Hz), 6.06 (1H, dt, J = 14.8, 7.2 Hz), 4.77 (2H, s), 4.52 (2H, s),
3.22 (3H,s), 2.72 (2H, t, J = 6.8 Hz), 2.43 (5H, br), 2.31 (3H, s); 3C-NMR (100 MHz, CDCls)
8199.1 (6C, C), 143.6 (C), 138.2 (CH), 138.0 (C), 137.2 (C), 135.3 (C), 129.5 (2C, CH), 129.0
(2C, CH), 128.3 (2C, CH), 127.5 (2C, CH), 126.1 (CH), 92.0 (C), 91.6 (C), 78.8 (CH>), 56.0
(CH2), 48.0 (CHa3), 35.0 (CH3>), 34.9 (CH2), 21.5 (CH3), 20.9 (CH3); IR (film) 2925, 2090,
2049, 2013, 1738, 1597, 1514, 1448, 1350, 1216, 1161, 1075 cm™; HRMS (ESI, double-
focusing) calcd for C29H27C02NOgSNa [M+Na]* 705.9968, found 705.9954.

OMe

_ N/TS

|
&%mmg
Me Co(CO)3

37c

37¢: 'H-NMR (400 MHz, CDCl3) § 7.79 (2H, d, J = 8.4 Hz), 7.30 (2H, d, J = 8.0 Hz), 7.16 (1H,
t,J=7.6 Hz), 7.02-6.94 (3H, m), 6.45 (1H, d, J = 14.8 Hz), 6.07 (1H, dt, J = 15.2, 6.8 Hz), 4.77
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(2H, s), 4.52 (2H, s), 3.22 (3H, s), 2.72 (2H, t, J = 7.2 Hz), 2.47 (2H, q, J = 6.8 HZz), 2.43 (3H,
s), 2.31 (3H, s); *C-NMR (100 MHz, CDClIs) § 199.0 (6C, C), 143.6 (C), 141.0 (C), 138.2
(CH), 137.9 (C), 137.2 (C), 129.6 (2C, CH), 129.3 (CH), 128.2 (CH), 127.5 (2C, CH), 126.6
(CH), 126.1 (CH), 125.5 (CH), 92.0 (C), 91.5 (C), 78.6 (CH2), 56.0 (CH3), 48.0 (CH>), 35.3
(CH2), 34.8 (CH>), 21.5 (CH3), 21.3 (CH3); IR (film) 2926, 2091, 2052, 2021, 1350, 1163,
1078 cm™; HRMS (ESI, double-focusing), calcd for C29H27C02NO9SNa [M+Na]* 705.9968,
found 705.9984.

OMe
Ts
(Y

—Co(CO)3
Me Co(CO)3

Me 37d

37d: 'H-NMR (400 MHz, CDCls) § 7.79 (2H, d, J = 8.0 Hz), 7.30 (2H, d, J = 8.4 Hz), 7.03
(1H, d, J=7.2 Hz), 6.94 (1H, s), 6.90 (1H, d, J = 7.2 Hz), 6.45 (1H, d, J = 14.8 HZz), 6.07 (1H,
dt, J=14.8,7.2 Hz), 4.77 (2H, s), 4.53 (2H, s), 3.22 (3H, 5), 2.69 (2H, t, J = 7.6 Hz), 2.48-2.43
(5H, m), 2.22 (6H, s); **C-NMR (100 MHz, CDCl3) § 199.0 (6C, C), 143.6 (CH), 138.6 (C),
138.4 (C), 137.2 (C), 136.4 (C), 134.1 (C), 129.8 (CH), 129.5 (3C, CH), 127.5 (2C, CH), 126.1
(CH), 120.3 (CH), 92.0 (C), 91.6 (C), 78.8 (CH>), 56.0 (CH3), 48.0 (CH2), 34.9 (2C, CH>),
21.5 (CH3), 19.7 (CH3), 19.3 (CHa3); IR (film) 2924, 2854, 2091, 2051, 2019, 1732, 1597, 1452,
1348, 1260, 1161, 1073 cm™; HRMS (ESI, double-focusing) calcd for C3oH29C02NOgSNa
[M+Na]* 720.0125, found 720.0117.

OMe
Ts
(Y

/&%Co(co)s
Me Co(CO)3
Me

37e

37e: 'H-NMR (400 MHz, CDCl3) § 7.79 (2H, d, J = 8.4 Hz), 7.31 (2H, d, J = 8.4 Hz), 6.83 (1H,
s), 6.79 (2H, s), 6.47 (1H, d, J = 14.8, Hz), 6.08 (1H, dt, J = 15.2, 7.2 Hz), 4.78 (2H, s), 4.53
(2H, s), 3.23 (3H, s), 2.68 (2H, t, J = 7.6 Hz), 2.49-2.43 (5H, m), 2.27 (6H, s); *C-NMR (100
MHz, CDCl3) 6 199.1 (6C, C), 143.6 (C), 141.0 (C), 138.3 (CH), 137.8 (2C, C), 137.2 (C),
129.6 (2C, CH), 127.5 (3C, CH), 126.3 (2C, CH), 125.9 (CH), 92.0 (C), 91.6 (C), 78.8 (CH>),
56.0 (CHs), 48.0 (CH2), 35.2 (CH2), 34.9 (CH2), 21.5 (CH3), 21.2 (2C, CH3s); IR (film) 2925,
2090, 2049, 2013, 1604, 1451, 1347, 1161, 1075 cmt; HRMS (ESI, double-focusing) calcd for
CsoH290C02NO9SNa [M+Na]* 720.0125, found 720.0148.
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—Co(CO)3
Co(CO)3

Me 37f

37f: 'H-NMR (400 MHz, CDCl3) 8 7.79 (2H, d, J = 8.0 Hz), 7.31 (2H, d, J = 8.0 Hz), 7.07 (2H,
d, J = 8.4 Hz), 6.82 (2H, d, J = 8.8 Hz), 6.42 (1H, d, J = 14.8 Hz), 6.05 (1H, dt, J = 14.8, 7.2
Hz), 4.76 (2H, s), 4.52 (2H, s), 3.78 (3H, 5), 3.22 (3H, ), 2.71(2H, t, J = 7.6 Hz), 2.47-2.43 (5H,
m); C-NMR (100 MHz, CDCl3) § 199.1 (6C, C), 157.8 (C), 143.6 (C), 138.2 (CH), 137.2 (C),
133.1 (C), 129.6 (2C, CH), 129.4 (2C, CH), 127.5 (2C, CH), 126.2 (CH), 113.7 (2C, CH), 92.0
(C), 91.6 (C), 78.8 (CH2), 56.0 (CH3), 55.2 (CH3), 48.0 (CH2), 35.1 (CH>), 34.4 (CH>), 21.5
(CH3); IR (film) 2927, 2090, 2049, 2013, 1611, 1511, 1346, 1245, 1160, 1075 cm™; HR-MS
(ESI, double-focusing) calcd for C29H27C02NO10SNa [M+Na]* 721.9917, found 721.9910.

OMe
\\N/TS
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AcO Co(CO)3

379

37g: 'H-NMR (400 MHz, CDCl3) & 7.79 (2H, d, J = 8.0 Hz), 7.30 (2H, d, J = 8.8 Hz), 7.27-
7.23 (1H, m), 7.03 (1H, d, J = 7.6 Hz), 6.94-6.88 (2H, m), 6.46 (1H, d, J = 15.2 Hz), 6.05 (1H,
dt, J=15.2, 7.2 Hz), 4.78 (2H, s), 4.52 (2H, s), 3.22 (3H, 5), 2.77 (2H, t, I = 7.6 Hz), 2.48 (2H,
g, J = 7.6 Hz), 2.43 (3H, s), 2.28 (3H, s); 3C-NMR (100 MHz, CDCl3) & 199.0 (6C, C), 169.4
(C), 150.7 (C), 143.6 (C), 142.8 (C), 137.5 (CH), 137.2 (C), 129.5 (CH), 129.2 (CH), 127.5
(CH), 126.5 (CH), 126.0 (CH), 121.5 (CH), 119.1 (CH), 92.1 (C), 91.3 (C), 78.6 (CH>), 56.0
(CH3), 48.0 (CH2), 35.0 (CH2), 34.4 (CH2), 21.5 (CH3), 21.0 (CH3); IR (film) 2932, 2091,
2052, 2029, 1767, 1589, 1443, 1350, 1211, 1165, 1080 cm™; HRMS (ESI, double-focusing)
calcd for C3oH27C02NO11SNa [M+Na]* 749.9861, found 749.9894.

OMe
\\N/TS

/&%CO(COB
MeO Co(CO)3

37h

37h: 'H-NMR (400 MHz, CDCls) § 7.79 (2H, d, J = 8.0 Hz), 7.29 (2H, d, J = 7.6 Hz), 7.19
(1H, t, J = 8.0 Hz), 6.77-6.73 (3H, m), 6.46 (1H, d, J = 14.8 Hz), 6.08 (1H, br), 4.78 (2H, s),
4.52 (2H, s), 3.79 (3H, s), 3.23 (3H, s), 2.74 (2H, t, J = 7.2 Hz), 2.49-2.43 (5H, m); ¥*C-NMR
(100 MHz, CDCls) & 199.0 (6C, C), 159.7 (C), 143.6 (C), 142.8 (C) 137.9 (CH), 137.2 (C),
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129.6 (2C, CH), 129.3 (CH), 127.5 (2C, CH), 126.2 (CH), 120.9 (CH), 114.2 (CH), 111.2 (CH),
92.0 (C), 91.6 (C), 78.8 (CH2), 56.0 (CH3), 55.0 (CH3), 48.0 (CH3>), 35.3 (CH2), 34.7 (CH>),
21.5 (CH3); IR (film) 2927, 2090, 2049, 2014, 1599, 1488, 1454, 1346, 1259, 1160, 1074 cm"
1 HR-MS (ESI, double-focusing) calcd for Ca9H27C02NO10SNa [M+Na]* 721.9917, found
721.9901.

—Co(CO)3
Co(CO)s

Me 37i

MeO

37i: 'H-NMR (400 MHz, CDCl3) § 7.79 (2H, d, J = 8.0 Hz), 7.31 (2H, d, J = 8.0 Hz), 6.78 (1H,
d, J=8.8 Hz), 6.71 (2H, s), 6.49 (1H, d, J = 14.8 Hz), 6.08 (1H, dt, J = 15.2, 7.6 Hz), 4.77 (2H,
s), 4.53 (2H, s), 3.87 (3H, s), 3.85 (3H, ), 3.22 (3H, 5), 2.71 (2H, t, J = 7.6 Hz), 2.48 (2H, q, J
= 7.2 Hz), 2.43 (3H, s); *.C-NMR (100 MHz, CDCl3) 6 199.0 (6C, C), 148.9 (C), 147.3 (C),
143.8 (C), 138.1 (CH), 137.3 (C), 133.8 (C), 129.5 (2C, CH), 127.5 (2C, CH), 126.1 (CH),
120.3 (CH), 111.6 (CH), 111.2 (CH), 92.0 (C), 91.6 (C), 78.8 (CH.), 56.0 (CH3), 55.8 (CH3).
55.7 (CH3), 48.0 (CH2), 35.0 (CH2), 34.9 (CH2), 21.5 (CHs); IR (film) 2934, 2090, 2049, 20186,
1591, 1515, 1464, 1345, 1260, 1236, 1158, 1075, 1029 cm™; HRMS (ESI, double-focusing)
calcd for C3oH29C02NO11SNa [M+Na]* 752.0023, found 752.0004.

OMe
Ts
Ly

—Co(CO)3
MeCO(CO)s

Me 37

MeO

37j: 'H-NMR (400 MHz, CDCl3) 5 7.79 (2H, d, J = 8.0 Hz), 7.31 (2H, d, J = 7.6 Hz), 6.56 (1H,
d, J = 14.4 Hz), 6.41 (2H, s), 6.09 (1H, dt, J = 14.8, 7.2 Hz), 4.80 (2H, s), 4.54 (2H, s), 3.84-
3.82 (9H, m), 3.23 (3H, s), 2.71(2H, t, J = 7.2 Hz), 2.50 (2H, q, J = 7.6 Hz), 2.43 (3H, s); 13C-
NMR (100 MHz, CDCls) § 199.0 (6C, C), 153.1 (C) 143.8 (C), 137.9 (CH), 137.2 (C), 137.0
(C), 136.2 (C), 129.6 (2C, CH), 128.3 (C), 127.5 (2C, CH), 126.2 (CH), 105.2 (2C, CH), 92.0
(C), 91.6 (C), 78.8 (CH2), 60.8 (CHz), 56.0 (3C, CH3), 48.2 (CH2), 35.7 (CH2), 34.8 (CH2),
21.5 (CH3): IR (film) 2935, 2090, 2049, 2012, 1588, 1507, 1456, 1420, 1345, 1237, 1160, 1125,
1074 cm™t; HRMS (ESI, double-focusing) calcd for Cs1Hs1C02NO12SNa [M+Na]* 782.0129,
found 782.0138.
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OMe
Ts
W

—Co(CO)3
MeO Co(CO)3
Me

37k

37k: *H-NMR (400 MHz, CDCl3) § 7.79 (2H, br), 7.30 (2H, br), 6.49 (1H, d, J = 15.2 Hz), 6.34
(3H, br), 6.07 (1H, br), 4.79 (2H, s), 4.53 (2H, s), 3.77 (6H, s), 3.23 (3H, s), 2.70 (2H, br), 2.45
(5H, br); **C-NMR (100 MHz, CDCl3) § 199.0 (6C, C), 160.8 (2C, C) 143.6 (2C, C), 137.9
(CH), 137.2(C), 129.6 (2C, CH), 127.5 (2C, CH), 126.2 (CH), 106.4 (2C, CH), 97.9 (CH), 92.0
(C), 91.6 (C), 78.8 (CH>), 56.0 (CH3), 55.1 (2C, CH?3), 48.0 (CH2), 35.6 (CH2), 34.5 (CH>),
21.5 (CH3); IR (film) 2938, 2090, 2052, 2023, 1591, 1348, 1163, 1130 cm™; HRMS (FAB,
double-focusing) calcd for C3oH30C02NO1:S [M+H]" 730.0204, found 730.0214.

Ts
MeO \

—Co(CO)3
Co(CO)3

371
Me

371: 'H-NMR (400 MHz, CDCl3) 6 7.72 (2H, d, J = 8.0 Hz), 7.29 (2H, d, J = 8.4 Hz), 7.18 (1H,
t,J = 8.4 Hz), 6.77-6.74 (3H, m), 6.42 (1H, d, J = 15.6 Hz), 6.07 (1H, dt, J = 15.2, 7.2 Hz), 4.77
(2H, s), 3.79 (3H, s), 3.39-3.35 (5H, m), 3.14-3.10 (2H, m), 2.74 (2H, t, J = 7.2 Hz), 2.47 (2H,
g, J = 7.6 Hz), 2.41 (3H, m); ®*C-NMR (100 MHz, CDCl3) § 199.4 (6C, C), 159.6 (C), 143.6
(C), 142.7 (C), 137.2 (CH), 137.0 (C), 129.7 (2C, CH), 129.2 (CH), 127.1 (2C, CH), 126.3
(CH), 120.9 (CH), 114.2 (CH), 111.2 (CH), 94.2 (C), 90.5 (C), 80.8 (CH2), 55.7 (CH3), 55.0
(CH3), 48.4 (CH2), 35.3 (CH2), 34.7 (CH>), 33.2 (CH>), 21.4 (CH3); IR (film) 3001, 2940,
2837, 2048, 2016, 1601, 1489, 1456, 1344, 1261, 1161, 1076, 945, 756, 660 cm™*; HRMS (ESI,
double-focusing) calcd for C3oH20C02NO10SNa [M+Na]* 736.0074, found 736.0092.

—Co(CO)3
Co(CO)3

37m
Me OMe

37m: *H-NMR (400 MHz, CDCl3)  7.72 (2H, d, J = 8.0 Hz), 7.30 (2H, d, J = 8.0 Hz), 6.79
(1H, d, J = 8.0 Hz), 6.72-6.71 (2H, m), 6.44 (1H, d, J = 14.8 Hz), 6.08 (1H, dt, J = 15.2, 7.2
Hz), 4.77 (2H, s), 3.87 (3H, s), 3.85 (3H, ), 3.40-3.35 (5H, m), 3.15-3.11 (2H, m), 2.71 (2H, t,
J=7.4Hz), 247 (2H, q, J = 7.2 Hz), 2.41 (3H, s): *C-NMR (100 MHz, CDCls) & 199.4 (6C,
C), 148.8 (C), 147.2 (C), 143.6 (C), 137.3 (CH), 136.9 (C), 133.8 (C), 129.7 (2C, CH), 127.1
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(2C, CH), 126.1 (CH), 120.3 (CH), 111.6 (CH), 111.2 (CH), 94.2 (C), 90.6 (C), 80.8 (CH>),
55.8 (CH3), 55.7 (CH3), 55.6 (CH3s), 48.4 (CH2), 35.0 (CH2), 34.9 (CH3), 33.2 (CH2), 21.4
(CH3); IR (film) 3021, 2938, 2089, 2048, 2016, 1593, 1516, 1344, 1261, 1238, 1217, 1171,
1157, 1074, 1030, 943, 814, 754, 660 cm™; HRMS (ESI, double-focusing) calcd for
C31H31C02NO1:SNa [M+Na]* 766.0179, found 766.0181.

Table 8

A2V T X R8T (1 eq) % CHCla Il fiE L, K T, BFs - OEts (2 eq) %
L7z, TV URBE T T 10 o Lz, fafiRigkET bV o LKERZ N
R CRUGZAE I &, CH2Cly THitY L7z, A8 2 HoKiiiE~ 7 2 7 LTl S
Wik, WHAERE L, BonMAeRME VBTNV T hra~ NI T 7 4—
THR L, “BRMEEY 42-43 DIREM 1572,

H /TS

N
&:;éCO(CO)S
Co(CO)3

42a (gr =>50:1)

42a + 43a: 29.0 mg, 92%; *H-NMR for major product (400 MHz, CDCl3) § 7.82 (1H, d, J =
7.2 Hz),7.75 (2H, d, J =8.0 Hz), 7.36 (2H, d, J = 8.4 Hz), 7.23-7.17 (2H, m), 7.12 (1H, d, J =
6.8 Hz), 5.11 (1H, d, J = 15.2 Hz), 3.99 (1H, d, J = 15.2 Hz), 3.98 (1H, d, J = 14.4 Hz), 3.86
(1H, d, J = 10.4 Hz), 3.03-2.95 (1H, m), 2.88 (1H, dd, J = 16.4, 4.0 Hz), 2.71 (1H, dd, J = 14.0,
9.2 Hz), 2.45 (3H, s), 2.03-1.96 (2H, m), 1.73-1.62 (1H, m); 3C-NMR for major product (100
MHz, CDCl3) & 199.3-199.0 (6C, C), 143.5 (C), 137.5 (C), 135.9 (C), 135.7 (C), 129.9 (2C,
CH), 128.8 (CH), 127.7 (CH), 126.9 (2C, CH), 126.6 (CH), 125.7 (CH), 101.9 (C), 95.3 (C),
57.9 (CH»), 53.0 (CH>), 48.8 (CH), 44.5 (CH), 30.1 (CH>), 29.5 (CH>), 21.5 (CH3); IR (film)
3022, 2926, 2095, 2054, 2027, 2095, 1217, 1161, 756 cm™*; HRMS (FAB, double-focusing)
calcd for C27H22C02NOgS [M+H]" 637.9730, found 637.9727.

—Co(CO)3
Co(CO)3

Me  42b(gr=20:1)

42b + 43b: 95.3 mg, 92%; *H-NMR for major product (400 MHz, CDCl3) § 7.75 (2H, d, J =
8.0 Hz), 7.68 (1H, s) 7.36 (2H, d, J = 8.4 Hz), 7.01 (2H, s), 5.11 (1H, dd, J = 15.2, 1.6 Hz), 3.98
(2H, d, J = 15.2 Hz), 3.83 (1H, d, J = 10.4 Hz), 2.98-2.82 (2H, m), 2.70 (1H, dd, J = 14.4, 8.8
Hz), 2.45 (3H, s), 2.30 (3H, s), 1.99-1.94 (2H, m), 1.65 (1H, dq, J = 12.8, 5.6 Hz); *C-NMR
for major product (100 MHz, CDClI3) 6 199.4-199.0 (6C, C), 143.5 (C), 137.2 (C), 135.9 (C),
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135.4 (C), 132.5 (C), 129.9 (2C, CH), 128.7 (CH), 128.1 (CH), 127.4 (CH), 126.9 (2C, CH),
102.0 (C), 95.3 (C), 57.9 (CH2), 53.1 (CH>), 48.8 (CH), 44.4 (CH), 29.7 (CH2), 29.6 (CH>),
21.5 (CHa3), 20.6 (CH3); IR (film) 2924, 2093, 2051, 1990, 1443, 1335, 1165, 1090, 1038, 809,
764 cm™; HRMS (ESI, double-focusing) calcd for CzsH23C02NOgSNa [M+Na]* 673.9706,
found 637.9695.

H /TS

N
/&:;gCO(COh
Me Co(CO)3

42¢ (dr=51)

42c + 43c: 93.1 mg, 99%; *H-NMR (400 MHz, CDCl3) § 7.75 (2H major + 2H minor, d, J =
8.4 Hz), 7.70 (1H, d, J = 8.0 Hz, major) 7.39-7.35 (2H major + 2H minor, m), 7.18 (1H, d, J =
8.4 Hz, minor), 7.03 (1H, d, J = 8.4 Hz major), 6.98-6.97 (2H, m, minor), 6.94 (1H, s, major),
5.20 (1H, dd, J = 15.6, 1.6 Hz, minor), 5.11 (1H, dd, J = 15.2, 1.6 Hz, major), 4.21 (1H, ddd, J
=14.4,5.2, 1.2 Hz, minor), 4.09 (1H, d, J = 5.6 Hz, minor), 3.98 (1H, d, J = 14.0 Hz, major),
3.97 (1H, d, J = 15.2 Hz, major), 3.83 (1H, d, J = 14.8 Hz, minor), 3.81 (1H, d, J = 10.4 Hz,
major), 3.00-2.81 (2H major + 3H minor, m), 2.68 (1H, dd, J = 14.0, 9.2 Hz, major), 2.46-2.39
(3H major + 4H minor, m), 2.31 (3H, s, major), 2.30 (3H, s, minor), 2.01-1.94 (2H major + 2H
minor, m), 1.65 (1H, qd, J = 12.8, 5.2 Hz, major); *C-NMR for major product (100 MHz,
CDCl3) 6 199.3-199.0 (6C, C), 143.5 (C), 136.2 (C), 136.1 (C), 135.5(C), 134.4 (C), 129.9 (2C,
CH), 129.3 (CH), 127.6 (CH), 127.0 (2C, CH), 126.6 (CH), 102.0 (C), 95.2 (C), 58.0 (CH>),
53.0 (CH2), 48.7 (CH), 44.5 (CH), 30.1 (CH2), 29.6 (CH2), 21.5 (CH?3s), 20.9 (CH3); IR (film)
2924, 2853, 2091, 2049, 1998, 1729, 1597, 1500, 1439, 1348, 1260, 1158, 1089, 757 cm™;
HRMS (ESI, double-focusing) calcd for C2sH23C0.NOgSNa [M+Na]® 673.9706, found
673.9695.

—Co(C0)3
Co(CO)3

Me 42d (gr=2:1)
42d + 43d: 79.0 mg, 90%; H-NMR (400 MHz, CDCl3) § 7.74 (2H major + 2H minor, d, J =
8.4 Hz), 7.61 (1H, s, major), 7.38-7.35 (2H major + 2H, minor, m), 7.08 (1H, s, minor), 6.92
(1H, s, minor), 6.89 (1H, s, major), 5.19 (1H, dd, J = 15.2, 1.2 Hz, minor), 5.11 (1H, dd, J =
15.2, 1.4 Hz, major), 4.23 (1H, ddd, J = 14.8, 5.6, 1.2 Hz, minor), 4.07 (1H, d, J = 5.6 Hz,
minor), 3.97 (2H, d, J = 15.2 Hz, major), 3.83 (1H, d, J = 15.6 Hz, minor), 3.80 (1H, d, J=11.2,
major), 2.96-2.78 (2H major + 3H minor, m), 2.69 (1H, dd, J = 14.4, 9.2 Hz, major), 2.46-2.37
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(3H major + 4H minor, m), 2.22 (3H, s, major), 2.21 (3H major + 3H minor, s), 2.18 (3H, s,
minor), 2.00-1.93 (2H major + 2H minor, m), 1.64 (1H, dg, J = 12.8, 5.6 Hz, major); *C-NMR
(100 MHz, CDCl3) 6 199.4-199.0 (6C, C, major + minor), 143.6 (C, minor), 143.5 (C, major),
136.0 (C, major), 135.7 (C, minor), 135.29 (C, minor), 135.28 (C, minor), 134.8 (C, major),
134.7 (C, major), 134.2 (C, minor), 134.1 (C, major), 132.8 (C, major), 132.3 (C, minor), 130.1
(CH, major), 129.9 (2C major + 3C minor, CH), 128.6 (CH, major + minor), 127.2 (2C, CH,
minor), 126.9 (2C, CH, major), 104.9 (C, minor), 102.1 (C, major), 95.3 (C, major), 87.9 (C,
minor), 57.9 (CH2, major), 55.0 (CH2, minor), 54.6 (CH2, minor), 53.1 (CH2, major), 48.7 (CH,
major), 45.9 (CH, minor), 44.5 (CH, major), 40.0 (CH, minor), 29.7 (CH2, major), 29.6 (CH.,
minor), 29.5 (CH2, major), 28.5 (CH2, minor), 22.4 (CHs, minor), 21.5 (CH3, major), 19.2
(CH3, minor), 19.1 (CH3s, major), 18.94 (CH3z, minor), 18.92 (CHs3, major); IR (film) 2926,
2090, 2049, 2010, 1995, 1730, 1599, 1504, 1443, 1348, 1164, 1092, 1045 cm™; HRMS (ESI,
double-focusing) calcd for C29H25C02NOgSNa [M+Na]* 687.9863, found 687.9883.

—Co(CO)3
Co(CO)3
Me

42e (dr=16:1)

Me

42e + 43e: 83.6 mg, 91%; 'H-NMR for major product (400 MHz, CDCl3) § 7.74 (2H, d, J =
8.4 Hz), 7.36 (2H, d, J = 8.4 Hz), 6.87 (1H, s), 6.75 (1H, s), 5.11 (1H, d, J = 16.0 Hz), 4.33 (1H,
d, J=9.2 Hz), 3.92 (1H, d, J = 16.4 Hz), 3.74 (1H, t, J = 12.0 Hz), 3.05 (1H, dd, J = 10.8, 3.8
Hz), 2.66-2.62 (5H, m), 2.46 (3H, s), 2.25 (3H, s), 1.92-1.83 (1H, m), 1.71-1.67 (1H, m), 1.42-
1.30 (1H, m); C-NMR for major product (100 MHz, CDCl3) § 199.1 (6C, C), 143.5 (C), 137.8
(C), 137.6 (C), 135.4 (C), 134.9 (C), 133.9 (C), 129.8 (2C, CH), 129.7 (CH), 127.5 (CH), 127.2
(2C, CH), 109.2 (C), 99.6 (C), 54.7 (CH>), 50.8 (CH>), 45.3 (CH), 44.8 (CH), 31.8 (CH>), 28.3
(CH2), 21.8 (CHa3), 21.5 (CH3), 20.6 (CH3); IR (film) 2924, 2853, 2091, 2051, 2016, 1598,
1439, 1347, 1158, 1090, 1036, 917, 806, 782 cm™; HRMS (ESI, double-focusing) calcd for
C29H25C02NOgSNa [M+Na]* 687.9863, found 687.9867.

—Co(C0)3
Co(CO)3

Me 42f(dr=28:1)

42f + 43f: 88.1 mg, 94%; *H-NMR for major product (400 MHz, CDCl3) § 7.75 (2H, d, J = 8.4
Hz), 7.37 (2H, d, J = 8.4 Hz), 7.34 (1H, d, J = 2.0 Hz), 7.04 (1H, d, J = 8.8 Hz), 6.77 (1H, dd,
J=8.4,24Hz),5.07 (1H, dd, J=15.6,1.2 Hz),4.12 (1H, d, J=15.2 Hz), 3.94 (1H, d, J=14.0
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Hz), 3.93 (1H, d, J = 10.4 Hz), 3.79 (3H, ), 2.94-2.79 (2H, m), 2.73 (1H, dd, J = 14.4, 9.2 Hz),
2.46 (3H, ), 2.01-1.94 (2H, m), 1.63 (1H, qd, J = 12.8, 5.6 Hz); 3 C-NMR for major product
(100 MHz, CDCls) 6 199.4-198.9 (6C, C), 158.0 (C), 143.6 (C), 138.5 (C), 135.9 (C), 129.9
(2C, CH), 129.8 (CH), 128.0 (C), 127.0 (2C, CH), 113.0 (CH), 112.9 (CH), 101.8 (C), 95.4 (C),
57.8 (CH3), 55.4 (CHs), 52.9 (CHy), 48.8 (CH), 44.5 (CH), 29.7 (CH2), 29.4 (CH>), 21.5
(CH3); IR (film) 3024, 2928, 2849, 2092, 2054, 2023, 1611, 1499, 1350, 1248, 1163, 760 cm"
1 HRMS (FAB, double-focusing) calcd for CsH24C02NOoS [M+H]* 667.9836, found
667.9833.

H Ts

/

N
/&:;éCO(CO)S
AcO Co(CO)3

429 r=11:1)

429 + 43g: 27.0 mg, 75%; *H-NMR for major product (400 MHz, CDCl3) § 7.84 (1H, d, J =
8.4 Hz),7.74 (2H, d, J = 8.4 Hz), 7.36 (2H, d, J = 8.0 Hz), 6.95 (1H, dd, J = 8.4, 2.4 Hz), 6.86
(1H, d, J=2.8 Hz),5.12 (1H, dd, J = 15.6, 2.0 Hz), 3.99 (1H, d, J = 12.4 Hz), 3.96 (1H, d, J =
15.2 Hz), 3.80 (1H, d, J = 10.8 Hz), 3.03-2.95 (1H, m), 2.87 (1H, dd, J = 16.8, 3.6 Hz), 2.69
(1H, dd, J =14.4,9.2 Hz), 2.45 (3H, s), 2.29 (3H, ), 2.02-1.95 (2H, m), 1.67 (1H, dq, J = 12.8,
4.8 Hz); C-NMR for major product (100 MHz, CDCl3) & 199.2-198.8 (6C, C), 169.6 (C),
149.1 (C), 143.6 (C), 137.3 (C), 135.9 (C), 135.1 (C), 129.9 (2C, CH), 128.7 (CH), 126.9 (2C,
CH), 121.4 (CH), 119.0 (CH), 101.2 (C), 95.3 (C), 57.8 (CHz), 53.0 (CH>), 48.5 (CH), 44.3
(CH), 30.1 (CH2), 29.3 (CH32), 21.5 (CH3), 21.0 (CHa3); IR (film) 3026, 2928, 2093, 2054, 2023,
1751, 1350, 1215, 1163, 760 cm-!; HRMS (ESI, double-focusing) calcd for
C20H23C02NO10NaS [M+Na]* 717.9599, found 717.9597.

H /TS

N
/(S%T/;éCO(CO)s
MeO Co(CO)3

43h (dr=4 11)

42h + 43h: 68.8 mg, 70%; *H-NMR (400 MHz, CDCl3) & 7.74 (2H major + 2H minor, d, J =
8.0 Hz), 7.71 (1H, d, J = 8.8 Hz, minor), 7.39-7.35 (2H major + 2H minor, m), 7.21 (1H,d, J =
8.8 Hz, major), 6.79-6.73 (1H major + 1H minor, m), 6.68 (1H, d, J = 2.4 Hz, major), 6.64 (1H,
d, J = 2.4 Hz, minor), 5.20 (1H, d, J = 15.2 Hz, major), 5.11 (1H, d, J = 15.2 Hz, minor), 4.23
(1H, dd, J = 13.2, 4.0 Hz, major), 4.08 (1H, d, J = 5.6 Hz, major), 3.98 (1H, d, J = 14.0 Hz,
minor), 3.96 (1H, d, J = 15.2 Hz, minor), 3.85-3.79 (4H major + 4H minor, m), 3.00-2.80 (3H
major + 2H minor, m), 2.69 (1H, dd, J = 14.4, 9.2 Hz, minor), 2.47-2.40 (4H major + 3H minor,
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m), 2.05-1.92 (2H major + 2H minor, m), 1.66 (1H, dqg, J = 12.8, 4.8 Hz); 3C-NMR for major
product (100 MHz, CDCls) 6 199.4-198.8 (6C, C), 158.6 (C), 143.6 (C), 136.6 (C), 135.3 (C),
130.8 (C), 130.0 (CH), 129.9 (2C, CH), 127.2 (2C, CH), 113.4 (CH), 112.4 (CH), 104.8 (C),
87.9 (C), 55.3 (CH3), 55.1 (CH2), 54.6 (CH>), 45.8 (CH), 40.0 (CH), 29.3 (CH>), 22.1 (CH>),
21.5 (CHB3); IR (film) 2927, 2090, 2047, 2007, 1997, 1607, 1501, 1441, 1344, 1248, 1162, 1089
cm™; HRMS (ESI, double-focusing) calcd for C2sH23C02NO9SNa [M+Na]* 689.9655, found
689.9656.

—Co(CO)3
Co(CO)3

Me 43i@r=6:1)

MeO

42i + 43i: 77.8 mg, 84%. 'H-NMR (400 MHz, CDCl3) § 7.75 (2H major + 2H minor, d, J = 7.6
Hz), 7.39-7.36 (2H major + 2H minor, m), 7.25 (1H, s, minor), 6.76 (1H, s, major), 6.64 (1H,
s, major), 6.60 (1H, s, minor), 5.21 (1H, d, J = 15.6 Hz, major), 5.05 (1H, d, J = 16.0 Hz, minor),
4.24 (1H, dd, J=15.2, 4.8 Hz), 4.04 (1H, d, J = 5.2 Hz), 3.94-3.80 (7H major + 9H minor, m),
2.93-2.71 (3H major + 3H minor, m), 2.47 (3H, s, major), 2.46 (3H, s, minor), 2.45-2.38 (1H,
m, major), 2.10-1.90 (2H major + 2H minor, m), 1.65 (1H, qd, J = 12.8, 5.2 Hz, minor); **C-
NMR for major product (100 MHz, CDCl3) 6 199.5-198.7 (6C, C), 148.2 (C), 147.3 (C), 143.6
(C), 135.2 (C), 130.1 (C), 129.9 (2C, CH), 127.5 (C), 127.2 (2C, CH), 111.8 (CH), 111.6 (CH),
103.8 (C), 87.7 (C), 55.8 (CH3), 55.6 (CH3), 54.7 (CH3>), 54.5 (CH>), 46.1 (CH), 39.9 (CH),
28.6 (CH2), 22.2 (CH32), 21.5 (CH3s); IR (film) 2933, 2090, 2048, 2009, 1598, 1514, 1442, 1349,
1249, 1161, 1117, 1018, 777 cm?; HRMS (ESI, double-focusing) calcd for
C29H25C02NO10SNa [M+Na]* 719.9761, found 719.9780.

—Co(CO)3
eCo(CO)3

Me 43j(@r=12:1)

MeO

42j + 43j: 81.6 mg, 86%; *H-NMR for major product (400 MHz, CDCl3) § 7.74 (2H,d, J=8.4
Hz), 7.37 (2H, d, J = 7.6 Hz), 6.44 (1H, s), 5.23 (1H, dd, J = 15.2, 1.6 Hz), 4.29-4.23 (2H, m),
3.87-3.80 (7H, m), 3.75 (3H, s), 2.98-2.80 (3H, m), 2.47 (3H, s), 2.34-2.29 (1H, m), 2.07-1.99
(2H, m); BC-NMR for major product (100 MHz, CDCls3) § 199.6-199.4 (6C, C), 152.7 (C),
151.8 (C), 143.5 (C), 139.8 (C), 135.8 (C), 131.2 (C), 129.9 (2C, CH), 127.2 (2C, CH), 124.3
(C), 107.1 (CH), 102.7 (C), 87.1 (C), 60.5 (CH3), 60.1 (CH3), 55.9 (CH3), 55.2 (CH>), 54.5
(CH2), 41.1 (CH), 39.7 (CH), 28.7 (CH3), 21.7 (CH>), 21.5 (CH3); IR (film) 3036, 2936, 2089,
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2050, 2029, 1599, 1493, 1346, 1161, 754 cm™*; HRMS (FAB, double-focusing) calcd for
Cs0H28C02NO11S [M+H]" 728.0047, found 728.0073.

Ts

=Co(CO)3
Co(CO)3

Ve 43l (gr=5:1)
421 + 43l: 18.8 mg, 68%; 'H-NMR (400 MHz, CDCl3) § 7.77-7.74 (2H major + 2H minor, m),
7.74 (2H for minor), 7.40 (1H, d, J = 8.8 Hz, minor), 7.36 (2H, d, J = 8.0 Hz, major), 7.25 (1H,
d, J = 8.4 Hz, major), 6.80 (1H, dd, J = 8.4, 2.4 Hz, minor), 6.76 (1H, dd, J = 8.4, 2.8 Hz,
major), 6.66 (1H, d, J = 2.4 Hz, major), 4.47 (1H, d, J = 5.6 Hz, major), 4.25 (1H,d, J=7.6
Hz, minor), 3.86 (2H, m, minor), 3.79 (3H, s, major), 3.65 (1H, m, major), 3.38 (1H, dd, J =
15.6, 5.2 Hz, major), 3.29 (3H, m, major), 3.05 (1H, m, major), 2.97-2.78 (3H, m, major), 2.76-
2.60 (2H, m, minor), 2.46 (3H, s, major), 2.01 (1H, m, minor), 1.78 (1H, m, major), 1.66 (1H,
m, major), 1.39 (1H, dqg, J = 12.8, 4.0 Hz, minor); *C-NMR (100 MHz, CDCl3) § 199.8-199.5
(6C, C, major + minor), 158.5 (C, major), 158.0 (C, minor), 143.6 (C, major), 139.3 (C, minor),
137.1 (C, major), 134.8 (C, minor), 134.7 (C, major), 131.3 (C, major), 131.0 (CH, major),
130.7 (CH, minor), 130.4 (C, minor), 129.7 (2C, CH, major), 127.4 (2C, CH, major), 127.3
(CH, major), 113.3 (CH, major), 113.1 (CH, minor), 111.9 (CH, minor), 111.8 (CH, major),
110.1 (C, minor), 103.9 (C, major), 96.0 (C, minor), 93.5 (C, major), 55.8 (CH2, minor), 55.3
(CHs, minor), 55.2 (CH3, major), 51.5 (CH2, major), 50.5 (CH2, major), 47.3 (CH2, minor),
44.6 (CH, minor), 44.0 (CH, minor), 43.4 (CH, major), 41.0 (CH, major), 38.7 (CH2, minor),
35.6 (CH2, major), 30.4 (CH2, minor), 29.0 (CH2, major), 28.6 (CH2, minor), 22.7 (CH,
major), 21.4 (CH3s, major); IR (film) 3021, 2930, 2089, 2046, 2023, 2014, 1609, 1501, 1342,
1217, 1161, 754 cm*; HRMS (FAB, double-focusing), calcd for C29H26C02NOgS [M+H]*
681.9992, found 681.9991.

Ts

zZ-

—Co(CO)3
Co(CO)3

43m (gr=3:1)
Me OMe

42m + 43m: 60.6 mg, 84%; *H-NMR (400 MHz, CDCl3) § 7.75 (2H, d, J = 8.4 Hz, major),
7.74 (2H, d, J = 8.4 Hz, minor), 7.35 (2H major + 2H minor, d, J= 8.0 Hz,), 6.94 (1H, s, minor),
6.79 (1H, s, major), 6.60 (1H, s, major), 4.39 (1H, d, J = 4.8 Hz, major), 4.23 (1H,d, J =7.2
Hz, minor), 3.90 (3H, s, minor), 3.87 (3H, s, major), 3.85 (3H major + 3H minor, s), 3.64 (1H,
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m, major), 3.52 (1H, m, major), 3.40-3.15 (4H, m, major), 2.89-2.71 (3H, m, major), 2.45 (3H,
s, major), 1.99 (1H, m, minor), 1.83 (1H, m, major), 1.73-1.60 (1H, m, major), 1.34 (1H, dqg, J
=12.0, 3.6 Hz, minor); 3C-NMR (100 MHz, CDCl3) & 200.1-199.4 (6C, C, major + minor),
148.2 (C, major), 147.7 (C, minor), 147.2 (C, minor), 146.8 (C, major), 143.6 (C, minor), 135.0
(C, major), 134.8 (C, minor), 131.0 (C, major), 130.7 (C, minor), 129.8 (2C, CH, major), 127.8
(C, minor), 127.3 (2C, CH, major), 112.9 (CH, minor), 112.8 (CH, major), 111.4 (CH, major),
111.3 (CH, minor), 109.4 (C, minor), 103.1 (C, major), 96.3 (C, minor), 93.7 (C, major), 55.9
(CHs, minor), 55.8 (CHs, major), 55.5 (CH3s, minor), 55.4 (CHz, major), 52.3 (CH2, major),
51.1 (CH2, major), 47.4 (CH2, minor), 44.8 (CH, minor), 44.5 (CH, minor), 44.2 (CH, major),
41.0 (CH, major), 38.6 (CH2, minor), 36.3 (CH2, major), 29.7 (CH2, minor), 28.8 (CH2, minor),
28.3 (CH2, major), 22.6 (CH2, major), 21.4 (CHs3, minor); IR (film) 3022, 2936, 2087, 2046,
2023, 1516, 1342, 1215, 1161, 754 cm™; HRMS (FAB, double-focusing), calcd for
C30H28C02NO10S [M+H]" 712.0098, found 712.0115.

Scheme 52

Bk 42a (0.148 g, 0.233 mmol) % acetone (5 mL)IZ¥%fiE L. H20 (0.5 mL) % N
ZT2. KM T, CAN(0.639¢g, 1.17TmmoD Z Nz, 5 /rfiE#E L=, WA ¥ EL,
Et:O THIH L7, A)E % oKk~ 7 200U AT S S 72 % Wi AL LTz,
Bon-HAERME Y A FNT T A v~ 57 4 —(hexane : AcOEt=1:1)T
R L. 44 (68.4 mg, 0.162 mmol, 69%) % 157,

N
(9“;(&0
O (0]

44

44: *'H-NMR (400 MHz, CDCl3) § 7.70 (2H, d, J = 8.4 Hz), 7.34 (2H, d, J = 8.0 Hz), 7.22-7.10
(3H, m), 6.92 (1H, d, J = 7.2 Hz), 4.48 (1H, d, J = 17.6 Hz), 4.28 (1H, d, J = 17.6 Hz), 4.19
(1H, d, J=10.4 Hz), 3.83 (1H, dd, J = 13.6, 3.4 Hz), 3.22 (1H, dd, J = 13.6, 9.8 Hz), 2.84-2.81
(2H, m), 2.44 (3H, s), 2.16-2.06 (1H, m), 2.03-1.97 (1H, m), 1.58-1.48 (1H, m); *C-NMR (100
MHz, CDCl3) 6 163.2 (C), 162.2 (C), 148.4 (C), 144.3 (C), 142.1 (C), 136.8 (C), 134.8 (C),
132.4 (C), 130.0 (2C, CH), 128.8 (CH), 128.5 (CH), 127.2 (3C, CH), 125.8 (CH), 54.7 (CH>),
42.3 (CH), 41.7 (CH3), 39.8 (CH), 28.9 (CH>), 28.0 (CH>), 21.5 (CH?3); IR (film) 3017, 2924,
2853, 1856, 1830, 1771, 1337, 1256, 1161, 750 cm™; HRMS (EI, double-focusing) calcd for
C2sH2sNOsS 423.1140, found 423.1132.

Bk 431 (0.108 g, 0.155 mmol) % 1,2-dichloroethane (3 mI)IZIAME L. EiEIZ T
Et3SiH (0.124 mL, 0.776 mmol)# % 7=, 7 /LT RS T. 60 oC T 4 K f#E
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L7ct%, B|IRICETL2ETHM L, B2 EE LT, GohiEL > VTNV 7
L7 v~ 2777 ¢ —(hexane : AcOEt =4 : 1) THKHLL . 45 (75.0 mg, 0.142 mmol,
91%) & 15372,

SiEt,

45: 'H-NMR (400 MHz, CDCl3) § 7.65 (2H, d, J = 8.0 Hz), 7.25 (2H, d, J = 8.4 Hz), 6.51 (1H,
s), 6.46 (1H, s), 6.92 (1H, dd, J = 4.8, 2.4 Hz), 4.32 (1H, d, J = 15.6 Hz), 4.00 (1H,t, J = 5.6
Hz), 3.78 (3H, s), 3.75 (3H, s), 3.68 (1H, dd, J = 13.6, 6.4 Hz), 3.48 (1H, d, J = 16.0 Hz), 2.72-
2.59 (2H, m), 2.50 (1H, dd, J = 14.0, 10.8 Hz), 2.36 (3H, s), 2.34-2.26 (1H, m), 1.50 (1H, br),
1.28-1.17 (1H, m), 0.78 (9H, t, J = 7.8 Hz), 0.42 (6H, g, J = 8.0 Hz); *C-NMR (100 MHz,
CDCl3) 6 147.5 (C), 147.4 (C), 144.9 (CH), 143.1 (C), 135.8 (C), 132.7 (C), 132.0 (C), 129.6
(2C, CH), 127.9 (C), 127.0 (2C, CH), 112.3 (CH), 111.3 (CH), 55.9 (CH3), 55.8 (CH3), 51.2
(CH2), 50.4 (CH2), 40.2 (CH), 38.4 (CH), 28.8 (CH32), 24.2 (CH2), 21.4 (CH3), 7.2 (3C, CH3),
2.6 (3C, CH2); IR (film) 3020, 2953, 2931, 2912, 2874, 1610, 1599, 1514, 1341, 1232, 1163,
748 cm; HRMS (EI, double-focusing) calcd for CzoHasNO4SSi 527.2526, found 527.2537.

Scheme 59

L N/TS

MOMCI, NaH Co,(CO)s w
— —_— —_— -
\\ THF \\ mom  CH2Clz CO(&S;)(CO)S
(2)-40a NHTs /1% (2)-41a N quant.
Ts

(Z)_37a
Q_/\
(Z)_40a NHTs

(2)-40a: 'H-NMR (400 MHz, CDCl3) § 7.76 (2H, d, J = 8.8 Hz), 7.32-7.24 (4H, m), 7.21 (1H,
m), 7.16 (2H, d, J = 7.2 Hz), 5.87 (1H, dt, J = 10.8, 8.0 Hz), 5.25 (1H, dt, J = 10.8, 1.2 Hz),
4.50 (1H, bs), 3.96 (2H, dd, J = 6.4, 2.4 Hz), 2.65 (2H, t, J = 7.6 Hz), 2.44 (2H, t, J = 7.2 Hz),
2.39 (3H, s); 3C-NMR (400 MHz, CDCls) & 143.6 (C), 143.4 (CH), 141.2 (C), 136.6 (C), 129.6
(2C, CH), 128.4 (2C, CH), 128.3 (2C, CH), 127.3 (2C, CH), 125.9 (CH), 108.6 (CH), 87.4 (C),
81.3 (C), 34.8 (CH2), 33.7 (CH2), 31.7 (CH2), 21.4 (CH3): IR (film) 3267, 3024, 2924, 2860,
1599, 1435, 1319, 1161, 1094 cm*; HRMS (EI, double-focusing) calcd for C2oH21NO2S
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339.1293, found 339.1298.

\\ MOM

Zy.41a N
© Ts

(2)-41a: *H-NMR (400 MHz, CDCls) § 7.70 (2H, d, J = 8.4 Hz), 7.31-7.27 (2H, m), 7.22-7.18
(3H, m), 7.14 (2H, d, J = 6.8 Hz), 5.85 (1H, dt, J = 10.8, 7.2 Hz), 5.25 (1H, dt, J = 10.8, 1.6
Hz), 4.76 (2H, s), 4.26 (2H, d, J = 2.0 Hz), 3.35 (3H, s), 2.63 (2H, t, J = 7.2 Hz), 2.42-2.36 (5H,
m); BC-NMR (400 MHz, CDCls) § 143.4 (C), 143.2 (CH), 141.1 (C), 136.9 (C), 129.4 (2C,
CH), 128.3 (4C, CH), 127.2 (2C, CH), 125.9 (CH), 108.6 (CH), 86.4 (C), 81.7 (C), 78.3 (CH>),
55.7 (CH3), 35.7 (CH2), 34.8 (CH>), 31.7 (CH2), 21.4 (CH3); IR (film) 3026, 2932, 1599, 1454,
1350, 1171, 1072 cm™*; HRMS (EI, double-focusing) calcd for C2sH2sNO3S 383.1555, found
383.1541.

OMe
Ts
LN/

Wm(w)s

Co(CO)3
(©-37a

(2)-37a: *H-NMR (400 MHz, CDCl3) 6 7.76 (2H, d, J = 8.0 Hz), 7.32-7.14 (7TH, m), 6.48 (1H,
d, J = 10.4 Hz), 5.86 (1H, dt, J = 10.8, 7.2 Hz), 4.84 (2H, s), 4.53 (2H, s), 3.22 (3H, s), 2.75
(2H,t,J = 7.6 Hz), 2.58 (2H, q, J = 7.2 Hz), 2.42 (3H, s); *C-NMR (100 MHz, CDCl3)  199.4
(6C, C), 143.9 (C), 141.4 (C), 137.5 (C), 137.1 (CH), 129.8 (2C, CH), 128.6 (3C, CH), 127.9
(2C, CH), 126.3 (CH), 125.1 (CH), 93.2 (C), 85.5 (C), 79.1 (CH>), 56.3 (CH3), 48.5 (CH>),
35.3 (CH2), 30.8 (CH3), 21.8 (CH3); IR (film) 2928, 2091, 2054, 2019, 1599, 1456, 1350, 1163,
1078 cm™; HRMS (ESI, double-focusing) calcd for C2sH25C02NOgNaS [M+Na]* 691.9806,
found 691.9826.

Scheme 60

ARy 7 2 K 87f(1.14 g, 1.63 mmol) & CH2Cle (16 mL)IZ¥&f#% L, MeOH (0.330
mL, 8.17 mmoD) # i 272, K& F. TMSOTS (0.738 mL, 4.08 mmoD)Z#E F L. 7 /L
=2 KA F T 10 SRR L2, TMSOTY (0.295 mL, 1.63 mmol) & FFEENN % 7=,
15 R #% . & 512 TMSOTS (0.148 mL, 0.815 mmol) Z Il x 7=, 40 3 EIFE# L=
%, fAFREEKFET b U U LKA &2 N 2 TR %5 1 &, CHCle THhiH L 7=,
BB % WoKFilE~ 7 > 0 A CHRE S B2k, WIEEZ £ Uiz, 5O AERY
VBTN HET AT A~ 87T 7 4 —(hexane: AcOEt=8: 1) Tk L., 52f(0.199
g, 0.285 mmol, 17%) & 53f,42-43f DIREM A5G-, HFONTZIREMEFET Y BT
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NHT AT v~ s7 T 7 4 —(benzene :hexane=6:1)THR L, 53f(0.421 g, 0.602
mmol, 37%). 43-44h (0.168 g, 0.369 mmol, 23%) % 157-,

- H
MeO MeO

(CO)C \\CO(CO)S

52f (less polar)

52f; 'H-NMR (400 MHz, CDCl3) & 7.70 (2H, d, J = 8.0 Hz), 7.33 (2H, d, J = 8.0 Hz), 7.18 (2H,
d, J=8.4 Hz), 6.85 (2H, d, J = 8.8 Hz), 5.05 (1H, d, J = 14.8 Hz), 4.32 (1H, d, J = 2.0 Hz), 3.82
(1H, d, J = 15.6 Hz), 3.80 (3H, s), 3.61 (1H, d, J = 14.4 Hz), 3.47 (3H, s), 2.96 (1H, dd, J =
14.8, 8.8 Hz), 2.74 (2H, m), 2.44 (3H, s), 2.10 (1H, g, J = 7.6 Hz), 1.78 (2H, quint, J = 7.6 Hz);
13C-NMR (100 MHz, CDCl3) 5 199.0 (6C, C), 157.8 (C), 143.4 (C), 136.2 (C), 133.7 (C), 129.8
(2C, CH), 129.4 (2C, CH), 126.8 (2C, CH), 113.8 (2C, CH), 95.7 (C), 92.2 (C), 81.5 (CH), 59.2
(CH3), 55.2 (CH3), 53.2 (CH2), 49.9 (CH?>), 45.7 (CH), 33.3 (CH2), 32.5 (CH>), 21.5 (CH3);
IR (film) 2928, 2093, 2056, 2016, 1611, 1585, 1508, 1443, 1344, 1302, 1240, 1182, 1161 cm’
1 HRMS (ESI, double-focusing) calcd for CagH27C02NO10SNa [M+Na]* 721.9912, found
721.9935.

- H
MeO MeO
N

(CO)C T=Co(CO)3

53f (more polar)

53f: 'H-NMR (400 MHz, CDCl3) § 7.70 (2H, d, J = 8.4 Hz), 7.34 (2H, d, J = 8.8 Hz), 7.14 (2H,
d, J = 8.8 Hz), 6.84 (2H, d, J = 8.8 Hz), 5.12 (1H, dd, J = 15.6, 1.2 Hz), 3.97 (1H, d, J = 15.2
Hz), 3.89 (1H, d, J = 10.0 Hz), 3.80 (3H, s), 3.78 (1H, d, J = 15.6 Hz), 3.55 (3H, s), 2.76 (1H,
m), 2.62 (1H, m), 2.45 (3H, s), 2.32 (1H, dd, J = 14.8, 9.2 Hz), 2.14 (1H, m), 1.95 (1H, q, J =
9.6 Hz), 1.46 (1H, m); 3C-NMR (100 MHz, CDCls) § 198.8 (6C, C), 157.7 (C), 143.6 (C),
135.9 (C), 134.0 (C), 129.9 (2C, CH), 129.3 (2C, CH), 127.0 (2C, CH), 113.7 (2C, CH), 97.1
(C), 90.1 (C), 85.5 (CH), 58.3 (CH3), 55.2 (CH3), 53.3 (CH2), 51.6 (CH2), 47.5 (CH), 32.6
(CH2), 31.8 (CHy), 21.5 (CH3); IR (film) 2926, 2095, 2056, 2027, 1512, 1350, 1246, 1217,
1161, 1117, 1088, 1036, 814, 758 cm™; HRMS (ESI, double-focusing) calcd for
C29H27C02NO10SNa [M+Na]* 721.9912, found 721.9938.

ZR 7 2 K 37g (0.903 g, 1.24 mmol) % CH:Cle (12 mI)IZiEfE L. MeOH
(0.260 mL, 6.43 mmol) & /Il x. 7=, Jk# . TMSOTS (0.450 mL, 2.49 mmol) Z i F L,
TV FERK T T 10 EEE L72%. TMSOTS (0.225 mL, 1.24 mmol) % F /N
Z 77, 10 ZyfEiE## . & 512 TMSOTS (0.225 mL, 1.24 mmol) Z Mz 7=, 15 4y
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FRL 7%, faFiREE/KRFET N U U LOKEER &2 N 2 CROG 25 1 S, CH2Cle THhH
L7, AtE % oKmEE~ 7 20 A CH S 2%, W2 E L, oM
ez D v s a~ 777 ¢ —(hexane : AcOEt = 9 : 1) THHLL .
52g (84.5 mg, 0.116 mmol, 9%). 53g (0.242 g, 0.333 mmol, 27%). 43-44g (93.0 mg,
0.134 mmol, 11%) & 157~

AcO _H
MeO

(CO)C \\CO(CO)3

529 (less polar)

529: *H-NMR (400 MHz, CDCI3) 6 7.70 (2H, d, J = 8.0 H), 7.33 (2H, d, J = 8.0 Hz), 7.29 (1H,
d, J=8.4 Hz), 7.14 (1H, d, J = 8.0 Hz), 6.99 (1H, br), 6.94 (1H, dd, J = 8.0, 1.6 Hz), 5.04 (1H,
d, J = 15.6 Hz), 4.33 (1H, d, J = 2.4 Hz), 3.85 (1H, d, J = 15.6 Hz), 3.59 (1H, d, J = 5.2 Hz),
3.47 (3H, s), 2.98 (1H, dd, J = 14.8, 9.2 Hz), 2.83 (1H, dd, J = 14.0, 6.8 Hz), 2.75 (1H, dd, J =
14.4, 8.0 Hz), 2.44 (3H, s), 2.30 (3H, s), 2.11 (1H, m), 1.81 (2H, g, J = 7.2 Hz); 3C-NMR (100
Hz, CDCl3) 6 199.0 (6C, C), 169.5 (C), 150.8 (C), 143.4 (2C, C), 136.2 (C), 129.8 (2C, CH),
129.3 (CH), 126.8 (2C, CH), 126.0 (CH), 121.5 (CH), 119.1 (CH), 95.5 (C), 92.1 (C), 81.6
(CH), 59.1 (CH3), 53.2 (CH3), 49.7 (CH>), 45.8 (CH), 33.2 (CH3>), 32.7 (CH>), 21.4 (CH3),
21.1 (CHs); IR (film) 3024, 2928, 2058, 2027, 1765, 1587, 1447, 1350, 1215, 1163, 758 cm™;
HRMS (ESI, double-focusing) calcd for CsoH27C02NO11SNa [M+Na]* 749.9866, found
749.9846.

AcO _H
MeO

(COBCI— ) o)

539 (more polar)

53g: 'H-NMR (400 MHz, CDCl3) & 7.71 (2H, d, J = 8.4 Hz), 7.35 (2H, d, J = 8.0 Hz), 7.30 (1H,
t,J=7.6 Hz), 7.11 (1H, d, J = 7.2 Hz), 6.96 (1H br), 6.93 (1H, d, J=8.0 Hz), 5.12 (1H, d, J =
15.6 Hz), 3.94 (1H, d, J = 15.2 Hz), 3.89 (1H, d, J = 10.0 Hz), 3.80 (1H, d, J = 15.2 Hz), 3.56
(3H, s), 3.83 (1H, m), 2.70 (1H, m), 2.44 (3H, s), 2.34 (1H, m), 2.30 (3H, s), 2.17 (1H, m), 1.95
(1H, g, J = 10.4 Hz), 1.48 (1H, m); C-NMR (100 Hz, CDCIs) & 198.8 (6C, C), 169.5 (C),
150.7 (C), 143.7 (C), 143.6 (C), 135.9 (C), 129.9 (2C, CH), 129.2 (CH), 126.9 (2C, CH), 125.9
(CH), 121.4 (CH), 119.0 (CH), 97.0 (C), 90.1 (C), 85.5 (CH), 58.3 (CH3), 53.3 (CH>), 51.5
(CH>), 47.6 (CH), 32.5 (CH>), 32.0 (CH>), 21.4 (CH3), 21.1 (CH?3); IR (film) 3022, 2928, 2058,
2027, 1765, 1350, 1215, 1161, 758 cm™?; HRMS (ESI, double-focusing) calcd for
CsoH27C02NO11SNa [M+Na]* 749.9866, found 749.9870.
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52g (53.6 mg, 73.7 umol) % MeOH (1 mL)IZVAf# L. 22T K2COs (10.0 mg,
72.4 ymo) &Mz 7=, 7T URAKT., 1 REREEE L-%, fafiEb7 =7 A
KEER 2 M2 TS Z IR S, Fifg= T /LTI L=, AHE %2 BoKiie~ 7 1~
U LTHBRSET %, WA E LT, JBonTMERMEZ VDTNV T AT~
k272 7 4 —(hexane : AcOEt =4: 1) THHI L, 52g” (40.0 mg, 58.4 umol, 79%) % 15
77

HO . H
MeO

(CONBCO—¢ oy

529"

52g”: 'H-NMR (400 MHz, CDCls) § 7.70 (2H, d, J = 8.0 Hz), 7.34 (2H, d, J = 8.4 Hz), 7.17
(1H,t,J = 7.6 Hz), 6.82 (1H, d, J = 7.6 Hz), 6.78 (1H, t, J = 2.4 Hz), 6.69 (1H, dd, J = 8.0, 1.6
Hz), 5.04 (1H, dd, J = 15.2, 0.8 Hz), 4.90 (1H, s, OH), 4.30 (1H, d, J = 2.4 Hz), 3.83 (1H, d, J
= 15.6 Hz), 3.61 (1H, d, J = 14.4 Hz), 3.47 (3H, s), 2.97 (1H, dd, J = 14.4, 8.8 Hz), 2.75 (1H,
m), 2.44 (3H, s), 2.11 (1H, br), 1.79 (2H, q, J = 7.2 Hz); 3C-NMR (100 MHz, CDCl3) & 199.0
(6C, C), 155.8 (C), 143.5 (C), 143.3 (C), 136.0 (C), 129.9 (2C, CH), 129.6 (CH), 126.8 (2C,
CH), 120.7 (CH), 115.6 (CH), 112.9 (CH), 95.6 (C), 92.1 (C), 81.6 (CH), 59.2 (CH3), 53.2
(CH3), 49.8 (CH>), 45.4 (CH), 33.1 (CH>), 32.8 (CH>), 21.4 (CH3); IR (film) 3449, 3024, 2930,
2095, 2056, 2027, 1589, 1456, 1346, 1159, 1086, 945, 758 cm™; HRMS (ESI, double-focusing)
calcd for C2sH25C02NO190SNa [M+Na]* 707.9761, found 707.9764.

53g (0.193 g, 0.265 mmol)Z MeOH (3 mI)IZ#M%E L. EIRIC T K2COs (36.9 mg,
0.267 mmoD & Nz 7=, 7T RS T, 1 REffEEE L7=t%, a7 > e=v
LK 2 N2 TS 2 1R S, BEg—=T /L Chiitt L7-, Bi%E % BoKhifE~ 7 %
VU LTHMR I, W2 E LT, GO HAERME S ) DTN T L7 1
~ £ 277 7 4 —(hexane : AcOEt =4 : 1) THHE L. 53g” (0.139 g, 0.202 mmol, 76%)
ok

HO . H
MeO

(COBCI—tco)s

53g"

53g”: 'H-NMR (400 MHz, CDCls) 8 7.71 (2H, d, J = 8.4 Hz), 7.35 (2H, d, J = 8.4 Hz), 7.16
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(1H,t,J = 7.6 Hz), 6.81 (1H, d, J = 7.2 Hz), 6.74 (1H, br), 6.68 (1H, dd, J = 7.6, 2.4 Hz), 5.11
(1H, dd, J = 15.2, 1.2 Hz), 4.82 (1H, s, OH), 3.96 (1H, d, J = 15.2 Hz), 3.88 (1H, d, J = 10.0
Hz), 3.78 (1H, d, J = 15.6 Hz), 3.55 (3H, s), 2.77 (1H, m), 2.65 (1H, m), 2.45 (3H, s), 2.32 (1H,
dd, J=15.2,9.2 Hz), 2.17 (1H, m), 1.95 (1H, br), 1.48 (1H, m); *C-NMR (100 MHz, CDCls)
5 198.8 (6C, C), 155.7 (C), 143.7 (2C, C), 135.8 (C), 129.9 (2C, CH), 129.5 (CH), 126.9 (2C,
CH), 120.7 (CH), 115.5 (CH), 112.8 (CH), 97.0 (C), 90.0 (C), 85.6 (CH), 58.3 (CH3), 53.3
(CH2), 51.6 (CH>), 47.4 (CH), 32.6 (CH>), 32.1 (CH>), 21.5 (CH3); IR (film) 3439, 3021, 2928,
2828, 2095, 2056, 2027, 1589, 1456, 1443, 1348, 1217, 1159, 1115, 1088, 1034, 758 cm™;
HRMS (ESI, double-focusing) calcd for CzsH25C02NO1SNa [M+Na]* 707.9761, found
707.9779.

52g” (28.8 mg, 42.0 pmol)% MeOH (1 mI)IZIAE L. =iEIZ T K2CO3 (12.7 mg,
91.9 umol), CH3I B mL)Z Nz 7=, 7/ KK T, 3 B L-%. skt
T U= AKIRIRE N A TG ZEIE S W, BT VTl L7, AHE 2 K
Wit~ 7 3> U A TS E-15, W2 E Lz, BonilEsmmE Y 17w
BT hrva~ 777 ¢—(hexane : AcOEt = 4 : D)THR L. 52h (14.4 mg, 20.6
pumol, 49%) & J5UE 52g” (10.0 mg, 14.6 umol, 35%) & 157=,

MeO _H
\©/\ SN
MeO

(CO)C \\CO(CO)3

52h

52h: *H-NMR (400 MHz, CDCl3) & 7.70 (2H, d, J = 8.0 Hz), 7.33 (2H, d, J = 8.4 Hz), 7.22
(1H, t, J = 8.0 Hz), 6.85 (1H, d, J = 8.0 Hz), 6.84 (1H, d, J = 1.6 Hz), 6.75 (1H, m), 5.04 (1H,
d, J=14.8 Hz), 4.32 (1H, d, J = 2.4 Hz), 3.83 (1H, d. J = 15.6 Hz), 3.81 (3H, ), 3.62 (1H, d, J
= 14.8 Hz), 3.48 (3H, s), 2.97 (1H, dd, J = 14.4,8.4), 2.78 (2H, m), 2.44 (3H, s), 2.11 (1H, q,
J=7.6Hz), 1.81 (2H, q, J = 7.6 Hz); *C-NMR (100 MHz, CDClIs) § 199.0 (6C, C), 159.7 (C),
143.4 (C), 143.3 (C), 136.2 (C), 129.8 (2C, CH), 129.4 (CH), 126.8 (2C, CH), 120.8 (CH),
114.1 (CH), 111.5 (CH), 95.6 (C), 92.2 (C), 81.6 (CH), 59.2 (CH3), 55.1 (CH3), 53.2 (CH>),
49.8 (CH), 45.7 (CH), 33.5 (CH2), 33.0 (CH2), 21.5 (CH3); IR (film) 2933, 2095, 2056, 2023,
1601, 1585, 1350, 1163, 1095, 758 cm-1; HRMS (ESI, double-focusing) calcd for
C29H27C02NO10SNa [M+Na]* 721.9917, found 721.9905.

53g” (97.4 mg, 0.142 mmol) % MeOH (3 mI)IZIAEfE L. =iEIZ T K2CO3 (39.3 mg,
0.284 mmol), CH3I (O mL)& Nz 7=, 73 HEA T, 3 B L-%., i
b7 =0 AKEREIMZ TG E SR S, BT Vit L7-, Af%E %2 1
Kb~ 73237 LTRSS YT, WA RE LT, BonTMERMEZ U AT
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NAThya~ 777 4 —(hexane : AcOEt =4 : 1) THH® L. 53h (45.5 mg, 65.1
umol, 46%) & J5UEF 53g” (43.2 mg, 63.0 umol, 44%) & 157=,

MeO . H
MeO

(CO)C \\Co(CO)a

53h

53h: 'H-NMR (400 MHz, CDCl3) & 7.71 (2H, d, J = 8.8 Hz), 7.35 (2H, d, J = 7.6 Hz), 7.21
(1H, t, J = 8.0 Hz), 6.83 (1H, d, J = 8.0 Hz), 6.82 (1H, s), 6.75 (1H, m), 5.12 (1H, dd, J = 15.6,
1.2 Hz), 3.97 (1H, d, J = 15.2 Hz), 3.88 (1H, d, J = 10.4 Hz), 3.81 (3H, 5), 3.79 (1H, d, J = 17.2
Hz), 3.56 (3H, s), 2.80 (1H, m), 2.66 (1H, m), 2.45 (3H, s), 2.33 (1H, dd, J = 15.2, 9.6 Hz), 2.17
(1H, m), 1.96 (1H, g, J = 10.0 Hz), 1.48 (1H, m); *C-NMR (100 MHz, CDCl3) & 198.8 (6C,
C), 159.6 (C), 143.6 (C), 143.5 (C), 135.9 (C), 129.9 (2C, CH), 129.3 (CH), 126.9 (2C, CH),
120.7 (CH), 114.0 (CH), 111.3 (CH), 97.1 (C), 90.1 (C), 85.5 (CH), 58.3 (CH3), 55.1 (CH3),
53.3 (CH2), 51.5 (CH2), 47.5 (CH), 32.8 (CH>), 32.2 (CH>), 21.5 (CH3); IR (film) 2928, 2092,
2027, 2004, 1610, 1587, 1438, 1348, 1269, 1163, 1119, 760 cm-1; HRMS (ESI, double-
focusing) calcd for C29H27C02NO10SNa [M+Na]* 721.9917, found 721.9905.

Table 9 (Entry 2)

AR T 2K 8Tn(86.5 mg, 0.132 mmol) % CH2Cls (1.0 mI)IZIAEfR L. K& T
BFs - OEts (34.0 uL, 0.270 mmol) Z i F L7z, 7 /L2 U FRFAS N T 10 /rfEE# L
%, fARREEKFET Y U LKIRIE Z N2 TG E A5 I S, CH2Cle THhiH L7z,
BB % WoKFilE~ 7 1> 0 A CHRE S B 721k, WIEZ £ Uiz, 5O AERY
NN T A~ 757 4 —(hexane : AcOEt=1:1) TR L., =&ML
&%) 42-43n (77.5 mg, 0.125 mmol, 94%) DIEEWM % 157-,

—Co(CO)3
Co(CO)3

Me 43n(dr=6:1)

MeO

42n + 43n: 77.5 mg, 94%; *H-NMR (400 MHz, CDCls) § 7.27 (1H, s, minor), 6.79 (1H, s,
major), 6.63 (1H, s, major), 6.61 (1H, s, minor), 5.21 (1H, dd, J = 16.0, 1.6 Hz, major), 5.11
(1H, dd, J = 15.6, 1.2 Hz, minor), 4.30 (1H, d, J = 15.6 Hz, minor), 4.29 (1H, d, J = 15.6 Hz,
major), 4.23 (1H, ddd, J = 15.2, 6.0, 1.6 Hz, major), 4.14 (1H, d, J = 5.6 Hz, major), 4.00 (1H,
d, J = 8.8 Hz, minor), 3.89-3.85 (6H major + 7H minor, m), 3.19 (1H, d, J = 14.8 Hz, major),
2.99 (1H, dd, J = 14.4, 8.8 Hz, major), 2.92-2.74 (5H major + 5H minor, m), 2.47-2.40 (1H, m,

147



major), 1.99-1.83 (2H major + 2H minor, m), 1.68 (1H, dqg, J = 12.8, 4.8 Hz, minor); *C-NMR
(100 MHz, CDCl3) 6 199.4-198.7 (6C, C, major + minor), 148.2 (C, major), 147.8 (C, minor),
147.3 (C, major + minor), 130.0 (C, major), 129.1 (C, minor), 128.2 (C, minor), 127.3 (C,
major), 111.7 (CH, major), 111.5 (CH, major), 111.3 (CH, minor), 110.7 (CH, minor), 103.7 (C,
major), 101.6 (C, minor), 95.2 (C, minor), 87.2 (C, major), 57.5 (CHz2, minor), 56.0 (CHs,
minor), 55.8 (CH3s, major), 55.7 (CHz, minor), 55.6 (CHs, major), 54.3 (CH2, major), 54.1
(CH2, major), 52.4 (CH2, minor), 48.4 (CH2, minor), 46.0 (CH, major), 44.6 (CH, minor), 39.7
(CH, major), 37.6 (CHs, minor), 36.1 (CHs, major), 29.9 (CH2, minor), 29.7 (CH2, minor),
28.4 (CH2, major), 22.1 (CH2, major); IR (film) 3022, 2093, 2054, 2029, 1516, 1346, 1331,
1217, 1155, 754 cm™; HRMS (ESI, double-focusing) calcd for C23H21Co2NO10SNa [M+Na]*
643.9442, found 643.9429.

Table 9 (Entry 3)

AN T 2 K 870 (0.101 g, 0.147 mmol) % CH2Cls (1.0 mI)IZIAEfE L, K& R,
BFs « OEte (37.0 uL, 0.293 mmol) i F L7z, 7 /L3 VRS T T 4 FEEHRER L
7ot BAFNREEKE T B U O AJKIAIR &2 N 2 C UG &5 1k &8, CH2Cle T L 7=,
EREE 2 oKW~ 7 %> U A THMR S B2, BRIEA2BE Lz, SO HAeERY
BN T AT a~ 7T 7 ¢ —(hexane : AcOEt=3: 1) TR L., =M1k
AW 42-430 (87.6 mg, 0.134 mmol, 91%) DIEA W %157~

H /SOZCH2C|
N

—Co(CO)3
Co(CO)3

Me 430 (dr=8:1)

MeO

420 + 430: 87.6 mg, 91%; *H-NMR (400 MHz, CDCl3) & 7.27 (1H, s, minor), 6.79 (1H, s,
major), 6.63 (1H, s, major), 6.61 (1H, s, minor), 5.29 (1H. dd, J = 16.0, 1.6 Hz, major), 5.18
(1H. dd, J = 16.0, 1.6 Hz, minor), 4.70-4.61 (2H major + 2H minor, m), 4.55 (1H, d, J = 16.0
Hz, major), 4.53 (1H, d, J = 16.0 Hz, minor), 4.35 (1H, dd, J = 14.8, 4.8 Hz, major), 4.15 (1H,
d, J = 5.6 Hz, major), 4.03 (1H, d, J = 15.2 Hz, minor), 3.91-3.85 (6H major + 7H minor, m),
3.47 (1H, d, J = 15.2 Hz, major), 3.19 (1H, dd, J = 15.2, 9.6 Hz, minor), 2.94-2.76 (2H major
+ 2H minor, m), 2.46-2.39 (1H, m, major), 2.02-1.94 (1H major + 2H minor, m), 1.90-179 (1H,
m, major), 1.67 (1H, dg, J = 12.8, 4.8 Hz, minor); *C-NMR (100 MHz, CDCl3) § 199.4-198.5
(6C, C, major + minor), 148.2 (C, major), 147.8 (C, minor), 147.3 (C, major + minor), 130.0
(C, major), 129.0 (C, minor), 128.2 (C, minor), 127.2 (C, major), 111.7 (CH, major), 111.5 (CH,
major), 111.3 (CH, minor), 110.7 (CH, minor), 103.6 (C, major), 101.5 (C, minor), 95.0 (C,
minor), 86.8 (C, major), 58.5 (CH2, minor), 56.0 (CH3, minor), 55.9 (CH2, major), 55.8 (CH3,
major), 55.7 (CHsz, minor), 55.6 (CHs, major), 55.0 (CH2, minor), 54.7 (CH2, major), 54.3
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(CH2, major), 53.5 (CH2, minor), 48.2 (CH, minor), 45.9 (CH, major), 44.9 (CH, minor), 39.7
(CH, major), 29.9 (CH2, minor), 29.5 (CH2, minor), 28.3 (CH2, major), 21.9 (CH2, major); IR
(film) 3021, 2093, 2054, 2031, 1516, 1356, 1251, 1217, 1159, 756 cm™*; HRMS (ESI, double-
focusing) calcd for C23H20ClIC02NO10SNa [M+Na]* 677.9053, found 677.9061.

Table 9 (Entry 4-7)

N-7 = = )ViEH#K 87 (1 eq.) % CHClIZWEfE L. JK# . BF3 - OEte (2 eq.) &1
TLl7e, 7T FEHAT T 16 iEIR Lok, fafMmEEKET U U 2OKEIK %
INZ TR ZAE 1L &, CHoCla THIH L7z, AHEfE %2 BKRiEE~ 7 % v ™ L CHZG:
SHE%, WIEEEE LT, GO MARMITERET VI T2 REH E L THND
AT hrn< 7T 74— CTREL, ZBRIELEYD 42-43 DIREME1GT,

—Co(CO)3
Co(CO)3

Me 429 (r=2:1)

MeO

42q + 43q: *H-NMR (400 MHz, CDCl3) 6 7.31 (1H, s, major), 7.29-7.20 (2H major + 2H minor,
m), 6.96 (2H, d, J = 7.6 Hz, minor), 6.87 (1H, s, minor), 6.82 (1H, t, J = 7.2 Hz, minor), 6.77
(2H, d, J = 8.0 Hz, major), 6.71 (1H, t, J = 7.6 Hz, major), 6.60 (1H, s, minor), 6.59 (1H, s,
major), 5.31 (1H, d, J = 16.4 Hz, major), 4.96 (1H, d, J = 16.4, Hz, minor), 4.57 (1H, d, J =
16.4 Hz, minor), 4.41 (1H, d, J = 17.2 Hz, major), 4.20 (1H, d, J = 6.0 Hz, minor), 4.04-3.93
(2H major + 1H minor, m), 3.89 (3H, s, major), 3.87 (3H, s, minor), 3.86 (3H major + 3H minor,
s), 3.57 (1H, d, J = 14.8 Hz, minor), 3.24 (1H, dd, J = 15.6, 8.8 Hz, major), 2.99-2.81 (2H major
+ 2H minor, m), 2.57-2.50 (1H, m, minor), 2.03-1.69 (3H major + 2H minor, m); **C-NMR
(100 MHz, CDCl3) 6 200.0-199.0 (6C, C, major + minor), 151.0 (C, minor), 147.9 (C, minor),
147.6 (C, major), 147.2 (2C, C, major + minor), 130.4 (C, minor), 129.9 (C, major), 129.5 (2C,
CH, major), 129.3 (2C, CH, minor), 128.2 (C, major), 127.3 (C, minor), 118.5 (CH, minor),
117.3 (CH, major), 115.0 (2C, CH, minor), 112.9 (2C, CH, major), 111.9 (CH, minor), 111.4
(CH, minor), 111.3 (CH, major), 110.7 (CH, major), 104.0 (C, minor), 102.1 (C, major), 97.6
(C, major), 91.5 (C, minor), 60.0 (CH2, major), 58.7 (CH2, minor), 56.0 (CHs, major), 55.8
(CHs, minor), 55.7 (CH3s, major), 55.6 (CH2, minor + CH3, minor), 53.2 (CH2, major), 48.9
(CH, major), 45.8 (CH, minor), 40.0 (CH, minor), 39.7 (CH, major), 30.2 (CH2, major), 29.7
(CH2, major), 28.4 (CH2, minor), 23.0 (CH2, minor); IR (film) 3337, 3019, 2936, 2027, 1597,
1508, 1258, 1215, 756 cm™; HRMS (ESI, double-focusing) calcd for C2sH23C02NOsNa
[M+Na]* 641.9985, found 641.9957.
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—Co(CO)3
Co(CO)s

Me 42r(@r=13:1)

42r + 43r: *H-NMR (400 MHz, CDCl3) § 7.29 (1H, s, major), 7.20 (2H, d, J = 10.0 Hz, major),
7.18 (2H, d, J = 9.2 Hz, minor), 6.87 (2H, d, J = 8.8 Hz, minor), 6.86 (1H, s, minor), 6.68 (2H,
d, J =9.2 Hz, major), 6.60 (1H, s, minor), 6.59 (1H, s, major), 5.24 (1H, d, J = 16.4 Hz, major),
4.91 (1H, d, J = 16.8 Hz, minor), 4.55 (1H, d, J = 16.8 Hz, minor), 4.40 (1H, d, J = 17.2 Hz,
major), 4.19 (1H, d, J = 5.2 Hz, minor), 4.00-3.92 (2H major + 1H minor, m), 3.88 (3H, s,
major), 3.86 (3H major + 6H minor, s), 3.55 (1H, d, J = 15.2 Hz, minor), 3.24 (1H, dd, J = 15.6,
8.4 Hz, major), 2.98-2.81 (2H major + 2H minor, m), 2.57-2.50 (1H, m, minor), 2.00-1.69 (3H
major + 2H minor, m); *C-NMR (100 MHz, CDCl3) § 199.9-199.0 (6C, C, major + minor),
149.4 (C, minor), 148.0 (C, minor), 147.7 (C, minor), 147.3 (2C, C, major), 145.9 (C, major),
130.2 (C, minor), 129.7 (C, major), 129.3 (2C, CH, major), 128.9 (2C, CH, minor), 128.1 (C,
major), 127.2 (C, minor), 123.2 (C, minor), 121.9 (C, major), 116.0 (2C, CH, minor), 114.0 (2C,
CH, major), 111.9 (CH, minor), 111.4 (CH, minor), 111.3 (CH, major), 110.7 (CH, major),
104.0 (C, minor), 102.0 (C, major), 97.0 (C, major), 91.0 (C, minor), 60.0 (CH2, major), 58.6
(CH2, minor), 56.1 (CH3, major), 55.8 (CH3, minor), 55.73 (CH3s, major), 55.70 (CH2, minor),
55.6 (CH3, minor), 53.3 (CH2, major), 48.9 (CH, major), 45.8 (CH, minor), 39.9 (CH, minor),
39.6 (CH, major), 30.1 (CH2, major), 29.7 (CHz, major), 28.3 (CHz, minor), 23.0 (CH2, minor);
IR (film) 3019, 2936, 2853, 2089, 2048, 2021, 1514, 1497, 1251, 1225, 756 cm™!; HRMS (ESI,
double-focusing) calcd for C2sH22CICo2NOgNa [M+Na]* 675.9596, found 675.9598.

MeO

COMe

—Co(CO)s
Co(CO)s

Me 43s(dr=1.7:1)

42s + 43s: 'H-NMR (400 MHz, CDCl3) § 7.89 (2H, d, J = 8.8 Hz, major), 7.88 (2H, d, J = 9.2
Hz, minor), 7.28 (1H, s, minor), 6.90 (2H, d, J = 9.2 Hz, major), 6.87 (1H, s, major), 6.73 (2H,
d, J=9.2 Hz, minor), 6.60 (1H, s, minor), 6.59 (1H, s, major), 5.42 (1H, d, J = 16.8 Hz, minor),
5.11 (1H, d, J = 16.8 Hz, major), 4.73 (1H, d, J = 16.8 Hz, major), 4.45 (1H, d, J = 17.2 Hz,
minor), 4.20 (1H, d, J = 5.6 Hz, major), 4.19 (1H, dd, J = 13.6, 6.8 Hz, major), 4.04 (1H, d, J =
15.2 Hz, minor), 3.96 (1H, d, J = 9.2 Hz, minor), 3.88 (3H, s, minor), 3.86 (3H major + 3H
minor, m), 3.85 (3H, s, major), 3.65 (1H, d, J = 15.6 Hz, major), 3.29 (1H, dd, J = 15.6, 8.0 Hz,

MeO
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minor), 3.00-2.76 (2H major + 2H minor, m), 2.67-2.59 (1H, m, major), 2.52 (3H, s, major),
2.50 (3H, s, minor), 2.05-2.02 (1H, m, minor), 1.92-1.76 (2H major + 2H minor, m); *C-NMR
(100 MHz, CDCls3) 6 199.7-199.0 (6C, C, major + minor), 196.2 (C, major + minor), 152.9 (C,
major), 150.4 (C, minor), 148.1 (C, major), 147.8 (C, minor), 147.3 (C, major + minor), 131.0
(2C, CH, minor), 130.6 (2C, CH, major), 129.9 (C, major), 129.5 (C, minor), 128.1 (C, minor),
127.2 (C, major), 126.7 (C, minor), 126.4 (C, minor), 112.0 (3C, CH, major), 111.4 (CH, major
+ minor), 111.2 (2C, CH, minor), 110.7 (CH, minor), 103.8 (C, major), 101.8 (C, minor), 96.1
(C, minor), 89.9 (C, major), 59.3 (CH2, minor), 56.1 (CH3z, minor), 55.84 (CH3s, major), 55.80
(CHs, minor), 55.7 (CH3, major), 55.6 (CH2, major), 54.5 (CH2, major), 52.9 (CH2, minor),
49.0 (CH, minor), 45.6 (CH, major), 40.0 (CH, minor), 39.6 (CH, major), 30.1 (CH2, minor),
29.7 (CH2, minor), 28.1 (CH2, major), 26.0 (CH3, major), 25.9 (CH3, minor), 22.9 (CH,
major); IR (film) 3016, 2091, 2052, 2027, 1595, 1516, 1219, 1194, 756 cm™*; HRMS (ESI,
double-focusing) calcd for C3oH25C02NOgNa [M+Na]* 684.0100, found 684.0070.

SO,Me

—Co(CO)3
Co(CO)3

Me 43t(@r=2:1)

42t + 43t: *H-NMR (400 MHz, CDCl3) § 7.77 (2H, d, J = 9.2 Hz, major), 7.76 (2H, d, J =9.2
Hz, minor), 7.27 (1H, s, minor), 6.97 (2H, d, J = 9.2 Hz, major), 6.87 (1H, s, major), 6.80 (2H,
d, J=9.2 Hz, minor), 6.60 (1H, s, minor), 6.59 (1H, s, major), 5.41 (1H, d, J = 16.8 Hz, minor),
5.09 (1H, d, J = 16.8 Hz, major), 4.74 (1H, d, J = 17.6 Hz, major), 4.47 (1H, d, J = 16.8 Hz,
minor), 4.21 (1H, d, J = 6.0 Hz, major), 4.17 (1H, dd, J = 16.0, 6.8 Hz, major), 4.02 (1H, d, J =
15.6 Hz, minor), 3.97 (1H, d, J = 9.2 Hz, minor), 3.88 (3H, s, minor), 3.87 (3H major + 3H
minor, s), 3.86 (3H, s, major), 3.67 (1H, d, J = 15.2 Hz, major), 3.32 (1H, dd, J = 15.6, 8.4 Hz,
minor), 3.02 (3H, s, major), 2.97 (3H, s, minor), 2.94-2.80 (2H major + 2H minor, m), 2.68-
2.61 (1H, m, major), 2.05-2.02 (1H, m, minor), 1.92-1.76 (2H major + 2H minor, m); *C-NMR
(100 MHz, CDCl3s) 6 199.6-198.9 (6C, C, major + minor), 153.1 (C, major), 150.6 (C, minor),
148.1 (C, major), 147.8 (C, minor), 147.3 (C, major + minor), 129.7 (C, major), 129.6 (2C, CH,
minor), 129.3 (C, minor), 129.2 (2C, CH, major), 128.0 (C, minor), 127.5 (C, major), 127.1 (C,
minor), 127.0 (C, major), 112.4 (2C, CH, major), 111.9 (CH, major), 111.7 (2C, CH, minor),
111.3 (CH, major + minor), 110.6 (CH, minor), 103.6 (C, major), 101.7 (C, minor), 95.5 (C,
minor), 89.3 (C, major), 59.3 (CH2, minor), 56.1 (CH3, minor), 55.8 (CH3s, major), 55.7 (CH3,
minor), 55.6 (CHs, major + CH2, major), 54.5 (CH2, major), 52.9 (CH2, minor), 48.9 (CH,
minor), 45.6 (CH, major), 44.9 (CH3, major + minor), 39.8 (CH, minor), 39.5 (CH, major), 30.1
(CH2, minor), 29.6 (CH2, minor), 28.0 (CH2, major), 22.8 (CH2, major); IR (film) 3021, 2091,

MeO
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2052, 2027, 1593, 1508, 1217, 1142, 756 cm™; HRMS (FAB, double-focusing) caclcd for
C29H26C02NO10S [M+H]" 697.9953, found 697.9915.

H'E 83Mnt DERIELZLLTITRT,

4

TBAF
I -+

_ =

MeO THF, 80 °C MeO MeO
Me Me Me

9 (EZ=51) (E)-39i S1

EI1ZRAY 391 (1.16 g, 3.63 mmol) % THF (4 mL)IC¥%fi# L. =EiRI1C T TBAF (1.0
M in THF, 4.0 mL, 4.0 mmol) Z Nz 7=, 7/ I FEMHS K. 80°C T 3 B+ L 72
%, EIRICET D F THRE L, B (LT =7 LKEKRE I 2 TRISHEEIE S+,
Bl = F L CHiH L7z, A %2 BOKRiiE~ 7 R > 7 A CHLg S 7-1%, A2 E
L=, o= HERmE Vb rvh I A7 a~ 777 ¢ —(hexane : AcOEt =
9: DTHM L, (£)-39i (0.855 g, 2.69 mmol), 7 /L% S1 (85.2 mg, 0.448 mmol)
15T,

MeO (E)-39i
Me

'H-NMR (400 MHz, CDCl3) & 6.80 (1H, d, J = 8.4 Hz), 6.70 (1H, dd, J = 8.4, 2.0 Hz), 6.67
(1H, d, J = 1.6 Hz)6.55 (1H, dt, J = 14.0, 7.6 Hz), 6.01 (1H, dt, J = 14.4, 1.6 Hz), 3.88 (3H, s),
3.86 (3H, s), 2.66 (2H, t, J = 7.2 Hz), 2.35 (2H, dq, J = 7.6, 1.6 Hz); 3C-NMR (100 MHz,
CDCl3) 6 148.7 (C), 147.2 (C), 145.4 (CH), 133.3 (C), 120.1 (CH), 111.6 (CH), 111.1 (CH),
75.2 (CH), 55.8 (CH3s), 55.7 (CH3), 37.8 (CH2), 34.2 (CH2); IR (film) 2933, 1516, 1261, 1236,
1157, 1144, 1030, cm™; HRMS (EI, double-focusing) calcd for C12H15021 318.0117, found
318.0123.

MOM
i

N OMe

A N

\/ ‘R \\N’R

| PdCl,(PPh3)2 | |
| PPhs, Cul MOM  Coy(cOy)s
- = S N~R —Co(CO)3
MeO 'Pr,NH MeO CH,Cl, MeO Co(CO)s
Me Me Me
(E)-39i 41n (94%, R = Ms) 37n (quant., R = Ms)
410 (89%, R = SO,CH,CI) 370 (quant., R = SO,CH,CI)
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MOM
X N

Ms
MeO

Me 41n

41n: 0.104 g, 94%; 'H-NMR (400 MHz, CDCl3) § 6.80 (1H, d, J = 8.0 Hz), 6.72-6.68 (2H, m),
6.18 (1H, dt, J = 16.0, 7.2 Hz), 5.48 (1H, dt, J = 16.0, 1.6 Hz), 4.73 (2H, s), 4.24 (2H,d, J=1.6
Hz), 3.87 (3H, s), 3.86 (3H, s), 3.36 (3H, s), 2.99 (3H, s), 2.66 (2H, t, J = 7.2 HZ), 2.42 (2H, q,
J=17.2 Hz); *C-NMR (400 MHz, CDClI3) & 148.6 (C), 147.1 (C), 144.9 (CH), 133.4 (C), 120.0
(CH), 111.5 (CH), 111.0 (CH), 109.0 (CH), 83.9 (C), 81.1 (C), 78.7 (CH2), 55.8 (CH3), 55.7
(2C, CH3), 40.7 (CH3), 36.1 (CH>), 34.8 (CH2), 34.3 (CH>); IR (film) 3021, 2936, 1516, 1344,
1261, 1155, 1074, 754 cm; HRMS (EI, double-focusing) calcd for C20H25NOsS 367.1453,
found 367.1483.

MOM
N N‘so CH,CI
MeO 22

Me 410

410:0.123 g, 89%; 'H-NMR (400 MHz, CDCl3) § 6.80 (1H, d, J = 8.4 Hz), 6.72-6.68 (2H, m),
6.20 (1H, dt, J = 16.0, 7.2 Hz), 5.48 (1H, dt, J = 16.0, 2.0 Hz), 4.85 (2H, s), 4.64 (2H, s), 4.28
(2H, d, J = 2.0 Hz), 3.87 (3H, s), 3.86 (3H, s), 3.36 (3H, 5), 2.66 (2H, t, J = 7.2 HZz), 2.42 (2H,
q, J = 7.2 Hz); B®C-NMR (400 MHz, CDCl3) § 148.7 (C), 147.2 (C), 145.3 (CH), 133.4 (C),
120.1 (CH), 111.6 (CH), 111.1 (CH), 108.9 (CH), 84.1 (C), 80.2 (C), 79.6 (CH>), 56.2 (CH>),
55.8 (CH3), 55.7 (CH3), 55.6 (CH3), 35.9 (CH2), 34.9 (CH32), 34.4 (CH2); IR (film) 3018, 2938,
1516, 1359, 1175, 1070, 758 cm™*; HRMS (EI, double-focusing) calcd for C20H2sNOsSCI
401.1064, found 401.1060.

_—Co(CO)3
Co(CO)3

Me 37n

MeO

37n: 0.184 g, quant.; *H-NMR (400 MHz, CDCl3) § 6.78 (1H, d, J = 8.4 Hz), 6.71 (1H, s), 6.69
(1H, d, J = 8.4 Hz), 6.49 (1H, d, J = 15.2 Hz), 6.09 (1H, dt, J = 15.2, 7.2 Hz), 4.69 (2H, s), 4.65
(2H, s), 3.87 (3H, s), 3.85 (3H, 5), 3.34 (3H, s), 3.01 (3H, 5), 2.72 (2H, t, J = 7.2 Hz), 2.48 (2H,
q,J = 7.2 Hz); 3C-NMR (100 MHz, CDCls) § 199.0 (6C, C), 148.8 (C), 147.2 (C), 138.0 (CH),
133.7 (C), 126.1 (CH), 120.3 (CH), 111.6 (CH), 111.1 (CH), 92.5 (C), 91.2 (C), 79.0 (CH>),
55.9 (CH3), 55.8 (CH3), 55.7 (CH3), 48.5 (CH2), 40.9 (CH3), 35.0 (CH2), 34.9 (CH>); IR (film)
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3021, 2938, 2093, 2058, 2048, 2012, 1516, 1344, 1155, 1080, 758 cm™*; HRMS (ESI, double-
focusing) calcd for C24H25C02NO11SNa [M+Na]™ 675.9705, found 675.9733.

OMe

LN/

SO,CH,CI

—Co(CO)3
Co(CO)3

Me 370

MeO

370: 0.208 g, quant.; "H-NMR (400 MHz, CDCl3) § 6.78 (1H, d, J = 8.4 Hz), 6.71 (1H, 5), 6.71
(1H, d, J = 8.4 Hz), 6.49 (1H, d, J = 15.2 Hz), 6.09 (1H, dt, J = 15.2, 6.8 Hz), 4.86 (2H, s), 4.73
(2H, s), 4.64 (2H, s), 3.87 (3H, s), 3.85 (3H, s), 3.39 (3H, 5), 2.72 (2H, t, J = 7.6 Hz), 2.49 (2H,
g, J = 7.6 Hz); 3C-NMR (100 MHz, CDCl3) § 198.9 (6C, C), 148.8 (C), 147.3 (C), 138.1 (CH),
133.7 (C), 126.0 (CH), 120.3 (CH), 111.6 (CH), 111.2 (CH), 92.2 (C), 91.2 (C), 79.4 (CH>),
57.6 (CH2), 56.3 (CH3s), 55.8 (CH3), 55.7 (CH3s), 51.2 (CH2), 35.0 (CH2), 34.9 (CH2); IR (film)
3021, 2938, 2839, 2093, 2054, 2025, 1516, 1362, 1261, 1217, 1163, 1140, 1082, 756 cm™;
HRMS (ESI, double-focusing) calcd for C2sH22CIC02NO1:SNa [M+Na]* 709.9311, found
709.9343.

- 39i OMe

R R
MOMCI PdCly(PPha) N
<> DIPEA <> PPhg, Cul COZ(CO)S ‘
DMF iPr.NH CH CI —Co(CO)3
X N 2 MOM 212 —
A NH AN N Co(CO)3
\/ \/ *MOM MeO (CO)
Me Me

S2q (R =H) S3q (R=H) 4l r=H) 379 (63% from S2q, R = H)
S2r (r=Cl) S3r (R=CI) 4lr (R =Cl) 37r (779 from S2r, R = Cl)
S2s (R = COMe) S3s (R = COMe) 41s (R = COMe) 37s (849, from S2s, R = COMe)
S2t (R = SO,Me) S3t (R = SO,Me) 41t (R = SO,Me) 37t (399 from SZt, R = SO,Me)

Zr VXL T I 82 (1eq.) % DMF IZiF L okid T . DIPEA (20 eq.). MOMCI
(10 eq)ZMZ 7=, THATUFEHR T, 14 BEHEL L%, fafRBAET U 7L
KEE 2 M2 TS ZEIE S H, EtoO T L7z, BHJE% H0 T [Al, brine T
— AP L7, BKARER~ 7 R U A TCHR S, IR A R E L, AR S8 2
D CTREER T OB EITOT RO TRAEAT,

I— 74 L (E)-839 (1.1 eq.) % ProNH (2#%f# L. PACl2(PPhs) (0.1 eq.). PPhs
(0.2 eq.). S2 (ProNH %), Cul (0.2 eq)E Mz T2, T/ITUFEHK T, 2.5 Rl
HL7-%. Hexane #MMzxCkT7A4 FNAEIToT-, AIROBEEAEEL, = A Vv
41 AR 15T,

T A 41 % CH2ClLIZiEfiE L, Co2(CO)s (1.2 eq) &Mz 7z, 73 FEHK
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T, 6 RERFR L7tk WA E LT, SoNTHARY EZBEET VI T T A
ra<w h7T 7 4—THEL, 7EF Lo aL MR 3T 257-( ) B 7L Cliiks
SR 720,

—Co(CO)3
Co(CO)s

Me  37q

MeO

37q: 'H-NMR (400 MHz, CDCl3) § 7.26-7.22 (2H, m), 6.91 (2H, d, J = 8.4 Hz), 6.83 (1H, t, J
=8.0 Hz), 6.77 (1H, d, J = 8.4 Hz), 6.70-6.68 (2H, m), 6.28 (1H, d, J = 15.2 Hz), 5.97 (1H, dt,
J=15.2,7.2 Hz), 4.88 (2H, s), 4.77 (2H, s), 3.86 (3H, s), 3.85 (3H, s), 3.33 (3H, 3), 2.64 (2H,
t,J=7.2 Hz), 2.38 (2H, q, J = 7.2 Hz); 3C-NMR (100 MHz, CDClIs) § 199.4 (6C, C), 148.8
(C), 147.2 (C), 146.3 (C), 137.4 (CH), 133.8 (C), 129.1 (2C, CH), 126.3 (CH), 120.2 (CH),
119.0 (CH), 114.3 (2C, CH), 111.6 (CH), 111.1 (CH), 95.3 (C), 92.2 (C), 83.6 (CH2), 55.8
(CH3), 55.7 (CH3), 54.7 (CH3), 53.4 (CH2), 34.9 (2C, CH3>); IR (film) 3015, 2936, 2835, 2087,
2048, 2018, 1601, 1516, 1504, 1261, 1238, 1066, 1030, 754 cm™; HRMS (ESI, double-
focusing) calcd for C29H27C02NOgNa [M+Na]* 674.0247, found 674.0240.

—Co(CO)3
Co(CO)s

Me 37r

37r: 'H-NMR (400 MHz, CDCl3) § 7.18 (2H, d, J = 9.2 Hz), 6.82 (2H, d, J = 9.2 Hz), 6.78 (1H,
d, J = 8.8 Hz), 6.70-6.68 (2H, m), 6.25 (1H, d, J = 14.8 Hz), 5.96 (1H, dt, J = 15.2, 6.8 Hz),
4.84 (2H, s), 4.72 (2H, s), 3.87 (3H, ), 3.85 (3H, s), 3.32 (3H, 5), 2.65 (2H, t, J = 7.2 Hz), 2.40
(2H, g, J = 7.2 Hz); 3C-NMR (100 MHz, CDCl3) 8 199.3 (6C, C), 148.8 (C), 147.2 (C), 144.9
(C), 137.5 (CH), 133.8 (C), 128.9 (2C, CH), 126.1 (CH), 123.9 (C), 120.2 (CH), 115.6 (2C,
CH), 111.6 (CH), 111.1 (CH), 94.7 (C), 92.2 (C), 83.8 (CH>), 55.8 (CH3), 55.7 (CH3), 54.7
(CH3), 53.7 (CH2), 34.9 (2C, CHy>); IR (film) 3014, 2934, 2835, 2089, 2050, 2019, 1516, 1499,
1261, 1238, 1066, 758 cm™*; HRMS (ESI, double-focusing) calcd for C29H26ClIC02NOgNa
[M+Na]* 707.9858, found 707.9832.

MeO
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COMe

—Co(CO)3
Co(CO)s

Me 37s

37s: 'H-NMR (400 MHz, CDCl3) § 7.88 (2H, d, J = 9.2 Hz), 6.90 (2H, d, J = 8.8 Hz), 6.78 (1H,
d, J = 8.8 Hz), 6.72-6.65 (2H, m), 6.33 (1H, d, J = 14.8 Hz), 5.99 (1H, dt, J = 15.2, 7.2 Hz),
4.91 (2H, s), 4.80 (2H, s), 3.86 (3H, s), 3.85 (3H, s), 3.35 (3H, 5), 2.65 (2H, t, J = 7.2 Hz), 2.52
(3H, s), 2.41 (2H, g, J = 7.2 Hz); 3C-NMR (100 MHz, CDCl3) § 199.1 (6C, C), 196.4 (C),
150.1 (C), 148.8 (C), 147.2 (C), 137.8 (CH), 133.7 (C), 130.3 (2C, CH), 128.1 (C), 126.0 (CH),
120.3 (CH), 112.8 (2C, CH), 111.6 (CH), 111.2 (CH), 93.7 (C), 92.1 (C), 83.0 (CH3), 55.8
(CH3), 55.7 (CH3), 54.9 (CH3), 53.3 (CH2), 34.9 (2C, CH>), 26.0 (CH3); IR (film) 3017, 2091,
2052, 2019, 1599, 1516, 1279, 1240, 1192, 756 cm™*; HRMS (ESI, double-focusing) caclcd for
C31H290C02NO19Na [M+Na]* 716.0348, found 716.0339.

MeO

SO,Me

—Co(CO)3
Co(CO)3

Me 37t

37t: 'H-NMR (400 MHz, CDCl3) § 7.78 (2H, d, J = 9.2 Hz), 6.97 (2H, d, J = 8.8 Hz), 6.78 (1H,
d, J=8.4 Hz), 6.70 (1H, s), 6.69 (1H, d, J = 8.0 Hz), 6.32 (1H, d, J = 14.4 Hz), 5.99 (1H, dt, J
=15.2,7.2 Hz), 4.91 (2H, s), 4.80 (2H, s), 3.87 (3H, s), 3.85 (3H, s), 3.36 (3H, s), 2.99 (3H, 5),
2.67 (2H, t,J = 7.2 Hz), 2.43 (2H, q, J = 7.2 Hz); 3C-NMR (100 MHz, CDCl3) & 199.1 (6C,
C), 150.4 (C), 148.8 (C), 147.3 (C), 138.0 (CH), 133.6 (C), 129.5 (C), 129.0 (2C, CH), 125.9
(CH), 120.3 (CH), 113.4 (2C, CH), 111.7 (CH), 111.2 (CH), 93.1 (C), 92.1 (C), 83.1 (CH>),
55.9 (CH3s), 55.8 (CH3), 55.0 (CH3), 53.5 (CH2), 44.9 (CH3), 34.9 (2C, CH2); IR (film) 3021,
2936, 2091, 2052, 2023, 1595, 1306, 1217, 1144, 756 cm™; HRMS (ESI, double-focusing)
caclcd for C3oH290C02NO11Na [M+Na]* 752.0018, found 752.1148.

MeO

Scheme 66

A R—=1T /5 kK 54 (0.122 g, 0.519 mmol) % THF (56 mL)IZAfE L .
(carbomethoxymethylene) triphenyl phosphorane (0.348 g, 1.04 mmol) # Il % 7=,
T RS T T 14 FEfEE %, W2 E L, GoniclAesmaEs ) o
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NhT L7~ k7T 7 ¢— (hexane : AcOEt=9: 1) TR L, Rfafi— x7 /L 55
(0.130 g, 0.446 mmol, 86%) %157~

\_/ Co,Me
(:[N

Bn
55

55: mp 126.3-126.6 °C; *H-NMR (400 MHz, CDCl3) & 7.73 (1H, d, J = 16.0 Hz), 7.65 (1H, d,
J=8.4Hz), 7.32-7.18 (5H, m), 7.13 (1H, dt, J = 8.0, 1.2 Hz), 7.05 (1H, s), 7.01 (2H, d, J = 6.8
Hz), 6.46 (1H, d, J = 15.6 Hz), 5.47 (2H, s), 3.77 (3H, s); *C-NMR (100 MHz, CDCl3) § 167.1
(C), 138.7 (C), 137.1 (C), 134.6 (C), 132.6 (CH), 128.8 (2C, CH), 127.6 (C), 127.5 (CH), 125.8
(2C, CH), 123.8 (CH), 121.4 (CH), 120.7 (CH), 118.0 (CH), 109.9 (CH), 104.2 (CH), 51.6
(CH3), 46.6 (CH2); IR (KBr) 2943, 1705, 1623, 1310, 1173 cm; HRMS (EI, double-focusing)
calcd for C19H17NO2 291.1259, found 291.1235.

REF1— A7 /L 55 (33.0 mg, 0.113mmol) % MeOH (3 mL)ICIEfE L. 10%
Palladium/ Charcol Z /% 7z, KFEFH KL T 2 ReRFR L7212, BRA@BEITV,
AN O Z R E LT, BOoNTMAEBME S YV TN T hoa~ N7 4 —
(hexane : AcOEt =4:1)TH®R L, =AZ27 /56 (31.4 mg, 0.107 mmol, 95%) % #+
7

co,Me
@J
N

Bn
56

56: mp 81.2-82.1 °C; 'H-NMR (400 MHz, CDCls3) § 7.57 (1H, dd, J = 6.8, 1.6 Hz), 7.28-7.18
(4H, m), 7.10 (2H, dquint, J = 6.8, 1.6 Hz), 6.96 (2H, d, J = 6.8 Hz), 6.33 (1H, s), 5.35 (2H, s),
3.67 (3H, s), 3.02 (2H, t, J = 7.2 Hz), 2.73 (2H, t, J = 7.2 Hz); *3C-NMR (100 MHz, CDCl3) &
172.9 (C), 139.1 (C), 137.6 (C), 137.2 (C), 128.7 (2C, CH), 127.9 (C), 127.2 (CH), 125.8 (2C,
CH), 121.2 (CH), 120.0 (CH), 119.6 (CH), 109.3 (CH), 99.3 (CH), 51.7 (CH3), 46.3 (CH>),
32.6 (CH2), 21.9 (CH2); IR (KBr) 2941, 1732, 1342, 1194, 1173cm™; HRMS (EI, double-
focusing) calcd for C19H19NO2 293.1416, found 293.1412.

T 27 )L 56 (1.96 g, 6.66 mmol) Z THF (50 mL)IZ¥&f% L. sk . LiAlH4 (0.263
g,6.93 mmo) & Mz 7=, 7/ KK, 40 i L%, HoO 2% TS
g IR X7, Z 212 3M-NaOH /K&, Hexane &2 7-1%., ©7 14 A%
1Tolz, PIRNOIEEEZREE L, BoNTMAESME ) W TN T A a~ NI T
7 4 — (hexane : AcOEt =3: 2) CHRLL, 7/ 22—/ 57 (1.58 g, 5.95 mmol, 89%)
7 =
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57: *H-NMR (400 MHz, CDCl3)  7.58 (1H,m), 7.28-7.18 (4H, m), 7.09 (2H, m), 6.96 (2H, m),
6.37 (1H, d, J = 1.2 Hz), 5.35 (2H, s), 3.71 (2H, q, J = 4.4 HZz), 2.79 (2H, t, J = 8.0 Hz), 1.95
(2H, quint, J = 6.4 Hz); *C-NMR (100 MHz, CDCls) & 140.4 (C), 137.8 (C), 137.1 (C), 128.7
(2C, CH), 128.0 (C), 127.2 (CH), 125.8 (2C, CH), 120.9 (CH), 119.8 (CH), 119.5 (CH), 109.2
(CH), 99.4 (CH), 62.0 (CH3), 46.2 (CH3), 31.2 (CH2), 22.9 (CHy>); IR (film) 3374, 3007, 2943,
1464, 1454, 1410, 1354, 1314, 1217, 1055, 750 cm™; HRMS (EI, double-focusing) calcd for
C1sH19NO 265.1467, found 265.1443.

7 v —,1 57 (1.45 g, 5.45 mmol) % DMSO (50 mL)(Z¥fiE L. IBX (3.06 g, 10.9
mmol) & X 7, 7T UFER T, —RefIHER Lo, ke T CRIfREERKFE T B
U0 LKEREMAZ TS EEIESYE, ¥ T7A NABE{To7-, AiREEHEETTF LT
T L. AHE 2 KRR~ 7/ % U A TR S 725, Imita L LT, BFonk-
WAERMZ Y XNV T L7~ 7T 74— (hexane : AcOEt=4: 1) TR L .
77t R 58(1.14 g, 4.33 mmol, 79%) %1537,

@Qﬂ

Bn
58

58: mp 81.0-81.5 °C; *H-NMR (400 MHz, CDCl3) 6 9.80 (1H, s), 7.58 (1H,dd, J = 6.8, 1.6 Hz),
7.30-7.20 (4H, m), 7.11 (2H, dquint, J = 8.0, 2.0 Hz), 6.96 (2H, dd, J = 6.4, 1.6 Hz), 6.32 (1H,
d, J=0.8 Hz), 5.36 (2H, s), 3.02 (2H, t, J = 6.8 Hz), 2.84 (2H, t, J = 6.8 Hz); 3C-NMR (100
MHz, CDCl3) 6 200.6 (CH), 138.8 (C), 137.4 (C), 137.2 (C), 128.6 (2C, CH), 127.7 (C), 127.2
(CH), 125.7 (2C, CH), 121.1 (CH), 119.8 (CH), 119.5 (CH), 109.1 (CH), 99.4 (CH), 46.1 (CH>),
41.7 (CH,), 18.9 (CH2); IR (KBr) 2833, 1716, 1466, 735 cm™*; HRMS (EI, double-focusing)
calcd for C1gH17NO 263.1310, found 263.1300.

7 L7 b K 58(0.975 g, 3.70 mmol)Z THF (40 mI)IZEAE L. ki . CHI; (1.62
g, 4.11 mmol), CrCls(2.94 g,22.9 mmol) Z Mz 7=, 7/ KHKIL, EIRT19.5
WEEFEFR U721, HoO 22 CRUSEEIESE, Et:O0 T T4 FAlEITo72, 5
KA HoO TUEF L7212, AMEZ BKgE~ 7 X 7 A CHBEIE, W2 EL
7= o= HAERMEZ ) BT AT~ 7T 7 4 — (hexane: AcOEt=9:
1) THRL, a— K77 690 EIZIEEGY (0.852 g, 2.20 mmol, 59%, E/Z=4
D&, TNEFRERICEVERL, Eiko 59 % HEEL 7=,
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/ I
Sl
N

Bn

(E)_59
(E)-59: mp: 149.0-149.4 °C; *H-NMR (400 MHz, CDCl3) § 7.58 (1H,dd, J = 6.0, 1.6 Hz), 7.30-
7.18 (4H, m), 7.11 (2H, m), 6.94 (2H, d, J = 6.8 Hz), 6.56 (1H, dt, J = 14.8, 6.8 Hz), 6.35 (1H,
d, J=0.8 Hz), 6.04 (1H, dt, J =14.0, 2.0 Hz), 5.32 (2H, s), 2.77 (2H, t, J = 6.8 Hz), 2.43 (2H,
dg, J =7.2, 1.6 Hz); *C-NMR (100 MHz, CDCl3) § 144.8 (CH), 139.3 (C), 137.6 (C), 137.1
(C), 128.7 (2C, CH), 127.9 (C), 127.3 (CH), 125.8 (2C, CH), 121.1 (CH), 119.9 (CH), 119.6
(CH), 109.2 (CH), 99.7 (CH), 75.9 (CH), 46.3 (CH2), 34.6 (CH>), 25.5 (CH>); IR (KBr) 3026,
1464, 1452, 945, 746 cm™*; HRMS (EI, double-focusing) calcd for C19H1sNI 387.0484, found
387.0487.

3 — K74 U (£)-59 (340.0 mg, 0.878 mmol) % ProNH (10 mI)IZIAfE L, =ik
|12 C PdCl2(PPhs)s (30.6 mg, 43.6 umol), PPhs (25.0 mg, 95.3 umol), 7' 1 /)L /L
L7 2 R (237.2 mg, 1.14 mmol), Cul (19.9 mg, 104.5 umol) Nz 7=t%. 7 /v
T URHKT, 2.5 ReffiEE Lo, KINIREY % Hexane THMN L7214, Et2:0 TEZ
A NABEATV, RN OIEEZREE LT, GOoNTHAERME S ) DTN T LT
n< h7 77 ¢—(hexane : AcOEt =3 : 2LV ERL, v 7V 71K 60 (386.0
mg, 0.824 mmol, 94%) & 157=,

60: 'H-NMR (400 MHz, CDCl3) § 7.75 (2H, d, J = 8.0 Hz), 7.58 (1H, dd, J = 6.0, 2.0 Hz),
7.28-7.18 (6H, m), 7.11 (2H, m), 6.93 (2H, dd, J = 8.4, 1.2 Hz), 6.32 (1H, s), 5.94 (1H, dt, J =
16.0, 6.8 Hz), 5.30 (2H, s), 5.26 (1H, dt, J = 16.0, 2.0 Hz), 4.53 (1H, t, J = 6.0 Hz), 3.90 (2H,
dd, J=5.6, 2.0 Hz), 2.71 (2H, t, J = 7.6 Hz), 2.44 (2H, q, J = 6.8 Hz), 2.35 (3H, s); *C-NMR
(100 MHz, CDCl3) 6 143.8 (CH), 143.5 (C), 139.4 (C), 137.6 (C), 137.2 (C), 136.6 (C), 129.6
(2C, CH), 128.7 (2C, CH), 127.9(C), 127.4 (2C, CH), 127.3 (CH), 125.8 (2C, CH), 121.1 (CH),
119.9 (CH), 119.6 (CH), 109.6 (CH), 109.2 (CH), 99.7 (CH), 83.1 (C), 82.2 (C), 46.3 (CH>),
33.7(CH2), 31.5(CH>), 25.8 (CH2), 21.4 (CH3); IR (film) 3285, 3028, 1599, 1545, 1464, 1454,
1408, 1330, 1217, 1161, 1094, 814, 750 cm™; HRMS (EIl, double-focusing) calcd for
C29H28N20,S 468.1872, found 468.1890.

T4 60 (386.0 mg, 0.824 mmol) % THF (10 mI)IZ#f#E L, k¢h T, NaH (45.0
mg, 0.938 mmol), MOMCI (75.0 pL, 0.988 mmoD) &Mz 7=, 7 /L3 MK, =
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TR L7212, HeO 22 TR ZfE 1k S8, B —F /L it L7z, A
J& & BEAKIE~ 7 R U LTRSS %, WIEEZHEE LT, Bon AR E >
VA7 N DT sra~ 2777 4 —(hexane :AcOEt=4:1)THRL, XA FFTRAF
JUA 61 (343.8 mg, 0.671 mmol, 81%) % 157=,

61: *H-NMR (400 MHz, CDCl3) § 7.70 (2H, d, J = 8.4 Hz), 7.58 (1H, m), 7.28-7.18 (6H, m),
7.11 (2H, m), 6.93 (2H, dd, J = 8.4, 2.0 Hz), 6.33 (1H, s), 5.93 (1H, dt, J = 16.0, 6.8 Hz), 5.30
(2H, s), 5.26 (1H, dt, J = 16.0, 2.0 Hz), 4.74 (2H, s), 4.18 (2H, d, J = 1.6 Hz), 3.34 (3H, s), 2.71
(2H,t,J=7.6 Hz), 2.43 (2H, q, J = 7.2 Hz), 2.32 (3H, s); *3C-NMR (100 MHz, CDCl3) § 143.6
(CH), 143.3 (C), 139.4 (C), 137.6 (C), 137.2 (C), 137.0 (C), 129.4 (2C, CH), 128.7 (2C, CH),
127.9 (C), 127.4 (2C, CH), 127.3 (CH), 125.8 (2C, CH), 121.1 (CH), 119.9 (CH), 119.6 (CH),
109.7 (CH), 109.2 (CH), 99.7 (CH), 83.4 (C), 81.2 (C), 78.4 (CH2), 55.7 (CH3), 46.3 (CH>),
35.6 (CH2), 31.5(CH2), 25.8 (CH3), 21.4 (CH3s); IR (film) 3028, 2932, 1599, 1545, 1464, 1454,
1350, 1169, 1072, 903, 754 cm™; HRMS (El, double-focusing) calcd for CziH32N203S
512.2134, found 512.21009.

A FF T AF K 61 (304.6 mg, 0.594 mmol) % CH:Clz (6 mL) IZ A% L .
Co2(CO)s (264.1 mg, 0.734 mmol) Z N x 7=, 7 /L3 RS T, ZHrRIFEE L7,
WA E LTz, B2 VAN T s a~ b7 F 7 ¢ —(hexane : AcOEt =4 :
DTHERL, 7T L2z FEK 87Tu (438.3 mg, 0.549 mmol, 92%) & 15%7-,

OMe

\\ N/TS

dicor
37u

37u: 'H-NMR (400 MHz, CDCl3) & 7.77 (2H, d, J = 8.4 Hz), 7.56 (1H, dd, J = 6.8, 1.6 Hz),
7.32-7.16 (6H, m), 7.09 (2H, quint, J = 5.6 Hz), 6.96 (2H, d, J = 7.2 Hz), 6.49 (1H, d, J = 15.2),
6.34 (1H, s), 6.08 (1H, dt, J = 15.2, 6.8 Hz), 5.34 (2H, s), 4.73 (2H, s), 4.52 (2H, s), 3.15 (3H,
s), 2.83 (2H, t,J=7.6 Hz), 2.52 (2H, q, J = 7.2 Hz), 2.42 (3H, s); **C-NMR (100 MHz, CDCl5)
5 199.0 (6C, C), 143.6 (C), 139.6 (C), 137.8 (C), 137.1 (2C, C + 1C, CH), 129.5 (2C, CH),
128.7 (2C, CH), 128.0 (C), 127.5 (2C, CH), 127.3 (CH), 126.7 (CH), 125.9 (2C, CH), 121.0
(CH), 119.9 (CH), 119.5 (CH), 109.2 (CH), 100.1 (CH), 92.2 (C), 91.1 (C), 78.6 (CH>), 55.9
(CH3), 48.0 (CH2), 46.4 (CH,), 31.8 (CH2), 26.1 (CH>), 21.5 (CH3); IR (film) 3028, 2930,
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2056, 2050, 2019, 1463, 1454, 1350, 1163, 1077, 758 cm™; HRMS (ESI, double-focusing)
calcd for C37H32C02N209SNa [M+Na]* 821.0390, found 821.0374.

Scheme 67

AR 7 2K 8Tu(26.6 mg, 33.3 umol) & CH2Cl2 (80 mI)IZ A% L, BFs + OEts
(2.5 uL,0.017 mmol) Zii F L7z, 7 /L2 A T T 30 4B L=, fafiiRme
KFEF B U T LKEKREINZ TS 2R &8, CHoCle Thit U7-, AR)E % 2K
Wi~ 722U LTRSS %, BIEARBE L, BoncHESRYE Y BT
BT s~ 7T 7 4 —(hexane :AcOEt=4:1)THRIL, AL 7 a 77 62
(17.5 mg, 22.8 umol, 69%) % 157-,

Ts
N Co(CO)3
| \
N Co(CO)3
Bh J
62

62: 1H-NMR (400 MHz, CDCl3) 5 7.91 (2H, d, J = 8.8 Hz), 7.41 (2H, d, J = 8.4 Hz), 7.25-7.20
(3H, m), 7.13 (1H, d, J = 8.4 Hz), 7.02 (1H, dt, J = 8.4, 1.2 Hz), 6.92-6.83 (4H, m), 5.98 (1H,
dt, J = 15.6, 7.2 Hz), 5.84 (1H, d, J = 15.2 Hz), 5.37 (2H, ), 5.00 (1H, d, J = 16.0 Hz), 4.66
(1H, d, J = 14.8 Hz), 4.50 (1H, d, J = 14.8 Hz), 4.20 (1H, d, J = 16.0 Hz), 2.95-2.80 (2H, m),
2.55-2.41 (1H, m), 2.48 (3H, s), 2.10-1.95 (1H, m); *C-NMR (100 MHz, CDCls) & 199.0 (6C,
C), 143.5 (C), 137.3 (C), 136.9 (C), 136.6 (C), 136.5 (C), 132.7 (CH), 129.8 (2C, CH), 128.8
(CH), 128.7 (2C, CH), 127.4 (3C, CH), 127.0 (C), 125.6 (2C, CH), 121.5 (CH), 119.9 (CH),
117.7 (CH), 109.5 (CH), 105.8 (C), 96.9 (C), 92.0 (C), 47.2 (CH.), 46.3 (CH2), 44.4 (CH>),
30.6 (CH2), 25.4 (CH2), 21.4 (CH3); IR (film) 3028, 2928, 2093, 2052, 2021, 1466, 1454, 1350,
1217, 1159, 1094, 754 cm; HRMS (ESI, double-focusing) calcd for CssH2sC02N20sSNa

[M+Na]* 789.0128, found 789.0118.

AN T 2K 87k (24.2 mg, 33.2 umol) & CH2Cle (1.5 mI)IZIAfE L. -78 °C,
BFs « OEte (11.0 pL, 87.3 umoD) % F L7=, 7 /LT RS T T 17 REffHE L7
%, FORREEKFET N Y U LKIRIE AN Z TG Z 51 S, CH2Cle THiH L7z,
EREE 2 oKW~ 7 2 U A THMR S B2, BRIEA2BE Lz, SO AeERY
DTN s a~ 757 4 —(hexane : AcOEt=4: 1) TR L, T2 7
7 7 64 (16.4 mg, 23.5 umol, 71%) = 157-,

(C0)3CO—=Co(CO)3

T

p—

s.
NWeo

MeO
64
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64: 'H-NMR (400 MHz, CDCl3) 6 7.82 (2H, d, J = 8.4 Hz), 7.39 (2H, d, J = 8.0 Hz), 6.35 (1H,
s), 6.12 (1H, s), 5.60 (1H, d, J = 14.8 Hz), 5.05 (1H, dt, J = 14.8, 8.0 Hz), 4.90 (1H, d, J = 11.2
Hz), 4.44 (1H, d, J = 16.8 Hz), 4.08 (1H, d, J = 16.4 Hz), 3.88 (3H, s), 3.83 (1H, d, J = 12.0
Hz), 3.63 (3H, s), 3.03-2.99 (1H, m), 2.56-2.43 (5H, m), 2.23-2.13 (1H, m); 3C-NMR (100
MHz, CDCl3) & 199.7-199.2 (6C, C), 159.9 (C), 158.3 (C), 144.8 (C), 143.2 (C), 134.8 (C),
129.7 (2C, CH), 129.4 (CH), 127.8 (2C, CH), 127.4 (CH), 109.3 (C), 106.5 (CH), 105.3 (CH),
97.8 (C), 92.8 (C), 55.7 (2C, CH3), 51.1 (CH2), 43.5 (CH2), 35.5 (CH2), 33.9 (CH2), 21.5
(CH3); IR (film) 2925, 2852, 2086, 2045, 2015, 1998 cm™; HRMS (ESI, double-focusing) calcd
for C29H25C02NO190SNa [M+Na]* 719.9761, found 719.9780.
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