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Ac acetyl

BINAP 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl
Bn benzyl

Bu butyl

Bz benzoyl

ca. circa

DBU 1,8-diazabicyclo[5.4.0Jundec-7-ene

DHP 3,4-dihydro-2H-pyran

DMAD dimethyl acetylenedicarboxylate

DMAP 4-(dimethylamino)pyridine

DMF N,N-dimethylformamide

DMP Dess-Martin periodinane

DMPU N,N'-dimethylpropyleneurea

DMSO dimethyl sulfoxide

dppb 1,4-bis(diphenylphosphino)butane

dppe 1,2-bis(diphenylphosphino)ethane

dppp 1,3-bis(diphenylphosphino)propane

Et ethyl

FABMS fast atom bombardent mass spectroscopy
HRFABMA high resolution fast atom bombardent mass spectroscopy
h hour(s)

HMPA hexamethylphosphoric triamide

HRESIMS high resolution electrospray ionization mass spectroscopy
LA Lewis acid

LDA lithium diisopropylamide

mCPBA m-chloroperbenzoic acid

Me methyl

mp melting point



Mes mesityl

Ms methanesulfonyl

NMR nuclear magnetic resonance
Ph phenyl

PPTS pyridinium p-toluenesulfonate
Pr propyl

quant. quantitative yield

rac racemic

r.t. room temperature

TBS tert-butyldimethylsilyl
temp. temperature

TES triethylsilyl

Tf trifluoromethanesulfonyl
THF tetrahydrofuran

THP 2-tetrahydropyranyl

TMS trimethylsilyl

Ts p-toluenesulfonyl



Alder-Rickert

Alder-Rickert

Incargutine A B

Incargutine A B
Incargutine A B

Alder-Rickert



CeHs

1.4 A D6h
H
H H
H H
H
benzene
1899
(2)
3)

Figure 1. The benzene derivatives utilized in daily life

NO,

CO,H
(X e
OCOCH;3
NO,

aspirin (1)

(acetylsalicylic acid) pendimethalin (2)

1866 Berthelot

1)
(Figure 1)

frrd

polystyrene (3)

(Scheme 1) Y



Scheme 1

Berthelot (1866)
H
i \ A (ca. 400 °C)
H : _— © + many kinds of byproducts
Pz
HH/ benzene
Berthelot
1929 Diels 1,3- (4) 1,4- (5)
Diels-Alder [2.2.2] 6
retro-Diels-Alder
7 (Scheme 2) 2
Scheme 2
Diels (1929)
o) o) 0
1) 100 °C 180 °C
(0 ) ] I = I - e
2) oxidation
o) o) o}
4 5 6 7
1936  Alder Rickert 1,3- (4)
(DMAD) (8) 200 (10)
(Scheme 3) ¥ 4 DMAD (8) Diels-Alder
[2.2.2] 9
retro-Diels-Alder (10)
Scheme 3

Alder, Rickert (1936)

CO,Me .
200 °C COzMe C02 Me
+ ‘ ‘ —_— 7 —_— + H,C=CH»
CO,Me
CO,Me CO,Me 2
4 8 9 10



1,3- Diels-Alder
[2.2.2]

retro-Diels-Alder Alder-Rickert

4) Alder-Rickert

5) 6)
Danishefsky
aigialomycin D (16) Alder-Rickert
(Scheme 4) D-2- (12) 12
13 13 1,3-

14 Alder-Rickert

15 aigialomycin D (16)
Scheme 4
Danishefsky (2004)

A

0 =
OH
OH — TBSO (0) —

12
OTMS _ _
OR O
0._0O
@)
‘ ‘ TMSO 14
\ - RO N
(@] neat, 140 °C TBSO o
TBSO O)( o
R =TMS
13 - -
OH O
OH O
O
@)
X
. HO . HO X
TBSO (o)
0 OH
OH
15 aigialomycin D (16)



Alder-Rickert

19

23
a7) 2
19
21
Scheme 5
(2008)
OI; TESO: ;
o) OMe
17 18
TESO CO,Me
CO,Me
OMe
19
Me0,C._~_O
W/v o .
OoMe ©O
22
Winterfeldt
Alder-Rickert 14

(Scheme 6) "

22

5a)

(Scheme 5) 2- -1,3-
1,3- 18 DMAD (8)
Alder-Rickert

20
23
MeO,C—=—=—CO,Me
8 TESO CO,Me
4
xylene
reflux MeO COz;Me
MeO,C = Br
HO m
O -~
K,CO3
oMe ©
20

HO,C.__~_ O
o)

oH ©
23
Alder-Rickert
24
[2.2.2] 25
26



Scheme 6

Winterfeldt (1985)

=——CHO
toluene
heat
25
26
15 27 (Scheme
79
Scheme 7
Winterfeldt (1989)
AcO
26 27
Alder-Rickert
1,3- 1,3-
Alder-Rickert
9) 10)
van der Plas 28
Diels-Alder 29
retro-Diels-Alder 30



(Scheme 8) ¥

Scheme 8

van der Plas (1989)

Me Me X
-HCN \ o
N N ——— N~
L nitrobenzene Me
N 140 °C Me
28 29 30
Alder-Rickert
1,3- 31 33
(Scheme9, 1, 2)
32 34 Alder-Rickert
Scheme 9
RZ RN 2
// 1 / ) R
T R Va -
// ‘ Rl/’/ - ;/7\\ N (l)
' Jx \ | R
N . L R2 A =
31 32
R2 . R2
R i N
. R17 —_— S LRt )
N, 7_,// = R2 “\ /,/
caribenol B

Alder-Rickert
Alder-Rickert



2- 35 Lewis
1,3-
Alder-Rickert 36
(Scheme 10) *?
Scheme 10
= LA 2
'/-/Jijo . OH
\\\\-//’ 3 N - ' -
35 36
LA : Lewis acid
2_
3 13)
(x)-incargutine A
B 14)



Alder-Rickert

Alder-Rickert

caribenol B (37)
Alder-Rickert

caribenol B (37) 2007  Rodriguez
Pseudopterogorgia elisabethae
(Figure2)
Figure 2. Structure and core structure of caribenol B

Rodriguez (2007)

perhydroacenaphthylene

caribenol B (37)

caribenol B caribenol B
Rh(I) Pauson-Khand
38
Pauson-Khand 39
(Scheme 11)
45a



Scheme 11

Pauson-Khand

45a

43
44

Scheme 12

O
HOﬁ

40

diethyl malonate
NaH, Nal

DMF, 100 °C
67%

1) LDA, CICO,Et
THF, -78 °C to 1.

2) p-TsOH-H,O

H>0, acetone, r.t.

71% (2 steps)

0
41 Rh(l), CO
38 39
(Scheme 12) 40
N,N- -4- (DMAP)
41 1
42
42 43
3_
(LDA)
45a
_~_OTMS
TsCl, EtzN TMSO
DMAP O TMSOTf 03
CH,Cly, r.t. CH,Cl,, -70 °C TfO
9 96%
68% 41 ° 42
3-bromopropyne _— 0
03 NaH, Nal = 3
EtO,G o - o
EtO,C DMF, rt. EtO,C
99% EtO,C
43 44
CO,Et
= o
EtO,C
EtO,C
45a



45a Pauson-Khand (Scheme 13)
[RhCI(CO)2l.  P(CeFs)s AgOTf

Rh(1) 45a 100
46
47a  56%
Scheme 13
EtO,C 0]
(0]
[RhCI(CO),], (5 mol%) EtO,C
P(C6F5)3 (20 mO'%) EtOZC
CO,Et AgOTf (40 mol%) 46 - trace
4 o CO (balloon)
> +
EtO2C toluene, 100 °C, 12 h
E102C CO,Et
OH
#oa EtO,C
EtO,C
47a : 56%
45a 2-

-10 -



Alder-Rickert

Alder-Rickert

Rh(I) 100 2-
45a 47a 56%
(Table 1, entry 1) 45a
(Table 1) 45a
45a 62%
(entry 2)
P(CeFs)3 45a 50%
(entry 3) [RhCI(CO);]. AgOTf
(entries 4, 5) Rh(I)

Table 1. Investigation of requisite reagent for the synthetic reaction of phenol derivative 47a

CO,Et -
é o additive, atmosphere COsEt
> OH
EtO,C
EtO,C toluene, 100 °C, 12 h
EtO,C EtO,C
45a 47a
entry additive (mol%) atmosphere yield of 47a2 recovery of 45a@
1 [RhCI(CO)2]2 (5) (6{0) 56%
P(CeFs)3 (20)
AgOTf (40)
2 [RhCI(CO),], (5) Ar 62%
P(CeFs)3 (20)
AgOTTf (40)
3 [RhCI(CO),]2 (5) Ar 50%
AgOTTf (40)
4 [RhCI(CO),]2 (5) Ar 0% 72%
5 AgOTTf (40) Ar 0%

2 |solated yields.

-11 -



Rh(1)

(Table 2) Rh(1) PPh;
47a 37% (entry 2) PPh;
P(o-tolyl)s*® P[O(2-MeCgH4)]5™®
PPhs P(CeFs)3
(entries 3, 4) T
P(2-furyl)s'®
47a  81% (entry 5)

(entries 6-10)

Table 2. Effect of phosphorus ligands

[RhCI(CO),], (5.0 mol%)

___-COEt lAgng (40 mol%) CO,Et
= 0 igan oH
> EtOZC
EtO,C toluene, 100 °C, 12 h EtO,C
EtO,C
45a 47a
entry? ligand (mol%) yield of 47aP
1 P(CeFs)3 (20) 62%
2 PPh; (20) 37%
3 P(o-tolyl); (20) 51%
4 P[O(2-MeCgHa)]3 (20) 45%
5 P(2-furyl); (20) 81%
6 dppe (10) 39%
7 dppp (10) 12%
8 dppb (10) 36%
9 (rac)-BINAP (10) 16%
10 P(CgFs5)2CoH4P(CgFs)2 (10) 31%

a All reactions were carried out under Ar atmosphere. b solated yields.

-12 -



47a
47a

-13 -

(Table 3) 100
45a 47a
48 11%
60 45a 47a 48
(entry 2)
100
48 80 60
Table 3. Examination of reaction temperatures
CO,Et
OH
EtO,C
[RhCI(CO),], (5 mol%) EtOC
P(2-furyl)3 (20 mol%)
CO,Et o 47a
4 o AgOTf (40 mol%)
> +
EtO,C toluene
EtO,C temperature, time COLEt
OH
45a EtO,C
EtO,C
48
yield®
entry temperature (°C) time (h)
47a 48
1 12 37% 11%
2 24 0% 11%
8]solated yields.
48 100 2
90% (Scheme 14) 48
Scheme 14
CO,Et CO,Et
OH - OH
EtO,C EtO,C
EtO,C toluene, 100 °C, 2 h EtO,C
90%
48 47a

80

(entry 1)
11%



(Scheme 2)
retro-Diels-Alder

(Scheme 15)

Scheme 15

retro-Diels-Alder reaction

ﬂ
R//

Rh(1) 2- 45a
a-
49  y-
49 50
52a
47a
Alder-Rickert
Scheme 16
COyEt +
= o Rh(l)
EtO,C
EtO,C
45a
COEt - Rh())*
EtO,C OH
2
EtO,C - HyC=CH>
47a

[2.2.2]
48 45a
‘ X
Rt + H,C=CH,
=
(Scheme 16)
49
50
51a
51a 51a
Diels-Alder
retro-Diels-Alder
Rh(1)*
R CO,Et/
‘Rh()" = Z OH
EtO,C
EtO,C 50
EtO,C COE
Rh(1)*
7 P CO,Et/
HO\ [ co,kt D ~ OH
Rh(l)* EtO,C
52a EtO,C 5la

-14 -



Rh(I) Lewis

Lewis (Table 4) 2-
45a Diels-Alder BFs-OEt, SnCl, TiCl, AICI;
InCl; 47a (entries
1-5) Al(OTf); Cu(OTf),
12% 27% 47a (entries 6, 7) Yb(OTf);3-xH,0O
(entry 8) In(OTf);
61% 47a (entry 9)

Table 4. Reaction of 45a using various Lewis acid

CO,Et -
= o Lewis acid (10 mol%) CO,Et
” EtO,C OH
EtO,C toluene, 100 °C, 12 h §
EO.C EtO,C
45a 47a
entry? Lewis acid yield of 47aP recovery of 45aP

1 BF3-OEt, 0% 80%
2 SnCly 0% 50%
3 TiCl 0% .
4 AICl3 0% 99%
5 InCl3 0% 98%
6 Al(OTf)3 12% -
7 Cu(OTf), 27% -
8 Yb(OTf)3-xH,O 0% 79%
9 In(OTf)3 61% - |

& All reactions were carried out under Ar atmosphere. bsolated yields.

(TfOH)
TfOH 45a TfOH

-15-



(Scheme 17) 47a 16%

Rh(I) In(OTf)3 TfOH
Scheme 17
CO,Et 0
4 o TfOH (10 mol%) CO,Et
B EtO,C OH
EtO,C toluene, 100 °C, 12 h FLO.C
EtO,C 16% 2
45a 47a
Lewis
2- 45a
Lewis Alder-Rickert
47a Rh(I) In(OTf)3
Lewis

-16 -



Alder-Rickert

(Scheme 18) 1,3- 3-
1,3- ( 3
Alder-Rickert
( 4
5)
Scheme 18
Ore — (o
" Alder-Rickert reaction " OR
@OR + R—R > 4)
- Hzc:CHz
R R
OR OH
R R R R
2- 45a
Alder-Rickert 1,3-
1,3-
(Scheme 19)
Scheme 19
CO,Et o LA
7 o " enolization " CO,Et /
/ !
Et0,C LA (Lewis acid) OH
EtO,C EtO,C
45a EtO,C
" Alder-Rickert reaction "
EtO,C
- LA EtO,C
- HzC:CHZ 2
47a

-17 -

1,3—

47a

CO,Et
OH



( ) 2- 45b-e

(Figure 3) 2- 45b-e

Figure 3. Reaction substrates having different tethering among alkyne and 2-Cyclohexenone

CO,Et s CO,Et CO,Et
2 Z 2 2
= o) © / o) / o)
EtO,C Oﬁ TsNﬁ
EtO,C
45h 45¢ 45d 45e
2- 45b (Scheme 20) 2-
5320 Luche
(THP) THP 54
54 LDA
THP 55 Dess-Martin
3 45bh
Scheme 20
1) NaBH,, CeCls-7H,0 1) LDA, CICO,Et
@o MeOH, r.t. C//Q/OTHP THF, -78 °Cto r.t.
2) DHP, PPTS 2) PPTS
CH.Cly, r.t. EtOH, r.t.
53 70% (2 steps) 54 84% (2 steps)
COzEt DMP, pyridine COzEt
OH fd Z o
CH20|2, r.t.
99%
55 45b
2- 45¢c (Scheme 21)
43
5621 LDA
40a 1

-18 -



45¢

Scheme 21

1) |\/\% s

CO,Et
O/> NaH, DMF, 50 °C
EtO,C o
EtO,C

2) LDA, CICO,Et

AN
O

EtO,C
THF, -78 °C to r.t. CO,Et
43 3) p-TsOH-H0 45¢
H,0, acetone, r.t.
34% (3 steps)
2- 45d (Scheme 22)
40 56 56
Luche THP THP 57
58
58 3-
59 59  n-BuLi
60 60 THP 61 Dess-Martin
45d
Scheme 22
Ac 0, EtzN 1) NaBH,, CeClz-7H,0
ﬁ DMAP o) MeOH, r.t. V©/OTHP
CH,Cly, rt.  AO 2) DHP, PPTS AcO
92% CHyCl, r.t.
56 82% (2 steps) 57
3-bromopropyne )
K,CO4 VO/OTHP NaH / OTHp  N-BuLi, CICOzEt
MeOH, rt.  © DMF, 50 °C OMQ/ THF, -78 tor.t.
81% 38% 83%
58
CO,Et CO,Et CO,Et
/ OTHp  P-TSOH-H,0 / on DMP, NaHCO; / o
Ov©/ EtOH, r.t. Ov©/ CH,Cly, r.t. Oﬁ
0, 0,
60 78% 61 99% 45d



2- 45e (Scheme 23)
41 Luche THP
THP 62 632  NaH
62 64 n-BuLi
65
65 THP 66 Dess-Martin
45e
Scheme 23
o Vot 3O OTHP T:\:N\\ ”
Tsoﬁ 2) DHP, PPTS TSOV@ DMF, 50 °C
4 705 (& steps) 02 o
(Q/OTHP n-BuLi, CICO,Et / cozE(thHP PPTS Z COZE;H
Tl THF, -78 °C to 40 °cr TSNMQ/ EtOH, r.t. TsNVQ/
62% - quant. 66
DMP, pyridine /COzEtO
g;FbJL 'BN\/J::E?
45e
2- 45b-e
(Table 5) 2 [RhCI(CO).]. (5 mol%) AgOTf (40
mol%) P(2-furyl)s (20 mol%) method A In(OTf)3 (10 mol%)
method B 45b
(entry 2) method A 45a (83%)
47b method B 47b 12%
45a 1 45¢
method A 47¢  12% method B
(entry 3) 45d
(entry 4)
45e (entry 5) Method A
47e  24% Method B method A

-20-



S571% 4Te

Table 5. Reaction of various substrates having different tethering

method A?
CO,Et or
2 b CO,Et
/ o method B 2
- - OH
\ toluene, 100 °C, 12 h o
entry substrates products methods yield of 47¢
_ COEt CO,Et
1 = 0o OH A 81%
EtO,C B 61%
EtO,C Et0,C
EtO,C
45a 47a
CO,Et CO,Et
od Z o) OH A 83%
B 12%
45b 47b
= CO,Et CO,Et
3d © OH A 12%
B 0%
EtO,C EtO,C
CO,Et EtO,C
45c 47c
CO,Et CO,Et
40 = o) OH A 0%
S B 0%
(@)
45d 47d
CO,Et CO,Et
5d = o) OH A 24%
TN B 57%
TsN
45e 47e

& In the presence of [RhCI(CO),]» (5 mol%), AgOTf (40 mol%), and P(2-furyl)z (20 mol%).
b In the presence of In(OTf)3 (10 mol%).

¢ |solated yields.

d Reactions were carried out using 0.057-0.10 mmol of reaction substrates.



(Table 5)
method B

Thorpe-Ingold 23)

45d
45e

51d 5le

45a

45¢

47d

method A
45d 45e

45b
gem-

47c

47e

45a

45a

(Figure 4)

Figure 4. Dienol intermediates estimated to generate from the reaction of 45d and 45e

LA
CO,Et

O
© 51d

LA
CO,Et

/ OH
TSN\/©/
5le

2- 45a
(Scheme 24)
Scheme 24
CO,Et method A
= o method B
EtO,C toluene, 100 °C, 12 h
EtO,C
45a
(2.2 mmol)

47c

-22 -

LA : Lewis acid
47a
CO,Et
OH
EtO,C
EtO,C
47a

method A : 82%
method B : 65%

47a
47e

10

47b 1,2,3,4-



Alder-Rickert

3 2-
10 mol%  In(OTf)3
47b (12%)
45b
52b
Scheme 25

Aforementioned result (Table 5, entry 2)

In(OT
co,et  MOTNs

CO,Et

(10 mol%) 2=

Z 0 7 Z _~_oH
toluene

100°C, 12 h
45b 51b

-23 -

Alder-Rickert

Alder-Rickert

2- 45b
100
(Scheme 25) In(OTA);
51b
_-In(lln)
—_— 7
O CoEt
In(I1n) -
- In(OTh)3
- H,C=CH, CO2E2)H
47b 1 12%
3



(Scheme 26) 67 68 3

45b
69
Alder-Rickert 70
Scheme 26
CO,Et B COREL _inqiin ]
o) = OH
7
In(OTf)3 R /
3 —— X 4
R—/ | HO  co,Et
NS
67 B 68 69 B
CO,Et
- In(OTf)3 OH
- H2C:CH2
=
R |
N
70
4-
; ; 24)
4- nodulisporin C (71)
afzeliindanone (72)®  incargutine A (73) B (74)®
27) (Figure 5)
Figure 5. Natural products having 4-phenylindane unit
Krohn (2006) Champy (2009) Zhang (2009)

.o 0 COzH e} R
4-phenylindane O ' MeO O O

CO,H O OH OH

nodulisporin C (71) afzeliindanone (72) incargutine A (73) : R = CHO
incargutine B (74) : R = CH(OCH3)»

=24 -



45h
45f-h

45f
459 3
(Figure 6) 2-

Figure 6. Reaction substrates having different substituents 3 position of 2-cyclohexenone

CO,Et

769 : 72%

45f 459
45f  45¢
7520)
Grignard
3 2-
76f 769
77t 779
3
Scheme 27
=
Z3 OEt .
RMgBr 7
THF, r.t., then
o 5% HCl aq. R
75 76f : 84%
1) n-BulLi
CICO,Et CO,Et
THF, -78 °C to r.t. Z o
2) PPTS
Ho0, acetone, r.t. R

45f : 85% (2 steps)
45¢g : 63% (2 steps)

-25 -

0]
J 7

CO,Et
4 0
3
X
45h
(Scheme 27)
5%
76f 769 2-
77t 779
n-BuLi
45f  45¢
_~._OTMS
TMSO =~ 03
TMSOTf
. o
CH,Cl,
R
77f 1 67%
779 : 69%
R =Ph f
R = Me g




2- 45h (Scheme 28) 2-
75 5%
3 2- 76h 76h
Luche THP THP
78h THP 78h  n-BulLi
THP
79h 79h  Dess-Martin
3 45h
Scheme 28
1) NaBH,4
CEC|3 7H20 P~
> MgBr MeOH, r.t. 7 OTHP
THF, r.t., then 2) DHP, PPTS
5% HCl aqg. CHCly, r.t. X
80% 84% (2 steps)
75 78h
1) n-BuLi
CICO,Et CO,Et CO,Et
THF, -78 °C to rt. = OH DMP, NaHCO; =Z 0
2) PPTS CH,Cly, rt.
EtOH, r.t. 80%
47% (2 steps) X ~
79h 45h
3 2- 45f 10 mol% In(OTf)3
100 47f
6% (Table 6, entry 1) In(OTf); 20 mol%
40% (entry 2) 30mol% In(OTf);
20 mol% (entry 3) 10 mol%
In(OTH); 47f 20 mol%
In(OTf)3
Rh(1) 47f  50%
(entry 4) In(OTf); 20 mol% 10%
Rh(I)
In(OTf)3

-26 -



Table 6. Examination of reaction conditions

CO,Et

Z 0
‘ catalyst
B — e
O toluene, 100 °C

45f 47f
entry catalyst (mol%) time yield of 4772
1 In(OTf)3 (10) 18 h 6%
2 In(OTf)3 (20) 63h 40%
3 In(OTf)3 (30) 40 h 38%
4 [RhCI(CO),], (10) 18 h 50%
P(2-furyl); (40)
AgOTTf (80)
2 |solated yields.
3 2-
459 45h 20 mol%  In(OTf)3 100
(Table 7 entries 2-4) 3 2-
45b 47b
In(OTH); (15%) (entry 2) 3
2- 459 479
(entry 3) 3 2-
47h
45b 45g 45h TLC

-27-

45b

10 mol%

45h
(entry 4)



Table 7. Effect of substituent on 3 position of 2-cyclohexenone

COyEt CO5Et
In(OTf)3 (20 Mol%)
= 0 - OH
toluene, 100 °C
3 3
R R
entry substrates products time yield?
P CO,Et CO,Et
= o O OH
1 ‘ 63 h 40%
45f 47f
P CO,Et CO,Et
45b 47b
_ COyEt CO,Et
= o OH
3 20 h trace
Me Me
459 479
CO3Et CO»Et
OH
40 h 0%

45h

&

47h

2 |solated yields.

-28 -



(Table 7) 3 2- 45¢
479
459  o,p-
51g (Scheme 29)
Scheme 29
~ COzEé '(rz‘éon?gﬁ/o) _ COZE(t)//,ln(Ill) o 5
— Q © O
toluene H ‘
3 100 °C H
Me Me hyperconjugation of
45¢g methyl group
N[ em ] Y n
Me Me
51g 479
ab initio
(B3LYP/6-31G*) 3 2-
459 3 1.504 A
(Figure 7) 459 3 2-
45b 459 45b c-c* o-C! c>-c?
459 45  C-C? 1.471 A 1.476
A 459  C'-C? 459 45b O'-C!
c’-c? 1229 A 1.227A 1.353 A 1.345A 459 O-C!
c>-C3 459  o,p-
3 2- 45¢  ct-c? o-c? cx-c?
2- 45b 2-
45f 3 2- 459 3 o, B-
(Figure 7)
2- 45f 45f
51f 3
(Scheme 30)

-29-



Figure 7. Comparison of bond lengths of compounds 45g, 45f and 45b

CO,Et P CO,Et CO.EL
= 01 = O1 2
1 1 Z 01
2 2 1
3 3 2
Me Ph 3
45g 45f 45b
calculated bond calculated bond calculated bond
lengths (in toluene) lengths (in toluene) lengths (in toluene)
c3-cmetyl. 1 504 A c3- cphenyl . 1 489 A
cl-c?:1471 A cl-c2:14724A cl-c?:1476 A
cl-ol:1.229A cl-ot:1.228A cl-ol:1.227 A
c2-c8:1.353A C%2-C3:1.355A Cc2-c8:1.345A

B3LYP/6-21G* using for Spartan '10

Scheme 30
> COEt ~_COEL __in(in) COE
O In(0Ths OH - In(0Tf)3 OH
(20 mol%) ‘ - H,C=CH, .O
_—

3

toluene

O 100 °C O O

5

3 -—————
1f 47f

2- 45h 47h
TLC 45h
45h
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45b

2- 45f

(Scheme 31)

Scheme 31

Aforementioned result (Table 7, entry 1 and 2)

CO,Et
= 0

R

R =Ph : 45f
R=H :45b

(Figure 8)

CO,Et
In(OTf)3 (20 Mol%) OH
toluene, 100 °C
R
A47f 1 40%
47b : 15%

45i-m
45i-m

Figure 8. Reaction substrates having various aryl groups on 3 position of 2-cyclohexenone

CO,Et

AN
O

45i OMe

CO,Et

AN
O

451  F

CO,Et _COE
2 7
“7° Cr
] :
6 g
OMe
45j 45k COzEt
CO,Et



(Scheme 32)

2- 45i  45j 45]
2- 75 Grignard
3
761 761 76j 76l
7 77y 77l
PPTS
45i 45 45l
Scheme 32
Z .
= OEt  pmgar =
THF, r.t., then
(0] 5% HCI ag. R
75 76i :85%
76j :88%
76l :83%
1) n-BuLi CO.Et
CICO,Et = 2 o
THF, -78 °C to r.t.
2) PPTS
H,0O, acetone, r.t. R
451 :92% (2 steps)
45j :70% (2 steps)
45| :89% (2 steps)
2- 45k
75 1,4-
28) 5%
80 80
THP
i-PrMgCl
THP 82

-32-

THP

5%
2- 761 76j
77 77y 771 n-BuLi
_~._OTMS
TMSO P 03
TMSOTf
- o
CH,Cl,
R
770 1 41%
77) 1 65%
77 1 72%
R =4-MeO-CgHy : i
R = 3-MeO-CgHy :
R:4'F'C6H4 |
(Scheme 33) 2-
i-PrMgCl 4-
2-
Luche
81 81

82 Dess-Martin



Scheme 33

|®| = O 1) NaBH, = OTHP
P ‘ CeCl3-7H,0 ‘
" OEt  i-prmgcCl MeOH, r.t.
THF, r.t., then 2) DHP, PPTS
O 10% HCI ag. CH2C|2, r.t.
83% 84% (2 steps)
| |
75 80 81
CO,Et CO,Et
1) i-PrMgCl = OH = o
CICO,Et
THF, 0 °C to 40 °C DMP, NaHCO3
2) p-TsOH-H,0O CH,Cly, r.t.
EtOH, r.t. 65%
66% (2 steps)
CO,Et CO,Et
82 45k
2- 45m (Scheme 34) 2-
75 1- 5%
3 1- 2- 76m
76m Luche THP
THP 78m 78m  n-BuLi
THP 79m 79m
45m
Scheme 34
MgBr )
/ 1) NaBH, _
g = o CeCl3'7H20 ~ OTHP
~ OEt MeOH, r.t.
_—
THF, r.t., then 2) DHP, PPTS
) 5% HC ag. OO CH,Cly, 1. OO
75 76m : 93% 78m : 98% (2 steps)
1) n-BulLi COEt CO,Et
CICO,Et 7 OH 7z (o)
THF, -78 °C to r.t. ‘ DMP, NaHCO3 ‘
2) PPTS CH2C|2, r.t.
90 O
79m : 40% (2 steps) 45m : 77%

-33-
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45i-m

4- 2- 45j
(Table 8) 45j 20 mol%
100 47i
(entry 1) 3 3-
45j
(entry 2) 3 4-
45k 47k 55%
4- 2- 451
471 24% (entry 4) 3 1-
45m
47Tm  74% (entry 5)
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Table 8. Effect of substituent on 3-aryl group of 2-cyclohexenone

entry? substrates products time yield?
P COsEt CO5Et
= o | O OH

1 ‘ 40 h 8%
45i OMe 47i OMe
_ COsEt CO5Et
ot ay”

2 40 h 39%
45j l OMe 47j ! OMe
P CO,Et CO,Et
o ag”

3 40h 55%
45k  CO,Et 47k CO,Et
y CO,Et CO,Et
ot ay”

4 40 h 24%
45| F 471 F

CO,Et CO,Et

\
»
3

O OH
‘ 40 h 74%
45m g ‘ 47m g C

a All reactions were performed in the presence of 20 mol% of In(OTf)5 in toluene at 100 °C under an
Ar atmosphere.blsolated yields.



3 2-
4-
1- 3 45k 45m
45f 4-
47k 47m 45i
45|
o,B- 83i 83l
47i 471 51i 51l
(Scheme 35)
Scheme 35
CO,Et B COLEt _In(lll) |
_— .
/ -
O InOThs ~ O
(20 mol%)
|
toluene
O 100 °C, 12 h
R L R® _
R = OMe : 45i R = OMe : 83i
R=F :45| R=F :83l
\ B __COzEt _in(ll) ] CO,Et
. )
OoH - In(OTf)3 .O OH
- H2C:CH2
R R
R = OMe : 51i R = OMe : 47i
R=F :51 R=F 147l
2- 3
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Incargutine A B

Incargutine A (73)
1400-2700 m
4-

29)

Incargutine A B

incargutine B (74) 2009 Zhang

Incarvillea arguta
(Figure 9) % Incargutine A

NMR

Figure 9. Structures and core structure of incargutines A and B

Zhang (2009)

10
1 CHO

incargutine A (73)

(LOVO)
(MDA-MB-435)

OH

incargutine B (74) 4-phenylindane

(A549)
(CEM)
incargutine A LOVO
50% (ICsp)  0.47 pg/mL
incargutine

-37-



Alder-Rickert

4- 2- 45k
mol%  In(OTf); 100
47k 55% (Scheme 36)

Scheme 36

Aforementioned result (Table 8, entry 3)

CO5Et CO,Et

~ 0 OH
‘ In(OTf)3 (20 mol%) .O
toluene, 100 °C, 40 h
55%

CO,Et CO,Et
45k 47k
incargutine A B
(Scheme 37)
Incargutine A B A 4
4
incargutine A
A 4
4'-
A 2- B
Alder-Rickert 3- -2-
C 2.
D E

-38 -
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Scheme 37
CO,Et

5 — —
OH CO,R?
incargutine A (73) : Rl = CHO B
incargutine B (74) : R! = CH(OCHs), U
R4
Z ¥ Q/ORs = OR3
<o -
| 3 (\)
E D c
E 89 (Sheme 38)
843 7%
85 85
Swern Corey-Fuchs %%
86 (93%
) 86  n-BuLi
TBSCI 87 91%
87 LAH
88 2 84%
88
89 91%
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Scheme 38

Me
o)
Me
cl
Me 1) 10% Pd/C, H,
DMAP, EtzN i MeOH, 40 °C
HO Mes OA)\ -
OBn CHyCly, r.t. OBn 2) (COCl),, DMSO, Et3N
o 77% o CH,Cly, -78 °C 0 0 °C

3) CBry, Ph3P, pyridine
CHyCly, r.t.
93% (3 steps)

n-BuLi, TBSCI i
Mes™ O AN

OA)\/B(
)ko /B

Mes r THF, -78 °C to r.t. TBS
86 1% 87

1) LAH

THF, r.t. Nal
2) TsCl, Et3N, DMAI; TSOA)\TBS acetone, reflux IA)\TBS

CH,Cly, r.t. 91%

84% (2 steps) 88 89

2- 95 (Scheme 39)
3- -2- (90) LDA
89 (HMPA)
2- 91 74%
2- 91 TBS TBAF 92  99%
2- 92 1,4-
4- 1,2-
10%
3- -2- 93 87% 3-
-2- 93 1.2- TMS
94  75%
94
2- 95 2 54% 91-95
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Scheme 39

TBS

=
qoa LDA, HMPA, 89 Z OEt TBAF 7 OEt
THF, -78 °C to rit. THF, 30 °C
0 74% 0 99% 0
90 91 92
= = (0]
- o OTMS =
1,4-diiodobenzene ‘ TMSO™ ‘ 73>
i-PrMgClI TMSOTf
THF, r.t., then CH,Cly, 70 °C
10% HCI ag. 75%
87%
| |
93 94
CO,Et
1) i-PrMgCl = o
then CICO,Et
THF, 0 °C to 40 °C
2) p-TsOH-H,0O
H,0, acetone, r.t.
54% (2 steps)
CO,Et
95
In(OTA); 2- 95
Alder-Rickert (Table 9) 2-
95 (2.61 mmol) 20 mol%  In(OTf)3 100
48 4-
9%  54% (entry 1) 2- 95
4.30 mmol 72
96 32% 36% 95 (entry 2)
130 7.85 mmol  2- 95
5 9% 56%
(entry 3)
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Table 9. Examination of optimal key reaction condition

_ COsEt COEt
= o} OH
T mem,
(20 mol %)
solvent
temperature
time
CO,Et CO,Et
95 96
entry 95 (mmol) solvent temp. (°C) time (h) yield of 962
1 2.61 toluene 100 48 54%
2b 4.30 toluene 100 72 32%
3 7.85 xylene 130 5 56%

2|solated yields. b 36% of starting material 95 was recovered.

Zhang
(Scheme 40)

97

08
(TF,0)
99
%) 100

LiBH,

Dess-Martin
101 5

34) Sc(OTf);
Dess-Martin

84%
m-CPBA

incargutine A
73 -15
incargutine B 74

incargutine A (73)

incargutine B (74)

96 BH;:-SMe;
32) 97
TBS
98 89%
99 80%
)
(79% ) 100
Dess-Martin
TBAF TBS
101

Baeyer-Villiger

73 1% 3

82%

-42 -

84%



Scheme 40

CO,Et

Ly

BH3-SMe,
THF, r.t.
84%
CO,Et
96
OTBS
OTf
Tf,0, EtzN .e
_— >
CH,Cly, r.t.
80%
COyEt
99
OH

1) m-CPBA, Sc(OTf)3
CH2C|2, r.t.

2) DMP, NaHCO3
CH)Cly, r.t.

3) 10% HCI aq.

O THF, r.t.
41% (3 steps
101 0 ( ps)

73
A incargutine B NMR
NMR

incargutine B

74

OH

OH
.O TBSCI, EtzN

CO,Et
97

Pd(OAC)Z, Phgp
HCO,H, Et3N

DMF, 60 °C
79%

CHO

OH

73

NMR

Zhang

-43 -

OTBS

IOH

—_— >
CH2C|2, r.t.
89%
CO,Et
98
OTBS 1) LiBH,4
THF, 50 °C
2) DMP, NaHCO3
CHyCly, r.t.
3) MeMgBr
O THF, r.t.

4) DMP, NaHCOg3

COyEt CHyCly, r.t.
100 5) TBAF
THF, r.t.
84% (5 steps)
MeO. OMe
CH(OM9)3
Amberlyst-15
_—
MeCN, r.t.

82%

OH
74

incargutine

incargutine A



Incargutine A B

Zhang incargutine A B
incargutine A B 73 74
'H-NMR incargutineA B 11
0.80 ppm 0.80 ppm 73 74  129ppm 1.26
ppm (Figure 10)

Figure 10. Chemical shifts of 11-H in 1H NMR spectra of compounds 73, 74 and natural incargutines

1H NMR in CDCl5 IH NMR in CDCl3

1.29 ppm 1.26 ppm

(natural Incargutine A : 0.80 ppm)2 (natural Incargutine B : 0.80 ppm)?@
(Hyc™ CHO FJC  CH(OCHa)

73 OH 4 OH a Reference 26
11 1 4-
incargutine A B 9
102 103 (Figure 11)

Figure 11. Estimated actual structures of incargutines A and B

10 12 13
CHO MeO OMe

10

OH
incargutine A (102) incargutine B (103)
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ab initio (B3LYP/6-31G*)
102 103 (Figure 12)

Figure 12. Most stable structures of compounds 102 and 103

102 103

B3LYP/6-21G* using for Spartan ‘10

102 103 2 51 64
11 4-
102 103 11 4-
incargutine A B 102 103
102 103 (Scheme 41)

Scheme 41

1 CO,E COLE oF°
R t t
~om = o q
CONING S . U
— - B -
o)
H

+
g R4
K
OH CO,R? CO,R?

CHO
F G J
102 : R = CcHO

103 : R! = CH(OCHj3),
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102

103
102
Alder-Rickert 4-
2.
2.
1,4-
(Sheme 42) 3.
105
a,pB-
106
DMPU
2.
107 22:1
2.
105 108
Scheme 42
OEt TBS
+
° CHO
%0 104
TBS MeMaBr. Cul
Z ot  DMEU
o =
THF, 0 °C
0 91%
106 (dr=2.2:1)
108
(Scheme 43) .

103 2-
F
G
H |
2.
= (%0)
104% NN
(DBU)
o,B3-
107 91%
108
P TBS
LDA, DMPU = OEt
THF, -78 °C
74% I
105
TBS
Z OEt TBAF
THF, 30 °C
o 91%
107
102
108 1,4-

-46 -

106

3 74

108
LDA

105  74%

(DMPU)

2-
TBS
©1% )

107

1) MsCl, EtgN
CHxClp, 0°C

TBAF

2) DBU
toluene, 60 °C
72% (2 steps)

& OEt

108

103

»



10% 3- -2- 109
77% 3- -2- 109
2- 110 3 42%
109 110
2-
110 In(OTHf); Alder-Rickert 4-
111 52%
111 BH;-SMe, 4
112 96% 112 TBS
TBS
113 97% 113
Tf,0 114 (95% )
114 Pd(0) 115 83%
115 LiBH,
Dess-Martin
Dess-Martin
TBAF TBS 116 5 73%
116 Sc(OTf); m-CPBA
Baeyer—Villiger Dess-Martin
102
(40% 3 ) 102 -15
103 93%
102 103 NMR incargutine A incargutine
B incargutine A incargutine B
incargutine A B 102 103
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Scheme 43

COsEt
7z OTMS 2
Pz 1,4-diiodobenzene TMSOTf ‘
7 OEt | prMgCl CHyCly, 70 °C
THF, r.t., then 2) i-PrMgCl
0 10% HCl aq. then CICO,Et
108 7% THF, 0 °C to 40 °C
3) p-TsOH-H,O COzEL
109 H»0, acetone, r.t. 110
42% (3steps)
COLEt OH OTBS
4 OH o
H OH
In(OTf)3 .O
(20 mol%) BH3-SMe, TBSCI, EtzN
xylene, 130 °C THF, r.t. CH,Cly, r.t.
52% 96% 97%
CO,Et CO,Et CO,Et
111 112 113
OTBS OTBS 1) LiBH4
THF, 50 °C
OTf
. Pd(OAc),, PhsP . 2) DMP, NaHCO3
Tf,0, pyridine HCOH, EtsN CHaClp, rt.
_ B — >
CH.Cly, r.t. DMF, 60 °C 3) MeMgBr
95% 83% THF, r.t.
4) DMP, NaHCOg3
CO-Et COsEt CH,Cly, r.t.
114 115 5) TBAF
THF, r.t.
73% (5 steps)
OH CHO MeO.__OMe
.O 1) m-CPBA, Sc(OTf)3 .O CH(OMe);
CHuCly, r.t. Amberlyst-15
> E——
MeCN, r.t.

2) DMP, NaHCOj3

CHyCly, r.t.
3) 10% HCl aq.
o THF, r.t.
0,
116 40% (3 steps)

OH

102

- 48 -

93%

OH
103



Zhang incargutine A B
NMR incargutine A
incargutine A B NMR
incargutine A B
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Alder-Rickert 1,3-

[2.2.2]
retro-Diels-Alder
1
2 i R°
R
Ol
3
R , R6
R
1,3-cyclohexadiene alkyne
derivative
( 4
CO,Et
Z o /--é/
/ LA g
R
45 LA : Lewis acid
46
45a

bicyclo[2.2.2]octadiene
intermediate

Diels-Alder
( 3
Rl
RS | -H,C=CH, R? R®
—_— 3)
R4 5 R3 R6
R L

benzene derivative

45 Lewis
Alder-Rickert

CLA COEt

- H2C:CH2 F OH

_— B (4)
R
47

Pauson-Khand

2_
Rh(I) 100

47a

-850 -



[RhCI(CO)5], (5 mol%)

P(C6F5)3 (20 mol%) E (@]
— E AgOTf (40 mol%) E
O CO (balloon)
- © + & NG
E toluene, 100 °C, 12 h E E
E
E
45a (E = CO,EY) 46 : trace 47a :56%
2- 45a
[RhCI(CO);]. AgOTf P(2-furyl)s Rh(l)
47a
( 6 entryl) 100 80
47a
100 ( 6 entry2)
48 100
47a
E E E
4 O  conditions E OH
_— ; + E (6)
E toluene E
E 12 h HO E
45a (E = COEt) 48 47a
yields (%) w
entry conditions® 48 47a
toluene, 100 °C, 2 h
1 condition A 0 81 90%
2 condition B 11 37

acondition A : [RhCI(CO),], (5 mol %), P(2-furyl); (20 mol %), AgOTf (40 mol %), 100 °C
condition B : [RhCI(CO),], (5 mol %), P(2-furyl); (20 mol %), AgQOTf (40 mol %), 80 °C

2- 45a Rh(1) Lewis
5la
52a Alder-Rickert
47a (G

-51-



E E /Rh(l)* - Rh(l)* £
Z * ‘ - H,C=CH
= o Rh() é . 2 2
OH
OH E %
E E E
E E
45a (E = CO,Et) 5la 47a
Lewis Lewis
10 mol%  In(OTf)3 2- 45a
100 (61%) 47a
In(OTf); Lewis
2-
45b-e
Lewis Rh(1) In(OTHf);
( 8
47b 1,2,3,4- 47c 47e
COMEL condition A2 COEL
2 condition C 2
/ o) - OH (8)
ﬁ toluene,12 h, 100 °C X
X 45b-e 47b-e
Products, Conditions, Yields
CO,Et COzEt CO,Et CO,Et
OH OH OH OH
Etozc (@) TsN
47b EtO,C 47c 47d 47e
condition A : 83% condition A: 12% condition A : 0% condition A : 24%
condition B : 12% condition B: 0% condition B : 0% condition B : 57%

& condition A : [RhCI(CO),], (5 mol %), P(2-furyl); (20 mol %), AgOTf (40 mol %)
condition C : In(OTf); (10 mol %)

3- -2- 68

Alder-Rickert

71 (9

-52 -



CO,Et CO.Et | A CO,Et
B |
Z o) Z OH -LA OH
LA - H,C=CH,
= = =
R | RT | R |
X 68 X~ 69 A 71
LA : Lewis acid 4-phenylindane unit
3 2- 45f 20 mol%
100 4-
47F  40% ( 10
3 45b
(15%) 3 47qg 47h
3
/ CO,Et CO,Et
- o OH
In(OTf)3 (20 mol %)
3 toluene, 100 °C 3
45h, 45f-h R 47b, 47f-h R
Products, Reaction times, Yields
CO,Et CO,Et CO,Et CO,Et
I O OH OH OH OH
O H Me N
art 47b 479 47h
63 h, 40% 12 h, 15% 20 h, trace 12 h, 0%
3- -2-
45i-j
IN(OTf)s 100 ( 11) 3
2- 45j
(39%)  47j 4-

-B53-

©)

In(OTH)s

47b

45f

(10)

3-

20 mol%

45f



45k 1- 45m 55% 74%
47k 47m
3 4- 1-
3 45f
4-
_ COZEé COZE; ]
In(OTf)3 (20 mol %)
> (11)
3 toluene, 100 °C 3
45-m R 47i-m R
Products, Reaction times, Yields
CO,Et CO,Et CO,Et CO,Et CO,Et
.O OH .O OH OH OH .O OH
: . OO0 aC
OMe CO,Et F
47i 47 47k 471 47m
40 h, 8% 40 h, 39% 40 h, 55% 40 h, 24% 40 h, 74%
Alder-Rickert
4- Zhang
incargutine A incargutine B 73 74 90
89 2-
91 91
2- 95
In(OTf); Alder-Rickert 4-
96 97 4
100
100 TBS
101 Baeyer—Villiger 73 74
NMR Zhang
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incargutine A

100

CO,Et

73 74
B 9

90
91 95
In(OTf)3

75
103 incargutine A

incargutine A

CO,Et

= 0
TBS ‘ IN(OTH;
OEt (20 mol%)
B —

xylene, 130 °C
54%

9% Co,Et

OH
R

CO,Et

Ly

CO,Et

96

R=CHO:73
R = CH(OCHg), : 74

Proposed structures of

OH incargutines A (73) and B (74)

incargutine B

'H-NMR
102 103

104
2- 108

108 2-
Alder-Rickert

111
102 103
incargutine B NMR

incargutine B

-55 .-

incargutine A

110

96 74
102



OEt _Cout CO,Et
Q/ - 0 OH
‘ IN(OTh3 .O
O 90 = OEt (20 moi%)
+ S S _ >
TBS .
— xylene, 130 °C
( o P ®
CHO 104 108

10 Co,kt 11 Co,Et

R =CHO: 102
R= CH(OCH3)2 1103
incargutines A (102)
OH and B (103)

2- Lewis

Alder-Rickert 1,3-
Alder-Rickert
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(m.p.) BY-2 MP-J3

(IR) FT/IR-620
FT/IR-4100 'H-NMR
JEOL JNM-AL300 (300 MHz) Bruker DPX-400 (400 MHz) Bruker
AVANCE 111400  NanoBay (400 MHz) BC-NMR
JNM-AL300 (75 MHz) Bruker DPX-400 (100 MHz)
Bruker AVANCE 111 400 NanoBay (100 MHz) 'H-NMR
BC-NMR 5 ppm 'H-NMR CDCls
CHCI; (7.26 ppm) CD;0D CD,HOD (3.31 ppm) NMR
J  (Hz) singlet (s) doublet (d)
triplet (t) quartet (q) multiplet (m) broad (br)
(HRESIMYS) Micromass LCT
(FABMS)
(HRFABMS) JMS-MS700V
(Anal.) Elemental Vavio EL
60N (40-50 um) Merck TLC

Silica gel 60 Fys4 (0.25 mm)
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<Scheme 12 >

(4-Oxocyclohex-2-enyl)methyl 4-Methylbenzenesulfonate (41).

TsCl, EtsN
HO CHyCly, rt.  15°
40 68% 41
40 (1.50 g, 11.9 mmol) (60 mL)
0 (2.8 mL, 13.1 mmol), (2.50 g, 13.1 mmol)
DMAP (727 mg, 5.95 mmol) 4
20
( ; : =1:1)

41 2229 (68% )

mp: 63-64 °C; IR (KBr) cm™: 1680, 1597, 1493, 1451, 1356, 1172; *H-NMR (400 MHz, CDCls)
6:7.80 (2H, d, J = 8.3 Hz), 7.37 (2H, d, J = 8.1 Hz), 6.74 (1H, ddd, J = 10.1, 2.5, 1.5 Hz), 6.04
(1H, dd, J = 10.1, 2.5 Hz), 4.00-4.07 (2H, m), 2.82 (1H, m), 2.48 (1H, m), 2.46 (3H, s), 2.37 (1H,
m), 2.09 (1H, m), 1.78 (1H, m); *C-NMR (100 MHz, CDCl;) &: 198.2, 148.0, 145.2, 132.4, 131.0,
129.9, 129.9, 127.8, 127.8, 71.1, 36.1, 35.8, 25.1, 21.6; HRESIMS m/z: 281.0830 (Calcd for
C14H1704S: M*+H, 281.0848); Anal. Calcd for C14H160.S: C, 59.98; H, 5.75. Found: C, 59.72; H,
5.79.
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1,4-Dioxaspiro[4.5]dec-6-en-8-ylmethyl 4-Methylbenzenesulfonate (42).

TMso - OTMS
O TMSOTf 03
= o
TSOM@ CH,Cly, -70 °C Tfoﬁ
96%
41 42
41 (2.22 g, 7.93 mmol) (60 mL)
-70 1,2- (9.0 mL, 36.7 mmol)
(TMSOTf) (0.3 mL, 1.59 mmol)
30 -70 (1.0 mL) 5
( ; : =1:1) 42 2.47 g (96%

)
IR (neat) cm™: 1598, 1495, 1452, 1361, 1177; 'H-NMR (400 MHz, CD;OD) &: 7.76 (2H, d, J =

8.0 Hz), 7.42 (2H, d, J = 8.0 Hz), 5.67 (1H, dd, J = 10.4, 1.5 Hz), 5.60 (1H, dd, J = 10.4, 1.5 Hz),
3.82-3.93 (6H, m), 2.43 (3H, s), 2.40 (1H, m), 1.73-1.81 (2H, m), 1.62 (1H, m), 1.44 (1H, m);
3C-NMR (100 MHz, CD;0D) &: 146.6, 134.3, 131.8, 131.3, 131.1, 131.1, 129.0, 129.0, 106.2,
73.9, 65.6, 65.4, 36.6, 32.9, 24.4, 21.6; HRESIMS m/z: 325.1124 (Calcd for CigHz:0sS: M*+H,
325.1110).

Diethyl 2-(1,4-Dioxaspiro[4.5]dec-6-en-8-ylmethyl)malonate (43).

diethyl malonate

o NaH, Nal
} EtO &/@3
TfO DMF, 100 °C EtO,C
67%
42
(2.3 mL, 8.37 mmol) DMF (15 mL)
0 (55%, 365 mg, 8.37 mmol) 1
0 42 (2.47 g, 7.61 mmol) DMF (10 mL)
(1.14 g, 7.61 mmol) 100 14 0
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( ; ; =3:1)
43 1599 (67% )

IR (neat) cm™: 1732; *H-NMR (400 MHz, CDCls) &: 5.81 (1H, dd, J = 10.1, 2.5 Hz), 5.60 (1H, dd,
J=10.1, 1.6 Hz), 4.17-4.23 (4H, m), 3.88-4.02 (4H, m), 3.45 (1H, t, J = 7.6 Hz), 1.99-2.13 (2H,
m), 1.85-1.92 (3H, m), 1.72 (1H, m), 1.48 (1H, m), 1.26 (6H, t, J = 7.1 Hz); *C-NMR (100 MHz,
CDCls) &: 169.3, 169.2, 135.4, 128.0, 105.4, 64.6, 64.4, 61.4, 61.4, 49.6, 34.0, 33.2, 32.3, 26.6,
14.0, 14.0; HRESIMS m/z: 335.1486 (Calcd for C1sH240¢Na: M*+Na, 335.1471); Anal. Calcd for
CisH2406: C, 61.52; H, 7.74. Found: C, 61.75; H, 7.85.

Diethyl 2-(1,4-Dioxaspiro[4.5]dec-6-en-8-yImethyl)-2-(prop-2-ynyl)malonate (44).

3-bromopropyne = O
03 NaH, Nal ~ 3
Etozw 3 - o
EtO,C THF, r.t. EtO,C
43 44

99% EtO,C

43 (500 mg, 1.60 mmol) DMF (8.0 mL)
0 (55%, 69.8 mg, 1.60 mmol) 1
3- (0.15 mL, 1.92 mmol) (24.0 mg, 0.160
mmol) 3 0
( ; : =3:1) 44 553
mg (99% )

IR (neat) cm™: 3281, 2122, 1735; *H-NMR (400 MHz, CDCl5) &: 5.76 (1H, dd, J = 10.1, 2.0 Hz),
5.55 (1H, d, J = 10.1 Hz), 4.15-4.25 (4H, m), 3.89-4.00 (4H, m), 2.88 (2H, t, J = 2.8 Hz),
2.08-2.27 (3H, m), 2.02 (1H, t, J = 2.8 Hz), 1.81-1.90 (2H, m), 1.70 (1H, m), 1.49 (1H, m), 1.25
(6H, t, J = 7.1 Hz); *C-NMR (100 MHz, CDCls) &: 170.3, 170.1, 136.7, 127.3, 105.1, 78.6, 71.7,
64.5, 64.4, 61.6, 61.6, 56.0, 36.8, 32.4, 31.3, 27.9, 23.1, 13.9, 13.9; HRESIMS m/z: 351.1805
(Calcd for Cy9H,706: M*+H, 351.1808); Anal. Calcd for C19H2606: C, 65.13; H, 7.48. Found: C,
64.83; H, 7.54.
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Triethyl 5-(4-Oxocyclohex-2-enyl)pent-1-yne-1,4,4-tricarboxylate (45a).

1)

-78

mmol)

2) 1)

2-

H,O, acetone, r.t. EtO,C
71% (2 steps)

2 o 1) LDA, CICOE COLEt
i/ i } THF, -78 °C to r.t. = o
EtO2C 2) p-TSOH-H,0 EtO,C
44

45a

(0.4 mL, 2.77 mmol) THF (8.0 mL)
(1.65 M , 1.6 mL, 2.63 mmol)
44 (462 mg, 1.32 mmol) THF (5.0 mL)
-78 (0.4 mL, 3.96

(13 mL) 0 (0.9 mL)

(25.0 mg, 0.132 mmol) 18

( ; ; =4:1)
45a 355 mg (2 , 11% )

mp: 49-50 °C; IR (KBr) cm™: 2244, 1753, 1730, 1674; *H-NMR (400 MHz, CDCls) &: 6.77 (1H,
dd, J=10.1, 2.3 Hz), 5.96 (1H, dd, J = 10.1, 2.3 Hz), 4.18-4.29 (6H, m), 3.06 (2H, d, J = 3.5 Hz),
2.47-2.54 (2H, m), 2.31-2.39 (2H, m), 2.21 (1H, m), 2.10 (1H, m), 1.77 (1H, m), 1.26-1.31 (9H,
m); *C-NMR (100 MHz, CDCls) &: 198.7, 169.5, 169.4, 153.7, 153.0, 129.3, 82.5, 76.2, 62.2,
62.2, 62.0, 55.8, 36.8, 36.5, 32.1, 29.7, 23.7, 13.9, 13.9, 13.9; HRESIMS m/z: 379.1744 (Calcd
for CyoH»707: M*+H, 379.1757); Anal. Calcd for CxH,s07: C, 63.48; H, 6.98. Found: C, 63.50; H,

7.07.
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<Scheme 13 >

Triethyl 5-Hydroxy-1H-indene-2,2,4(3H)-tricarboxylate (47a).

EtO,C o)
o)
[RhCI(CO)5], (5 mol%) EtO,C
P(CsFs)3 (20 mol%) EtO,C
CO,Et AgOTTf (40 mol%) 46 : trace
& 0 CO (balloon)
- +
EtO,C toluene, 100 °C, 12 h
EtO,C CO,Et
45a E1O,C OH
EtO,C
47a: 56%
[RhCI(CO),]. (2.1 mg, 0.00540 mmol) (0.4 mL)
P(C¢Fs)3 (11.5 mg, 0.0216 mmol) 20 AgOTf (11.1
mg, 0.0432 mmol) 30
45a (40.9 mg, 0.108 mmol) (1.0 mL)
100 12
( ;
=3:1) 47a  21.1 mg (56% )

mp: 76-77 °C; IR (KBr) cm™: 1731, 1667, 1604, 1468; *H-NMR (400 MHz, CDCls) §: 11.1 (1H,
s), 7.24 (1H, d,J =8.3 Hz), 6.82 (1H, d, J=8.3 Hz), 4.43 (2H,q,J=7.1 Hz),4.21 (4H,q,J=7.1
Hz), 3.86 (2H, s), 3.49 (2H, s), 1.43 (3H, t, J = 7.1 Hz), 1.26 (6H, t, J = 7.1 Hz); *C-NMR (100
MHz, CDCly) 6: 171.7, 171.7, 170.7, 161.8, 141.9, 131.4, 130.6, 116.7, 109.7, 61.7, 61.7, 61.6,
60.0, 42.9, 39.4, 14.3, 14.0, 14.0; HRESIMS m/z: 373.1260 (Calcd for CigH,,0;Na: M*+Na,
373.1263); Anal. Calcd for C1gH,,07: C, 61.71; H, 6.33. Found: C, 61.95: H, 6.42.
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<Table 1 >

-entry 2-
[RhCI(CO),], (2.0 mg, 0.00514 mmol) (0.4 mL)
P(CsFs)s (11.0 mg, 0.0206 mmol) 20 AgOTf (10.6
mg, 0.0411 mmol) 30 2-
45a (38.9 mg, 0.103 mmol) (2.0mL) 100 12
( ; : =3:1)
47a  22.2 mg (62% )
-entry 3-
[RhCI(CO),], (2.0 mg, 0.00514 mmol) (0.4 mL)
AgOTTf (10.6 mg, 0.0411 mmol) 30 2-
45a (38.9 mg, 0.103 mmol) (1.0 mL)
100 12
( ;
=3:1) 47a  18.1 mg (50% )
-entry 4-
[RhCI(CO),]. (2.0 mg, 0.00514 mmol) (0.4 mL)
2- 45a (39.0 mg, 0.103 mmol) (1.3 mL)
100 12
( ;
=2:1) 2- 45a  28.2mg (72% )
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-entry 5-

2- 45a (54.2 mg, 0.143 mmol) (1.8 mL)
AgOTTf (14.7 mg, 0.0573 mmol) 100 12

<Table 2 >
-entry 2-

[RhCI(CO),]. (2.1 mg, 0.00540 mmol) (0.4 mL)

PPh; (5.7 mg, 0.0216 mmol) 20 AgOTf (11.1 mg,
0.0432 mmol) 30 2- 45a
(40.9 mg, 0.108 mmol) (1.0 mL) 100 12
( ; : =3:1)

47a 13.9mg (37% )

-entry 3-
[RhCI(CO),], (2.0 mg, 0.00514 mmol) (0.4 mL)
P(o-tolyl); (6.3 mg, 0.0206 mmol) 20 AgOTT (10.6
mg, 0.0411 mmol) 30 2-
45a (39.0 mg, 0.103 mmol) (2.0 mL) 100 12

( ; ; =3:1)
47a  18.4 mg (51% )

-entry 3-
[RhCI(CO),], (2.0 mg, 0.00514 mmol) (0.4 mL)
P[O(2-MeCgH4)]s (7.2 mg, 0.0206 mmol) 20
AgOTTf (10.6 mg, 0.0411 mmol) 30 2-
45a (39.0 mg, 0.103 mmol) (2.0 mL) 100
12
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( ; ; =3:1)
47a  16.2 mg (45% )

-entry 4-
[RhCI(CO),]. (2.0 mg, 0.00514 mmol) (0.4 mL)
P[O(2-MeCgHy)]s (7.2 mg, 0.0206 mmol) 20
AgOTTf (10.6 mg, 0.0411 mmol) 30 2-
45a (39.0 mg, 0.103 mmol) (1.0 mL) 100
12
( ; : =3:1)
47a  16.2 mg (45% )
-entry 5-
[RhCI(CO),], (1.8 mg, 0.00463 mmol) (0.4 mL)
P(2-furyl); (4.3 mg, 0.0185 mmol) 20 AgOTf (9.5
mg, 0.0370 mmol) 30 2-
45a (35.0 mg, 0.0926 mmol) (0.8 mL) 100 12
( ; : =3:1)
47a  26.2mg (81% )
-entry 6-
[RhCI(CO),]. (2.5 mg, 0.00643 mmol) (0.4 mL)
dppe (5.1 mg, 0.0128 mmol) 20 AgOTf (13.2 mg,
0.0514 mmol) 30 2- 45a
(38.9 mg, 0.103 mmol) (1.0 mL) 100 12
( ; ; =3:1)

47a  14.0 mg (39% )
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-entry 7-
[RhCI(CO).]. (2.0 mg, 0.00514 mmol)
dppp (4.2 mg, 0.0103 mmol)
0.0411 mmol) 30
(39.8 mg, 0.105 mmol) (0.9 mL)

( ;
47a 4.3mg (12% )

-entry 8-
[RhCI(CO),]. (2.0 mg, 0.00514 mmol)
dppb (4.4 mg, 0.0103 mmol)
0.0411 mmol) 30
(40.3 mg, 0.106 mmol) (1.0 mL)

( ;
47a  13.1mg (36% )

-entry 9-
[RhCI(CO),]. (2.0 mg, 0.00514 mmol)
(rac)-BINAP (6.4 mg, 0.0103 mmol)
(10.6 mg, 0.0411 mmol)
45a (35.4 mg, 0.0935 mmol)

(
47a 5.6 mg (16% )

-entry 10-
[RhCI(CO),]. (2.0 mg, 0.00514 mmol)

P(CsFs)2C2H4P(C6Fs), (4.0 mg, 0.0103 mmol)

AgOTT (10.6 mg, 0.0411 mmol)
45a (38.9 mg, 0.103 mmol)

- 66 -

(0.4 mL)
20 AgOTTf (10.6 mg,
2- 45a
100 12
=3:1)
(0.4 mL)
20 AgOTf (10.6 mg,
2- 45a
100 12
=3:1)
(0.4 mL)
20 AgOTf
2-
(1.0 mL) 100 12
=3:1)
(0.4 mL)
20
30 2-
(1.0mL) 100



12
( ; ; =3:1)
47a 11.2 mg (31% )

<Table 3 >

-entry 1-
Triethyl 6-Hydroxy-3a,6-ethanoindene-2,2,7-(1H,3H,6H)-tricarboxylate (48).

CO,Et
OH
EtO,C
[RhCI(CO),], (5 mol%) F10C
COLEt P(2-furyl)3 (20 mol%) 47a: 37%

// o AgOTf (40 mol%)
- +
EtO,C toluene, 80 °C, 12 h
EtO,C COEt
45a EtO,C OH
EtO,C
48:11%
[RhCI(CO),]. (2.0 mg, 0.00514 mmol) (0.4 mL)
P(2-furyl); (4.8 mg, 0.0206 mmol) 20 AgOTf
(10.6 mg, 0.0411 mmol) 30 2-
45a (38.9 mg, 0.103 mmol) (1.0 mL) 80 12
( ; : =3:1)
47a 48 13.4 mg (37% ) 4.3mg (11%

)
IR (neat) cm™: 3429, 1732, 1681, 1645; *H-NMR (400 MHz, CDCls) &: 6.33 (1H, d, J = 7.6 Hz),

6.32 (1H, s), 5.98 (1H, d, J = 7.6 Hz), 4.16-4.29 (6H, m), 3.43 (1H, d, J = 19.2 Hz), 3.30 (1H, d, J
=19.2 Hz), 2.90 (1H, d, J = 13.9 Hz), 2.59 (1H, d, J = 13.9 Hz), 1.45-1.61 (4H, m), 1.20-1.35 (9H,
m); C-NMR (100 MHz, CDCl5) &: 171.4, 171.1, 166.6, 164.2, 140.2, 133.1, 126.2, 79.6, 62.0,
61.9, 61.9, 60.7, 53.4, 41.2, 38.5, 36.1, 31.7, 14.3, 14.0, 14.0; HRESIMS m/z: 379.1747 (Calcd
for CyoH»707: M*+H, 379.1757); Anal. Calcd for CxH,60;: C, 63.48; H, 6.93. Found: C, 63.50: H,
6.97.
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-entry 2-

[RhCI(CO);], (2.0 mg, 0.00514 mmol) (0.4 mL)
P(2-furyl); (4.8 mg, 0.0206 mmol) 20
(20.6 mg, 0.0411 mmol) 30 2-
45a (38.0 mg, 0.100 mmol) (2.0 mL) 60
( ; : =3:1)

48 3.9mg (11% )

<Scheme 14 >
48 (1.2 mg, 0.00317 mmol) (0.5mL)
100 2
( ;
=2:1) 47a 1.0 mg (90% )
<Table 4 >
-entry 1-
2- 45a (20.8 mg, 0.0550 mmol) (0.7 mL)
BF3-OEt; (0.8 uL, 0.00595 mmol) 100 12
( ; ; =2:1) 2-
45a  16.7 mg (80% )
-entry 2-
2- 45a (21.0 mg, 0.0555 mmol) (0.7 mL)
SnCly (1.4 mg, 0.00555 mmol) 100 12
( : ; =2:1) 2-

45a  10.6mg (50% )

- 68 -
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-entry 3-

-entry 4-

(

45a (21.2 mg, 0.0560 mmol)
TiCl, (0.6 pL, 0.00560 mmol)

45a (23.3 mg, 0.0616 mmol)
AICl; (0.8 mg, 0.00616 mmol)

45a  23.0mg(99% )

-entry 5-

(

45a (22.3 mg, 0.0589 mmol)
InCl; (1.3 mg, 0.00589 mmol)

45a  21.9 mg (98% )

-entry 6-

47a

-entry 7-

45a (22.8 mg, 0.0603 mmol)
Al(OTf)3 (2.9 mg, 0.00603 mmol)

(

2.5mg (12%

45a (24.4 mg, 0.0645 mmol)
Cu(OTf), (2.3 mg, 0.00645 mmol)
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100

100

=2:1)

100

=2:1)

(0.7 mL)
12

(0.8 mL)
12

(0.7 mL)
12

(0.7 mL)
100 12

=3:1)

(0.8 mL)
100 12

=3:1)



47a 6.2mg (27% )

-entry 8-
2- 45a (22.0 mg, 0.0581 mmol) (0.7 mL)
Yb(OTf)3-xH,0O (3.6 mg, 0.00581 mmol) 100 12
( ; =2:1)
45a  17.3mg (79% )
-entry 9-
2- 45a (19.6 mg, 0.0518 mmol) (0.6 mL)
In(OTf); (2.9 mg, 0.00518 mmol) 100 12
( ; =3:1)
47a  11.0 mg (61% )
<Scheme 17 >
2- 45a (39.6 mg, 0.105 mmol) (1.3 mL)
TfOH (0.9 uL, 0.0105 mmol) 100 12

( ;
47a 5.8 mg (16% )
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<Scheme 20 >

2-(4-(Pent-4-ynyl)cyclohex-2-enyloxy)tetrahydro-2H-pyran (54).

1) NaBH,, CeClz-7H,0

@O MeOH, r.t. @/OTHP
2) DHP, PPTS

CH2C|2, r.t.
53 70% (2 steps) 54

1) 2- 53%9 (390 mg, 2.40 mmol) (24 mL)

0 Un) (CeCl3:7H,0) (983 mg, 2.64 mmol)

(NaBH,) (100 mg, 2.64 mmol) 2

0
2) 1) (12 mL) 0 3,4-
-2H- (DHP) (0.65 mL, 7.20 mmol) p-

(PPTS) (302 mg, 1.20 mmol) 18
( ; ; =20:1) THP

54 419 mg (2 , 70% )
IR (neat) cm™: 3294, 2116; *H-NMR (400 MHz, CDCls) &: 5.69-5.78 (2H, m), 4.74 (1H, m), 4.19
(1H, m), 3.93 (1H, m), 3.51 (1H, m), 1.16-2.21 (18H, m); *C-NMR (100 MHz, CDCls) &: 135.6,
135.2, 134.3, 134.1, 129.5, 128.2, 128.0, 126.8, 98.1, 97.9, 96.9, 96.6, 84.4, 84.4, 77.2,72.1,70.8,
69.8, 68.6, 68.3, 68.3, 62.8, 62.7, 62.5, 35.1, 35.0, 35.0, 34.6, 34.5, 31.3, 31.2, 31.2, 31.1, 30.0,
28.5, 27.9, 27.2, 26.8, 26.5, 26.1, 25.7, 25.7, 25.5, 24.6, 24.4, 19.9, 19.9, 19.8, 19.7, 18.6;
HRESIMS m/z: 271.1689 (Calcd for CysH240,Na: M*+Na, 271.1674); Anal. Calcd for C1gH,,0,:
C, 77.38; H, 9.74. Found: C, 77.47; H, 9.83.
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6-(4-Hydroxycyclohex-2-enyl)hex-2-ynoate (55).

1) LDA, CICO,Et CO,Et

= OTHP THF, -78 °C to r.t. y -
2) PPTS

EtOH, r.t.
54 84% (2 steps) 55
1) (0.5 mL, 3.55 mmol) THF (10 mL)
-78 n- (2.69 M , 1.26 mL, 3.38 mmol)
0 30 -78 THP 54 (419 mg, 1.69 mmol) THF (7.0
mL) 1 -78 (0.48
mL, 5.07 mmol) 21 0
2) 1) (10 mL) 0 PPTS (50.0 mg,
0.198 mmol) 18
( ; X =2:1) 55 211 mg (2 :

84% )

IR (neat) cm™: 3393, 2235, 1713;'H-NMR (400 MHz, CDCls) &: 5.64-5.81 (2H, m), 4.14-4.24
(3H, m), 2.32-2.36 (2H, m), 2.04-2.10 (2H, m), 1.19-1.88 (11H, m); *C-NMR (100 MHz, CDCl5)
3: 153.8, 135.2, 133.7, 130.7, 129.0, 88.9, 73.4, 66.9, 64.4, 61.8, 35.0, 34.9, 34.8, 34.7, 31.8, 30.3,
26.6, 25.0, 24.8, 23.8, 18.8, 14.0; HRESIMS m/z: 259.1310 (Calcd for Ci4H2003Na: M*+Na,
259.1310); Anal. Calcd for C14H»003: C, 71.16; H, 8.53. Found: C, 70.99; H, 8.44.

Ethyl 6-(4-Oxocyclohex-2-enyl)hex-2-ynoate (45b).

CO,Et o CO,Et
DMP, pyridine
Z OH Z 0
CH,Cly, r.t.
99%
55 45b
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55 (170 mg, 0.765 mmol)

Dess-Martin (DMP) (389 mg, 0.918 mmol)
3.83 mmol) 18
1:1
: : =1:1) 2-
)

(7.8 mL) 0
(321 mg,

10

(
45b 166 mg (99%

IR (neat) cm™: 2234, 1708, 1683; *H-NMR (400 MHz, CDCls) &: 6.83 (1H, ddd, J = 10.4, 2.5, 1.3
Hz), 5.99 (1H, dd, J = 10.4, 1.9 Hz), 4.22 (2H, q, J = 7.1 Hz), 2.32-2.54 (5H, m), 2.13 (1H, m),
1.50-1.75 (5H, m), 1.31 (3H, t, J = 7.1 Hz); **C-NMR (100 MHz, CDCl5) &: 199.5, 154.1, 153.6,
129.3, 88.2, 73.7, 61.8, 36.8, 35.6, 33.6, 28.4, 24.9, 18.7, 14.0; HRESIMS m/z: 235.1329 (Calcd
for C14H1903: M*+H, 235.1334); Anal. Calcd for C14H1g05: C, 71.77; H, 7.74. Found: C, 71.55; H,

7.76.

<Scheme 21 >

Triethyl 6-(4-Oxocyclohex-2-enyl)hex-1-yne-1,5,5-tricarboxylate (45c).

1) I\/\Q -

NaH, DMF, 50 °C

i)
Etozw 5 .
EtO,C 2) LDA, CICO,Et

THF, -78 °C to r.t.

43 3) p-TsOH:-H,0O
H,0, acetone, r.t.
34% (3 steps)

1) 43 (300 mg, 0.960 mmol)
0 (55%, 50.2 mg, 1.15 mmol)
4- -1-

50 15 0

=2:1)

-73 -

(56)*Y (931 mg, 4.80 mmol)

CO,Et

EtO,C

CO,Et
45c

DMF (6.0 mL)

1
DMF (3.6 mL)



2) (0.30 mL, 2.09 mmol) THF (4.8 mL)

-78 n- (1.65 M , 1.2 mL, 2.02 mmol)
0 30 -78 1) THF (2.0 mL)
1 -78 (0.26 mL, 2.69

mmol) 14 0

3) 2) (6.8 mL) 0 (0.5 mL)
p- (12.8 mg, 0.0673 mmol) 4

( ; ; =5:1)
2- 45¢ 127 mg (3 , 34% )

mp: 62-63 °C; IR (KBr) cm™: 2237, 1721, 1708, 1681; 'H-NMR (400 MHz, CDCls) &: 6.74 (1H,
dd, J = 10.1, 2.0 Hz), 5.96 (1H, dd, J = 10.1, 2.0 Hz), 4.19-4.24 (6H, m), 2.45-2.52 (2H, m),
2.04-2.39 (8H, m), 1.72 (1H, m), 1.25-1.32 (9H, m); 3C-NMR (100 MHz, CDCly) &: 198.5, 170.6,
1705, 153.6, 153.4, 129.3, 87.1, 73.9, 61.8, 61.8, 61.8, 56.4, 37.9, 36.5, 32.3, 31.7, 29.9, 14.5,
14.0, 14.0, 14.0; HRESIMS m/z: 393.1911 (Calcd for CpiHas0-: M*+H, 393.1913),

<Scheme 22 >

(4-oxocyclohex-2-enyl)methyl acetate (56).

Ac-0, EtzN
O DMAP o)
Hoﬁ CH,Cl,, .. Acoﬁ
40 92% 56
40 (1.00 g, 7.93 mmol) (40 mL) 0
(3.3 mL, 23.8 mmol) (3.7 ml, 39.6 mmol) DMAP (969 mg, 7.93 mmol)

2
20
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( ; : =2:1) 56 1.23¢g
(92% )
IR (neat) cm™: 1739, 1681; *H-NMR (400 MHz, CDCls) &: 6.85 (1H, ddd, J = 10.2, 2.6, 1.4 Hz),
6.07 (1H, dd, J = 10.2, 2.5 Hz), 4.17 (1H, dd, J = 10.9, 6.5 Hz), 4.07 (1H, dd, J = 11.0, 6.5 Hz),
2.75-2.83 (1H, m), 2.55 (1H, dt, J = 16.9, 4.8 Hz), 2.36-2.44 (1H, m), 2.09-2.18 (4H, m),
1.78-1.88 (1H, m); *C-NMR (100 MHz, CDCls) &: 198.8, 170.7, 149.8, 130.5, 66.0, 36.4, 35.8,
25.6, 20.7; HRESIMS m/z: 191.0682 (Calcd for CgH;,03Na: M*+Na, 191.0684); Anal. Calcd for
CoH1,05: C, 64.27; H, 7.19. Found: C, 64.03: H, 7.25.

(4-(tetrahydro-2H-pyran-2-yloxy)cyclohex-2-enyl)methyl acetate (57).
1) NaBHj, CeCls-7H,0
V(;40 MeOH, r.t. V©/0THF>
AcO 2) DHP, PPTS AcO

CH20|2, r.t.
56 82% (2 steps) 57

1) 56 (1.23 g, 7.30 mmol) (37 mL)
0 CeCl3-7H,0 (3.81g, 10.2 mmol) NaBH, (359 mg, 9.49 mmol)
15 0
2) 1) (22 mL) 0 DHP (1.80
ml, 19.4 mmol) PPTS (487 mg, 01.94 mmol) 48
( ; : =5:1)
THP 57 135g(2 , 82% )

IR (neat) cm™: 1712; *H-NMR (400 MHz, CDCl;) &: 5.68-5.92 (2H, m), 4.71-4.77 (1H, m),
4.14-4.27 (1H, m), 3.89-4.01 (3H, m), 3.48-3.54 (1H, m), 2.36-2.53 (1H, m), 2.03-2.15 (4H, m),
1.48-1.89 (8H, m), 1.26-1.39 (1H, m); *C-NMR (100 MHz, CDCls) &: 170.9, 170.9, 131.6, 130.6,
130.4, 130.3, 130.1, 129.7, 129.5, 129.2, 97.9, 96.8, 96.7, 94.5, 77.2, 71.3, 70.2, 69.4, 68.5, 67.5,
67.4, 67.2, 67.1, 62.7, 62.6, 62.6, 62.5, 62.4, 35,1, 35.0, 35.0, 34.9, 31.1, 31.1, 31.0, 31.0, 30.6,
29.0, 27.8, 27.0, 25.9, 25.9, 25.4, 23.9, 23.4, 21.6, 21.3, 20.8, 20.8, 19.7, 19.7, 19.6; HRESIMS
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m/z: 277.1419 (Calcd for C14H2,04Na: M*+Na, 277.1416); Anal. Calcd for C14H2,04: C, 66.12; H,
8.72. Found: C, 66.21: H, 8.73.

(4-(tetrahydro-2H-pyran-2-yloxy)cyclohex-2-enyl)methanol (58).

V(;/OTHP K2CO3 VQ/OTHP
AcO MeOH, r.t. HO
57 81% 5q
THP 57 (1.30 g, 5.11 mmol) (17 mL) 0
(3.53 g, 25.6 mmol) 4
( ; : =1:1) 58 883 mg

(81% )

IR (neat) cm™: 3409; 'H-NMR (400 MHz, CDCl3) &: 5.72-5.93 (2H, m), 4.71-4.78 (1H, m),
4.16-4.29 (1H, m), 3.89-3.96 (1H, m), 3.48-3.60 (3H, m), 2.22-2.40 (1H, m), 1.29-2.16 (11H, m);
BC-NMR (100 MHz, CDCls) &: 131.6, 131.5, 131.3, 130.7, 130.4, 130.1, 130.1, 98.0, 97.9, 96.9,
96.6, 77.2, 71.7, 70.6, 69.8, 68.7, 66.5, 66.4, 66.1, 66.1, 62.7, 62.6, 62.6, 62.4, 38.4, 38.4, 38.3,
38.3, 31.1, 31.1, 31.0, 31.0, 29.3, 28.0, 27.3, 26.1, 25.4, 23.7, 23.2, 21.4, 21.1, 19.7, 19.6, 19.6;
HRESIMS m/z: 235.1294 (Calcd for Cy,H2003Na: M*+Na, 235.1310); Anal. Calcd for Ci,H2003:
C, 67.89; H, 9.50. Found: C, 67.49: H, 9.31.

2-(4-((prop-2-ynyloxy)methyl)cyclohex-2-enyloxy)tetrahydro-2H-pyran (59).

3-bromopropyne

VQOTHP NaH / OTHP
HO DMF, 50 °C OMQ/

38%

58 59
58 (502 mg, 2.36 mmol) DMF (7.9 mL)
0 (55%, 206 mg, 4.72 mmol) 1
3- (0.9 mL, 11.8 mmol) 50 13
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( ;
=10:1) 59 213 mg (36% )

IR (neat) cm™: 3292, 2115; *H-NMR (400 MHz, CDCls) 8: 5.73-5.88 (2H, m), 4.71-4.77 (1H, m),
4.14-4.28 (3H, m), 3.89-3.95 (1H, m), 3.35-3.53 (3H, m), 2.33-2.48 (2H, m), 1.26-2.17 (10H, m);
3C-NMR (100 MHz, CDCl,) &: 131.6, 131.2, 130.9, 130.9, 130.6, 129.8, 129.6, 128.6, 98.0, 97.9,
96.9, 96.6, 79.8, 79.8, 74.2, 74.2, 73.8, 73.8, 73.4, 73.3, 71.7, 70.5, 69.9, 68.7, 62.7, 62.6, 62.6,
62.4, 58.2, 58.2, 36.0, 35.9, 35.8, 35.8, 31.2, 31.2, 31.1, 31.1, 29.3, 28.0, 27.3, 26.0, 25.4, 24.2,
23.7,21.8,21.5,19.8, 19.8, 19.7, 19.6; HRESIMS m/z: 273.1463 (Calcd for C15H,,03Na: M*+Na,
273.1467); Anal. Calcd for Cy5sH2,03: C, 71.97; H, 8.86. Found: C, 71.86: H, 8.90.

ethyl 4-((4-(tetrahydro-2H-pyran-2-yloxy)cyclohex-2-enyl)methoxy)but-2-ynoate (60).

_ CO,Et
/ oTHp  N-BuLi, CICOE / OTHP
OVQ/ THF, -78to r.t, OVQ/
5o 83% 60
59 (210 mg, 0.840 mmol) THF (8.4 mL)
-78 n- (1.69M , 0.55 mL, 0.924 mmol)
1 -78 (160 pL, 1.68 mmol)
18 0
( ;
=5:1) 60 224 mg (83% )

IR (neat) cm™: 2238, 1715; "H-NMR (400 MHz, CDCls) &: 5.71-5.89 (2H, m), 4.72-4.84 (1H, m),
4.14-4.27 (5H, m), 3.91-3.93 (1H, m), 3.36-3.52 (3H, m), 2.34-2.45 (1H, m), 1.48-2.08 (9H, m),
1.30-1.39 (4H, m); ®*C-NMR (100 MHz, CDCl3) &: 153.1, 131.3, 131.2, 130.9, 130.6, 130.3,
130.0, 129.8, 128.7, 98.0, 97.9, 83.3, 83.2, 78.0, 77.9, 77.2, 74.4, 74.3, 73.9, 73.9, 71.6, 70.4, 69.8,
68.6, 62.7, 62.6, 62.4, 62.0, 58.0, 36.0, 35.9, 35.8, 35.8, 31.2, 31.1, 31.1, 31.0, 29.3, 28.0, 27.2,
26.0, 25.4, 24.1, 23.6, 21.7, 21.5, 19.8, 19.7, 19.6; HRESIMS m/z: 345.1664 (Calcd for
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C1gH2605Na: M*+Na, 345.1678); Anal. Calcd for CygH,60s: C, 67.06; H, 8.13. Found: C, 66.89: H,
8.20.

ethyl 4-((4-hydroxycyclohex-2-enyl)methoxy)but-2-ynoate (61).

CO,Et CO,Et
/ OTHP p-TsOH:-H,O / OH
O\/Q/ EtOH, r.t. OVQ/
60 8% 61
60 (157 mg, 0.488 mmol) (4.9 mL) 0 p-
(18.6 mg, 0.0976 mmol) 42
( ; X =2:1)

61 108 mg (78% )
IR (neat) cm™: 3404, 2237, 1713; *H-NMR (400 MHz, CDCls) &: 5.70-5.89 (2H, m), 4.18-4.28
(5H, m), 3.39-3.50 (2H, m), 2.35-2.45 (1H, m), 1.68-2.10 (2H, m), 1.23-1.59 (6H, m); **C-NMR
(100 MHz, CDCls) &: 153.1, 132.2, 131.4, 130.7, 130.2, 83.1, 78.0, 74.2, 73.9, 66.6, 64.4, 62.1,
58.1, 35.9, 31.2, 29.9, 23.6, 21.0, 13.9; HRESIMS m/z: 261.1105 (Calcd for C13H150,Na: M*+Na,

261.1103).

ethyl 4-((4-oxocyclohex-2-enyl)methoxy)but-2-ynoate (45d).

CO,EL CO,Et
/ oH DMP, NaHCOs / o
OVO/ CH,Cly, r.t. OVQ%
99%
61 45d
61 (59.6 mg, 0.210 mmol) (4.2 mL) 0 DMP
(134 mg, 0.315 mmol) (88.2 mg, 1.05 mmol) 3
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( ; ; =2:1)
2- 45d  49.3 mg (99% )

IR (neat) cm™: 2238, 1713, 1681; *H-NMR (400 MHz, CDCls) &: 6.90-6.92 (1H, m), 6.06 (1H, dd,
J =102, 2.2 Hz), 4.32 (2H, s), 4.23 (2H, g, J = 7.1 Hz), 3.52-3.62 (2H, m), 2.72-2.75 (1H, m),
2.54 (1H, dt, J = 16.8, 4.7 Hz), 2.35-2.43(1H, m), 2.10-2.17 (1H, m), 1.78-1.88 (1H, m), 1.32 (3H,
t, J = 7.1 Hz); *C-NMR (100 MHz, CDCls) &: 199.2, 152.9, 150.8, 130.2, 82.6, 78.3, 72.6, 62.1,
58.2, 36.6, 36.5, 25.6, 13.9; HRESIMS m/z: 237.1114 (Calcd for Ci3H1;040 M*+H, 237.1127);
Anal. Calcd for C13H:604: C, 66.09; H, 6.83. Found: C, 65.83: H, 6.77.

<Scheme 23 >

(4-(Tetrahydro-2H-pyran-2-yloxy)cyclohex-2-enyl)methyl 4-Methylbenzenesulfonate (62).

1) NaBHy4, CeCl3-7H,0

o MeOH, r.t. OTHP
TsO g TsO

2) DHP, PPTS

a1 CH2C|2, r.t. 62
70% (2 steps)

1) 41 (500 mg, 1.78 mmol) (18 mL)
0 CeCl3-7H,0 (730 mg, 1.96 mmol) NaBH, (74.2 mg, 1.96 mmol)
3 0
2) 1) (9.0 mL) 0 DHP (0.48
mL, 5.34 mmol) PPTS (224 mg, 0.890 mmol) 60
( ; ; =3:1)
THP 62 564 mg (2 , 86% )

IR (neat) cm'™: 1598, 1496, 1450, 1361, 1177; "H-NMR (400 MHz, CDCly) &: 7.77-7.79 (2H, m),
7.33-7.35 (2H, m), 5.85 (1H, m), 5.61 (1H, m), 4.70 (1H, m), 4.16 (1H, m), 3.81-3.92 (3H, m),
3.49 (1H, m), 2.39-2.52 (4H, m), 1.23-2.06 (10H, m):; ®C-NMR (100 MHz, CDCly) &: 144.7,
144.7,133.0, 132.6, 131.4, 131.2, 130.2, 129.8, 129.0, 128.6, 128.2, 127.9, 127.8, 98.1, 97.9, 97.0,
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96.8, 77.2, 73.0, 72.9, 72.6, 72.5, 71.1, 70.0, 69.4, 68.3, 62.8, 62.7, 62.6, 62.5, 35.2, 35.2, 35.1,
35.1, 31.1, 31.1, 31.0, 31.0, 30.6, 28.7, 27.5, 26.7, 25.6, 25.4, 25.4, 23.4, 22.9, 21.6, 21.2, 20.9,
19.8, 19.7, 19.6; HRESIMS m/z: 389.1384 (Calcd for Ci9H,60sNaS: M*+Na, 389.1399); Anal.
Calcd for C19H2605S: C, 62.27; H, 7.15. Found: C, 62.27; H, 7.20.

4-Methyl-N-(prop-2-ynyl)-N-((4-(tetrahydro-2H-pyran-2-yloxy)cyclohex-2-enyl)methyl)benz
enesulfonamide (63).

TSHN™ Sy 63 P
OTHP  NaH / OTHP
TSOVQ/ ” TSNQ
DMF, 50 °C
62 60% 64
63°% (314 mg, 1.50 mmol) DMF (3.0 mL)
0 (55%, 65.5 mg, 1.50 mmol) 1
0 THP 62 (500 mg, 1.36 mmol) DMF (3.8 mL)
50 18 0
(
; : =3:1) 64 331 mg (60% )

IR (neat) cm™ 3276, 2118, 1598, 1495, 1452, 1349, 1163; 'H-NMR (400 MHz, CDCl) &:
7.70-7.79 (2H, m), 7.27-7.35 (2H, m), 5.68-5.90 (2H, m), 4.74 (1H, m), 4.06-4.28 (3H, m), 3.88
(1H, m), 3.51 (1H, m), 3.01-3.21 (2H, m), 2.37-2.50 (4H, m), 2.00-2.13 (2H, m), 1.47-1.91 (8H,
m), 1.31 (1H, m); BC-NMR (100 MHz, CDCls) 6: 143.5, 143.4, 135.8, 135.7, 131.4, 131.2, 130.8,
130.5, 130.4, 130.2, 130.1, 129.8, 129.4, 129.4, 127.8, 127.7, 98.0, 96.9, 77.2, 76.4, 76.3, 74.0,
73.9, 715, 70.4, 69.7, 68.7, 62.7, 62.6, 50.8, 50.6, 50.2, 50.2, 37.0, 36.8, 33.6, 33.6, 33.5, 33.5,
31.1, 31.1, 29.1, 27.8, 27.1, 25.7, 25.5, 25.4, 24.7, 24.1, 22.0, 21.5, 19.8, 19.7, 19.7; HRESIMS
m/z: 426.1686 (Calcd for C,yH29NO4NaS: M*+Na, 426.1715).

- 80 -



Ethyl
4-(4-Methyl-N-((4-(tetrahydro-2H-pyran-2-yloxy)-cyclohex-2-enyl)methyl)phenylsulfonamid
0)but-2-ynoate (65).

CO,Et

z
TSN\/Q/ : \/©/

THF, -78 °C to 40 °C TSN
62%

64 65
64 (235 mg, 0.582 mmol) THF (5.8 mL) -78
n- (1.69M , 0.4 mL, 0.698 mmol) 1
-78 (0.1 mL, 0.116 mmol) 40 15
0
( ,
=5:1) 65 172 mg (62% )

IR (neat) cm™: 2240, 1713, 1598, 1495, 1448, 1351, 1162; 'H-NMR (400 MHz, CDCl;) &:
7.70-7.72 (2H, m), 7.29-7.31 (2H, m), 5.67-5.91 (2H, m), 4.73 (1H, m), 4.12-4.34 (5H, m), 3.91
(1H, m), 3.51 (1H, m), 3.00-3.20 (2H, m), 2.34-2.41 (4H, m), 2.09 (1H, m), 1.47-1.92 (8H, m),
1.25-1.42 (4H, m); ®C-NMR (100 MHz, CDCls) &: 152.4, 152.4, 143.8, 143.8, 135.2, 135.2,
131.7, 130.9, 130.7, 130.5, 130.4, 130.1, 129.9, 129.7, 129.4, 127.7, 127.6, 98.0, 97.9, 96.9, 79.9,
79.8, 77.4, 77.2, 71.4, 70.3, 69.6, 68.6, 62.7, 62.6, 62.0, 51.3, 51.1, 50.8, 50.8, 37.1, 36.9, 33.7,
33.6, 33.6, 31.1, 31.1, 29.1, 27.8, 27.0, 25.7, 25.4, 24.7, 24.1, 22.3, 22.0, 21.5, 19.8, 19.7, 19.7,
13.9; HRESIMS m/z: 498.1924 (Calcd for C,5H33sNOgNaS: M*+Na, 498.1926).

Ethyl  4-(N-((4-Hydroxycyclohex-2-enyl)methyl)-4-methylphenylsulfonamido)but-2-ynoate
(66).

_Coat __Cogft
/ othHp PPTS / OH
_ >
TSN\/O/ EtOH, r.t. TSN\/©/
quant.

65 66
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65 (142 mg, 0.299 mmol) (3.0mL) 0 PPTS
(15.0 mg, 0.0598 mmol) 42

( ; ; =1:1) 66 117 mg (quant.)

IR (neat) cm™: 3530, 3403, 2239, 1711, 1598, 1495, 1450, 1353, 1161; *H-NMR (400 MHz,
CDClg) 6: 7.71-7.74 (2H, m), 7.30-7.32 (2H, m), 5.68-5.84 (2H, m), 4.13-4.31 (5H, m), 3.06-3.14
(2H, m), 2.42-2.46 (4H, m), 2.11 (1H, m), 1.91 (1H, m), 1.35-1.54 (3H, m), 1.26-1.29 (3H, m);
BC-NMR (100 MHz, CDCls) &: 152.4, 143.9, 135.2, 132.6, 129.8, 129.7, 127.7, 127.6, 79.8, 77.5,
77.2, 66.4, 62.0, 51.1, 51.0, 37.0, 33.6, 30.9, 24.1, 21.8, 21.5, 14.0; HRESIMS m/z: 414.1350
(Calcd for CyHpsNOsNaS: M*™+Na, 414.1351).

Ethyl 4-(4-Methyl-N-((4-oxocyclohex-2-enyl)methyl)-phenylsulfonamido)but-2-ynoate (45e).

CO,Et
CO,Et

/ oH DMP, NaHCO3 / 20
45e

99%
66

66 (78.0 mg, 0.199 mmol) (4.0 mL) 0 DMP
(118 mg, 0.279 mmol) (83.6 mg, 0.995 mmol) 3

( ; : =1:
1) 2- 45d  75.9 mg (98% )
mp: 98-99 °C; IR (neat) cm™: 2238, 1718, 1681, 1596, 1496, 1450, 1350, 1162; *H-NMR (400
MHz, CDCls) &: 7.73 (2H, d, J = 8.3 Hz), 7.34 (2H, d, J = 8.3 Hz), 6.92 (1H, ddd, J = 10.4, 2.5,
1.3 Hz), 6.08 (1H, dd, J = 10.4, 2.5 Hz), 4.22-4.34 (2H, m), 4.17 (2H, q, J = 7.1 Hz), 3.16-3.28
(2H, m), 2.78 (1H, m), 2.57 (1H, dt, J = 16.9, 4.8 Hz), 2.35-2.43 (4H, m), 2.17 (1H, m), 1.80 (1H,
m), 1.28 (3H, t, J = 7.1 Hz); **C-NMR (100 MHz, CDCls) &: 198.8, 152.3, 149.7, 144.3, 134.8,
130.5, 129.9, 129.9, 127.7, 127.7, 79.4, 77.8, 62.2, 50.3 37.4, 36.3, 34.6, 26.4, 21.5, 14.0;
HRESIMS m/z: 412.1187 (Calcd for CyoH,3NOsNaS: M*+Na, 412.1195); Anal. Calcd for
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CyH23NOsS: C, 61.68; H, 5.95; N, 3.60. Found: C, 61.47; H, 5.94; N, 3.65.

<Table 5 >

-entry 2, method A-
Ethyl 5-Hydroxy-2,3-dihydro-1H-indene-4-carboxylate (47Db).

[RhCI(CO)5]5 (5 mol%)
P(2-furyl)3 (20 mol%)

= CO,Et AgOTf (40 mol%) COyEt
= o) L OH
toluene, 80 °C, 12 h

83%

45b 470
[RhCI(CO),], (1.8 mg, 0.00463 mmol) (0.4 mL)
P(2-furyl); (4.3 mg, 0.0185 mmol) 20 AgOTf (9.5
mg, 0.0370 mmol) 30 2-
45b (21.7 mg, 0.0926 mmol) (0.8 mL) 100 12
( ; ; =3:1)

47b  15.9 mg (83% )
mp: 47-48 °C; IR (KBr) cm™: 1657, 1604, 1466; 'H-NMR (400 MHz, CDCl;) &: 11.1 (1H, s),
7.27 (1H, d, J = 8.4 Hz), 6.79 (1H, d, J = 8.4 Hz), 4.36 (2H, q, J = 7.1 Hz), 3.21 (2H, t,J = 7.6
Hz), 2.83 (2H, t, J = 7.6 Hz), 2.06 (2H, quintet, J = 7.6 Hz), 1.43 (3H, t, J = 7.1 Hz); **C-NMR
(100 MHz, CDCls) &: 171.3, 161.1, 146.5, 135.6, 130.7, 115.5, 110.0, 61.3, 35.6, 31.9, 25.1, 14.2;
HRESIMS m/z: 207.1015 (Calcd for C1;H1505: M*+H, 207.1021).

- entry 2, method B -

2- 45b (21.6 mg, 0.0922 mmol) (1.2 mL)
In(OTf); (5.2 mg, 0.00922 mmol) 100 12
( ; : =3:1)

470 23mg(12% )
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-entry 3, method A-
Triethyl 2-Hydroxy-7,8-dihydronaphthalene-1,6,6(5H)-tricarboxylate (47c).

[RhCI(CO),], (5 mol%)

CO,Et P(2-furyl)s (20 mol%) CO.Et

= o AgOTf (40 mol%) 2 oH

EtO,C toluene, 80 °C, 12 h EtO,C
45¢c 47c
[RhCI(CO),]. (2.4 mg, 0.00617 mmol) (0.4 mL)
P(2-furyl); (5.7 mg, 0.0246 mmol) 20 AgOTf
(10.6 mg, 0.0411 mmol) 30 2-
45¢ (40.4 mg, 0.103 mmol) (0.9 mL) 100 12
( ; X =3:1)

47c  4.5mg (12% )
mp: 104-105 °C; IR (KBr) cm™: 1735, 1659, 1592, 1466; ‘H-NMR (400 MHz, CDCls) &: 11.0
(1H, s), 7.16 (1H, d, J = 8.6 Hz), 6.81 (1H, d, J = 8.6 Hz), 4.43 (2H, q, J = 7.1 Hz), 4.19 (4H, q, J
=7.1Hz),3.20 (2H, s), 3.13 (2H, t, J = 6.7 Hz), 2.27 (2H, t, J = 6.7 Hz), 1.42 (3H, t, J = 7.1 Hz),
1.23 (6H, t, J = 7.1 Hz); *C-NMR (100 MHz, CDCls) 8: 171.4, 171.3, 171.3, 161.3, 137.3, 135.6,
1255, 116.9, 112.1, 61.6, 61.4, 61.4, 52.9, 35.1, 28.4, 26.4, 14.2, 14.0, 14.0; HRESIMS m/z:
365.1588 (Calcd for C19H,407: M™+H, 365.1600).

- entry 3, method B -
2- 45¢ (40.1 mg, 0.102 mmol) (1.3 mL)
In(OTf)3 (5.7 mg, 0.0102 mmol) 100 12

-entry 4, method A-

[RhCI(CO),], (2.0 mg, 0.00514 mmol) (0.4 mL)
P(2-furyl); (4.8 mg, 0.0206 mmol) 20 AgOTf
(10.6 mg, 0.0411 mmol) 30 2-
45d (24.3 mg, 0.103 mmol) (0.9mL) 100 12
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- entry 4, method B -
2- 45d (26.0 mg, 0.110 mmol) (2.4 mL)
In(OTf)3 (6.2 mg, 0.0110 mmol) 100 12

-entry 5, method A-
Ethyl 5-Hydroxy-2-tosylisoindoline-4-carboxylate (47e).

[RhCI(CO),]5 (5 mol%o)
P(2-furyl)3 (20 mol%)

P CO2Et AgOTf (40 mol%) COEt
/ o) . OH
TsNﬁ toluene, 80 °C, 12 h TsN
24%
45e 47e
[RhCI(CO),], (1.5 mg, 0.00386 mmol) (0.3 mL)
P(2-furyl); (3.6 mg, 0.0154 mmol) 20 AgOTf (7.9
mg, 0.0308 mmol) 30 2-
45e (30.0 mg, 0.0771 mmol) (0.7 mL) 100 12
( ; ; =3:1)

47e 6.6 mg (24% )
mp: 204-205 °C; IR (KBr) cm™: 1657, 1604, 1466; 'H-NMR (400 MHz, CDCl;) &: 11.1 (1H, s),
7.76 (2H, d, J = 8.1 Hz), 7.32 (2H, d, J = 8.1 Hz), 7.20 (1H, d, J = 8.3 Hz), 6.88 (1H, d, J = 8.3
Hz), 4.83 (2H, s), 4.53 (2H, s), 4.44 (2H, q, J = 7.1 Hz), 2.40 (3H, s), 1.44 (3H, t, J = 7.1 Hz);
BC-NMR (100 MHz, CDCls) &: 169.7, 162.2, 143.7, 143.7, 137.9, 134.0, 129.8, 129.8, 129.0,
127.5, 127.5, 117.8, 108.4, 62.0, 55.8, 52.9, 21.5, 14.3; HRESIMS m/z: 362.1074 (Calcd for
C1gH20NOsS: M*+H, 362.1062).
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- entry 5, method B -

2- 45e (22.0 mg, 0.0565 mmol) (0.8 mL)
In(OTf); (3.2 mg, 0.00565 mmol) 100 12
( ; : =3:1)

47¢  116mg(57% )
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<Scheme 27 >

4-Pent-4-ynyl-3-phenylcyclohex-2-enone (76f).

= P
7 OEt PhMgBr Z 0
THF, r.t., then

o) 5% HClI agq. Ph
75 84% 76f
2- 75°% (413 mg, 2.00 mmol) THF (2.0 mL)
0 (1.09 M THF , 2.8 mL, 3.00 mmol)
1 0 5% (2.0 mL) 30
( ; ; =4:1)
2- 76f 397 mg (84% )

IR (neat) cm™ 3294, 2116, 1662, 1601, 1493, 1444; 'H-NMR (300 MHz, CDCls) §: 7.40-7.51
(5H, m), 6.26 (1H, s), 3.01 (1H, m), 2.57 (1H, m), 2.43 (1H, m), 2.06-2.30 (4H, m), 1.91 (1H, t, J
= 2.6 Hz); ®C-NMR (75 MHz, CDCly) &: 199.7, 164.6, 138.4, 129.9, 128.9, 128.9, 126.6, 126.6,
1255, 83.6, 68.8, 35.7, 32.7, 30.4, 26.7, 25.5, 18.1; FABMS m/z: 239 (M*+H), 77 (Ph");
HRFABMS m/z: 239.1461 (Calcd for Ci7H10: M*+H, 239.1436).

3-Methyl-4-pent-4-ynylcyclohex-2-enone (76g).

gz g
7 OEt MeMgBr Z 0
THF, r.t.,, then

(0] 5% HCI aq. Me
75 2% 769
2- 75 (415 mg, 2.01 mmol) THF (2.0 mL)
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0 (1.06 M THF , 2.8 mL, 3.00 mmol)
2.5 0 5% (2.0 mL) 10

( ; : =6:1)
2- 769 254 mg (72% )
IR (neat) cm™: 3290, 2116, 1663; *H-NMR (300 MHz, CDCls) &: 5.84 (1H, s), 2.44 (1H, m),
2.19-2.33 (4H, m), 1.84-2.12 (6H, m), 1.53-1.80 (4H, m); **C-NMR (75 MHz, CDCl5) &: 199.5,
165.7, 126.9, 83.7, 68.8, 38.9, 33.7, 29.6, 26.3, 26.0, 22.8, 18.3; FABMS m/z: 177 (M*+H);
HRFABMS m/z: 177.1261 (Calcd for CyoH1,0: M™+H, 177.1279).

8-Pent-4-ynyl-7-phenyl-1,4-dioxaspiro[4.5]dec-6-ene (77f).

_~_-OTMS
P> TMSO — 1)
@o TMSOTf C@L}
CH,Cly, -78 °C
Ph 67% Ph
76f 77f
2- 76f (397 mg, 1.67 mmol) (8.4 mL)

-78 1,2- (4.1 mL, 16.7 mmol)
TMSOTT (60 uL, 0.334 mmol) 5 -78 1.0
mL) 5

( ; ; =6:1)

77f 313 mg (67% )
IR (neat) cm™: 3289, 2116, 1662, 1599, 1491, 1444, 1112, 1099; *H-NMR (300 MHz, CDCls) &:
7.28-7.32 (5H, m), 5.70 (1H, s), 3.94-4.09 (4H, m), 2.71 (1H, m), 1.75-2.10 (7H, m), 1.25-1.59
(4H, m); C-NMR (75 MHz, CDCls) &: 147.7, 141.0, 128.3, 128.3, 127.5, 126.7, 126.7, 125.4,
106.2, 84.2, 68.3, 64.6, 64.4, 35.4, 31.1, 30.1, 26.3, 24.8, 18.3; FABMS m/z: 283 (M*+H), 215;
HRFABMS m/z: 283.1715 (Calcd for C19H,30,: M*+H, 283.1698).
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7-Methyl-8-pent-4-ynyl-1,4-dioxaspiro[4.5]dec-6-ene (77Q).

OTMS
_ TMSO™ > o
C/qo TMSOTY 7 }
CH,Cl,, -60 °C
Me 69% Me
769 779
2- 769 (254 mg, 1.44 mmol) (6.5mL)

-78 1,2- (3.2 mL, 13.1 mmol)
TMSOTf (50 uL, 0.276 mmol) -60 70 -60
(0.52 mL) 5

( ; : =6:1)

779 221 mg (69% )
IR (neat) cm™: 3288, 2116, 1079, 1101; *H-NMR (300 MHz, CDCls) &: 5.35 (1H, s), 3.91-4.01
(4H, m), 2.13-2.26 (2H, m), 1.35-1.98 (13H, m); *C-NMR (75 MHz, CDCls) &: 144.4, 123.4,
106.4, 84.3, 68.4, 64.4, 64.4, 38.0, 30.9, 30.4, 25.9, 25.2, 21.6, 18.5; FABMS m/z: 221 (M*+H);
HRFABMS m/z: 221.1528 (Calcd for C14H,,0,: M*+H, 221.1542).

Ethyl 6-(4-Oxo0-2-phenylcyclohex-2-enyl)hex-2-ynoate (45f).

_—~ 0 1) n-BuLi, CICO,Et COzEt
= 3 THF, -78 °Cfo r.t. Z o)
o} .
2) PPTS
Ph

H,0, acetone, r.t. Ph
85% (2 steps)
77f 45f

1) 77f (313 mg, 1.11 mmol) THF (5.6 mL)
-78 n- (1.67 M , 0.8 mL, 1.33 mmol)
1 -78 (0.2 mL, 2.22 mmol)
2.5 0
2) 1) (4.4 mL) 0 (0.8 mL)
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PPTS (55.3 mg, 0.220 mmol) 17

( ; : =3:1) 2-
45f 292 mg (2 , 85% )
IR (neat) cm™: 2233, 1703, 1665; *H-NMR (300 MHz, CDCls) &: 7.40-7.50 (5H, m), 6.26 (1H, s),
4.20 (2H, g, J = 7.2 Hz), 3.02 (1H, m), 2.07-2.62 (6H, m), 1.53-1.71 (4H, m), 1.29 (3H, t, J = 7.2
Hz); *C-NMR (75 MHz, CDCls) &: 199.5, 164.2, 153.7, 138.4, 130.0, 129.0, 129.0, 126.6, 126.6,
125.8, 88.1, 73.6, 61.8, 35.7, 32.8, 30.6, 25.9, 25.6, 18.4, 13.9; FABMS m/z: 311 (M*+H), 237
(M*-CO,Et); HRFABMS m/z: 311.1632 (Calcd for CyoH2303: M*+H, 311.1647).

Ethyl 6-(2-Methyl-4-oxocyclohex-2-enyl)hex-2-ynoate (45g).

_ 0 1) n-BuLi, CICO,Et COzEt
7 3 THF, -78 °C to r.t. = o)
o) N
2) PPTS
Me

H-O, acetone, r.t.
63% (2 steps)

779 459

1) 779 (221 mg, 1.00 mmol) THF (5.0 mL)
-78 n- (1.67 M , 0.7 mL, 1.20 mmol)
1 -78 (0.2 mL, 2.09 mmol)

1 0

2) 1) (4.0 mL) 0 (0.7 mL)

PPTS (50.3 mg, 0.200 mmol) 12
( ; : =3:1) 2-

459 155mg (2 , 63% )
IR (neat) cm™: 2233, 1704, 1665; 'H-NMR (300 MHz, CDCls5) &: 5.85 (1H, s), 4.22 (2H, g, J =
7.2 Hz), 2.24-2.48 (5H, m), 1.51-2.13 (9H, m), 1.30 (3H, t, J = 7.2 Hz); *C-NMR (75 MHz,
CDCls) &: 199.3, 165.2, 153.7, 127.0, 100.6, 88.1, 73.8, 61.8, 38.8, 33.7, 29.8, 26.0, 25.5, 22.8,
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18.6, 13.9; FABMS m/z: 249 (M*+H), 175 (M*-CO,Et): HRFABMS m/z: 249.1523 (Calcd for
Cl5H2103: M++H, 2491491)

<Scheme 28 >

4-Pent-4-ynyl-3-vinylcyclohex-2-enone (76h).

/ /
/ /
OEt /\MgBr (0]
THF, r.t., then

o 5% HCI ag. X
80%
75 76h
2- 75 (413 mg, 2.00 mmol) THF (2.0 mL)
0 1.o0Mm , 3.00 mL, 3.00 mmol)
1.5 0 5% (2.0 mL) 10
0

( ;
=6:1) 2- 76h 301 mg (80% )

IR (neat) cm™: 3292, 2115, 1660; *H-NMR (300 MHz, CDCls) &: 6.40 (1H, dd, J = 10.8, 17.6 Hz),
5.89 (1H, s), 5.72 (1H, d, J = 17.6 Hz), 5.49 (1H, d, J = 10.8 Hz), 2.69 (1H, m), 2.19-2.58 (4H, m),
1.96-2.11 (3H, m), 1.60-1.78 (4H, m); *C-NMR (75 MHz, CDCls) &: 200.1, 161.3, 136.9, 127.2,
120.9, 83.7, 68.9, 32.7, 32.7, 30.0, 26.9, 25.0, 18.1; FABMS m/z: 189 (M*+H); HRFABMS m/z:
189.1292 (Calcd for Cy3H:7,0: M*+H, 189.1279).
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2-(4-Pent-4-ynyl-3-vinylcyclohex-2-enyloxy)tetrahydropyran (78h).

1) NaBHy4
CeClz-7H,0
7 0 weomrt 7~ OTHP
2) DHP, PPTS
N CHCly, r.t. N
84% (2 steps)
76h 78h
1) 2- 76h (291 mg, 1.54 mmol) (15 mL)
0 CeCl3-7H,0 (630 mg, 1.69 mmol) NaBH, (63.9 mg, 1.69 mmol)
1 0
2) 1) (6.9 mL) 0 DHP (370
pL, 4.11 mmol) PPTS (34.4 mg, 0.137 mmol) 4
( ; ; =10 : 1)
THP 78h 358 mg (2 , 84% )

IR (neat) cm™: 3298, 2117, 1020; *H-NMR (300 MHz, CDCls) &: 6.22 (1H, m), 5.72 (1H, m),
5.21 (1H, m), 5.04 (1H, m), 4.76 (1H, m), 4.32 (1H, m), 3.93 (1H, m), 3.50 (1H, m), 2.17-2.32
(3H, m), 1.24-1.95 (15H, m); *C-NMR (75 MHz, CDCls) &: 142.5, 142.4, 138.4, 130.7, 129.3,
112.7, 112.4, 98.2, 96.7, 84.4, 73.2, 71.9, 68.3, 62.7, 62.6, 32.3, 31.5, 31.1, 31.0, 27.3, 27.3, 25.8,
25.4, 24.2, 24.0, 23.9, 19.7, 19.6, 18.4; FABMS m/z: 273 (M*-H), 173 (M*-OTHP); HRFABMS
m/z: 273.1865 (Calcd for C1gH,50,: M*-H, 273.1855).

Ethyl 6-(4-Hydroxy-2-vinylcyclohex-2-enyl)hex-2-ynoate (79h).

1) n-BulLi
_ CICO,Et CO,Et
= OTHP  THF, -78°Ctort. Z OH
2) PPTS
S EtOH, r.t.
47% (2 steps) X
78h 79h
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1) THP 78h (204 mg, 0.743 mmol) THF (10 mL)

-78 n- (1.62 M , 0.55 mL, 0.892 mmol)
1 -78 (140 pL, 1.49 mmol)
2 0
2)1) (6.0 mL) 0 PPTS (28.4 mg,
0.113 mmol) 36
( ; X =2:1) 79h  91.6 mg

(2 , 47% )

IR (neat) cm™: 3367, 2234, 1706; *H-NMR (300 MHz, CDCls) &: 6.22 (1H, dd, J = 11.0, 17.8 Hz),
5.67 (1H, s), 5.19 (1H, d, J = 17.8 Hz), 5.07 (1H, d, J = 11.0 Hz), 4.31 (1H, br), 4.21 (2H, q, J =
7.2 Hz), 2.28-2.40 (3H, m), 1.95 (1H, m), 1.41-1.83 (8H, m), 1.31 (3H, t, J = 7.2 Hz); *C-NMR
(75 MHz, CDCl;) &: 153.9, 142.1, 138.1, 131.5, 113.1, 88.9, 73.4, 67.8, 61.7, 32.3, 31.7, 27.9,
26.3, 24.1, 18.7, 13.9; FABMS m/z: 261 (M*-H), 245 (M*-OH); HRFABMS m/z: 261.1508
(Calcd for Ci6H,03: M*-H, 261.1491).

Ethyl 6-(4-Oxo-2-vinylcyclohex-2-enyl)-hex-2-ynoate (45h).

CO,Et CO,Et
= OH DMP, NaHCO4 = o)
CH2C|2, r.t.
S 80% .
7% 45h
79h (91.6 mg, 0.349 mmol) (5.0 mL) 0 DMP
(296 mg, 0.698 mmol) (293 mg, 3.49 mmol) 2
1:1 10
( ; ; =3:1)
2- 45h  72.7 mg (80% )
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IR (neat) cm™: 2233, 1702, 1664; *H-NMR (300 MHz, CDCls) &: 6.40 (1H, dd, J = 10.8, 17.6 Hz),
5.90 (1H, s), 5.71 (1H, d, J = 17.6 Hz), 5.50 (1H, d, J = 10.8 Hz), 4.22 (2H, g, J = 7.2 Hz), 2.68
(1H, m), 2.33-2.57 (4H, m), 2.02-2.08 (2H, m), 1.51-1.86 (4H, m), 1.30 (3H, t, J = 7.2 Hz);
BC-NMR (75 MHz, CDCl3) &: 199.9, 160.8, 153.7, 136.9, 127.4, 120.9, 88.1, 73.7, 61.8, 32.7,
32.7, 30.3, 26.1, 25.0, 18.5, 13.9; FABMS m/z: 261 (M*+H), 187 (M*-CO,Et); HRFABMS m/z:
261.1485 (Calcd for Ci6Hy105: M¥+H, 261.1491).

<Table 6 >

-entry 1-
Ethyl 5-Hydroxy-7-phenylindane-4-carboxylate (47f).

CO,Et CO,Et
=

o OH
‘ In(OTf)3 (10 mol%) .O

toluene, 100 °C, 18 h
SE 0

45f 47t
2- 45f (37.2 mg, 0.120 mmol) (1.5 mL)
In(OTf)3 (6.7 mg, 0.0120 mmol) 100 18
( ; : =10:1)

47f 2.1 mg (6% )
mp: 129-130 °C; IR (neat) cm™: 1653, 1598, 1558, 1459; *H-NMR (300 MHz, CDCls) §: 11.17
(1H, s), 7.35-7.44 (5H, m), 6.85 (1H, s), 4.44 (2H, q, J = 7.2 Hz), 3.27 (2H, t, J = 7.5 Hz), 2.85
(2H, t, J = 7.5 Hz), 2.02 (2H, quint, J = 7.5 Hz), 1.44 (3H, t, J = 7.2 Hz); *C-NMR (75 MHz,
CDClg) &: 171.3, 161.3, 147.5, 144.6, 140.4, 133.6, 128.3, 128.3, 128.3, 128.3, 127.7, 115.7,
109.0, 61.2, 35.6, 31.8, 25.2, 14.1; FABMS m/z: 283 (M*+H); HRFABMS m/z: 283.1341 (Calcd
for C1gH1903: M*+H, 283.1334).

-entry 2-
2- 45f (37.2 mg, 0.120 mmol) (1.5 mL)
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In(OTf); (13.5 mg, 0.0240 mmol)

( ;
47f  13.8mg (40% )

-entry 3-
2- 45f (37.2 mg, 0.120 mmol)
In(OTf); (20.2 mg, 0.0359 mmol)

( ;
47f  12.9 mg (38% )

-entry 4-
[RhCI(CO),], (6.2 mg, 0.0159 mmol)
P(2-furyl); (15.3 mg, 0.0659 mmol)
mg, 0.0960 mmol) 30
45f (37.2 mg, 0.120 mmol) (1.0 mL)

( ;
47f  16.9 mg (50% )

<Table 7 >
-entry 2-
2- 45b (28.5 mg, 0.122 mmol)

In(OTf)3 (13.7 mg, 0.0243 mmol)

( ;
47b 3.8 mg (15% )

-05 -

100

100

(0.5 mL)
20

100

(1.5 mL)

0 1)

=10 :1)

(1.5 mL)

18

40

100

12

AgOTf (24.7

18



-entry 3-

2- 45¢g (29.6 mg, 0.120 mmol) (1.7 mL)
In(OTf); (13.5 mg, 0.0240 mmol) 100 20
-entry 4-
2- 45h (35.4 mg, 0.136 mmol) (1.7 mL)
In(OTf); (15.2 mg, 0.0270 mmol) 100 40
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<Scheme 31 >

3-(4-Methoxyphenyl)-4-pent-4-ynylcyclohex-2-enone (76i).

= o
P ()
~ OFt 4-MeO-CgHMgBr
THF, r.t,, then O

(0] 5% HCI aq.
85%
75 OMe
76i
4- (1.30 mL, 10.5 mmol) THF (5.0 mL)
0 (306 mg, 12.6 mmol) 1.5 %)
0 2- 75 (539 mg, 2.61 mmol) THF (11 mL)
1 0 5% (5.2 mL) 30
( ; ; =3:1)
2- 76i 588 mg (85% )

mp: 63-64 °C; IR (neat) cm™: 3236, 2051, 1643, 1511, 1456; *H-NMR (300 MHz, CDCl5) &: 7.49
(2H, d, J = 8.8 Hz), 6.94 (2H, d, J = 8.8 Hz), 6.26 (1H, ), 3.85 (3H, s), 2.99 (1H, m), 2.55 (1H,
m), 2.40 (1H, m), 2.04-2.25 (4H, m), 1.92 (1H, t, J = 2.6 Hz), 1.51-1.72 (4H, m); *C-NMR (75
MHz, CDCls) &: 199.5, 163.8, 161.1, 130.0, 128.0, 128.0, 123.5, 114.1, 114.1, 83.6, 68.7, 55.2,
35.2, 32.3, 30.2, 26.7, 25.1, 18.1; FABMS m/z: 269 (M*+H), 107 (MeOCg¢H,"); HRFABMS m/z:
269.1520 (Calcd for CigH10,: M¥+H, 269.1542).
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3-(3-Methoxy-phenyl)-4-pent-4-ynyl-cyclohex-2-enone (76j).

=

o)
gz
@OH 3-MeO-CgH4MgBr ‘
THF, r.t., then
(0] 5% HCI ag. O
75 88% OMe
76j
3- (0.5 mL, 4.00 mmol) THF (20 mL)
0 (146 mg, 6.00 mmol) 15 37
0 2- 75 (206 mg, 1.00 mmol) THF (4.2 mL)
1 0 5% (2.0 mL) 1.5
( ; : =3:1)
2- 76] 236 mg (88% )

IR (neat) cm™: 3289, 2116, 1661, 1597, 1575, 1488, 1456; ‘H-NMR (300 MHz, CDCls) &: 7.33
(1H, t, J = 7.9 Hz), 7.08 (1H, d, J = 7.9 Hz), 6.94-7.01 (2H, m), 6.25 (LH, s), 3.84 (3H, s), 2.98
(1H, m), 2.55 (1H, m), 2.37 (1H, m), 2.04-2.29 (4H, m), 1.91 (1H, t, J = 2.6 Hz), 1.48-1.69 (4H,
m); *C-NMR (75 MHz, CDCls) §: 199.7, 164.5, 159.9, 140.0, 129.9, 125.6, 119.0, 115.3, 112.3,
83.7, 68.8, 55.3, 35.9, 32.7, 30.4, 26.8, 25.5, 18.2; FABMS m/z: 269 (M*+H); HRFABMS m/z:
269.1543 (Calcd for CigHz 0, M*+H, 269.1542).

3-(4-Fluorophenyl)-4-pent-4-ynylcyclohex-2-enone (761).

Z __o
. ]
7 OEt 4-F-CgH4MgBr
THF, r.t., then
(0] 5% HCl ag.
83%
75 0 £
76l
4- (330 pL, 3.00 mmol) THF (6.0 mL)
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0 (73.1 mg, 3.01 mmol) 5

38) 0 2- 75 (413 mg, 2.00 mmol) THF (2.0 mL)
1 0 5% (2.0 mL) 10
( : : =
6:1) 2- 761 426 mg (83% )

mp: 62-63 °C; IR (neat) cm™: 3305, 2111, 1598, 1509, 1446; *H-NMR (300 MHz, CDCls) &:
7.47-7.51 (2H, m), 7.08-7.13 (2H, m), 6.22 (1H, s), 2.96 (1H, m), 2.56 (1H, m), 2.42 (1H, m),
2.10-2.28 (4H, m), 1.91 (1H, t, J = 2.6 Hz), 1.50-1.71 (4H, m); **C-NMR (75 MHz, CDCls) &:
199.3, 165.3, 163.1, 162.0, 134.3, 128.5, 128.4, 125.3, 115.9, 115.7, 83.5, 68.8, 35.6, 32.5, 30.1,
26.5, 25.2, 18.0; FABMS m/z: 257 (M*+H); HRFABMS m/z: 257.1349 (Calcd for Cy7H;sFO:
M*+H, 257.1342).

7-(4-Methoxyphenyl)-8-pent-4-ynyl-1,4-dioxaspiro[4.5]dec-6-ene (771i).

Z o Z_

OTMS
‘ ™SO > ‘ o
TMSOTY
CH,Cls, -30 °C
41%

OMe OMe
76i 77i
2- 76i (542 mg, 2.02 mmol) (10 mL)
-78 1,2- (4.0 mL, 16.2 mmol)
TMSOTT (70 pL, 0.404 mmol) -30 4 -30 (0.8
mL) 5
( ; ; =4:1)

771 260 mg (41% )
IR (neat) cm™: 3290, 2116, 1607, 1510, 1456, 1243, 1110; *H-NMR (300 MHz, CDCl,) &: 7.26
(2H, d, J = 8.8 Hz), 6.85 (2H, d, J = 8.8 Hz), 5.65 (1H, s), 3.95-4.06 (4H, m), 3.81 (3H, s), 2.67
(1H, m), 1.75-2.10 (6H, m), 1.25-1.60 (5H, m); *C-NMR (75 MHz, CDCls) &: 159.2, 147.1, 133.2,
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127.7, 127.7, 124.0, 113.6, 113.6, 106.4, 84.3, 68.3, 64.6, 64.4, 55.2, 35.3, 31.0, 29.9, 26.4, 24.7,
18.3; FABMS m/z: 313 (M*+H), 245; HRFABMS m/z: 313.1795 (Calcd for CooHpsO3: M™+H,
313.1804).

7-(3-Methoxy-phenyl)-8-pent-4-ynyl-1,4-dioxa-spiro[4.5]dec-6-ene (77]).

=

o _~_OTMS Z 03
T e ol
TMSOTF
O CHyCly, -70 °C O
65%
OMe ° OMe

76j 77j
2- 76j (236 mg, 0.881 mmol) (8.8 mL)
-78 1,2- (0.9 mL, 3.52 mmol)
TMSOTT (32 pL, 0.176 mmol) -70 2 -70 (0.4
mL) 5
( ; ; =3:1)

77j 177 mg (65% )
IR (neat) cm™: 3289, 2116, 1607, 1597, 1577, 1488, 1457, 1285, 1111; ‘H-NMR (300 MHz,
CDCly) &: 7.22 (1H, t, J = 7.9 Hz), 6.90 (1H, d, J = 7.9 Hz), 6.80-6.85 (2H, m), 5.70 (LH, s),
3.93-4.08 (4H, m), 3.81 (3H, s), 2.66 (1H, m), 1.74-2.23 (6H, m), 1.33-1.64 (5H, m); *C-NMR
(75 MHz, CDCIs) &: 159.6, 147.6, 142.5, 129.2, 125.4, 119.2, 113.0, 112.4, 106.2, 84.2, 68.3, 64.6,
64.4, 55.2, 35.6, 31.1, 30.1, 26.3, 24.8, 18.3; FABMS m/z: 313 (M*+H), 245; HRFABMS m/z:
313.1807 (Calcd for CyoH2503: M*+H, 313.1804).
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7-(4-Fluorphenyl)-8-pent-4-ynyl-1,4-dioxaspiro[4.5]dec-6-ene (771).

g7 03
(0] 7
oTMS
‘ ™SO~ > ‘ 0
TMSOTY

>

CH,Cl,, -70 °C
72%

F F
76l 771
2- 761 (426 mg, 1.66 mmol) (8.3 mL)
-78 1,2- (4.1 mL, 16.6 mmol)
TMSOTT (60 uL, 0.330 mmol) -70 2 -70 (0.7
mL) 5
( ; ; =5:1)

771 358 mg (72% )
IR (neat) cm™: 3302, 2116, 1603, 1508, 1456, 1224, 1112; 'H-NMR (300 MHz, CDCls) &:
7.28-7.31 (2H, m), 6.97-7.03 (2H, m), 5.66 (1H, s), 3.95-4.06 (4H, m), 2.64 (1H, m), 1.74-2.10
(7H, m), 1.32-1.58 (4H, m); *C-NMR (75 MHz, CDCls) &: 164.0, 160.8, 146.7, 136.9, 136.9,
128.3, 128.2, 125.6, 115.3, 115.0, 106.1, 84.1, 68.4, 64.4, 64.4, 35.5, 30.9, 30.0, 26.2, 24.7, 18.2;
FABMS m/z: 301 (M*+H), 233; HRFABMS m/z: 301.1592 (Calcd for CigH»2FOz: M¥+H,
301.1604).

Ethyl 6-[2-(4-Methoxyphenyl)-4-oxocyclohex-2-enyl]-hex-2-ynoate (45i).

CO,Et
z 9 = ?

3 _ .
‘ ¢} 1) n-BuLi, CICO,Et
THF, -78 °C to r.t.

2) PPTS
H,0, acetone, r.t.

92% (2 steps)

OMe OMe
77i 45i
1) 77i (233 mg, 0.744 mmol) THF (7.0 mL)
-78 n- (1.62 M , 0.7 mL, 1.12 mmol)
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1 -78 (140 pL, 1.49 mmol)
15 0

2) 1) (7.0 mL) 0 (1.3 mL)
PPTS (37.4 mg, 0.149 mmol) 18

( ; : =3:1) 2-
451 232mg (2 , 92% )

IR (neat) cm™: 2233, 1704, 1656; *H-NMR (300 MHz, CDCls) &: 7.48 (2H, d, J = 8.8 Hz), 6.94
(2H, d, J = 8.8 Hz), 6.25 (1H, s), 4.20 (2H, q, J = 7.2 Hz), 3.85 (3H, s), 3.00 (1H, m), 2.08-2.60
(6H, m), 1.54-1.77 (4H, m), 1.29 (3H, t, J = 7.2 Hz); *C-NMR (75 MHz, CDCls) &: 199.4, 163.5,
161.2, 153.6, 130.0, 128.0, 128.0, 123.8, 114.3, 114.3, 88.1, 73.6, 61.7, 55.2, 35.2, 32.4, 30.5, 25.9,
25.2, 18.4, 13.8; FABMS m/z: 341 (M*+H), 267 (M*-CO,Et); HRFABMS m/z: 341.1777 (Calcd
for Cy1H504: M™+H, 341.1753).

Ethyl 6-[2-(3-Methoxyphenyl)-4-oxocyclohex-2-enyl]-hex-2-ynoate (45j).

CO,Et
=z 9 =2

3 P O
‘ o 1) n-BuLi, CICO,Et
THF, -78 °C to r.t.

»

2) PPTS
H,0, acetone, r.t.
OMe 70% (2 steps) OMe

77] 45j
1) 77j (177 mg, 0.568 mmol) THF (6.0 mL)
-78 n- (139 M , 0.5 mL, 0.738 mmol)
1 -78 (140 uL, 1.49 mmol)
1.5 0
2) 1) (5.7 mL) 0 (0.4 mL)
PPTS (28.5 mg, 0.114 mmol) 12
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( ; : =4:1) 2-
45j  135mg (2 , 70% )

IR (neat) cm™: 2234, 1704, 1664; *H-NMR (300 MHz, CDCl5) &: 7.33 (1H, t, J = 7.9 Hz), 7.08
(1H, d, J = 7.9 Hz), 6.93-6.98 (2H, m), 6.24 (1H, s), 4.20 (2H, g, J = 7.2 Hz), 3.83 (3H, s), 2.98
(1H, m), 2.08-2.62 (6H, m), 1.59-1.70 (4H, m), 1.29 (3H, t, J = 7.2 Hz); *C-NMR (75 MHz,
CDCls) &: 199.5, 164.2, 160.0, 153.7, 139.9, 129.9, 125.8, 119.0, 115.3, 112.2, 88.1, 73.6, 61.8,
55.2, 35.9, 32.8, 30.7, 25.9, 25.6, 18.5, 13.9; FABMS m/z: 341 (M*+H), 267 (M*-CO,Et);
HRFABMS m/z: 341.1739 (Calcd for CyH504: M +H, 341.1753).

Ethyl 6-[2-(4-Fluorophenyl)-4-oxocyclohex-2-enyl]hex-2-ynoate (45I).

CO,Et

3 // .
‘ O 1) n-BuLi, CICO,Et
THF, -78 °C to r.t.

»

2) PPTS
H,0, acetone, r.t.

89% (2 steps)

F F
771 45|
1) 771 (358 mg, 1.19 mmol) THF (6.0 mL)
-78 n- (1.67M , 0.9 mL, 1.43 mmol)
1 -78 (0.2 mL, 2.38 mmol)
1 0
2) 1) (12 mL) 0 (0.9 mL)
PPTS (59.8 mg, 0.238 mmol) 7
( , ; =4:1) 2-

451 348 mg (2 , 89% )
IR (neat) cm™: 2233, 1703, 1663; *H-NMR (300 MHz, CDCl5) &: 7.45-7.50 (2H, m), 7.08-7.14
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(2H, m), 6.22 (1H, s), 4.20 (2H, q, J = 7.2 Hz), 2.98 (1H, m), 2.07-2.60 (6H, m), 1.52-1.75 (4H,
m), 1.29 (3H, t, J = 7.2 Hz); ®*C-NMR (75 MHz, CDCls;) &: 199.2, 165.5, 162.9, 162.1, 153.6,
134.3, 134.3, 128.6, 128.5, 125.6, 116.2, 115.9, 87.9, 73.7, 61.8, 35.7, 32.6, 30.3, 25.7, 25.4, 18.3,
13.9; FABMS m/z: 329 (M*+H), 255 (M*-CO.Et); HRFABMS m/z: 329.1560 (Calcd for
CaoH2:FOs: M*+H, 329.1553).

<Scheme 32 >

3-(4-1odophenyl)-4-pent-4-ynylcyclohex-2-enone (80).

=
= OFEt i-PrMgCl
_— >
THF, r.t,, then

(o) 10% HCl aq.
83%

'O' 4 ©
|

75
80

1,4- (5.28 g, 16.0 mmol) THF (15 mL)
0 i- (1L.OMTHF , 16 mL, 16.0 mmol)
30 0 2- 75 (825 mg, 4.00 mmol)
THF (5.0 mL) 40 2 0 10% (2.0mL)
1
( ;
=5:1) 2- 80 1.21g(83% )

IR (neat) cm™: 3292, 2115, 1661, 1598, 1578, 1484, 1455; 'H-NMR (300 MHz, CDCly) &: 7.76
(2H, d, J = 8.5 Hz), 7.23 (2H, d, J = 8.5 Hz), 6.23 (1H, ), 2.95 (1H, m), 2.37-2.61 (2H, m),
2.08-2.28 (4H, m), 1.92 (1H, t, J = 2.6 Hz), 1.46-1.70 (4H, m); 3C-NMR (75 MHz, CDCl5) §:
199.4, 163.3, 138.1, 138.1, 137.9, 128.3, 128.3, 125.7, 96.1, 83.5, 68.9, 35.5, 32.7, 30.3, 26.6,
25.4, 18.1; FABMS m/z: 365 (M*+H); HRFABMS m/z: 365.0402 (Calcd for Ci7HilO: M*+H,
365.0402).
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2-[3-(4-1odophenyl)-4-pent-4-ynylcyclohex-2-enyloxy]tetrahydropyran (81).
= 0 1) NaBH, Z OTHP
‘ CeCl3-7H,0 ‘
MeOH, r.t.
2) DHP, PPTS
CHyCly, r.t.

84% (2 steps)
| |

80 81
1) 2- 80 (1.20 g, 3.31 mmol) (33 mL)
0 CeCl;3-7H,0 (1.48 g, 3.97 mmol) NaBH, (150 mg, 3.97 mmol)
5 0
2) 1) (15 mL) 0 DHP (1.2
mL, 13.2 mmol) PPTS (415 mg, 1.66 mmol) 18
( ; ; =10 : 1)
THP 81 1.26g(2 , 84% )

IR (neat) cm™: 3292, 2116, 1484, 1453, 1440, 1020; *H-NMR (300 MHz, CDCls) &: 7.63 (2H, d, J
= 8.3 Hz), 7.02-7.11 (2H, m), 5.92 (1H, m), 4.79 (1H, m), 4.33 (1H, m), 3.93 (1H, m), 3.52 (1H,
m), 2.63 (1H, m), 1.23-2.14 (17H, m); ®C-NMR (75 MHz, CDCls) &: 143.9, 143.5, 137.4, 137.4,
137.3, 137.3, 128.6, 128.5, 128.5, 128.3, 127.2, 98.2, 97.9, 97.1, 96.7, 92.5, 92.4, 84.2, 71.9, 71.0,
69.9, 68.3, 62.8, 62.6, 62.6, 35.2, 35.0, 35.0, 31.8, 31.7, 31.5, 31.1, 31.1, 31.0, 31.0, 26.7, 26.6,
25.9, 25.8, 25.4, 25.2, 24.1, 24.1, 23.9, 23.4, 19.8, 19.7, 19.6, 18.3; FABMS m/z: 450 (M"), 349
(M*-OTHP); HRFABMS m/z: 450.1064 (Calcd for Cy,H,710,: M*, 450.1056).
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Ethyl 4-[6-(5-Ethoxycarbonylpent-4-ynyl)-3-hydroxycyclohex-1-enyl]benzoate (82).

Z4 OTHP 1) i-PrMgCl = OH
‘ CICO,Et
THF, 0 °Cto 40 °C
2) PPTS
EtOH, r.t.

66% (2 steps)

l CO,Et
81 82
1) THP 81 (1.26 g, 2.79 mmol) THF (28 mL)
0 i- (L.OMTHF , 11.2 mL, 11.2 mmol)
1 1 0 (2.7 mL, 27.9 mmol)
40 6 0
2)1) (19 mL) 0 p-
(183 mg, 0.963 mmol) 13
( ; ; =3:1)

82 704mg(2  ,66% )

IR (neat) cm'™: 3414, 2235, 1708, 1606, 1447; *H-NMR (300 MHz, CDCls) 5: 8.00 (2H, d, J = 8.3
Hz), 7.34-7.39 (2H, m), 5.98 (1H, m), 4.34-4.41 (3H, m), 4.19 (2H, g, J = 7.2 Hz), 2.67 (1H, m),
1.76-2.29 (5H, m), 1.18-1.72 (12H, m); *C-NMR (75 MHz, CDCl;) &: 166.5, 153.8, 146.2, 145.8,
144.0, 143.9, 130.4, 130.3, 130.1, 129.7, 129.7, 129.3, 126.6, 126.4, 126.4, 88.6, 77.2, 73.3, 66.7,
66.4, 66.0, 64.0, 61.7, 60.8, 35.3, 35.0, 32.0, 31.7, 29.0, 28.0, 25.5, 24.7, 23.7, 23.4, 18.6, 18.5,
17.9, 17.3, 14.2, 14.1, 13.8; FABMS m/z: 383 (M*-H), 367 (M*-OH); HRFABMS m/z: 383.1874
(Calcd for CpsHp0s: M*-H, 383.1858).
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Ethyl 4-[6-(5-Ethoxycarbonylpent-4-ynyl)-3-oxo-cyclohex-1-enyl]benzoate (45k).

CO,Et CO,Et
Z =

OH O
‘ DMP, NaHCO3 ‘
CH2C|2, r.t.
65%

CO,Et CO,Et
82 45k
82 (704 mg, 1.83 mmol) (18 mL) 0 DMP (931
mg, 2.20 mmol) (769 mg, 9.15 mmol) 3
1:1 10
( ; ; =3:1)
2- 45k 455 mg (65% )

IR (neat) cm™: 2233, 1707, 1667, 1604, 1456, 1408; *H-NMR (300 MHz, CDCI;) &: 8.09 (2H, d,
J=8.4Hz), 753 (2H, d, J = 8.4 Hz), 6.26 (1H, s), 4.40 (2H, q, J = 7.2 Hz), 4.20 (2H, q,J = 7.2
Hz), 3.02 (1H, m), 2.04-2.63 (6H, m), 1.52-1.71 (4H, m), 1.40 (3H,t, J = 7.2 Hz), 1.29 (3H, t, J =
7.2 Hz); ®*C-NMR (75 MHz, CDCls) &: 199.1, 166.0, 163.0, 153.6, 142.8, 131.6, 130.1, 130.1,
126.9, 126.6, 126.6, 87.8, 73.7, 61.8, 61.1, 35.8, 32.9, 30.5, 25.6, 25.6, 18.3, 14.1, 13.8; FABMS
m/z: 383 (M*+H); HRFABMS m/z: 383.1874 (Calcd for C,3H2,05: M*+H, 383.1858).

<Scheme 33 >

3-Naphthalen-1-yl-4-pent-4-ynylcyclohex-2-enone (76m).

MgBr
= 0

CQ/ THF, r.t., then
5% HCI ag.
93%

75 76m
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1- (0.5 mL, 3.75 mmol) THF (7.5 mL)

0 (109 mg, 4.48 mmol) 3 39)
0 2- 75 (516 mg, 2.50 mmol) THF (2.5 mL)
1 0 5% (2.5mL) 10
( ; ; =4:1)
2- 76m 674 mg (93% )

IR (neat) cm™: 3297, 2116, 1666, 1608, 1506, 1456; *H-NMR (300 MHz, CDCls) &: 7.82-7.90
(3H, m), 7.46-7.54 (3H, m), 7.30 (1H, d, J = 6.8 Hz), 6.10 (1H, s), 2.91 (1H, m), 2.39-2.75 (3H,
m), 1.91-2.20 (3H, m), 1.80 (1H, t, J = 2.6 Hz), 1.25-1.67 (4H, m); *C-NMR (75 MHz, CDCls) &:
199.2, 165.9, 137.9, 133.7, 130.3, 129.5, 128.8, 128.6, 126.6, 126.1, 125.0, 125.0, 124.7, 83.5,
68.6, 39.5, 33.6, 30.1, 26.4, 26.2, 18.0; FABMS m/z: 289 (M*+H), 127; HRFABMS m/z:
289.1558 (Calcd for CxHxO: M*+H, 289.1592).

2-(3-Naphthalen-1-yl-4-pent-4-ynylcyclohex-2-enyloxy)tetrahydropyran (78m).

/ 1) NaBH,4 /
7 o CeCl3-7H,0 7 OTHP
MeOH, r.t.
_—
2) DHP, PPTS
C0 R, OO
98% (2 steps)
76m 78m

1) 2- 76m (674 mg, 2.34 mmol) (23 mL)
0 CeCl3-7H,0 (958 mg, 2.57 mmol) NaBH, (97.2 mg, 2.57 mmol)
1 0
2) 1) (12 mL) 0 DHP (0.63
mL, 6.96 mmol) PPTS (58.3 mg, 0.232 mmol)
( ; =12 : 1)
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THP 78m 859 mg (2 , 98% )

IR (neat) cm™: 3293, 2116, 1590, 1506, 1453, 1440, 1019; *H-NMR (300 MHz, CDCls) &: 8.02
(1H, m), 7.74-7.85 (2H, m), 7.39-7.47 (3H, m), 7.29 (1H, m), 5.81 (1H, m), 4.80 (1H, m), 4.44
(1H, m), 3.91 (1H, m), 3.50 (1H, m), 2.58 (1H, m), 1.17-2.19 (17H, m); ®C-NMR (75 MHz,
CDCls) &: 140.5, 140.4, 140.4, 133.7, 133.7, 131.7, 130.4, 130.1, 129.0, 128.7, 128.3, 128.2,
128.2,127.1, 127.0, 127.0, 125.9, 125.8, 125.7, 125.7, 125.6, 125.5, 125.1, 125.1, 98.0, 97.6, 97.0,
96.5, 84.1, 71.3, 70.8, 70.7, 70.3, 68.1, 63.0, 62.8, 62.2, 62.1, 38.7, 38.4, 31.9, 31.7, 31.6, 31.5,
31.1, 31.0, 31.0, 30.9, 28.2, 26.6, 26.4, 26.2, 26.0, 25.9, 25.3, 25.1, 24.9, 24.5, 24.4, 24.2, 20.0,
19.8, 19.5, 19.3, 18.2; FABMS m/z: 374 (M%), 273 (M'-OTHP); HRFABMS m/z: 374.2224
(Calcd for CosHz00,: M*, 374.2246).

Ethyl 6-(4-Hydroxy-2-naphthalen-1-ylcyclohex-2-enyl)hex-2-ynoate (79m).

P 1) n-BuLi CO,Et
Z OTHP CICO,Et Z OH
THF, -78 °C to r.t. ‘
2) PPTS
OO EtOH, r.t.
40% (2 steps)

78m 79m
1) THP 78m (859 mg, 2.29 mmol) THF (12 mL)
-78 n- (1.67 M , 1.65 mL, 2.75 mmol)
1 -78 (0.4 mL, 4.58 mmol)
6 0
2) 1) (14 mL) 0 PPTS (69.4 mg,
0.276 mmol) 22
( ; : =2:1) 79m 338 mg

Q@ L 40% )
IR (neat) cm™ 3360, 2233, 1704, 1590, 1505, 1446; "H-NMR (300 MHz, CDCly) &: 7.75-7.95
(3H, m), 7.40-7.49 (3H, m), 7.23 (1H, m), 5.81 (1H, m), 4.43 (1H, br), 4.18 (2H, g, J = 7.2 Hz),
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2.59 (1H, m), 1.53-2.19 (8H, m), 1.25-1.38 (6H, m); **C-NMR (75 MHz, CDCls) &: 153.8, 140.1,
139.9, 133.7, 131.6, 131.0, 130.8, 128.4, 127.3, 125.9, 125.9, 125.7, 125.6, 125.5, 125.4, 125.2,
125.2, 88.9, 73.1, 66.2, 65.9, 61.7, 38.6, 38.5, 31.9, 31.7, 29.4, 28.7, 25.6, 25.2, 24.0, 23.9, 18.5,
13.9; FABMS m/z: 362 (M"), 345 (M*-OH); HRFABMS m/z: 362.1852 (Calcd for CosH2603: M*,
362.1882).

Ethyl 6-(2-Naphthalen-1-yl-4-oxocyclohex-2-enyl)hex-2-ynoate (45m).

COsEt COsEt
= OH Z o)
‘ DMP, NaHCO3 ‘
CH2C|2, r.t.
o™ LI
79m 45m
79m (338 mg, 0.932 mmol) (9.0 mL) 0 DMP
(791 mg, 1.86 mmol) (78.3 mg, 9.32 mmol) 3
1:1 10
( ; : =3:1
2- 45m 259 mg (77% )

IR (neat) cm™ 2233, 1704, 1669, 1609, 1588, 1506, 1456; ‘H-NMR (300 MHz, CDCls) &:
7.81-7.90 (3H, m), 7.46-7.54 (3H, m), 7.30 (1H, m), 6.10 (1H, m), 4.18 (2H, q, J = 7.2 Hz), 2.92
(1H, m), 2.39-2.74 (3H, m), 2.04-2.21 (3H, m), 1.34-1.66 (4H, m), 1.28 (3H, t, J = 7.2 Ha);
BC-NMR (75 MHz, CDCls) &: 199.0, 165.4, 153.5, 137.7, 133.7, 130.2, 129.6, 128.8, 128.6,
126.6, 126.2, 125.0, 124.9, 124.6, 88.0, 73.4, 61.6, 39.4, 33.6, 30.3, 26.2, 25.6, 18.3, 13.8;
FABMS m/z: 361 (M*+H), 287 (M*-COEt); HRFABMS m/z: 361.1783 (Calcd for Cy4Hys0s:
M*+H, 361.1804).
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<Table 8 >

-entry 1-
Ethyl 5-Hydroxy-7-(4-methoxyphenyl)indane-4-carboxylate (47i).

CO5Et CO5Et
=

(0] OH
‘ In(OTf)3 (20 mol%) .O
toluene, 100 °C, 40 h
S )

OMe OMe
45i a7i
2- 45i (68.1 mg, 0.200 mmol) (2.5 mL)
In(OTf); (22.5 mg, 0.0400 mmol) 100 40
( ; : =20:1)

471 5.2mg (8% )
mp: 93-94 °C; IR (neat) cm'™: 1651, 1606, 1516, 1465, 1241, 1035; *H-NMR (300 MHz, CDCl5)
&: 11.16 (1H, s), 7.39 (2H, d, J = 8.6 Hz), 6.96 (2H, d, J = 8.6 Hz), 6.83 (1H, s), 4.43 (2H, g, J =
7.2 Hz), 3.85 (3H, s), 3.26 (2H, t, J = 7.5 Hz), 2.86 (2H, t, J = 7.5 Hz), 2.02 (2H, quint, J = 7.5
Hz), 1.44 (3H, t, J = 7.2 Hz); ®C-NMR (75 MHz, CDCls) &: 171.4, 161.3, 159.4, 147.6, 144.4,
133.6, 132.8, 129.6, 129.6, 115.4, 113.8, 113.8, 108.7, 61.3, 55.3, 35.7, 32.0, 25.4, 14.2; FABMS
m/z: 313 (M*+H): HRFABMS m/z: 313.1451 (Calcd for C1gH104: M*+H, 313.1440).

-entry 2-
Ethyl 5-Hydroxy-7-(3-methoxyphenyl)indane-4-carboxylate (47j).

CO,Et CO,Et
Z

(0] OH
‘ IN(OT)3 (20 Mol%) .O
toluene, 100 °C, 40 h
.. & Q)
OMe OMe

45j 47]
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2- 45j (34.0 mg, 0.100 mmol) (1.0 mL)
In(OTf); (11.2 mg, 0.0200 mmol) 100 40

( ; : =20 :1)
47)  12.4mg (39% )
mp: 67-68 °C; IR (neat) cm™: 1658, 1599, 1561, 1472; *H-NMR (300 MHz, CDCls) &: 11.16 (1H,
s), 7.34 (1H, t, J = 7.9 Hz), 6.89-7.02 (3H, m), 6.86 (1H, s), 4.43 (2H, q, J = 7.2 Hz), 3.84 (3H, 3),
3.26 (2H,t,J =7.5Hz), 2.86 (2H, t, J = 7.5 Hz), 2.02 (2H, quint, J = 7.5 Hz), 1.44 (3H,t,J=7.2
Hz); *C-NMR (75 MHz, CDCls) &: 171.4, 161.3, 159.6, 147.6, 144.6, 141.9, 133.7, 129.4, 120.9,
115.7, 114.0, 113.3, 109.2, 61.3, 55.3, 35.7, 31.9, 25.3, 14.2; FABMS m/z: 313 (M*+H);
HRFABMS m/z: 313.1451 (Calcd for C19H,104: M*+H, 313.1440).

-entry 3-
Ethyl 7-(4-Ethoxycarbonylphenyl)-5-hydroxyindane-4-carboxylate (47k).

CO,Et CO,Et
=

0] OH
‘ In(OTf)3 (20 mol%) .O

»

toluene, 100 °C, 40 h
55%

COEt COyEt
45k 47k
2- 45k (45.3 mg, 0.118 mmol) (2.5 mL)
In(OTf); (13.3 mg, 0.0237 mmol) 100 40
( ; ; =20:1)

47k 23.0mg (55% )
mp: 93-94 °C; IR (neat) cm™: 1715, 1660, 1604, 1556, 1474; "H-NMR (300 MHz, CDCls) &:
11.18 (1H, s), 8.10 (2H, d, J = 8.3 Hz), 7.49 (2H, d, J = 8.3 Hz), 6.85 (1H, s), 4.37-4.48 (4H, m),
3.27 (2H, t,J = 7.5 Hz), 2.83 (2H, t, J = 7.5 Hz), 2.03 (2H, quint, J = 7.5 Hz), 1.39-1.47 (6H, m);
BBC-NMR (75 MHz, CDCl3) &: 171.1, 166.3, 161.3, 147.7, 144.8, 143.3, 133.4, 129.6, 129.5,
129.5, 128.2, 128.2, 115.5, 109.5, 61.3, 60.8, 35.5, 31.7, 25.1, 14.1, 14.0; FABMS m/z: 355
(M*+H); HRFABMS m/z: 355.1538 (Calcd for Cp1Hps0s: M*+H, 355.1545).
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-entry 4-

Ethyl 7-(4-Fluorophenyl)-5-hydroxyindane-4-carboxylate (471).

CO,Et
°r

=
45|

In(OTf)3 (20 mol%)

toluene, 100 °C, 40 h
24%

2- 45| (39.2 mg, 0.119 mmol)
In(OTf)3 (13.5 mg, 0.0240 mmol)

(
471 8.5mg (24%

471

(1.5 mL)
100 40

mp: 135-136 °C; IR (neat) cm™: 1652, 1601, 1513, 1487; 'H-NMR (300 MHz, CDCly) &: 11.17
(1H, s), 7.73-7.42 (2H, m), 7.08-7.14 (2H, m), 6.81 (1H, s), 4.43 (2H, g, J = 7.2 Hz), 3.26 (2H, 1, J
= 7.5 Hz), 2.82 (2H, t, J = 7.5 Hz), 2.02 (2H, quint, J = 7.5 Hz), 1.44 (3H, t, J = 7.2 Hz);
BBC_.NMR (75 MHz, CDCly) &: 171.3, 164.1, 161.4, 160.9, 147.7, 143.6, 136.4, 136.4, 133.6,
130.1, 130.0, 115.7, 115.4, 115.1, 109.2, 61.4, 35.6, 31.9, 25.3, 14.1; FABMS m/z: 301 (M*+H):
HRFABMS m/z: 301.1263 (Calcd for CigHisFOs: M*+H, 301.1240).

-entry 5-

Ethyl 5-Hydroxy-7-naphthalen-1-ylindane-4-carboxylate (47m).

CO,Et
r

45m

OH
In(OTf)3 (20 mol%) .O

toluene, 100 °C, 40 h
74%

2- 45m (43.2 mg, 0.120 mmol)
In(OTf)3 (18.0 mg, 0.0320 mmol)
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47m

(1.5 mL)
100 40



( ; : =25:1)
47m  29.4mg (74% )
mp: 116-117 °C; IR (neat) cm™: 1658, 1602, 1559, 1470; *H-NMR (300 MHz, CDCls) &: 11.23
(1H, s), 7.86-7.92 (2H, m), 7.33-7.59 (5H, m), 6.85 (1H, s), 4.47 (2H, q, J = 7.2 Hz), 3.31 (2H, dd,
J =75, 29 Hz), 2.44-2.49 (2H, m), 1.97 (2H, quint, J = 7.5 Hz), 1.46 (3H, t, J = 7.2 Hz);
BC-NMR (75 MHz, CDCls) &: 1715, 161.2, 146.9, 143.9, 138.4, 135.4, 133.6, 130.9, 128.3,
128.0, 126.2, 126.0, 125.9, 125.9, 125.3, 117.1, 109.4, 61.3, 35.8, 31.2, 24.7, 14.2; FABMS m/z:
333 (M"+H); HRFABMS m/z: 333.1503 (Calcd for C,,H203: M*+H, 333.1491).
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<Scheme 37 >

4-Benzyloxy-3-methylbutyl 2,4,6-trimethylbenzoate (85).

Me
0
Me
Cl
Me
DMAP, Et3N o
Ho“)\ g Mes)kOA)\
OBn CH,Cl, r.t. OBn
7%
84 85
84%) (20.8 g, 107 mmol) (107 mL) 0
2,4,6- (19.4 mL, 117 mmol) (45 mL, 321
mmol) DMAP (1.31 g, 10.7 mmol) 18
( ; : =20:1,10:1)

85 28.09(77% )
IR (neat) cm™: 1720, 1612, 1454, 1262, 1080; *H-NMR (300 MHz, CDCls) &: 7.29-7.37 (5H, m),
6.84 (2H, s), 4.50 (2H, s), 4.32-4.41 (2H, m), 3.34 (2H, d, J = 5.9 Hz), 2.28 (9H, s), 1.87-2.00 (2H,
m), 1.57 (1H, m), 1.00 (3H, d, J = 6.6 Hz); ®*C-NMR (75 MHz, CDCl;) &: 170.4, 139.2, 138.6,
135.0, 135.0, 131.2, 128.4, 128.4, 128.4, 128.4, 128.4, 127.6, 127.6, 75.4, 73.0, 63.1, 32.5, 30.6,
21.0, 19.6, 19.6, 16.9; FABMS m/z: 341 (M*+H), 147, 91; HRFABMS m/z: 341.2106 (Calcd for
CooH2003: M*+H, 341.2117).
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5,5-Dibromo-3-methylpent-4-enyl 2,4,6-trimethylbenzoate (86).

1) 10% Pd/C, Hy

i MeOH, 40 °C o Br
Mes (0] . )’J\OA)\%Br

2) (COCly,, DMSO, Et3N Mes

OBn
CH,Cl,, -78 °C1t0 0 °C
85 86
3) CBry, Ph3P, pyridine
CH2C|2, r.t.
93% (3 steps)
1) 85 (28.0 g, 82.2 mmol) (548 mL)
10% Pd/C (8.74 g, 8.22 mmol) 40 18
2) (8.6 mL, 98.7 mmol) (121 mL)
-78 DMSO (14 mL, 197 mmol) 10
-78 1) (30 mL)
30 -78 (42 mL, 304 mmol)
0 1
3) (51.8 g, 197 mmol) (140 mL)
0 (32.7 g, 98.7 mmol) 15
0 2) (140 mL)
1 0 (76 mL) 20
( ;
=50:1) 86 30.99g(3 , 93% )

IR (neat) cm™: 1720, 1611, 1454; '"H-NMR (300 MHz, CDCls) &: 6.85 (2H, s), 6.23 (1H, d, J =
9.5 Hz), 4.23-4.37 (2H, m), 2.66 (1H, m), 2.29 (6H, s), 2.28 (3H, s), 1.79 (2H, q, J = 6.8 Hz), 1.08
(3H, d, J = 6.8 Hz); *C-NMR (75 MHz, CDCls) &: 170.2, 142.9, 142.9, 139.3, 135.2, 131.0, 128.4,
128.4, 88.7, 62.6, 35.4, 34.6, 21.0, 19.7, 19.7, 19.0; FABMS m/z: 401 (M"), 147; HRFABMS m/z:

402.9922 (Calcd for C16H21Br,0,: M*+H, 402.9908).

- 116 -



5-(tert-Butyldimethylsilanyl)-3-methylpent-4-ynyl 2,4,6-trimethylbenzoate (87).

i w S i A)\
Mes O
Mes)ko = Br \\

THF, -78 °C torr.t. TBS
91%
86 87
86 (30.7 g, 75.9 mmol) THF (122 mL)
-78 n- (1.62M , 98 mL, 159 mmol)
1 TBS (22.9 g, 152 mmol) THF (30 mL)
30 0
( ; X =100:1,50:1) 87 248¢g

(91% )

IR (neat) cm™: 2166, 1727, 1612, 1461; *H-NMR (300 MHz, CDCls) &: 6.85 (2H, s), 4.43-4.47
(2H, m), 2.67 (1H, m), 2.27-2.28 (9H, m), 1.73-1.94 (2H, m), 1.21 (3H, d, J = 7.0 Hz), 0.92 (9H,
s), 0.07 (6H, s); *C-NMR (75 MHz, CDCls) &: 170.2, 139.3, 135.0, 135.0, 131.2, 128.4, 128.4,
110.6, 83.4, 62.9, 35.5, 26.0, 26.0, 26.0, 23.8, 21.0, 20.9, 19.6, 19.6, 16.3, -4.6, -4.6; FABMS m/z:
359 (M*+H), 119; HRFABMS m/z: 359.2406 (Calcd for Cp,H350,Si: M*+H, 359.2403).

5-(tert-Butyldimethylsilanyl)-3-methylpent-4-ynyl toluene-4-sulfonate (88).

1) LAH
)CL A)\ THF, r.t. A)\
M o) - TsO X
oS X TBS 2) TsCl, EtsN, DMAP h TBS
CH)Cly, r.t.
87 849% (2 steps) 88
1) 87 (24.8 g, 69.2 mmol) THF (173 mL) 0
LAH (2.62 g, 69.2 mmol) 2
20
2) 1) (173 mL)
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0 (38 mL, 277 mmol) (33.0 g, 173
mmol) DMAP (845 mg, 6.92 mmol) 1.5

( ; X =50:1,20:1)
88 21.3g(2 , 84% )

mp: 44-45 °C; IR (neat) cm™: 2166, 2166, 1598, 1461, 1357, 1172; *H-NMR (300 MHz, CDCl5)
3:7.80 (2H, d, J = 8.3 Hz), 7.34 (2H, d, J = 8.3 Hz), 4.10-4.23 (2H, m), 2.57 (1H, m), 2.44 (3H, s),
1.65-1.87 (2H, m), 1.14 (3H, d, J = 7.0 Hz), 0.86 (9H, s), 0.01-0.02 (6H, m); **C-NMR (75 MHz,
CDCls) &: 144.8, 133.1, 129.9, 129.9, 127.9, 127.9, 109.9, 83.5, 68.6, 35.8, 25.9, 25.9, 25.9, 23.3,
215, 20.8, 16.2, -4.7, -4.7; FABMS m/z: 367 (M*+H); HRFABMS m/z: 367.1765 (Calcd for
C19H303SSi: M +H, 367.1763).

tert-Butyl-(5-iodo-3-methylpent-1-ynyl)dimethylsilane (89).

A)\ - /\)\
TsO N > | X
N acetone, reflux N

TBS 1% TBS
88 89
88 (21.3 g, 58.1 mmol) (245 mL)
(21.8 g, 145 mmol) 70 15
( ; )

89 17.19(91% )

IR (neat) cm™: 2169; *H-NMR (300 MHz, CDCls) &: 3.24-3.38 (2H, m), 2.64 (1H, m), 1.87-1.94
(2H, m), 1.20 (3H, d, J = 6.8 Hz), 0.92 (9H, s), 0.07 (6H, s); **C-NMR (75 MHz, CDCl5) 5: 110.0,
83.6, 40.2, 28.0, 26.0, 26.0, 26.0, 20.4, 16.4, 3.9, -4.6, -4.6; FABMS m/z: 321 (M*-H);
HRFABMS m/z: 321.0526 (Calcd for CoH2ISi: M*-H, 321.0536).
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<Scheme 38 >

6-[5-(tert-Butyldimethylsilanyl)-3-methylpent-4-ynyl]-3-ethoxycyclohex-2-enone (91).

TBS
Q/ OFt A)\ LDA, HMPA Z OEt
+ | N
h TBS THF, -78 °C to r.t.
o 74% o
89
90 91
(12 mL, 88.2 mmol) THF (118 mL)
-78 n- (1.62 M , 46 mL, 74.5 mmol)
1 -78 3- -2- (90) (10 mL, 74.5 mmol)
1 -78 89 (17.1 g,
53.1 mmol) HMPA (22 mL, 126 mmol) THF (85 mL) 0 15
0
( ;
=5:1) 2- 91  13.2 g (74% )

IR (neat) cm™: 2165, 1655, 1607, 1459, 1189; *H-NMR (300 MHz, CDCls) &: 5.29 (1H, s), 3.88
(2H, g, J = 7.0 Hz), 2.39-2.47 (3H, m), 2.04-2.20 (2H, m), 1.91 (1H, m), 1.73 (1H, m), 1.44-1.54
(3H, m), 1.35 (3H, t, J = 7.0 Hz), 1.16-1.18 (3H, m), 0.91 (9H, s), 0.06 (6H, 5); *C-NMR (75
MHz, CDCls) &: 201.6, 176.7, 112.3, 102.1, 102.0, 82.2, 64.0, 45.0, 44.6, 34.7, 33.9, 27.6, 27.5,
27.1, 27.0, 26.7, 26.3, 26.1, 25.9, 21.0, 20.7, 16.3, 14.0, -4.6; FABMS m/z: 335 (M*+H);
HRFABMS m/z: 335.2415 (Calcd for CooHss0,Si: M*+H, 335.2406).

3-Ethoxy-6-(3-methylpent-4-ynyl)cyclohex-2-enone (92).

TBS

=
=Z OEt TBAF = OFt
THF, 30 °C
o 99% o)
91 92
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2- 91 (13.2 g, 393 mmol)  THF (39 mL) TBAF (1.0 M
THF , 58 mL, 58.0 mmol) 30 18
( ;
=4:1) 2- 92 8.579(99% )

IR (neat) cm™: 3303, 2110, 1650, 1604, 1454, 1188; *H-NMR (300 MHz, CDCls) &: 5.30 (1H, ),
3.89 (2H, q, J = 7.0 Hz), 2.41-2.46 (3H, m), 1.87-2.24 (4H, m), 1.74 (1H, m), 1.48-1.55 (3H, m),
1.35 (3H, t, J = 7.0 Hz), 1.17-1.21 (3H, m); **C-NMR (75 MHz, CDCls) &: 201.4, 201.3, 176.7,
102.1, 102.0, 88.8, 88.7, 68.3, 68.3, 64.0, 44.9, 44.6, 34.3, 33.7, 27.8, 27.6, 27.3, 27.0, 26.2, 26.1,
25.8, 25.5, 20.8, 20.6, 13.9; FABMS m/z: 221 (M*+H); HRFABMS m/z: 221.1531 (Calcd for
CuH202: M*+H, 221.1542).

3-(4-lodophenyl)-4-(3-methylpent-4-ynyl)cyclohex-2-enone (93).

1,4-diiodobenzene

g7
7 OFEt i-PrMgCl
THF, r.t., then
e} 10% HClI agq.

92

87%

fos
|

93

1,4- (41.6 g, 126 mmol) THF (126 mL)
0 i- (20 M THF , 63 mL, 126 mmol)
1 0 2- 92 (7.52 g, 34.1 mmol)
THF (45 mL) 40 2 0 10% (126 mL)
30
( ;
=10:1,5:1) 3- -2- 93 112¢g
(87% )

mp: 77-82 °C; IR (neat) cm'™; 3223, 1652, 1597, 1577, 1486, 1454; 'H-NMR (300 MHz, CDCl,)
8 7.73-7.76 (2H, m), 7.21-7.25 (2H, m), 6.23 (1H, s), 2.92 (1H, m), 2.35-2.63 (3H, m),
2.10-2.26 (2H, m), 2.00 (1H, d, J = 2.4 Hz), 1.38-1.77 (4H, m), 1.10-1.16 (3H, m); *C-NMR (75
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MHz, CDCl;) 6: 199.5, 163.4, 163.3, 138.1, 138.0, 137.8, 128.4, 128.3, 125.7, 125.6, 96.1, 88.3,
88.0, 69.0, 68.7, 36.0, 35.5, 34.9, 34.8, 32.8, 32.7, 29.0, 28.9, 25.6, 25.4, 25.1, 21.0, 20.6; FABMS
m/z: 379 (M*+H); HRFABMS m/z: 379.0570 (Calcd for C1gHxlO: M*+H, 379.05509).

7-(4-1odophenyl)-8-(3-methylpent-4-ynyl)-1,4-dioxaspiro[4.5]dec-6-ene (94).

= o z 9
‘ TMso” - OTMS ‘ }
TMSOTf
CH,Cly, -70 °C
o J
| |
93 94
3- -2- 93 (11.2 g, 29.6 mmol) (148 mL)
-70 1,2- (29 mL, 118 mmol)
TMSOTT (1.1 mL, 5.92 mmol) 40 -70
(30 mL) 5
( ; ; =5:1)

94  9.40 g (75% )
IR (neat) cm™: 3300, 2110, 1484, 1098; *H-NMR (300 MHz, CDCls) &: 7.62-7.65 (2H, m),
7.05-7.09 (2H, m), 5.69 (1H, s), 3.96-4.05 (4H, m), 2.63 (1H, m), 2.31 (1H, m), 1.76-2.02 (5H, m),
1.24-1.50 (4H, m), 1.04-1.10 (3H, m); *C-NMR (75 MHz, CDCls) &: 146.7, 146.6, 140.4, 137.4,
137.3, 128.6, 128.5, 126.0, 125.8, 106.0, 92.9, 88.8, 88.4, 68.5, 68.2, 64.6, 64.4, 35.5, 35.2, 34.2,
34.1, 30.1, 29.9, 29.3, 29.3, 25.6, 25.4, 24.8, 245, 20.9, 20.4; FABMS m/z: 423 (M*+H);
HRFABMS m/z: 423.0828 (Calcd for CooH2410,: M*+H, 423.0821).
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Ethyl 4-[6-(5-ethoxycarbonyl-3-methylpent-4-ynyl)-3-oxocyclohex-1-enyl]benzoate (95).

CO,Et
= 03 1) i-PrMgCl = 2

(@]
‘ o then CICO,Et
THF, 0 °C to 40 °C
2) p-TsOH-H,O
H,0O, acetone, r.t.

54% (2 steps)

l CO,Et
94 95
1) 94 (9.40 g, 22.3 mmol) THF (149 mL)
-10 i- (2.0 M THF , 44.6 mL, 89.2 mmol)
1 0 (17 mL, 178 mmol) 40
1.5 0
2) 1) (223 mL) 0 (16 mL) p-
(848 mg, 4.46 mmol) 14
( ; ; =3
1) 2- 95 4.82g(2 , 54% )

IR (neat) cm™: 2237, 1708, 1668, 1604, 1453; *H-NMR (300 MHz, CDCls) 5: 8.08 (2H,d, J=7.9
Hz), 7.52-7.56 (2H, m), 6.27 (1H, s), 4.40 (2H, g, J = 7.2 Hz), 4.15-4.23 (2H, m), 3.01 (1H, m),
2.40-2.64 (3H, m), 2.09-2.33 (2H, m), 1.48-1.75 (4H, m), 1.40 (3H, t, J = 7.2 Hz), 1.25-1.31 (3H,
m), 1.12-1.19 (3H, m); ®C-NMR (75 MHz, CDCls) &: 199.2, 166.0, 163.0, 142.8, 142.7, 131.5,
130.1, 126.9, 126.8, 126.6, 126.6, 91.9, 91.6, 73.9, 73.6, 61.8, 61.1, 36.2, 35.7, 33.9, 33.0, 32.8,
29.1, 28.9, 25.8, 25.6, 25.4, 19.8, 19.4, 14.1, 13.9; FABMS m/z: 397 (M*+H), 351 (M*-OEt), 323
(M*-CO,Et); HRFABMS m/z: 397.2003 (Calcd for C4H200s: M*+H, 397.2015).
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<Table 9 >

-entry 1-
Ethyl 7-(4-ethoxycarbonylphenyl)-5-hydroxy-3-methylindan-4-carboxylate (95).

CO,Et CO,Et
=

O OH
‘ In(OTf)3 (20 mol%) .O

>

toluene, 100 °C, 48 h
54%

CO,Et CO,Et
95 96
2- 95 (1.03 g, 2.61 mmol) (26 mL)
In(OTf); (292 mg, 0.522 mmol) 100 48
( ; : =10:1)

96 517 mg (54% )

mp: 96-97 °C; IR (neat) cm™: 1714, 1656, 1601, 1554, 1460; *H-NMR (300 MHz, CDCls) &:
11.31 (1H, s), 8.10 (2H, d, J = 8.3 Hz), 7.51 (2H, d, J = 8.3 Hz), 6.86 (1H, s), 4.37-4.55 (4H, m),
3.86 (1H, m), 3.05 (1H, m), 2.61 (1H, m), 2.14 (1H, m), 1.81 (1H, m), 1.39-1.49 (6H, m), 1.23
(3H, d, J = 6.8 Hz); ®C-NMR (75 MHz, CDCly) &: 171.1, 166.5, 161.7, 152.9, 144.9, 143.9, 132.6,
129.8, 129.6, 129.6, 128.4, 128.4, 116.1, 109.0, 61.5, 61.0, 41.0, 33.8, 29.3, 20.0, 14.2, 13.9;
FABMS m/z: 369 (M*+H), 323 (M*-OEt); HRFABMS m/z: 369.1686 (Calcd for CpHz50s: M™+H,
369.1702).

-entry 2-
2- 95 (1.70 g, 4.30 mmol) (43 mL)
In(OTf)3 (483 mg, 0.860 mmol) 100 72
( ; : =10 :1)
95 515mg (32% ) 2- 96 619 mg (36% )
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-entry 3-

2- 95 (3.11 g, 7.85 mmol) (80%, 79 mL)
In(OTf); (882 mg, 1.57 mmol) 130 5
(ca. 100 g) ( ; : =
1:0,1:2)
( ; : =20:1)

96 1.61g(56% )

<Scheme 39 >
Ethyl 4-(6-hydroxy-7-hydroxymethyl-1-methylindan-4-yl)benzoate (97).

CO,Et OH

OH OH
.O BH3-SMe, .O

[

THF, r.t.
84%

96 97
96 (682 mg, 1.85 mmol) THF (19 mL)
0 BH;-SMe; (90%, 230 uL, 2.22 mmol) 17
0 30
( ;
=3:1) 97 503 mg (84% )

IR (neat) cm'™: 3343, 1692, 1607, 1561; ‘H-NMR (300 MHz, CDCls) &: 8.07 (2H, d, J = 7.9 Hz),
7.44-7.50 (3H, m), 6.80 (LH, s), 4.99 (2H, d, J = 5.5 Hz), 4.40 (2H, g, J = 7.2 Hz), 3.30 (1H, m),
3.08 (1H, m), 2.68 (1H, m), 2.10-2.29 (2H, m), 1.80 (1H, m), 1.41 (3H, t, J = 7.2 Hz), 1.18 (3H, d,
J=7.2 Hz); BC-NMR (75 MHz, CDCls) &: 167.0, 155.6, 148.5, 145.7, 137.5, 132.4, 129.6, 129.6,
128.8, 128.4, 128.4, 120.3, 115.1, 61.0, 61.0, 37.9, 33.8, 29.6, 20.4, 14.2; FABMS m/z: 326 (M");
HRFABMS m/z: 326.1507 (Calcd for CooH»04: M*, 326.1518).
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4-[7-(tert-butyldimethylsilanyloxymethyl)-6-hydroxy-1-methylindan-4-yl]benzoate (98).

OH OTBS

OH OH
.O TBSCI, EtzN .O

—_— »

CH20|2, r.t.
89%

CO,Et CO,Et
97 98
97 (451 mg, 1.38 mmol) (14 mL) 0
(2.0 mL, 6.90 mmol) TBS (229 mg, 1.52 mmol)
15
( ;
=10:1) 98 542 mg (89% )

IR (neat) cm™: 3350, 1715, 1608, 1471, 1270, 1101; *H-NMR (300 MHz, CDCls) &: 8.39 (1H, s),
8.08 (2H, d, J = 8.4 Hz), 7.51 (2H, d, J = 8.4 Hz), 6.79 (1H, s), 4.96-5.07 (2H, m), 4.46 (2H, q, J
= 7.2 Hz), 3.23 (1H, m), 3.09 (1H, m), 2.67 (1H, m), 2.17 (1H, m), 1.79 (1H, m), 1.40 (3H, t, J =
7.2 Hz), 1.16 (3H, d, J = 7.0 Hz), 0.96 (9H, s), 0.20 (3H, s), 0.18 (3H, s); ®*C-NMR (75 MHz,
CDCls) &: 166.7, 156.3, 147.3, 145.8, 137.2, 131.8, 129.5, 129.5, 128.9, 128.5, 128.5, 119.3, 115.3,
62.8, 60.9, 37.9, 34.0, 29.6, 25.7, 25.7, 25.6, 20.0, 18.0, 14.3, -5.6, -5.6; FABMS m/z: 439
(M*-H); HRFABMS m/z: 439.2285 (Calcd for CasH350,Si: M*-H, 439.2305).
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Ethyl
4-[7-(tert-butyldimethylsilanyloxymethyl)-1-methyl-6-trifluoromethanesulfonyloxyindan-4-y
I]benzoate (99).

OTBS OTBS

OH OTf
.o Tf,0, EtgN .e

B —

CHJCly, r.t.
80%

COoEt COEt
98 99
98 (508 mg, 1.15 mmol) (12 mL) 0
(1.6 mL, 11.5 mmol) (Tf,0) (0.4
mL, 2.30 mmol) 4
( ; X =30:1) 99

528 mg (80% )

IR (neat) cm™: 1718, 1608, 1471, 1421, 1274, 1208, 1099; *H-NMR (300 MHz, CDCly) &: 8.11
(2H, d, J = 8.3 Hz), 7.48 (2H, d, J = 8.3 Hz), 7.11 (1H, s), 4.80 (2H, s), 4.41 (2H, q, J = 7.2 Hz),
3.59 (1H, m), 3.14 (1H, m), 2.75 (1H, m), 2.23 (1H, m), 1.84 (1H, m), 1.41 (3H, t, J = 7.2 Hz),
1.30 (3H, d, J = 7.2 Hz), 0.92 (9H, s), 0.14 (3H, s), 0.13 (3H, 5); *C-NMR (75 MHz, CDCl5) &:
166.4, 152.5, 147.1, 144.0, 141.8, 138.1, 129.8, 129.8, 128.5, 128.5, 128.3, 120.8, 119.7, 116.6,
61.1, 57.3, 38,5, 34.0, 30.1, 25.8, 25.7, 25.7, 19.9, 18.3, 14.2, -5.6, -5.7; FABMS m/z; 573
(M*+H), 527 (M*-OEt), 515 (M*-CFs); HRFABMS m/z: 573.1941 (Calcd for Cp7HssFs06SSi:
M*+H, 573.1954).
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Ethyl 4-[7-(tert-butyldimethylsilanyloxymethyl)-1-methylindan-4-yl]benzoate (100).

OTBS OTBS
oTf
. Pd(OAc),, PhsP .
HCO,H, EtsN
DMF, 60 °C
79%

CO,Et CO,Et
99 100
99 (296 mg, 0.517 mmol) DMF (5.2 mL) 0.3
mL, 8.27 mmol) (1.7 mL, 12.4 mmol) Pd(OAc), (11.6 mg, 0.0517 mmol)
(27.1 mg, 0.103 mmol) 60 2
( ; : =50:1)

100 174 mg (79% )

IR (neat) cm™: 1715, 1609, 1462, 1270, 1101; *H-NMR (300 MHz, CDCls) &: 8.09 (2H, d, J = 8.3
Hz), 7.51 (2H, d, J = 8.3 Hz), 7.38 (1H, d, J = 8.0 Hz), 7.24 (1H, d, J = 8.0 Hz), 4.81 (2H, s), 4.40
(2H, g, J = 7.2 Hz), 3.37 (1H, m), 3.15 (1H, m), 2.76 (1H, m), 2.18 (1H, m), 1.79 (1H, m), 1.41
(3H, t, J = 7.2 Hz), 1.23 (3H, d, J = 7.0 Hz), 0.96 (9H, s), 0.13 (6H, s); *C-NMR (75 MHz,
CDCls) &: 166.8, 146.6, 146.2, 141.1, 136.6, 136.1, 129.6, 129.6, 128.8, 128.6, 128.6, 127.1,
125.3, 62.5, 60.9, 37.8, 34.0, 30.3, 25.9, 25.9, 25.9, 19.5, 18.4, 14.3, -5.4, -5.4; FABMS m/z: 425
(M*+H), 379 (M*-OEt), 293 (M*-OTBS); HRFABMS m/z: 425.2511 (Calcd for CysH3703Si:
M*+H, 425.2512).
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1-[4-(7-Hydroxymethyl-1-methylindan-4-yl)-phenyl]ethanone (101).

OTBS 1) LiBH4 OH
THF, 50 °C

2) DMP, NaHCO3 .
CH,Cly, r.t.

»

3) MeMgBr
O THF, r.t.

4) DMP, NaHCO3

CO5Et CHyCly, r.t. O
100 5) TBAF 101
THF, r.t.

84% (5 steps)

1) 100 (232 mg, 0.546 mmol) THF (5.0 mL)
0 (59.0 mg, 2.73 mmol) 50 20
0 30
2) 1) (5.5 mL)
0 (344 mg, 4.10 mmol) DMP (347 mg, 0.819 mmol)
3
1:1 10
3)2) THF (5.5 mL) 0
(0.99 M THF , 0.7 mL, 0.710 mmol) 1
0
4) 3) (7.0 mL)
0 (458 mg, 5.46 mmol) DMP (463 mg, 1.09 mmol)
30
1:1 10
5) 4) THF (7.0 mL) 0 TBAF (1.0 M THF
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1.6 mL, 1.60 mmol) 12
( ;
=3:1) 101 128 mg (5 , 84% )

mp: 136-137 °C; IR (neat) cm™: 3384, 1651, 1602, 1454, 1417; '"H-NMR (300 MHz, CDCls) &:
8.02 (2H, d, J = 8.3 Hz), 7.54 (2H, d, J = 8.3 Hz), 7.37 (1H, d, J = 7.6 Hz), 7.26 (1H, d, J = 7.6
Hz), 4.73-4.85 (2H, m), 3.46 (1H, m), 3.17 (1H, m), 2.79 (1H, m), 2.64 (3H, s), 2.20 (1H, m),
1.82 (1H, m), 1.63 (1H, br), 1.27 (3H, d, J = 7.2 Hz); ®C-NMR (75 MHz, CDCls) &: 198.1, 147.8,
146.2, 141.6, 136.7, 136.1, 135.6, 128.8, 128.8, 128.5, 128.5, 127.4, 126.2, 62.7, 37.9, 33.9, 30.4,
26.6, 20.1; FABMS m/z: 281 (M*+H); HRFABMS m/z: 281.1541 (Calcd for CioHz1:0,: M™+H,
281.1542).

7-(4-Hydroxyphenyl)-3-methylindan-4-carbaldehyde (73).

OH
CHO

. 1) m-CPBA, Sc(OTf)3 .
CH2C|2, r.t.

2) DMP, NaHCOg3
CH)Cly, r.t.

3) 10% HCl ag.

o THF, r.t. OH
101 41% (3 steps) 73
1) 101 (61.5 mg, 0.220 mmol) (5.0 mL)
0 (65%, 184 mg, 1.65 mmol) Sc(OTf); (54.0
mg, 0.110 mmol) 3
10%
( ; X =6:1)
2) 1) (4.0 mL)
0 (83 mg, 0.985 mmol) DMP (84 mg, 0.197 mmol)
2.5
1:1 10
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3) 2) THF (3.0 mL) 0 10%  (3.0mL)
24

( ;
=2:1) 73 227mg(3 . 41% )

mp: 142-143 °C; IR (neat) cm™: 3339, 1668, 1587, 1516, 1444; *H-NMR (300 MHz, CDCls) &:
10.20 (1H, s), 7.72 (1H, d, J = 7.9 Hz), 7.37 (2H, d, J = 8.5 Hz), 7.33 (1H, d, J = 7.9 Hz), 6.92
(2H, d, J = 8.5 Hz), 4.93 (1H, s), 3.94 (1H, m), 3.16 (1H, m), 2.81 (1H, m), 2.21 (1H, m), 1.90
(1H, m), 1.29 (3H, d, J = 7.0 Hz); *C-NMR (75 MHz, CDCl5) &: 192.3, 155.6, 152.8, 143.8,
142.5, 132.7, 130.1, 129.9, 129.9, 129.9, 127.4, 115.4, 115.4, 38.0, 33.8, 30.0, 20.8; FABMS m/z:
253 (M*+H); HRFABMS m/z: 253.1240 (Calcd for Cy7H1702: M*+H, 253.1229).

4-(7-Dimethoxymethyl-1-methylindan-4-yl)phenol (74).

CHO MeO OMe

. CH(OMe)s
Amberlyst-15
MeCN, r.t.
82%

OH OH
73 74
73 (11.1 mg, 0.0440 mmol) (1.0 mL)
0 (50 pL, 0.440 mmol) -15 (7.7 mg)
1
( ; : =3:1)

74 10.8 mg (82% )
mp: 137-138 °C; IR (neat) cm™: 3303, 1610, 1591, 1520, 1269, 1103; *H-NMR (300 MHz,
CDCls) &: 7.41 (1H, d, J = 7.9 Hz), 7.32 (2H, d, J = 8.5 Hz), 7.18 (1H, d, J = 7.9 Hz), 6.88 (2H, d,
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J =85 Hz), 551 (1H, s), 4.73 (1H, br), 3.48 (1H, m), 3.40 (3H, s), 3.35 (3H, s), 3.14 (1H, m),
2.75 (1H, m), 2.17 (1H, m), 1.80 (1H, m), 1.26 (3H, d, J = 6.8 Hz); *C-NMR (75 MHz, CDCl5) &:
154.6, 147.8, 141.3, 138.1, 133.9, 131.7, 129.9, 129.9, 126.7, 124.8, 115.1, 115.1, 102.0, 53.3,
53.2, 37.9, 34.3, 30.3, 20.0; FABMS m/z: 298 (M"), 267 (M*-OMe); HRFABMS m/z: 298.1566
(Calcd for C1gH»,03: M*, 298.1569).
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<Scheme 41 >

6-[5-(tert-Butyl-dimethyl-silanyl)-1-hydroxy-pent-4-ynyl]-3-ethoxy-cyclohex-2-enone (105).

TBS
qoa KTBS LDA, DMPU Z OEt
+ —_—
I o THF, -78 °C
4% OH O
90 104 105
(7.5 mL, 53.0 mmol) THF (116 mL)
-78 n- (.39 M , 35.0 mL, 48.9 mmol)
1 -78 3- -2- (90) (6.6 mL, 48.9 mmol)
1 -78 104% (8.0 g, 40.8 mmol)
N,N'- (DMPU) (9.9 mL, 81.6 mmol) THF (20 mL)
25 -78
( : : =5:1) 105 10.1 g (74%

)
IR (neat) cm™: 3431, 2171, 1635, 1603, 1471, 1461, 1191; 'H-NMR (300 MHz, CDCls) &: 5.35

(1H, m), 4.80 (1H, br), 3.86-3.97 (3H, m), 2.34-2.51 (4H, m), 1.91-2.26 (2H, m), 1.60-1.82 (3H,
m), 1.37 (3H, t, J = 7.0 Hz), 0.91 (9H, s), 0.07 (6H, s); *C-NMR (75 MHz, CDCl;) &: 203.3,
201.4, 178.3, 178.1, 107.9, 107.6, 103.0, 102.5, 82.7, 82.4, 70.9, 69.7, 64.5, 64.4, 49.9, 49.4, 33.1,
32.1, 28.7, 28.6, 25.9, 23.6, 21.8, 16.8, 16.3, 155, 13.9, -4.7; FABMS m/z: 337 (M*+H);
HRFABMS m/z: 337.2197 (Calcd for C1oHs303Si: M*+H, 337.2199).
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6-[5-(tert-Butyl-dimethyl-silanyl)-pent-4-ynylidene]-3-ethoxy-cyclohex-2-enone (106).

TBS 1) MsCl, Et3N TBS
Z OEt CH,Cl,, 3o °C Z OEt
2) DBU Vq
toluene, 60 °C
OH © 72% (2 steps) ©
105 106
1) 105 (10.1 g, 30.0 mmol) (200 mL)
0 (6.2 mL, 45.0 mmol) (2.8 mL, 36.0 mmol)
1 0
2) 1) (100 mL)
(DBU) (13.4 mL, 90.0 mmol) 60 12 0
( ,
=5:1) o,pB- 106 6.89¢g(2 , 12% )

IR (neat) cm™: 2172, 1668, 1604, 1471, 1191; *H-NMR (300 MHz, CDCl5) &: 6.60 (1H, m), 5.46
(1H, m), 3.93 (2H, q, J = 7.0 Hz), 2.69 (2H, q, J = 6.4 Hz), 2.34-2.48 (6H, m), 1.37 (3H,1,J=7.0
Hz), 0.91 (9H, s), 0.07 (6H, s); *C-NMR (75 MHz, CDCl5) 5: 188.9, 176.8, 134.2, 133.8, 106.6,
103.0, 83.1, 64.2, 28.8, 27.3, 25.9, 25.9, 25.9, 23.7, 19.4, 16.3, 14.0, -4.7, -4.7; FABMS m/z: 319
(M*+H); HRFABMS m/z: 319.2105 (Calcd for C1gH3;0,Si: M*+H, 319.2093).

6-[5-(tert-Butyl-dimethyl-silanyl)-1-methyl-pent-4-ynyl]-3-ethoxy-cyclohex-2-enone (107).

TBS MeMgBr, Cul TBS
= OFEt DMPU Z OEt
_ >
=
THF, 0 °C
o) 91% o)
106 dr=22:1) 107
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(10.3 g, 54.0 mmol) THF (78 mL) 0

(0.99 M THF , 109 mL, 108 mmol) 20
0 o,B- 106 (6.89 g, 21.6 mmol) DMPU (7.8 mL, 64.8 mmol)
THF (30 mL) 1 0
( ; ; =10 :1) 2-

107 6.60g(91% )
IR (neat) cm'™: 2170, 1650, 1605, 1471, 1461, 1187; *H-NMR (300 MHz, CDCls) &: 5.32 (1H, m),
3.87 (2H, g, J = 7.0 Hz), 2.05-2.49 (6H, m), 1.51-1.99 (4H, m), 1.35 (3H, t, J = 7.0 Hz), 0.81-0.96
(12H, m), 0.06 (6H, s); *C-NMR (75 MHz, CDCls) &: 200.6, 200.5, 176.8, 176.7, 108.0, 107.8,
102.9, 102.8, 82.4, 82.2, 64.0, 50.5, 49.3, 33.4, 32.4, 31.1, 30.5, 28.5, 28.2, 25.9, 22.5, 21.3, 18.1,
18.0, 16.7, 16.3, 15.3, 14.0, -4.7; FABMS m/z: 335 (M*+H): HRFABMS m/z: 335.2415 (Calcd
for CaoHas0,Si: M*+H, 335.2406).

3-Ethoxy-6-(1-methyl-pent-4-ynyl)-cyclohex-2-enone (108).

TBS —
Z OEt TBAF 7 OFEt
THF, 30 °C
o 91% o]
107 108
2- 107 (6.60 g, 19.7 mmol)  THF (20 mL) TBAF (1.0 M
THF , 39.4 mL, 39.4 mmol) 30 18
( ;
=5:1) 2- 108 3.939(91% )

IR (neat) cm™: 3298, 2116, 1649, 1604, 1454, 1428, 1187; H-NMR (300 MHz, CDCls) &: 5.33
(1H, s), 3.88 (2H, g, J = 7.0 Hz), 2.06-2.51 (6H, m), 1.50-2.02 (5H, m), 1.35 (3H, t, J = 7.0 Hz),
0.80-0.97 (3H, m); ®*C-NMR (75 MHz, CDCl5) &: 200.4, 200.4, 176.9, 176.8, 103.0, 102.9, 84.5,
84.3, 68.3, 68.0, 64.1, 50.5, 49.1, 33.2, 32.2, 30.9, 30.2, 28.6, 28.4, 22.2, 21.1, 16.8, 16.7, 16.5,
15.1, 14.0; FABMS m/z: 221 (M*+H); HRFABMS m/z: 221.1533 (Calcd for CrqH»10,; M*+H,
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221.1542).

<Scheme 42 >

3-(4-1odo-phenyl)-4-(1-methyl-pent-4-ynyl)-cyclohex-2-enone (109).

1,4-diiodobenzene

OFEt i-PrMgClI

=

THF, r.t., then
e) 10% HCI aq.
0,
108 77%

1,4- (23.6 g, 71.6 mmol)
0 i-
mmol) 1 0
17.9 mmol) 1,4- (20 mL)
10% (90 mL) 30
( ; X =8:1)
109 5.209 (77% )

1,4-
(2.0 M THF
2-
80 2
3-

|
109

(70 mL)
, 35.8 mL, 71.6
108 (3.93 g,
0

-2-

mp: 92-95 °C; IR (neat) cm™: 3280, 2114, 1652, 1597, 1483; 'H-NMR (300 MHz, CDCls) &:
7.72-7.75 (2H, m), 7.12-7.17 (2H, m), 6.23 (1H, m), 2.89-3.07 (1H, m), 2.37-2.61 (2H, m),
1.72-2.25 (6H, m), 1.43-1.61 (1H, m), 1.26 (1H, m), 0.72-0.90 (3H, m); **C-NMR (75 MHz,
CDCls) &: 199.5, 199.4, 163.4, 163.2, 139.4, 138.8, 138.0, 137.9, 128.8, 128.4, 128.4, 95.3, 83.7,
83.3, 68.9, 68.5, 41.8, 39.3, 35.3, 34.8, 33.8, 33.3, 33.3, 31.5, 23.1, 21.6, 17.8, 16.3, 16.3, 15.0;
FABMS m/z: 379 (M*+H); HRFABMS m/z: 379.0559 (Calcd for C1gHylO: M*+H, 379.0559).
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Ethyl 4-[6-(5-ethoxycarbonyl-1-methylpent-4-ynyl)-3-oxocyclohex-1-enyl]benzoate (110).

CO,Et
= Z 2

OTMS
O Dyuso ™ o
TMSOTf ‘
CH,Cl,, -70 °C
O 2) i-PrMgCl
then CICO,Et
|

THF, 0 °C to 40 °C
3) p-TsOH-H,O COEt
109 H,0, acetone, r.t. 110
42% (3steps)

1) 3- -2- 109 (3.86 g, 10.2 mmol) (51
mL) -70 1,2- (10.0 mL,
40.8 mmol) TMSOTf (370 uL, 2.14 mmol) 40 -70

(4.3mL) 5
( ,
=5:1)
2) 1) THF (57 mL) -10 i-
(2.0 M THF , 17 mL, 34.3 mmol) 1
0 (6.6 mL, 68.6 mmol) 40 1
0
3)1) (86 mL) 0 (6.0 mL) p-
(326 mg, 1.72 mmol) 18
( ; : =3:
1) 2- 110 1709 (3 , 42% )

IR (neat) cm™: 2234, 1708, 1671, 1604, 1447; *H-NMR (300 MHz, CDCls) 5: 8.08 (2H, d, J = 8.1
Hz), 7.44-7.48 (2H, m), 6.25 (1H, s), 4.39 (2H, g, J = 7.0 Hz), 4.14-4.28 (2H, m), 3.05 (1H, m),
1.95-2.62 (5H, m), 1.49-1.67 (3H, m), 1.22-1.43 (7H, m), 0.70-0.92 (3H, m); *C-NMR (75 MHz,
CDCls) &: 199.2, 199.2, 166.0, 166.0, 163.0, 153.6, 153.5, 144.1, 143.6, 131.2, 131.1, 130.1,
130.0, 129.8, 129.3, 126.7, 126.6, 88.0, 87.8, 73.8, 73.3, 61.9, 61.7, 61.1, 61.1, 42.0, 39.6, 35.5,
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34.8, 34.0, 33.2, 32.3, 30.5, 23.0, 21.4, 17.8, 16.6, 16.6, 14.7, 14.2, 13.9, 13.9; FABMS m/z: 397
(M*+H), 351 (M*-OEt), 323 (M*-CO,Et); HRFABMS m/z: 397.2003 (Calcd for CosHpgOs: M*+H,

397.2015).

Ethyl 7-(4-ethoxycarbonylphenyl)-5-hydroxy-1-methylindan-4-carboxylate (111).

CO,Et CO,Et

Z o) OH
In(0ThH3 .
(20 mol%)
xylene, 130 °C
52%

CO,Et CO,Et
110 111
2- 110 (1.70g, 4.29 mmol) (80%, 43 mL)
In(OTf)3 (482 mg, 0.858 mmol) 130 5
100 g) ( ; : =1:0,1:2)
(
=20:1) 111 822 mg (52%

(ca.

mp: 100-101 °C; IR (neat) cm™ 1715, 1658, 1602, 1557, 1456; "H-NMR (300 MHz, CDCl3) &:
11.20 (1H, s), 8.10 (2H, d, J = 8.3 Hz), 7.47 (2H, d, J = 8.3 Hz), 6.76 (1H, s), 4.37-4.47 (4H, m),
3.44 (1H, m), 3.23-3.28 (2H, m), 2.29 (1H, m), 1.69 (1H, m), 1.39-1.47 (6H, m), 0.71 (3H, d, J =
6.8 Hz); 3C-NMR (75 MHz, CDCly) &: 171.3, 166.5, 161.4, 146.9, 145.2, 144.4, 138.5, 129.7,
129.7, 128.3, 128.3, 116.7, 109.5, 61.4, 61.0, 41.0, 37.2, 33.5, 33.0, 20.3, 14.2, 14.2; FABMS m/z:
369 (M*+H), 323 (M*-OEt); HRFABMS m/z: 369.1706 (Calcd for CxHs0s: M*+H, 369.1702).
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Ethyl 4-(6-hydroxy-7-hydroxymethyl-3-methylindan-4-yl)benzoate (112).

CO,Et OH

OH OH
.O BH3-SMe; .O
THF, r.t.
96%

COzEt CO,Et
111 112
111 (691 mg, 1.88 mmol) THF (19 mL)
0 BH3-SMe; (90%, 260 uL, 2.44 mmol) 18
0 30
=3:1) 112 590 mg (96%

IR (neat) cm™: 3314, 1692, 1605, 1563; ‘H-NMR (300 MHz, CDCls) &: 8.07 (2H, d, J = 8.1 Hz),
7.53 (1H, ), 7.46 (2H, d, J = 8.1 Hz), 6.69 (1H, s), 4.96 (2H, d, J = 5.0 Hz), 4.40 (2H, ¢, J = 7.2
Hz), 3.50 (1H, m), 2.74-2.94 (2H, m), 2.25-2.37 (2H, m), 1.70 (1H, m), 1.41 (3H, t, J = 7.2 Hz),
0.73 (3H, d, J = 7.0 Hz); ®C-NMR (75 MHz, CDCl5) &: 166.9, 155.3, 146.1, 142.6, 138.1, 129.6,
129.6, 128.9, 128.5, 1285, 120.0, 116.0, 61.7, 61.7, 61.0, 37.6, 33.4, 29.1, 20.3, 14.2; FABMS

m/z: 326 (M"); HRFABMS m/z: 326.1502 (Calcd for CyH»04: M™, 326.1518).

Ethyl 4-[7-(tert-butyldimethylsilanyloxymethyl)-6-hydroxy-3-methylindan-4-yl]benzoate

(113).

OH OTBS

OH OH
AT somn (L)
B — e —
CH2C|2, r.t.
97%

CO,Et CO,Et
112 113
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112 (590 mg, 1.81 mmol) (18 mL) 0
(1.3 mL, 9.05 mmol) TBS (300 mg, 1.99 mmol)

=15:1) 113 773mg (97% )

IR (neat) cm™: 3344, 1716, 1607, 1582, 1462, 1271, 1100; *H-NMR (300 MHz, CDCls) §: 8.49
(1H, s), 8.07 (2H, d, J = 8.3 Hz), 7.48 (2H, d, J = 8.3 Hz), 6.67 (1H, s), 4.96 (2H, 5), 4.40 (2H, q,
J=7.2 Hz), 3.48 (1H, m), 2.65-2.86 (2H, m), 2.32 (1H, m), 1.69 (1H, m), 1.41 (3H, t, J = 7.2 H2),
0.96 (9H, ), 0.72 (3H, d, J = 6.8 Hz), 0.18 (6H, m); ®C-NMR (75 MHz, CDCl;) &: 166.7, 155.8,
146.2, 141.2, 137.8, 137.5, 129.6, 129.6, 129.0, 128.5, 128.5, 119.0, 116.2, 63.5, 60.9, 37.5, 33.4,
28.9, 25.6, 25.6, 25.6, 20.3, 18.0, 14.2, -5.8, -5.8: FABMS m/z: 439 (M*-H): HRFABMS m/z:
439.2285 (Calcd for CpsH3:04Si: M*-H, 439.2305).

Ethyl
4-[7-(tert-butyldimethylsilanyloxymethyl)-3-methyl-6-trifluoromethanesulfonyloxyindan-4-y
[lbenzoate (114).

OTBS OTBS

OH oTf
.O Tf,0, pyridine .O

- =

CHCly, r.t.
95%

COEt CO,Et
113 114
113 (717 mg, 1.63 mmol) (16 mL) 0
(2.3 mL, 16.3 mmol) Tf,0 (0.5 mL, 3.26 mmol) 1
( ;
=30:1) 114 888 mg (95% )

IR (neat) cm™: 1708, 1608, 1471, 1420, 1200, 1073; *H-NMR (300 MHz, CDCls) &: 8.11 (2H, d, J
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= 8.3 Hz), 7.45 (2H, d, J = 8.3 Hz), 6.98 (1H, 5), 4.77 (2H, s), 4.41 (2H, g, J = 7.2 Hz), 3.54 (1H,
m), 2.98-3.17 (2H, m), 2.37 (1H, m), 1.76 (1H, m), 1.42 (3H, t, J = 7.2 Hz), 0.92 (9H, s), 0.77 (3H,
d, J = 7.0 Hz), 0.12 (6H, s); 3C-NMR (75 MHz, CDCl,) &: 166.4, 147.3, 147.2, 146.1, 144.3,
138.6, 129.8, 129.8, 128.6, 128.5, 128.5, 120.8, 120.3, 116.6, 61.0, 57.8, 38.1, 33.3, 29.8, 25.8,
25.8, 25.8, 19.7, 18.3, 14.2, -5.7, -5.7; FABMS m/z: 571 (M*+H), 527 (M*-OEt), 515 (M*-CFy);
HRFABMS m/z: 571.1813 (Calcd for Cp7HauF306SSi: M*+H, 571.1797).

Ethyl 4-[7-(tert-butyldimethylsilanyloxymethyl)-3-methylindan-4-yl]benzoate (115).

OTBS OTBS
OTf
. Pd(OAc), PhgP .
HCO>H, EtzN
DMF, 60 °C
83%

CO,Et CO,Et
114 115
114 (851 mg, 1.48 mmol) DMF (15 mL) 0.9
mL, 23.8 mmol) (4.9 mL, 35.5 mmol) Pd(OAc); (33.2 mg, 0.148 mmol)
(77.6 mg, 0.296 mmol) 60 2
( ; ; =50 : 1)

115 518 mg (83% )

IR (neat) cm™: 1716, 1609, 1462, 1270, 1099; *H-NMR (300 MHz, CDCl5) &: 8.08 (2H, d, J = 8.3
Hz), 7.48 (2H, d, J = 8.3 Hz), 7.33 (1H, d, J = 7.7 Hz), 7.12 (1H, d, J = 7.7 Hz), 4.73 (2H, s), 4.40
(2H, g, J = 7.2 Hz), 3.58 (1H, m), 3.15 (1H, m), 2.78-2.97 (2H, m), 2.33 (1H, m), 1.72 (1H, m),
1.41 (3H, t, J = 7.2 Hz), 0.96 (9H, s), 0.77 (3H, d, J = 7.0 Hz), 0.12 (6H, s); *C-NMR (75 MHz,
CDCls) &: 166.8, 146.6, 146.4, 141.0, 136.8, 136.6, 129.6, 129.6, 128.9, 128.7, 128.7, 127.8,
124.6, 63.2, 60.9, 38.1, 33.2, 28.7, 25.9, 25.9, 25.9, 20.0, 18.3, 14.3, -5.4, -5.4; FABMS m/z: 423
(M*-H), 379 (M*-OEt), 293 (M*-OTBS); HRFABMS m/z: 423.2336 (Calcd for CpHs505Si: M*-H,
423.2355).
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1-[4-(7-Hydroxymethyl-3-methylindan-4-yl)-phenyl]ethanone (116).

OTBS 1) LiBH,4 OH
THF, 50 °C

2) DMP, NaHCO3 .
CH,Cly, r.t.

»

3) MeMgBr
O THF, r.t.

4) DMP, NaHCO3

CO,Et CH,Cly, r.t. O
115 5) TBAF 116
THF, r.t.

73% (5 steps)

1) 115 (385 mg, 0.908 mmol) THF (9.0 mL)
0 (158 mg, 7.26 mmol) 50 24
0 30
2) 1) (9.0 mL)
0 (762 mg, 9.08 mmol) DMP (770 mg, 1.82 mmol)
1
1:1 10
3)2) THF (9.0 mL) 0
(0.97 M THF , 1.2 mL, 1.18 mmol) 1
0
4) 3) (9.0 mL)
0 (762 mg, 9.08 mmol) DMP (770 mg, 1.82 mmol)
1
1:1 10
5) 4) THF (9.0 mL) 0 TBAF (1.0 M THF
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2.7 mL, 2.72 mmol) 12
( ;
=4:1) 116 187 mg (5 , 713% )

IR (neat) cm™: 3384, 1652, 1601, 1458, 1415; *H-NMR (300 MHz, CDCl;) &: 8.01 (2H, d, J = 8.3
Hz), 7.51 (2H, d, J = 8.3 Hz), 7.31 (1H, d, J = 7.7 Hz), 7.14 (1H, d, J = 7.7 Hz), 4.73 (2H, d, J =
5.7 Hz), 3.60 (1H, m), 2.88-3.08 (2H, m), 2.65 (3H, s), 2.36 (LH, m), 1.75 (1H, m), 1.60 (1H, m),
0.79 (3H, d, J = 7.0 Hz): 3C-NMR (75 MHz, CDCl5) &: 198.1, 146.9, 146.7, 142.2, 137.3, 136.3,
135.7, 128.9, 128.9, 128.5, 128.5, 128.0, 125.6, 63.4, 38.2, 33.1, 28.8, 26.5, 20.0; FABMS m/z:
281 (M*+H); HRFABMS m/z: 281.1537 (Calcd for CigHx:0,: M*+H, 281.1542).

2,3-Dihydro-7-(4-hydroxyphenyl)-1-methyl-1H-inden-4-carboxaldehyde
[(£)-Incargutine A, 102]

OH
CHO

. 1) m-CPBA, Sc(OTf); .
CH2C|2, r.t.
2) DMP, NaHCO3
CH,Cly, r.t.

3) 10% HCl aq.

o THF, rt, OH

116 40% (3 steps) 102
1) 116 (85.5 mg, 0.305 mmol) (5.0 mL)

0 (65%, 306 mg, 2.75 mmol) Sc(OTf); (75.1
mg, 0.153 mmol) 4
10%
( ; X =6:1)
2) 1) (5.0 mL)
0 (156 mg, 1.86 mmol) DMP (157 mg, 0.371 mmol)
1
1:1 10
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3) 2) THF (3.0 mL) 0 10%  (3.0mL)
12

( ;
=8:1) (¥)-Incargutine A (102)  30.8 mg (3 , 40% )

mp: 166-167 °C; IR (neat) cm™: 3259, 1663, 1610, 1585, 1515, 1438; ‘H-NMR (300 MHz,
CDCls) 8: 10.18 (1H, s), 7.69 (1H, d, J = 7.8 Hz), 7.31 (2H, d, J = 8.5 Hz), 7.24 (1H, m), 6.91 (2H,
d, J = 8.5 Hz), 4.91 (1H, m), 3.59 (1H, m), 3.26-3.40 (2H, m), 2.36 (1H, m), 1.79 (1H, m), 0.82
(3H, d, J = 6.9 Hz); *C-NMR (75 MHz, CDCl5) &: 192.7, 155.3, 148.4, 146.5, 144.3, 133.0, 130.9,
129.9, 129.7, 129.7, 128.4, 115.4, 115.4, 37.7, 33.3, 29.9, 19.7; FABMS m/z: 253 (M*+H);
HRFABMS m/z: 253.1218 (Calcd for Cy7H1705: M*+H, 253.1229).

4-[2,3-Dihydro-7-(dimethoxymethyl)-3-methyl-1H-inden-4-yl]phenol
[(x)-Incargutine B, 103]

CHO MeO OMe

.O CH(OMe)s
Amberlyst-15
MeCN, r.t.
93%

OH OH
102 103
(x)-Incargutine A (102) (10.5 mg, 0.0416 mmol) (2.0 mL)
0 (50 pL, 0.440 mmol) -15 (7.3
mg) 1
( ; : =5:1)

(x)-Incargutine B (103)  11.5mg (93% )
IR (neat) cm™: 3375, 1612, 1592, 1519, 1214, 1108; *H-NMR (300 MHz, CDCls) &: 7.36 (1H, d, J
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= 7.8 Hz), 7.27 (2H, m), 7.08 (1H, d, J = 7.8 Hz), 6.86 (2H, d, J = 8.4 Hz), 5.41 (1H, s), 4.81 (1H,
m), 3.55 (1H, m), 3.37 (6H, s), 2.92-3.04 (2H, m), 2.30 (1H, m), 1.71 (1H, m), 0.80 (3H, d, J =
6.9 Hz); *C-NMR (75 MHz, CDCls) &: 154.6, 146.9, 142.0, 138.7, 134.1, 132.2, 129.8, 129.8,
127.6, 124.6, 115.1, 115.1, 102.7, 53.2, 53.2, 38.2, 33.3, 29.3, 19.9; FABMS m/z: 298 (M"), 267
(M*-OMe); HRFABMS m/z: 298.1579 (Calcd for CigH2,05: M*, 298.1569).
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